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Introduction and Aims

Previous studies have shown that edge loading driven by separation due to mismatch
between the centre of rotation of the head and the cup leads to increased deformation
and wear at the rim. While it is recognised that larger head sizes may reduce the risk of
dislocation, the effect of head size on the severity of edge loading, polyethylene
damage, deformation and wear is not known. The aim of this study was to assess the
effect of hip bearing diameter on the occurrence and severity of edge loading,
deformation and wear of metal-on-polyethylene bearings

Methods

Two metal-on-polyethylene (MoP) bearing sizes (28mm and 36mm M-Sped ™ metal
head and Marathon® liners, 48mm and 56mm liner outer diameter respectively, DePuy
Synthes Joint Reconstruction) were used in this study. The mechanical and tribological
performance were assessed using a new two-stage approach for evaluating joint
replacement using the Prosim EM13 (Figure 1). Stage 1 comprised a biomechanical
study which considered variations in rotational positioning (45°, 55° and 65° inclination
angles) and translational mismatches in the medial-lateral axis (1, 2, 3 and 4 (mm)). In
stage two of this study, the wear and deformation were assessed by applying a standard
gait cycle (ISO 14242-1) under two conditions: firstly no mismatch existed between the
head and the cup and secondly with edge loading condition driven by separation where
a 4mm mismatch was introduced between the femoral head and the cup, and the cup
was inclined at 65° (in vivoequivalence). For stage one, each test (n=3) was run for
500 cycles and the dynamic separation displacement between the head and cup was
measured in the medial-lateral axis and the maximum load at the rim determined. For
stage two, each conditions (n=6) was run for three million cycles. The lubricant used
was new-born calf serum (25% v/v). Gravimetric and geometric assessments were
completed using a microbalance and CMM respectively.

Results

There was no difference in the level of dynamic separation displacements between the
28mm and 36mm bearings across the range of conditions studied (Figure 2). The wear
rate of both bearing sizes were similar under standard (no edge loading) conditions
(11.2+0.9 mm?3/million cycles for 28mm bearings and 12.0+1.4 mm?/million cycles for
36mm bearings). The mean wear rate for the 28mm MoP bearings (£95% confidence
limits) under 4mm translational mismatch at three million cycles was 20.7+1.9
mm3/million cycles. This was similar (p=0.1) to that obtained for 36mm bearings
(23.0+2.4 mm?3/million cycles) when tested under the same conditions. There was also
no difference in the maximum penetration depth at the rim, 0.28+0.04 mm for both
bearing sizes at 3 million cycle (Figure 3).

Conclusions




This study confirmed that variation in surgical positioning and edge loading causes
increased deformation and wear of polyethylene at the rim of the acetabular cup in both
size 28mm and 36mm bearings. However there was no difference in the severity of
edge loading or the levels of deformation and wear between the two head sizes for the
components studied.
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Figure 1

4.0 -
35 4 mas" w55 west
3.0
25 A
20 4
15 1

1.0 A

Dynamic separation {mm)

05 4

0.0
1men 2mm 3mm 4mm 1ren 2mm 3men 4mm

28mm MoP 36mm MoP
MedEal-lateral translationst mismatch (me)

Figure 2: Mean dynamic separation displacement (=95% confidence limits) for 28mm and 36ntm metal-
on-polyethylene bearings tested under 1-dmm translational mismatch with 45°-65° cup inclination
angle with 100N/mm spring constant and 70N swing phase load with ISO 142421 gait inputs.



https://app.istaonline.org/figures/10748.jpg
https://app.istaonline.org/figures/10749.jpg

REDLUX |
e L
I e T

L e T e T T
g g
| g

Figure 2

Wear and
deformation
at the edge of
the cup

Figure 3: The deformation observed on the rim of polyethylene acetabular cups due to edge loading

driven by dynamic separation conditions

Figure 3



https://app.istaonline.org/figures/10750.jpg

#5646

The in Vivo Measured Temperature Increase in Total Hip Joint
Replacement During Level Walking

*Philipp Damm - Charite - Universitaetsmedizin Berlin - Berlin, Germany

Alwina Bender - Charite - Universitaetsmedizin Berlin - Berlin, Germany

Joern Dymke - Charite - Universitaetsmedizin Berlin - Berlin, Germany
Georg Duda - Charite - Berlin, Germany

*Email: philipp.damm@charite.de
Introduction

Friction between head and cup is a primary factor for survival of total hip joint
replacement (THR) and its gliding surfaces. In up to 40% of all revisions, the cup or inlay
must be replaced as result of friction-induced wear [1]. Aim of the study was to measure
the friction-induced temperature increase in vivo in THR and to identify possible
individual parameters of influence.

Methods

For the in vivo measurement, an instrumented implant with an AJO5/XPE-pairing and

an integrated temperature sensor was used [Fig. 1] [2]. Ten patients were provided with
such an instrumented implant.

Up to now, long time measurements were performed on six of these patients (J63y,
@89Kkg). During these measurements, the subjects walked @60min on a treadmill with
4km/h. The investigation was performed 61 (43-70) months post operatively. Short
time (&3min) in vivo load measurements during walking on treadmill were already
available from the other four patients. These data were used to calculate the peak
temperatures after 60mins of walking by using a model, based on the long time
measurements.

Results

The peak values of the friction-induced temperature increase were achieved in vivo
after 30min (H7R) to 70min (H2R), with peak temperatures between 1.5°C (H6R) to
4.8°C (H7R) [Fig. 2]. These maximum values were similar to those already observed in
other patients [3]. The in vivo measured peak values of the friction-induced temperature
increase after long time walking on a treadmill with respect to the implant orientation are
shown in Fig. 3 as points and the calculated peak values as circles.

First analyses have shown that the individual implant orientations seem to have an
influence [Fig. 3] on the friction-induced increase of the joint temperature during
walking, but also the patient's age.

Discussion

The gliding partners and joint lubrication directly influence friction in artificial hip joint
replacements and thus the friction-induced temperature increase. Analyses of the in
vivo acting joint friction during walking have shown that there is an increase in friction
over the course of each gait cycle after contralateral toe off [4]. This can be explained by
a decrease in the lubricating film thickness due to the pressing out of the synovia from
the joint space. During load reduction of the joint in the swing phase, the fluids are
transported back into the joint space. Thus, the level of joint friction at the beginning of
the next gait cycle depends on the return transport of the synovia.

The influence of the sum anteversion angle (ZAV) on friction-induced temperature
increase (Fig. 3) can therefore be explained mechanically: The ZAV determines the
functional joint roofing and the position of the load-transferring zone into the joint socket.




The larger the ZAV, the more it shifts towards the edge of the socket, and the shorter
the path for the return transport of the synovium.
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Background

The hip’s capsular ligaments (CL) passively restrain extreme range of motion (ROM) by
wrapping around the native femoral head/neck, and protect against impingement and
instability. We compared how CL function was affected by device (hip resurfacing
arthroplasty, native head size, HRA; dual mobility total hip arthroplasty, near-native
head size, DM-THA; and conventional THA, 32mm head size, C-THA), and surgical
approach (anterior and posterior capsulotomy), with and without CL surgical-repair. We
hypothesized that CL function would only be preserved when native head-size
(HRA/DM-THA) was restored.

Methods

Sixteen paired fresh-frozen male cadaveric hips with no degenerative change were
skeletonised, retaining the hip capsule. CL function was quantified by measuring ROM
on a dual-axis servo-hydraulic testing machine with a load-cell. Hips underwent
controlled internally (IR) and externally rotating (ER) in six functional positions, ranging
from full extension with abduction to full flexion with adduction (squatting). Native ROM
was compared to ROM after posterior capsulotomy (right hips) and anterior
capsulotomy (left hips), and then after HRA, DM-THA and C-THA implants, before and
after surgical CL repair.

Results

Independent of approach, ROM increased most following C-THA, then DM-THA, then
HRA, indicating later engagement of the capsule and reduced biomechanical function
with smaller head-size. Independent of implant, maximal increases in ROM were with
internal rotation and flexed positions after posterior capsulotomy; and with internal
rotation and extended positions after anterior capsulotomy.

After posterior capsulotomy, dislocations also occurred in squatting for the HRA, DM-
THA and C-THA. CL-repair following HRA restored ROM to the native hip (max 8°) and
prevented dislocation. CL-repair following DM-THA reduced ROM hypermobility in
flexed positions only (max 36°) and prevented dislocation, indicating some restoration
of CL function. CL-repair following C-THA did not reduce ROM or prevent dislocation.

After anterior capsulotomy, CL repair following HRA restored ROM to native (max 10°).
DM-THA and repair reduced ROM hypermobility (max 42°). C-THA and repair did not
reduce ROM.

Discussion




Increased ROM in flexed positions after posterior capsulotomy, and extended positions
after anterior capsulotomy, corresponded to disruption of the iliofemoral and
ischiofemoral ligament, respectively. For HRA and repair, native anatomy was
preserved and CL function was restored. For DM-THA with repair, CL function
depended on the movement of the mobile-bearing, with increased ROM in positions
when ligaments could not wrap around head/neck. For C-THA, the reduced head-size
resulted in inferior capsular mechanics in all positions as the CL remained slack,
irrespective of repair.

Relevance

Preserving capsular ligament function may protect against instability following
arthroplasty. This study demonstrated that with repair, choosing implants with native
head-size may have a greater affect than surgical approach on ligament function in the
early postoperative period.
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Introduction

Recent studies about hip stability after total hip arthroplasties (THA) concerned
differences regarding bearings: ceramic on ceramic (CoC) presenting less dislocations
on the long term compared to metal or ceramic on polyethylene. The hypothesis is a
difference in the healing process of periarticular tissues, with a stronger fibrous tissue
for the first one, and more foreign body reaction, joint effusion with the others.

Material and method

MRI Imaging of the pelvis showing both hips using novel Multi Acquisition Variable
Resonance Image Combination( MAVRIC program) for metal artefacts suppression,
were performed in 16 patients (median age 52 years old). Twenty nine hips were
imaged. Thirteen hips had CoC bearings, 3 of which were impacted cementless bulky
ceramic implant, and 10 had a metal back. Eleven hips had CoP bearings, 4 of which
were cemented, 5 hips were native not operated. Measurements were conducted blindly
for the material by two different observers at two different times.

Results

It was generally easy to identify the capsule and measure its thickness. Native capsules
showed a mean thickness of 6.6mm. For CoC bearings, capsule thickness ranged from
7mm to 9.6 mm with a mean thickness of 8mm. For CoP bearings, capsule thickness
ranged from 3mm to 8.4mm, with a mean thickness of 6.1mm. Neocapsule appeared
clearly in all COC bearings observed, while for CoP, sometimes it was less dense with
fatty aspect, 3 hips out of 7 having a very thin capsule under 4mm. Differences were
highly significant (p<0,0001). These measurements were performed in four different
parts , these differences remained significant in superior , anterior and posterior
portions of the capsule , but not in the inferior part.

Conclusion and Discussion

It is possible to observe and quantify new capsule after THR and measure differences
concerning capsule thickness; these differences where highly significant with thiscker
capsules for Coc bearings couple compared either to ceramic or metal agaisnct
polyethylene or compared to native non operated hips. Even if thicker capsule does not
mean stronger , these differences might explain better long term stability in vivo
observed with Coc.

Discussion remain about the reason for these findings; we suppose that this is related to
the well tolerad material produced by coc with less inflammation , compared to the
development of foreign body reaction with any bearings including polyethylene. Further
questions remained and might be explored in the future.
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INTRODUCTION

The cup component of modern resurfacing systems are often coated creating a
cementless press-fit fixation in the acetabulum based on surgical under-reaming, also
enabling osseoconduction/integration. Due to the higher density of cortical bone along
the antero-superior and postero-inferior regions of the acetabulum, the greatest forces
occur between the anterior and posterior columns of the pelvis. This produces pinching
of the implant that can result in deformation of the cup. Metal shell/modularpress-fit
acetabular cups are susceptible to substantial deformation immediately after
implantation. This deformation may affect the lubrication, producing point loading and
high friction torques between the head and the cup that increase wear and may lead to
head clamping and subsequent cup loosening. We sought to test a novel ceramic on
ceramic (CoC) hip resurfacing system that should allay any concerns with the Adverse
Reaction to Metal Debris associated with metal on metal (MoM) resurfacing devices.

AIM

We sought to quantify the deformation of a novel CoC hip-resurfacing cup after
implantation, using a standard surgical technique in a cadaveric model, and compare to
the MoM standard. We also assessed if the design clearances proposed for this CoC
hip resurfacing implant are compatible with the measured deformations, allowing for an
adequate motion of the joint.

METHODS

The pelvis from four fresh frozen cadavers were placed into the lateral position. One
surgeon with extensive experience in hip resurfacing surgery (JH) prepared all the
pelvises for implantation using a posterior approach to the joint and sequential reaming
of the acetabulum to 1mm below the implant outer diameter.

The acetabulum components were then impacted into the prepared pelvis. We used
four ceramic and four metal implants of equal and varying size. (2 x (40/46mm,
44/50mm, 50/56mm, 52/58mm)).

The acetabulum cup bearing surface diameter and deformation was measured using a
GOM-ATOS optical high precision 3D scanner. 3-Dimensional measurements were
taken pre-implantation, immediately after and at 30 minutes following implantation. Two
techniques were used to analyse the 3D images: by maximum inscribed diameter and
by radial segments. These were compared to the known articulating surface clearance
values (Fig. 1).

RESULTS




The diameter of the cups in both metal and ceramic systems was reduced after
implantation when analysing by maximum inscribed diameter (Fig. 2) and by radial
segments (Fig. 3). This deformation was maintained at 30 minutes. We can infer there is
no significant bone stress relaxation effect following implantation.

On ceramic cups, the deformation was larger in larger sizes. However, the 44/50 (the
second smallest cup) deformed the least. Despite this, the difference in deformation
between these two sizes is minimal. The deformation of sizes 50/56 and 52/58 was
equivalent. For the metal cups, there was not a clear correlation between the cup size
and the deformation. The largest cup size had the same deformation as the smallest
size.

CONCLUSIONS

The deformation following implantation of the cup component in a ceramic acetabulum
resurfacing behave similarly to a metal implant. Cup deformation measured after
implantation is minimal when compared to the minimum design clearance in both
systems.

Figures
Cup size ReCerf cups ReCerf ADEPT cups ADEPT
deformation Minimum deformation Minimum
after clearance after impaction clearance
impaction (um) (pm) (pm)
(pm)
40/46 19 65 33 134
44/50 15 80 27 149
50/56 27 | 80 44 172
52/58 30 90 32 180
Table 1. Diameter reduction against minimum design clearances.
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Introduction

Recurrent dislocation due to femoral stem impingement with the acetabular liner is
historically one of the main cause of failure in total hip arthroplasty. The occurrence of
in-vivo impingement is relate to misalignment or extreme hip range of motion and may
lead to acetabular liner damage and create polyethylene wear. The aim of this study is
to assess by finite element analysis the effect of implant design parameters on
impingement and reproduce in-vitro mechanical test following ASTM F2582-14 on the
worst-case combination (Figure 1).

Materials and methods

The complexity under the definition of the worst case system for impingement is due to
the great number of components analyzed and variables involved. According to ASTM
F2582-14 the influence of different combinations of acetabular cup, polyethylene liner,
femoral head and stem is evaluated with a complete numerical and geometrical analysis
carried out component by component with a non-liner FE analysis performed in ANSYS
17.2 environment. Materials are described with an elastic linear behavior, since yield
point should be avoided, with the following material properties: Ti6Al4V (elastic modulus
E=114 GPa, Poisson’s ratio v=0,33), CoCrMo (E=210 GPa, v=0,3), MBONW (E=181
GPa, v=0,3), UHMWPE (E=0,78 GPa, v=0,4). Significant parameters such as
acetabular cup, head diameter, polyethylene liner thickness, head offset and femoral
stem profile are progressively compared in the FE post processing, allowing to
gradually exclude the configurations which lead to a less severe loading of the
polyethylene liner. Worst-case combination is defined comparing the results of
numerical investigation in terms of compressive stress (MPSgp) and maximum contact
pressure (ppax) at the impingement contact region, together with the stress (MPSyn)

at the minimum liner thickness region. Impingement test was run on three samples of
the worst case combination i.e. Delta TT Cup #54, UHMWPE X-LIMA Neutral Liner,
CoCrMo Femoral Head 36 and C2 Standard #01 (LimaCorporate, Italy) according to
ASTM F2582-14. Artificial aging on polyethylene components was performed according
ASTM F2003.

Results

Numerical results shows the higher stress induced in the polyethylene is achieved with
the thinnest polyethylene rim liner, the most deformable cup and the higher curvature
difference between liner and stem neck in the size range (Figure 2). Over a 1,0 MC in
vitro impingement test, the gravimetric wear rate was 4,6+1,3 mg/MC and the average
penetration rate was 1,1£0,1 mm/MC. The average penetration rate calculated from 0 to
0,2 MC and from 0,2 to 1,0 MC was 6,2+0,1 mm/MC and 0,3+0,1 mm/MC respectively.

Discussion

Impingement test was performed on Delta TT acetabular cup coupled with X-LIMA
polyethylene liner and C2 femoral stem, both with ODEP 5A*, showing no rim fracture




or locking mechanism failure. Additionally, no femoral head dislocation or liner
dissociation from the shell was observed in any test samples. Lastly, no metal
impingement was noted during the course of the test.

References

ASTM F2582-14 — Standard Test Method for Impingement of Acetabular Prostheses.
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INTRODUCTION: Standing spinal alignment has been the center of focus recently,
particularly in the setting of adult spinal deformity. Humans spend approximately half of
their waking life in a seated position. While lumbopelvic sagittal alignment has been
shown to adapt from standing to sitting posture, segmental vertebral alignment of the
entire spine is not yet fully understood, nor are the effects of DEGEN or DEFORMITY.
Segmental spinal alignment between sitting and standing, and the effects of
degeneration and deformity were analyzed.

METHODS: Segmental spinal alignment and lumbopelvic alignment (pelvic tilt (PT),
pelvic incidence (Pl), lumbar lordosis (LL), PI-LL, sacral slope) were analyzed. Lumbar
spines were classified as NORMAL, DEGEN (at least one level of disc height loss
>50%, facet arthropathy, or spondylolisthesis), or DEFORMITY (PI-LL mismatch>10°).
Exclusion criteria included lumbar fusion/ankylosis, hip arthroplasty, and transitional
lumbosacral anatomy. Independent samples t-tests analyzed lumbopelvic and
segmental alignment between sitting and standing within groups. ANOVA assessed
these differences between spine pathology groups.

RESULTS: There were 183 NORMAL, 216 DEGEN and 92 DEFORMITY patients with
significant differences in age, gender, and hip OA grades. After propensity matching for
these factors, there were 56 patients in each group (age 63+14, 58% female) [Fig. 1].
Significant differences were noted between spinal pathology groups with regard to
changes from standing to sitting alignment with regard to NORMAL vs DEGEN vs
DEFORMITY groups in PT (13.93° vs -11.98° vs -7.95°; p=0.024), LL (21.91° vs
17.45° vs 13.23°; p=0.002), PI-LL (-22.32° vs -17.28° vs -13.18°; p<0.001), SVA (-
48.99° vs -29.98° vs -32.12°; p=0.002), and TPA(-16.35° vs -12.69° vs -9.64;
p=0.001). TK (-2.08° vs -2.78° vs -2.00°, p=0.943) and CL (-3.84° vs -4.14° vs -3.57°,
p=0.621) were not significantly different across spinal pathology groups [Fig. 2].

NORMAL patients had overall greater mobility in the lower lumbar spine from standing
to sitting compared to DEGEN and DEFORMITY patients. L4-L5 (7.50° vs 5.23° vs
4.74°,p=0.012) and L5-S1 (6.96° vs 5.28° and 3.69°, p=0.027). There were no




significant differences in change in alignment from standing to sitting at the upper
lumbar levels or lower thoracic levels between the three groups [Fig. 3].

CONCLUSION: The lower lumbar spine provides the greatest sitting to standing change
in lumbopelvic alignment in normal patients. Degeneration and deformity of the spine
significantly reduces the mobility of the lower lumbar spine and PT. With lumbar spine
degeneration and flatback deformity, relatively more alignment change occurs at the
upper lumbar spine and thoracolumbar junction.

Figures
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Age, vears (SD) 61.76(£11.42) 6125 (£1186) 62.55(2956) 6149(=1246) 0812
BML, kg'w’ (SD) 2810(2584) 2841(=561) 2751(25.19) 2838(2671) 0646
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Statistical Shape Model of the Pelvis to Drive Secondary Initial
Acetabular Fixation Design

*Adam Shallenberg - DJO Surgical - Austin, USA

*Email: adam.shallenberg@djoglobal.com

The “scratch fit” of modern acetabular cup implants with highly porous coatings is often
adequate for initial fixation in primary total hip arthroplasty. Depending on bone quality,
the surgical protocol generally involves reaming the acetabulum either line-to-line or 1
millimeter under compared to the final cup size. Initial fixation must limit micromotion to
acceptable levels to facilitate osseointegration and long term cup stability. Secondary
initial fixation can be required in cases with poor bone quality or bone loss and is
commonly achieved with bone screws and a cup implant with multiple screw holes. To
provide maximum secondary initial fixation, the cup screw holes should be positioned to
allow access to the limited region of thick pelvic bone. A study of the pelvis was
performed to map pelvis thickness to optimize secondary initial fixation design.

Through a partnership with Materialise, a statistical shape model of the pelvis was
created utilizing 80 CT scans (36 female, 44 male). To limit the effect of variation
outside the area of cup implant fixation, the shape model includes only the inferior pelvis
(cut off at the greater sciatic notch and above the anterior inferior iliac spine).

A virtual implantation protocol was developed which creates instances of the shape
model that accurately simulate the intraoperative preparation of the acetabulum to
accept the cup implant. First a sphere is best fit to the native acetabulum and is
rounded to the nearest whole millimeter. The diameter of the best fit sphere is offset by
1mm to simulate bone removal during the spherical reaming step. The sphere is
positioned medially and superiorly such that it is tangent to the teardrop and removes
2mm of superior acetabulum. The sphere is used to perform a Boolean subtraction from
the shape model to create a prepared pelvis shape model. An example is shown in
Figure 1.

The Materialise 3-Matic software was used to perform a thickness analysis of the
prepared shape models. The results are displayed as a color “heat map” where green
represents thin bone and red is thick bone. The analysis finds there is a limited arc of
thick bone that begins superiorly and extends posterior-inferior that accounts for only
about 15% of total prepared surface area. The superior location facilitates the
placement of a long bone screw up the iliac column and the posterior-inferior region
facilitates the placement of additional posterior screws. Figure 2 illustrates the superior
to posterior-inferior arch of thick bone and Figure 3 illustrates the same model with a
different thickness scale that isolates the thickest bone in the superior location.

The shape model development, virtual implantation protocol, and heat map thickness
analysis provide a design tool to ensure optimal placement of bone screws in a cup
implant to access the limited thick arc of pelvic bone and ensure initial implant fixation.

Figures




Figure 2

Figure 1
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Does a Close to Native Anatomy Prosthetic Hip Restoration
Improves Functional Scores and Gait?

Cedric Maillot - Imperial College London - South West London Elective Orthopaedic
Center - London, United Kingdom
*Charles Riviere - MSK Lab - South West London Elective Orthopaedic Center -
London, United Kingdom
Edouard Auvinet - Imperial College london - london, United Kingdom
Justin Cobb - Imperial College - London, United Kingdom

*Email: c.riviere@imperial.ac.uk

Background: The aim of our study aims to assess, in a group of patients with a well-
functioning hip replacement, the functional influence (gait and functional scores) of
restoring a close to physiologic hip biomechanics and to answer the following questions:
1) Does a better anatomical hip restoration influences functional outcomes after hip
replacement? And 2) Does patients implanted with a HR perform better than the one
implanted with a THR?

Methods: Fifty-two patients with successful prosthetic hip (40 THRs and 12 HRs) and
having undertaken a functional assessment (gait analysis and Oxford Hip Score) at a
mean follow-up of 14 months were retrospectively reviewed. The quality of the
biomechanical restoration by the hip replacement was assessed on X-ray by
comparison with the healthy contralateral hip.

Results: We found no statistically significant correlation between radiographic
measurements and gait parameters or functional scores. HR patients tended to have a
more symmetric gait, less influenced by speed and ramp inclination changes, but this
didn’t reach statistical significance.

Discussion/conclusion: Slight variation regarding the quality of the anatomical
restoration (hip anatomical parameters measured in an AP pelvis radiograph) when
performing hip replacement had negligible influence on the patients functional
performance. Similarly, HR had little functional benefit compared to well-functioning and
well reconstructed THR. The clinical benefits of preserving the femoral neck and the
individual (patient-specific) hip anatomy and biomechanics need to be further studied.
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The Fate of Sagittal Aligment and Femoral Filling in Tapered
Cementless Stems in Total Hip Arthroplasty
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*Email: edugrey@yahoo.es

Background: Aseptic loosening is rare with most cementless tapered stems in primary
total hip arthroplasty (THA), however different factors can modify results. We ask if the
shape and technique of three current different femoral components affects the clinical
and radiological outcome after a minimum follow-up of ten years.

Methods: 889 cementless tapered stems implanted from 1999 to 2007 were
prospectively followed. Group 1 (273 hips) shared a conical shape and a porous-coated
surface, group 2 (286 hips) a conical splined shape and group 3 (330 hips) a rectangular
stem. Clinical outcome and anteroposterior and sagittal radiographic analysis were
compared. Femoral type, stem position, femoral canal filling at three levels and the
possible appearance of loosening and bone remodelling changes were assessed.
Results: No thigh pain was reported in unrevised patients. Mean Harris Hip score was
lower for patients in group 3 for pain and function at 6 months, two years and at latest
follow-up. The survival rate of not having revision of the stem for any cause was 98.5%
(95% C198.8-100) for group 1 at 12 years, 99.3 % ((95% Confidence Intervals (Cl) 97.9-
100) for group 2 at 16 years and 97.7% (95% (Cl) 94-100) for group 3 at 14 years, and
(log rank= 0.109). Thirteen stems from the latter were revised for aseptic loosening. No
revision for aseptic loosening was found in the other designs. After controlling all
confounding factors, the risk for aseptic loosening in group 3 was related to a lower
femoral canal filling (p=0.039, Hazard Ratio (HR):0.918, 95% Confidence Interval
(Cl1):0.846-0.996) and a stem position outside neutral limits in the sagittal alignment
(p=0.048, HR:3.581, 95% CIl:1.010-12.696).

Conclusions: Conical tapered cementless stems are more reliable than rectangular
straight designs in primary THA after ten years
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Poor Relationship Between Femorotibial and Trochlear Anatomic
Parameters
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Background: The kinematic alignment (KA) technique for total knee arthroplasty (TKA)
is an emerging implant positioning philosophy that aims to preserve constitutional knee
anatomy in order to improve knee kinematics, and hence clinical outcomes, after total
replacement. The KA technique is proven to be safe with good efficacy, while not being
inferior to mechanically aligned (MA) total knee arthroplasty (TKA) at early-term follow-
up. At present, the KA technique aims to reconstruct native femorotibial (FT) joint
alignment, however there is still insufficient consideration towards the highly inter-
individual trochlear anatomy variability. Poor trochlear restoration may compromise
clinical outcomes of KA TKAs, and explain the occurence of patellofemoral (PF) related
complications after KA TKAs. As new femoral component designs may soon account for
KA technique, our study aimed at assessing the anatomical relationship between the
native trochlea (alignment, length, and stiffness) and other FT anatomical parameters.
The null hypothesis is that there is no relationship between trochlea and FT anatomical
parameters.

Method: Fifty-eight preoperative CT scans of low-grade knee arthritic patients were
segmented to create 3D bone models, including complete femoral head, entire knee and
ankle. The FT and the PF anatomical parameters were measured using in-house
software. Values were compared between different groups of lower limb and FT joint
line (JL) alignment, and correlations between FT and PF anatomical parameters were
assessed.

Results: We didn’t find any significant correlation between groove alignment (frontal and
axial) or groove radius and either the Hip-Knee-Ankle (HKA), or the Lateral Distal
Femoral (LDFA), or the Medial Proximal Tibial (MPTA), or the FTJL-Mechanical Axis
(FTJLMAA) Angles. When looking at the correlation within sub-groups of limb or JL
alignments, we only found a strong positive correlation (r=0.464, p=0.022) in the varus
lower limb (HKA < 180°) sub-group between groove frontal alignment and LDFA. The
groove alignment (frontal and axial) and groove radius was not significantly different
between the different groups of lower limb or joint line alignments. However, we found a
larger proximal lateral facet height (at 0°), and lateral (at 0° and 20°) and medial (at 0°)
jumping distance when the tibial plateau was in valgus (MPTA > 90°).

Discussion/conclusion: Our study shows that the determination of several limb, knee,
and JL parameters is of poor value to predict individual trochlea anatomy. This raises
the issue of how to improve femoral component design in order to achieve
individualised FT and PF anatomical restoration with KA TKA.
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Robotic Evaluation of the Patellofemoral Envelope of Motion
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Introduction

In knee biomechanics the concept of the envelope of motion (EOM) [Blankevoort et al,
JBiomech 1988] has proven to be a powerful method to characterize joint mechanics
and the effect of surgical interventions. It is furthermore indispensable for numerical
model validation. While commonly used for tibiofemoral kinematics, there is very little
report of applying the concept to patellofemoral kinematics. EOM measurements require
precise and reproducible displacement and load control in all degrees of freedom
(DOF), which robotic testing has proven to provide. The objectives of this study were
therefore to (1) develop a robotic method to assess patellofemoral EOM as a function of
tibiofemoral EOM, (2) compare resulting patellofemoral kinematics to published data,
and (3) determine which DOFs in the tibiofemoral EOM mostly account for the
patellofemoral EOM.

Material and Methods

The developed robotic (KUKA KR140 comp) method was evaluated using 8 post-
mortem human leg specimens of both genders (age: 55+11 years, BMI: 2315). Firstly,
tibiofemoral neutral flexion was established as well as the EOM by applying anterior-
posterior (100 N), medial-lateral (100 N), internal-external (x4 Nm) and varus-valgus
(£12 Nm) loads under low compression (44 N) at 7 flexion angles. Secondly,
patellofemoral flexion kinematics and EOM were measured during a robotic playback of
the previously established tibiofemoral kinematics. During these measurements, the
quadriceps tendon was loaded with a hanging weight (20 kg) via a pulley system
directing the force to the anterior superior iliac spine. Kinematics were tracked optically
(OptiTrack) and registered to CT scans using co-scanned aluminium cylinders and
beads embedded in the patella.

The overall patellofemoral EOM was calculated as the extent of patellar motion
observed during manipulating the tibia inside the tibiofemoral EOM in all DOFs.
Additionally, patellofemoral EOMs were calculated for tibial manipulations along
individual DOFs to analyse the importance of these DOFs.

Results

Figure 1 shows patellofemoral kinematics during knee flexion and the overall
patellofemoral EOM. Trends and magnitudes of patella shift, tilt and rotation during
flexion were similar to reported in-vivo measurements [Nha et al, JOR 2008]. Envelopes
of patellar shift and tilt during internal-external tibiofemoral rotation closely resembled
those reported for in-vitro results [Barink et al, KSSTA 2007] despite methodological
differences.

Tibiofemoral internal-external and varus-valgus rotation had the largest effect on
patellofemoral EOM (Figure 2). EOMs in patellar shift and tilt were dominated by
internal-external rotation in early flexion and varus-valgus rotation in late flexion. The
EOM in patellar rotation was dominated by tibiofemoral varus-valgus rotation throughout
flexion (Figure 3). Manipulating the tibia in a combined internal-external and varus-
valgus rotation envelope yielded the same patellofemoral EOM as the overall
patellofemoral EOM (Figure 2).




Conclusion

This study has established a novel robotic method to assess the patellofemoral
envelope of motion as a function of tibiofemoral EOM. Resulting patellofemoral
kinematics resembled data reported in literature. It was furthermore shown that is
sufficient to establish a combined internal-external and varus-valgus envelope of
tibiofemoral motion as bases of the patellofemoral EOM, as including the anterior-
posterior and medial-lateral tibiofemoral envelopes yielded no additional effect.
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Figure 1: Average patellofemoral kinematics during knee flexion inside overall patellofemoral EOM.
The darker shade indicates the flexion range with data from all specimens.
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Figure 2: Effect of DOFs in the tibiofemoral EOM on the patellofemoral EOM.
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Gait Analysis of Individuals With Isolated Posterior Cruciate
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Background: The cruciate ligaments are important structures for biomechanical stability
of the knee. For total knee arthroplasty (TKA), understanding of the exact function of the
(PCL) and anterior (ACL) cruciate ligament during walking is important in the light of
recent designs of bicruciate TKAs. However, studies evaluating in vivo function of the
PCL during daily activities such as walking are scarce. We aimed to assess the role of
the PCL during gait by measuring kinematics and kinetics of individuals with isolated
PCL-deficiency and compare them with individuals with ACL-deficiency and healthy
young adults.

Methods: Individuals with isolated, unilateral PCL deficiency (PCLD; n=9), isolated,
unilateral ACL deficiency (n=10) and healthy young adults performed (n=10) 10 walk
trials (5 for each leg) in which they walked over a force platform. Motion analysis (Vicon
Motion Capture System) was used to calculate joint angles and internal moments
around the knee, hip and ankle in the sagittal plane. Joint angles and moments of the
injured knee (in PCLD and ACLD) or left knee (in HYA) were compared between groups
at weight acceptance, mid-stance and push-off phases (see Fig. 1). Clinical assessment
included passive knee laxity (Kneelax) for anterior (in 20-30° knee flexion) and posterior
tibia translation (in 70-90° knee flexion) and Lysholm questionnaires.

Results: Lysholm scores were significantly lower in PCLD and ACLD individuals
compared to HYA (p’s < .001). PCLD subjects had more passive anterior (p = .001) and
posterior tibia translation (p = .041) compared to HYA, but no significant differences
were found in both directions between ACLD and HYA (p’s > .10). During gait, knee
angles at weight acceptance, late stance and around toe-off were not significantly
different between the PCLD and HYA, and between ACLD and HYA (all p’s > .06).
However, the knee extension moment during mid-stance was significantly lower in the
PCLD group when compared to the HYA group (p = .001; Fig. 2). Interestingly, the knee
moment in the PCLD group remained positive (i.e. extension moment) throughout the
stance phase, whereas HYA and ACLD groups created a substantial flexion moment
around the knee at this instant. We did not observe any significant differences in hip and
ankle joint angles and moments between groups.

Discussion: We observed a difference in gait pattern in individuals with PCL deficiency
compared to HYA, that was confined to an absence of knee flexion moments during the
mid-stance phase. We hypothesize that this difference reflects a compensation strategy
employed by individuals with PCL deficiency to avoid external knee (hyper)extension
moments. Gait adaptations related to PCL deficiency might also have implications for
design of total knee prosthesis and calls for careful evaluation of gait patterns after TKA




with a specific focus on the role of the PCL.
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Figure 1. Sagittal knee angle (pink) and moments (green) of HYA during the gait cycle were
normalized to the duration of the gait cycle. Maximal knee extension moment at weight
acceptance (KM1), maximal flexion moment during mid-stance (KM2) and maximal extension
moment around push-off (KM3) were identified. Moments and angles around knee, hip and
ankle were also evaluated at these instants.
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Figure 2. Mean + SE of the sagittal knee moment during the gait cycle for PCLD (red),
ACLD (blue) and HYA (black) were compared.
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Can the Quality of Proximal Tibial Bone Be Predicted From Cortical
Measurements Derived From Plain Radiograph?
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INTRODUCTION: The quality of bone within the proximal tibia and distal femur are key
determinants of component fixation in total knee replacement (TKR). Although bone
mineral density (BMD) may be measured by quantitative computed tomography (qCT)
and dual-energy x-ray absorptiometry, these imaging modalities are not readily utilized
for preoperative planning for joint replacement, primarily because of the associated
costs and inconvenience. However, plain radiographs are used universally as part of the
work up for these procedures, though previous studies have shown that these images
are of limited value for estimating the quality of metaphyseal bone. In this study, we
examine whether simple parameters derived from plain radiographs can be used to
accurately predict the density of metaphyseal bone at the level of the proximal tibial
osteotomy for use in preoperative planning for TKR.

METHODS: qCT scans were obtained from 48 cadaveric knee specimens (18 Male, 6

Female, Average age: 52+12 years, Average BMI: 25.8415.14 kg/mz). Each knee was
scanned on top of standard bone phantoms (Mindways Software Inc, QCT Pro Model 3
CT Calibration Phantoms). Using image processing software (Mimics by Materialise
NV), we measured: 1. Absolute BMDs of 3.5mm thick metaphyseal bone slices
perpendicular to the canal axis, 10mm distal to the tibial medial plateau, and 2.
Thicknesses of the medial, lateral, and posterior cortices 130mm distal to the joint line
(Figure 1). Three parameters were derived from the cortical measurements as
predictors of metaphyseal BMD: 1. Sum of the medial and lateral thicknesses (SUM), 2.
Average of the thicknesses of the medial, lateral, and posterior cortices (AVG), and 3.
Cortical bone index defined as the percentage of the mediolateral width of the diaphysis
occupied by the cortices (CBI). Using the three parameters, bones were classified as
Normal (SUM > 10mm, AVG > 7mm, CBI > 0.40), Osteopenic (10mm > SUM > 6mm,
7mm > AVG > 5mm, 0.40 > CBI > 0.25), or Osteoporotic (SUM < 6mm, AVG < 5mm,
CBI < 0.25). Statistical analyses were performed to examine each cortical parameter’s
accuracy in predicting metaphyseal BMD and in classifying tibial metaphyseal bone as
Normal (t > 185 mg/cm?3), Osteopenic (185 > t > 115 mg/cn?) or Osteoporotic (t < 115

mg/cmd).

RESULTS: The most accurate estimate of metaphyseal BMD was provided by the AVG
with an adjusted correlation coefficient of 0.534 and a predictive accuracy of 73% for
discrimination between normal, osteopenic and osteoporotic bone (Figure 2). Lower
values were provided by the CBI with a correlation coefficient of 0.217 and a predictive
accuracy of 40%, and the SUM with a correlation coefficient of 0.475 and a predictive
accuracy of 35%.

CONCLUSIONS: Our results indicate that simple indices from plain radiographs can
offer insight into tibial metaphyseal bone quality. The most accurate predictions are
provided by the AVG. With further refinement, this parameter could offer a simpler and
cheaper solution for estimating the BMD of the proximal tibia. Ideally, this parameter
would be measured as an indicator for preoperative planning for TKR, especially in
revision cases.




Figures

Figure 1. Anteroposterior and lateral views of a left knee
specimen showing the three measured cortices,
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Figure 2. The average width of the medial, lateral, and posterior tibial cortices, 130mm distal to the joint line
vs. the bone mineral density of a metaphyseal cross-section (thickness: 3.5mm), 10mm distal to the tibial
medial plateau.
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Background: Authors sought to determine the degree of lateral condylar hypoplasia of
distal femur was related to degree of valgus malalignment of lower extremity in patients
who underwent TKA. Authors also examined the relationships between degree of
valgus malalignment and degree of femoral anteversion or tibial torsion.

Methods: This retrospective study included 211 patients (422 lower extremities).
Alignment of lower extremity was determined using mechanical tibiofemoral angle
(mTFA) measured from standing full-limb AP radiography. mTFA was described positive
value when it was valgus. Patients were divided into three groups by mTFA; more than 3
degrees of valgus (valgus group, n = 31), between 3 degrees of valgus to 3 degrees of
varus (neutral group, n = 78), and more than 3 degrees of varus (varus group, n =
313).Condylar twisting angle (CTA) was used to measure degree of the lateral femoral
condylar hypoplasia. CTA was defined as the angle between clinical transepicondylar
axis (TEA) and posterior condylar axis (PCA). Femoral anteversion was measured by
two methods. One was the angle formed between the line intersecting femoral neck and
the PCA (pFeAV). The other was the angle formed between the line intersecting femoral
neck and clinical TEA (tFeAV). Tibial torsion was defined as a degree of torsion of distal
tibia relative to proximal tibia. It was determined by the angle formed between the line
connecting posterior cortices of proximal tibial condyles and the line connecting the
most prominent points of lateral and medial malleolus. Positive values represented
relative external rotation. Negative values represented relative internal rotation.

Results: Greater lateral femoral condylar hypoplasia was related to increased valgus
alignment of lower extremity. Correlation coefficient between mTFA and CTA was 0.253
(p < 0.001). Valgus group showed increased CTA, which was 10.2° £ 1.9°. CTA was
7.4° £ 2.5° in neutral group and 6.6° £ 4.8° in varus group. There was significant
positive correlation between the degree of valgus alignment and the degree of femoral
anteversion (r = 0.145, p = 0.003). pFeAV was 16.7° + 5.8° in valgus group, 12.1° *
6.0° in neutral group and 10.9° £ 7.0° in varus group. There was no correlation
between degree of valgus alignment and degree of femoral anteversion (r = 0.060, p =
0.218). In terms of tibial torsion, increased valgus malalignment was associated with
increased tibial torsion (r = 0.374, p < 0.001). Valgus group showed increased tibial
torsion than other groups. Tibial torsion was 32.6° * 6.2° in valgus group, 26.3° + 6.9°
in neutral group and 22.6° + 7.2° in varus group.

Conclusions: Increased valgus alignment of lower extremity was related to greater
lateral femoral condylar hypoplasia. However, increased valgus alignment was not
related to degree of femoral anteversion whereas it was related to increased external




tibial torsion. Our findings should be considered when determining proper rotational
alignment in TKA.
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Introduction:

Most of the algorithm available today to balance varus knee is based on a surgeon’s
hands-on experience without full understanding of pathological anatomy of varus knee.
The high-resolution MRI allows us to recognize the anatomical details of the
posteromedial corner and the changes of the soft tissue associated with the
osteoarthritis and varus deformity.

We have in this study, reviewed 60 cases of severe varus knee scheduled for TKR and
compared it to normal MRI and those MRI were evaluated and read by a
musculoskeletal radiologist. We have documented clearly the changes that happens in
soft tissue, leading to tight medial compartment. We will also show multiple short intra-
operative video confirming that MRI findings.

Material & method:

We have retrospectively reviewed the MRI on 60 patients with advanced osteoarthritis
varus knee. We also reviewed 20 MRI for a normal knee matched for age.

We evaluated the posteromedial complex and MCL in sagittal PD-weighted VISTA to
check the alignment of the MCL and posteromedial complex and the associate MCL
bowing and deformity that could happen in osteoarthritis knee. We have measured the
thickness of the posteromedial complex and the posterior medial bowing of the
superficial MCL and the involvement of the posterior oblique ligament in those patients.

To measure the posterior bowing of the MCL, a line was drawn through the posterior
aspect of both menisci and we measured the distance between the posterior edge of
MCL to that line in actual image. To measure the thickness of the posteromedial
complex, we measured it at two areas in the posterior medial corner posteriorly at the
level of the medial meniscus.

Measuring the medial bowing of the MCL was done by a line drawn through the medial
edge of the femoral condyle and the tibial condyle at the level of the medial meniscus to
the inner aspect of the MCL. The normal distance between the posterior aspects of the
MCL to the posterior meniscus line was approximately measured 2 cm. in average.

Results:

We were able to recognize and measure the medial deviation of MCL in all arthritic
knees due to the deformity and the effect of the medial margin osteophyte and medial
extrusion of the meniscus. Thickening of posteromedial complex was recognized in the
majority of the cases with prominent thickening seen in 50/60 knees with average
thickness measuring approximately 1.2 cm due to the synovial thickening, adhesions,
granulation tissue, degenerated medial meniscus, and involvement of the posterior




oblique ligament and the capsular branch of the semimembranosus tendon, as well as
the oblique popliteal ligament.

The involvement of posterior oblique ligament were seen in majority of the cases. In 55
cases we have showed a heterogeneous appearance of the ligament and loss of normal
signal within the postero medial complex and we have documented that the oblique
ligament will cause the posterior bowing of the MCL. The medial bowing of the MCL is
also correlated to the severity of the varus deformity with an average distance to the
normal medial line of the medial meniscus measuring approximately 1.1 cm

Discussion:

Our study shows that the changes affecting the superficial MCL is likely to be secondary
to the obvious changes involving the posteromedial complex and to the marginal
osteophyte as well as the extrusion of the medial meniscus. Also, we have confirmed
that there are deforming structures such as the oblique ligament with adhesion and
thickening with all the posterior medial complex. Those changes clearly caused the
posterior bowing to the superficial MCL without an actual shortening of the ligament.
The scarring tissue in the posteromedial corner and the adhesion is acting as a soft
phyte tensioning and deforming the ligament and the posterior capsule. The oblique
ligament act as a deforming forces forcing the superficial MCL to bow posteriorly. The
lengths of the superficial MCL stayed the same.

Conclusion:

The conventional wisdom of releasing the distal attachment of the superficial medial
MCL to balance knee has to be a challenge based on our MRI finding. Releasing the
superficial MCL can sometimes lead to a major instability of the knee requiring a more
constrained implant. Our MRI assessment clearly showed that the Superficial MCL is
deformed because of posterior bowing and medial bowing and considerable thickening
of the posteromedial corner, as well as the accompanying osteophyte. We believe that
clearing the superficial MCL and excising those thickened scar tissue in the posterior
medial corner will enable us to balance the knee without creating instability
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Introduction:

ACL rupture is a common sports injury at the knee. Traditionally, this indication is
treated by an isolated reconstruction of the ACL [1]. Various publications report an
improved outcome by using a combined ACL and ALL reconstruction technique [2 — 4].
Therefore, an objective evaluation of the influence of these ligaments on joint laxity is
helpful in determination of adequate surgical approaches.

In this study, a robotic test procedure of human knee joint laxity is presented to
systematically asset the isolated influence of the important ligaments.

Methods:

Laxity data of five anonymized fresh-frozen human cadaveric left knee specimens were
acquired.

Specimens were prepared by dissecting unneeded tissue and properly exposing ALL,
ACL, PCL, MCL and LCL. The distal end of the femur and the proximal end of the tibia
were cut and secured in aluminum cylinders using polymethyl methacrylate (PMMA).

Experimental testing was performed using a six degree-of-freedom industrial robot. A
six degree-of-freedom force-torque sensor was attached to the robots end-effector.
Steel alloy clamps were used to connect the tibia to the robot manipulator and the femur
to the base, respectively (Figure 1). Joint coordinate systems were defined following the
convention of Grood et al. [5].

A passive path was recorded by increasing the flexion angle incrementally from 0° to
90° in steps of 1°.

Figure 2 shows the experimental testing protocol consisting of a series of applied forces
and torques to the knee joint in varying flexion angles in the three physiological
directions: anterior-posterior translation, varus-valgus angulation and internal-external
rotation.

Tests were performed sequentially after stepwise dissection of the ALL, ACL, and PCL
to determine the influence of these ligaments on knee laxity and to detect alterations of
relative movements between femur and tibia.

Loads were applied in the tibial coordinate system while recording the relative motion
between the joint coordinate systems. To assure contact between the articulating
partners, a compressive load of 10N was used. For the control loop, tolerances of +/-
5N and +/- T0Nm have been used respectively.

Results:

Figure 3 shows the influence of the ALL, ACL and PCL on knee joint laxity of the




specimens for (1) anterior translation and (2) internal rotation. Due to collision
problematics in high flexion, the number of specimens varies between 2 and 5.

The ALL is primarily stabilizing internal rotation indicated by an increased internal
rotation comparing ALL and ALL & ACL deficient specimens.

The ACL is primarily stabilizing anterior translation and internal rotation. From 0° to 30°
knee flexion, an increase of anterior laxity is observed, followed by a decrease to a
minimum at a flexion angle of 90°.

The PCL did not show any significant change of joint laxity on anterior translation or
internal rotation, respectively.

Conclusion:

The described experimental test method allows for a reproducible measurement of knee
joint laxity for precisely defined conditions. The acquired datasets showed consistent
trends over all specimens and correspond well with other studies [6, 7]. For more
significant results an increased number of specimens is needed.

Figures

Figure 1: Experimental test setup with the tibia attached to the robot
manipulator and the femur fixed to the base

Figure 1
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Figure 2: Test protocol of the laxity tests
Figure 2
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Figure 3: Boxplots of knee joint laxity of specimens showing median
(central mark), 25* and 75* percentiles (box), extrema (whiskers)
and outliers (+)
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Background:

In Total Knee Arthroplasty (TKA), although no conclusion has been drawn regarding the
merits of Cruciate Retaining (CR) TKA and Posterior Stabilizing (PS)TKA, it is
necessary for CR-TKA to maintain the function of posterior cruciate ligament (PCL)
postoperatively.

The PCL plays an important role in femoral rollback and maintaining axial stability in a
normal knee. However, it remains uncertain as to whether the PCL keeps its form and
function after CR-TKA.

Objectives:

To observe the morphological change of the PCL according to the flexion angle of the
knee among the cases with CR-TKA.

Study Design & Methods:

We examined 134 knees(male: 5knees, female : 129knees) that underwent primary TKA
because of osteoarthritis or rheumatoid arthritis of the knee between January 2014
anda€€0ctober 2016.

For these patients, we used cruciate retaining FINE KNEE (TEIJIN NAKASHIMA
MEDICAL CO., LTD Japan) made of titanium. MRI(HITACHI AIRISA... jconfort 0.3T) T2
weighted sagittal image was taken between 6 to 12 months after surgery.

We performed MRI imaging in four positions at 30 °, 60 °, 90 ° knee flexion angle, and
at maximum flexion of the knee. We defined the four groups of the PCL taken at 30, 60,
90 degrees flexion and maximum flexion as the F30, F60, F90, and the FM respectively.

Then we evaluated the morphology of the PCL in CR-TKA.The form of the PCL was
classified into three types based on the model Nakagawa et al reported in normal
knees. They were forward convex, straight and posterior convex.

We observed how the PCL changes its morphology depending on the flexion angle after
CR-TKA operation.We excluded cases where the shape of the PCL was unclear in any
of the four positions.

Results:

The morphology of the PCL were as follows; in the F30(front convex :0 knees, straight
: 2 knees, posterior convex : 132knees), F 60 (front convex : 0 knees, straight : 38
knees, posterior convex : 96 knees), F 90 (front convex : 11knees, straight 112 knees,
posterior convex : 11 knees), FM (front convex : 93 knees, straight : 41 knees, posterior
convex : 0 knees).




Thus in 98% cases of the F30 and 72% of the F60, the PCL showed posterior convexity
with no front convexity cases in both groups.

On the other hand, in 84% of the cases in the F90 the PCL exhibited straight
configuration.In the FM, 69% of the patients demonstrated front convexity in their PCL
and 31% of the cases showed straight shape and there were no examples of posterior
convex in the FM.

Conclusions:

Based on the findings of this study, it is inferred that the shape of the PCL after CR-TKA
changes from a posterior convex to a straight forward with a forward convex as the knee
flexion angle increases.

It was shown that the change of the PCL morphology accompanying the knee flexion
after CR-TKA is quite similar to that of a normal knee as reported by Nakagawa et al.
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Introduction: Total-knee-arthroplasty (TKA) is used to restore knee function and is a
well-established treatment of osteoarthritis. Along with the widely used fixed bearing
TKA design, some surgeons opt to use mobile bearing designs. The mobile-bearing
TKA is believed to allow for more freedom in placement of the tibial plate, greater range
of motion in internal-external (IE) rotation and greater constraint through the articular
surface. This current study evaluates 1) the kinematics of a high constraint three
condyle mobile bearing TKA, 2) the insert rotation relative to the tibia, and 3) compares
them with the intact knee joint kinematics during laxity tests and activities-of-daily-living
(lunge, level walking, stairs down). We hypothesize that 1) in contrast to the intact state
the anterior-posterior (AP) stability of the implanted joint increases when increasing
compression level while 2) maintaining the IE mobility, and that 3) the high constraint
does not prevent differential femorotibial rollback during lunge.

Methods: Six fresh-frozen human cadaveric knee joints with a mean donor age of 64.5
(x2.4) years and BMI of 23.3 (£7.3) were tested on a robot (KR140, KUKA) in two
different states: 1) intact, 2) after implantation of a three condyle mobile bearing TKA.
The tibia plateau and the insert of each tested specimen were equipped with a sensor to
measure the insert rotation during testing. Laxity tests were done at extension and
under flexion (15°, 30°, 45°, 60° 90°, 120°) by applying subsequent forces in AP and
medial-lateral (ML) of £100N and moments in IE and varus-valgus (VV) rotation
(6Nm/4Nm, 12 Nm/-). Testing was performed under low (44N) and weight bearing
compression (500N). Loading during the lunge, level walking and stairs descent activity
was based on in-vivo data. Resulting data was averaged and compared with the
kinematics of the intact knee.

Results: Increasing the joint compression resulted in a 90% reduced AP laxity
(increased stability) (Figure 1, 2) for the implanted case while the intact knee laxity
stayed similar. In high compression the implanted IE mobility was reduced by 45% for
low and mid flexion angles and by 20% for high flexion angles, while the intact knee IE
mobility was reduced by 30% at low and mid flexion and 20% at high flexion (Figure 2).
The trend of the rollback behaviour was similar for the implanted and intact joints and
showed higher lateral than medial rollback (Figure 3 A). The average insert rotation
(Figure 3 B) was highest during level walking (+ 5° to -2.5°) and lowest during lunge (-
3.5° to 2.5° over flexion).

Conclusion: The established hypotheses were supported by the results. Increasing the
joint compression in the mobile bearing design stabilized the knee in the AP direction
and maintained the IE mobility similar to the intact knee. This can be directly related to
the design of the TKA articular surface, which has a high impact on constraint as soon
as the joint is loaded. However, the high constraint of the TKA did not prevent
differential rollback.

*Cadaveric studies are not necessarily indicative of clinical results.

Figures
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Introduction & aims:

Optimizing the flexion and extension gaps in TKA is important in attaining good range of
motion and joint stability. Traditional teaching dictates that the extension gap, and
therefore ability to achieve full extension, is affected by the distal femur resection and
tibial resection. However, existing evidence has demonstrated that extension gap also
improves with a smaller posterior femoral condyle. To date, validation with actual range
of motion has not been performed.

Method

Seventeen patients underwent TKA (Zimmer Nexgen) in this prospective, single
surgeon,single center study. Computer navigation (Orthosoft) was utilized to measure
the intra-operative range of motion and coronal alignment. In each patient, after the
appropriately sized femoral and tibial cuts were made, the “standard” and “minus”
posterior femoral condyle trial prostheses were compared and coronal and sagittal
range of motion were recorded. Statistics were performed using a two-tailed paired t-
test.

Results

There was a mean improvement of 4.5 degrees of extension in patients fitted to a minus
trial compared to the standard trial (p < 0.01). Coronal balance in extension also
showed an improvement towards anatomical alignment of 0.3 degrees with the minus
trial, however this was not statistically significant (p = 0.23). There was no evidence of
coronal mid-flexion instability as a consequence of minus sizing with a mean difference
of 0.6 degrees towards anatomic with the knee at 30 degrees (p = 0.19), 60 degrees (p
=0.47) and 90 degrees (p = 0.52).

Conclusions

The minus sized posterior condyle prosthesis resulted in improved knee extension and
is a useful adjuvant in optimizing TKA sagittal balance.
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INTRODUCTION: Density-modulus relationships are often used to map the mechanical
properties of bone based on CT-intensity in finite element models (FEMs). Although
these relationships are thought to be site-specific, relationships developed for
alternative anatomical locations are often used regardless of bone being modeled. Six
relationships are commonly used in finite element studies of the shoulder; however, the
accuracy of these relationships have yet to be compared. This study compares the
accuracy of each of these six relationships ability to predict apparent strain energy
density (SEDgpp) in trabecular bone cores from the glenoid.

METHODS: Quantitative-CT (QCT) (0.625 mm isotropic voxels), and u-CT scans
(0.032 mm isotropic voxels) were obtained for fourteen cadaveric scapulae (7 male, 7
female). Micro finite element models (u-FEMs) were created from 98 virtual ‘cores’ using
direct conversion to hexahedral elements. Two p-FEM cases were considered:
homogeneous tissue modulus of 20 GPa, and heterogeneous tissue modulus scaled by
CT intensity of the pu-CT images (196 models). Each p-FEM model was compressively
loaded to 0.5% apparent strain and apparent strain energy density (SEDgpp) was
calculated. Additionally, each of the six density-modulus relationships were used to map
heterogeneous material properties to co-registered QCT-derived models (588 models in
total) (Figure 1). The loading and boundary conditions were replicated in the QCT-FEMs
and the SED,, was calculated and compared to the p-FEM SED,,,. To account for
more samples than donors, restricted maximum likelihood estimation (REML) linear
regression compared p-FEM SED,j,, and QCT-FEM SED,, for each relationship.

RESULTS: When considering comparisons between QCT-FEMs and p-FEMs with a
homogeneous tissue modulus, near absolute statistical agreement (Y=X) was observed
between the p-FEMs and the QCT-FEMs using the Morgan et al. (2003) pooled
relationship (Figure 2-Table 1). Not surprisingly, due to the similarity between the two
relationships, the Gupta & Dan (2004) and Carter and Hayes (1977) models showed
near identical REML linear regression fit parameters. All relationships other than the
Morgan et al. (2003) pooled relationship, greatly underestimated the pu-FEM apparent
strain energy density (SED,p,) when considering a homogeneous tissue modulus in the
p-FEMs. The same result with the pooled relationship did not hold true when
heterogeneous tissue modulus was considered in the up-FEMs. The Blchler et al.,
(2002) relationship most accurately predicted the SED,, for this comparison (Figure 3-
Table 2). Interestingly, the Gupta & Dan (2004) and Carter and Hayes (1977)
relationships again showed near identical REML linear regression fit parameters.

DISCUSSION: This study compared the six most common density-modulus
relationships used to map mechanical properties of bone in shoulder FE studies. It was
found that when considering a homogeneous tissue modulus for u-FEMs, relationships
pooled from alternative anatomical locations may accurately predict the mechanical
properties of glenoid trabecular bone. However, when considering a heterogeneous
tissue modulus, this did not hold true. Further studies to determine if these relationships
can be translated to whole bones may provide insight into the predictive capabilities of
using pooled density-modulus equations in the mapping of mechanical properties in
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Figure 1: The workflow used to create QCT-FEMs and p-FEMs. Three-dimensional models of the p-CT glenoid
and QCT-glenoid (gray) were co-registered. Rectangular volumes of interest (VOIs) were placed and co-
registered with the p-CT and QCT images, Hexahedral brick elements were created for each of the p-FEMs and
QCT-FEMs using custom code. and boundary conditions replicated between the p-FEMs and QCT-FEMs.

Figure 1

Table 1: Results from restricted maximum likelihood estimation linear regression fits of apparent strain energy

& EDEI predictions betwgen QCT-FEMSs and homogeneous tissue modulus u-FEMSs (20 GPa)

'QCT-FEM SED,,, = m p-FEM r m b SE SE/mean

L :

(Morgan et al., 2003) Pooled 0933 0979 0.0066 0.0049 17.5%
(Morgan ¢t al., 2003) Femur 0937 0.739 0.0098 0.0037 14.4%
(Gupta and Dan, 2004) 0.891 0.326 00013 0.0019 32.2%
(Biichler et al., 2002) 0919 0476 0.0026 0.0028 21.6%
(Carter and Hayes, 1977) 0903 0.320 «0.0024 0.0018 31.4%
(SchafMer & Burr, 1988) 0.940 0.105 0.0013 0.0005 13.7%
(Rice et al.. 1988)

Figure 2

Table 2: Results from restricted maximum likelihood estimation linear regression fits of apparent stramn encrgy

(SED,.) predictions between QCT-FEMs and heterogeneous tissue modulus p-FEMs

Qﬂ'!?.lmn-lﬂﬂl i r m b SE SE/mean
(Morgan et al,, 2003) Pooled 0,926 1914 0.0091 0.0052 18.5%
(Morgan et al., 2003) Femur 0.928 1431 0.0119 0.0040 15.4%
(Gupta and Dan, 2004) 0.892 0.638 -0.0010 0.0019 322%
(Bfichler et al.. 2002) 0911 0.945 0.0013 0.0030 227%
(Carter anxd Hayes, 1977) 0,902 0.623 -0.0007 0.0018 31.9%
(Schaffler & Burr, 1988) 0.948 0211 0.0015 0.0005 12.9%
(Rice et al.. 1988)

Figure 3
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The use of shape models to represent the complex geometry of bone is a convenient
and powerful tool for capturing anatomical variation and assisting with matching implant
geometry to anatomic geometry. Unfortunately, shape model modes as determined with
principal component analysis often do not correspond to anatomic features or the
anatomic references that have been traditionally used as part of anatomic and joint
implant research. While shape modes and anatomic features can be correlated, the
relationships between shape modes and anatomic features may be complex and multi-
variate.

Machine learning technologies have been rapidly developing and the availability of
standardized libraries such as scikit-learn are increasing the applications of machine
learning. We hypothesized that a machine learning model would be able to describe the
relationships between anatomic feature geometry and shape model modes and combine
the relationship into a ‘virtual’ mode. The use of a virtual mode would allow the
production of bone shapes that have specific anatomic features of interest to the end
user. A potential application of the virtual mode would be to produce humeri that have
specified head radius.

To evaluate this concept, an existing library of cadaveric humeri were utilized to create a
virtual mode describing head radius and articular surface inclination. Forty-three human
humeri were CT scanned, segmented, and labeled with correspondence points in the
ShapeWorks platform (Scientific Computing Institute, University of Utah).
Correspondence points on the articular surface were identified and used to calculate
head radius and inclination (the ‘Anatomic Features’). Principal component analysis
was conducted on all specimen correspondence points to create a shape model.
Parallel analysis of the PCA loading values identified 5 modes of significant variation
which included 88.4% of the total variation within the population. The
RandomForestRegressor function in scikit-learn was then used to model the relationship
between PCA loadings and the Anatomic Features as a virtual mode. Finally, using the
virtual mode with target values for the anatomic features the corresponding point cloud
of correspondence points was created (Figure 1).

Including more shape modes and more estimators produce better accuracy in
reconstructing anatomic features (Table 1). The mean absolute error (MAE) obtained for
head radius was 0.96 mm with n_estimators=n_modes=100. A larger, but still
reasonable head radius MAE of 1.57 mm was achievable with
n_estimators=n_modes=20. The virtual mode performed best when predicting in the
mid range of the input features with increasing errors as the target value of the anatomic
feature become more extreme (Figure 2). ‘Over fitting’ the data could be problematic if
attempting to increase the accuracy of the when predicting extreme values of anatomic
features. Initial results of this technique are promising and may allow generation of
anatomic shapes that match traditional anthropometric measures.

Table 1. Mean absolute error of head radius from the shape model
generated humeri.
Number estimators =

Number of Shape Modes 10 Number estimators = 100
1N 2 an n 70
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Introduction

Acetabular bone defects are still challenging to quantify. Numerous classification
schemes have been proposed to categorize the diverse kinds of defects. However,
these classification schemes are mainly descriptive and hence it remains difficult to
apply them in pre-clinical testing, implant development and pre-operative planning. By
reconstructing the native situation of a defect pelvis using a Statistical Shape Model
(SSM), a more quantitative analysis of the bone defects could be performed. The aim of
this study is to develop such a SSM and to validate its accuracy using relevant clinical
scenarios and parameters.

Methods

An SSM was built on the basis of segmented 66 CT dataset of the pelvis showing no
orthopedic pathology. By adjusting the SSM'’s so called modes of shape variation it is
possible to synthetize new 3D pelvis shapes. By fitting the SSM to intact normal parts of
an anatomical structure, missing or pathological regions can be extrapolated plausibly.
The validity of the SSM was tested by a Leave-one-out study, whereby one pelvis at a
time was removed from the 66 pelvises and was reconstructed using a SSM of the
remaining 65 pelvises. The reconstruction accuracy was assessed by comparing each
original pelvis with its reconstruction based on the root-mean-square (RMS) surface
error and five clinical parameters (Figure 1 A). The influence of six different numbers of
shape variation modes (reflecting the degrees of freedom of the SSM) and four different
mask sizes (reflecting different clinical scenarios) was analyzed (Figure 1 B).

Results

The Leave-one-out study showed that the reconstruction errors decreased when the
number of shape variation modes included in the SSM increased from 0 to 20, but
remained almost constant for higher numbers of shape variation modes. For the SSM
with 20 shape variation modes, the RMS of the reconstruction error increased with
increasing mask size, whereas the other parameters only increased from Mask_0 to
Mask_1, but remained almost constant for Mask_1, Mask_2 and Mask_3. Median
reconstruction errors for Mask_1, Mask_2, and Mask_3 were approximately 3 mm in
Center of Rotation (CoR) position, 2 mm in Diameter, 3° in inclination and anteversion,
as well as 5 ml in volume.

Discussion

This is the first study analyzing and showing the feasibility of a quantitative analysis of
acetabular bone defects using a SSM-based reconstruction method in the clinical
scenario of a defect or implant in both acetabuli and incomplete CT-scans. Validation
results showed acceptable reconstruction accuracy, also for clinical scenarios in which
less healthy bone remains. Further studies could apply this method on a larger number
of defect pelvises to obtain quantitative measures of acetabular bone defects.
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Figure 1: Validation parameters and dinical scenarios. (A) Parameters used to assess the validity of the
reconstruction. (B) Ground truth of the reconstruction (Mask_0), scenario with one excluded acetabulum
(Mask_1), scenario with both excluded acetabuli (Mask_2), and scenario with both acetabuli and the cranial
areas of the os ilium excluded (Mask_3).
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Generative adversarial networks have been called “The hottest trend in Al” (Quartz
3/17/18). While public attention on Al is often focused on detremental consequences
such as “Jordan Peele turns Obama into foul-mouthed fake-news PSA” (CNET 4/17/18)
the applicatoin of Al techniques such as GANs can also be powerful tools towards
improving medical science. For example, Insilico uses GAN technology to generate
molecular structures with engineered properties (NVIDIA blog 2/8/17).

We hypothesized that a GAN would be ideal for simulating the the complex shape of
human bone topolgy and that the resulting shapes would be suitable for use in digital
modeling of new implant designs. An existing library of forty-three human humeri that
were CT scanned, segmented, and labeled with correspondence points in the
ShapeWorks platform (Scientific Computing Institute, University of Utah) were utilized.
Principal component analysis was conducted (python / scikit-learn library) on the
specimen correspondence points to create a shape model that represented the humeral
geometry with a specified number of modes. As subset of these shape modes were
then input into a GAN to serve as the initial training data. The GAN was formed with a
generative neural network (scikit-learn MLPRegrssor) that output shape modes from
random inputs and a discriminative neural network (scikit-learn MLPClassifier) that
output the probability of an input shape mode as being real or generated. The
discriminator’s probability was then fed back into the generator to retrain the generative
model and produce new shape modes.

Subjectively, the GAN performed well (Figure 1) producing humeri shapes that were
very good facsimiles of the input shapes. Because of the random inputs the GAN did
sometimes produced odd shaped humeri (Figure 2). By machine learning standards,
predicting only a few shape modes does not require intensive computing power or time
and the network could quickly simulate, evaluate and train through thousands of shapes
using a laptop computer. With appropriate inputs, GAN produced distributions of bony
anatomy topologies could be useful for evaluating implant geometries.

Figures
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INTRODUCTION: Mechanical property relationships used in the computational
modeling of bones are most often derived using mechanical testing of normal cadaveric
bone. However, a significant percentage of patients undergoing joint arthroplasties
exhibit some form of pathologic bone disease, such as osteoarthritis. As such, the
objective of this study was to compare the micro-architecture and apparent modulus
(Eapp) of humeral trabecular bone in normal cadaveric specimens and bone extracted

from patients undergoing total shoulder arthroplasty.

METHODS: Micro-CT scans were acquired at 20 um spatial resolution for humeral
heads from non-pathologic cadavers (n=12) and patients undergoing total shoulder
arthroplasty (n=10). Virtual cylindrical cores were extracted along the medial-lateral
direction. Custom-code was used to generate micro finite element models (UWFEMs) with
hexahedral elements. Each pfFEM was assigned either a homogeneous tissue modulus
of 20 GPa or a heterogeneous tissue modulus scaled by CT-intensity. Simulated
compression to 0.5% apparent strain was performed in the medial-lateral direction.
Morphometric parameters and apparent modulus-volume fraction relationships were
compared between groups.

RESULTS: Comparing morphometric parameters (Figure 2-Table 1), arthroplasty
patients had significantly larger bone volume fractions (p = .023) and mean trabecular
separation (p = .031), but no significant differences in mean trabecular thickness (p =
.060) or trabecular number (p = .178). Variations were observed in the fit curves
between normal and arthroplasty cases, with normal bone being best fit by power
relationships, and arthroplasty bone exhibiting a more linear relationship (Figure 3-Table
2). There was no significant difference in mean apparent modulus for homogeneous
tissue moduli (p = .060) but was a significant difference for heterogeneous tissue moduli
(p = .038) (Figure 1).

DISCUSSION: Consistent with previously developed relationships that map apparent
mechanical properties, normal cadaveric bone was best fit by a power relationship with
an exponential coefficient over 2. However, the apparent modulus-volume fraction
relationship in the arthroplasty patient bone exhibited a more linear relationship. These
results suggest that the architectural and mechanical properties of normal cadaveric and
arthroplasty patient trabecular bone are not equal. Since these relationships are used to
map apparent mechanical properties to computational models, these preliminary results
suggest that relationships derived from cadaveric normal bone may map the apparent
mechanical properties differently than patients who undergo arthroplasty. Additional
samples added to this dataset will allow for mechanical property relationships to be
developed that account for these bone mechanical property variations. This has the
potential to greatly improve the computational modeling of patients undergoing
arthroplasty procedures and computational models that are used to design and improve
shoulder arthroplasty components.

Figures
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Figure 1: Mecan apparent modulus for the normal and arthroplasty
groups with homogencous or heterogencous tissue moduli,
Mann-Whitney Rank Sum Test.

Figure 1

Table 1: Three-dimensional mosphometric parameters of trabecular cores from the normal and arthroplasty groups.

Parameter Group p-value
Normal (n=12) Arthroplasty (n=10)
BV/IV 0.20 £ 0.02 026 £0,07 023
(0.14 - 0.31) (0.19-0.39)
Tbh.Th* (mm) 0.198 £ 0,020 0.237=0,047 0600
(0.151 - 0.225) (0.174 - 0.316)
Tbh.Sp* (mm) 0.808 £ 0.097 0.709 = 0.102 0312
(0.688 -0.979) (0.587-0.947)
TH.N* (1/mm) 0.998 £ 0,201 1.099£0.116 1782
(0.741 - 1.432) (0.935 - 1.259)

Values are nyean = SD (range). All values were caleuisted using SkyScan CTAn (Bruker micro-CT, Kontwch, BE) based on 3D marphometne
cakeulations. BV/TV - Bone Volume Total Volume; To Th* — Mean Trabecular Thickness; T Sp* — Mean Trabecular Separatson; ThN* —

Trabecular Number. Significant values (p < 05) are bolded. *Unpaired t-tests *Mann-Whitney Rank Sum Test

Figure 2
Table 2: Apparent modulus-bone volume fraction power fit regression for the normal and arthroplasty trabecular bone cores with
b 2 or heterog tissue moduli
5
Bas = ('_’l’) a b r‘ SSE  SSE/Mean

v (MPa) (%)

"~ Normal Group Homogeneous E e 39900 2.269 0914 224 200
Normal Group Heterogeneouns Eee, 31350 2.589 0.967 74 13.5
Arthroplasty Group Homogeneous e 4608 0.812 0.503 349 226
Arthroplasty Group Heterogeneons e 2983 0.971 0.634 167 20.6

SSE - Standard ervor of the estunme

Figure 3



https://app.istaonline.org/figures/10540.jpg
https://app.istaonline.org/figures/10541.jpg
https://app.istaonline.org/figures/10542.jpg

#5783

Assessing Hip Separation and Instability Using a Validated Forward
Solution Model

*Manh Ta - The University of Tennessee - Knoxville, USA
Michael LaCour - University of Tennessee - Knoxville, USA
Adrija Sharma - The University of Tennessee - Knoxville, USA
Richard Komistek - The University of Tennessee - Knoxville, USA

*Email: dta@vols.utk.edu

During the preoperative examination, surgeons determine whether a patient, with a
degenerative hip, is a candidate for total hip arthroplasty (THA). Although research
studies have been conducted to investigate in vivo kinematics of degenerative hips
using fluoroscopy, surgeons do not have assessment tools they can use in their practice
to further understand patient assessment. Ideally, if a surgeon could have a theoretical
tool that efficiently allows for predictive post-operative assessment after virtual surgery
and implantation, they would have a better understanding of joint conditions before
surgery.

The objectives of this study were (1) to use a validated forward solution hip model to
theoretically predict the in vivo kinematics of degenerative hip joints, gaining a better
understanding joint conditions leading to THA and (2) compare the predicted kinematic
patterns with those derived using fluoroscopy for each subject.

A theoretical model, previously evaluated using THA kinematics and telemetry, was
used for this study, incorporating numerous muscles and ligaments, including the
quadriceps, hamstring, gluteus, iliopsoas, tensor fasciae latae, an adductor muscle
groups, and hip capsular ligaments. Ten subjects having a pre-operative degenerative
hip were asked to perform gait while under surveillance using a mobile fluoroscopy unit.
The hip joint kinematics for ten subjects were initially assessed using in vivo
fluoroscopy, and then compared to the predicted kinematics determined using the
model. Further evaluations were then conducted varying implanted component position
to assess variability.

The fluoroscopic evaluation revealed that 33% of the degenerative hips experienced
abnormal hip kinematics known as “hip separation” where the femoral head slides within
the acetabulum, resulting in a decrease in contact area. Interestingly, the mathematical
model produced similar kinematic profiles, where the femoral head was sliding within
the acetabulum (Figure 1).

During swing phase, it was determined that this femoral head sliding (FHS) is caused by
hip capsular laxity resulting in reducing joint tension. At the point of maximum velocity of
the foot, the momentum of the lower leg becomes too great for capsule to properly
constrain the hip, leading to the femoral component pistoning outwards.

During stance phase, kinematics of degenerative hips were similar to kinematics of a
THA subject with mal-positioning of the acetabular cup. Further evaluation revealed that
if the cup was placed at a position other than its native, anatomical center, abnormal
forces and torques acting within the joint lead to the femoral component sliding within
the acetabular cup. It was hypothesized that in degenerative hips, similar to THA, the
altered center of rotation is a leading influence of FHS (Figure 2).

The theoretical model has now been validated for subjects having a THA and
degenerative subjects. The model has successfully derived kinematic patterns similar
to subjects evaluated using fluoroscopy. The results in this study revealed that altering
the native joint center is the most influential factor leading to FHS, or more commonly
known as hip separation. A new module for the mathematical model is being
implemented to simulate virtual surgery so that the surgery can pre-operatively plan and




then simulate post-operative results.
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INTRODUCTION:

There is great potential for the use of computational tools within the design and test
cycle for joint replacement devices.

The increasing need for stratified treatments that are more relevant to specific patients,
and implant testing under more realistic, less idealised, conditions, will progressively
increase the pre-clinical experimental testing work load. If the outcomes of experimental
tests can be predicted using low cost computational tools, then these tools can be
embedded early in the design cycle, e.g. benchmarking various design concepts,
optimising component geometrical features and virtually predicting factors affecting the
implant performance. . Rapid, predictive tools could also allow population-stratified
scenario testing at an early design stage, resulting in devices which are better suited to
a patient-specific approach to treatment.

The aim of the current study was to demonstrate the ability of a rapid computational
analysis tool to predict the behaviour of a total hip replacement (THR) device,
specifically the risk of edge loading due to separation under experimental conditions.

METHODS:

A series of models of a 36mm BIOLOX® Delta THR bearing (DePuy Synthes, Leeds,
UK) were generated to match an experimental simulator [1] which included a
mediolateral spring to cause lateral head separation due to a simulated mediolateral
component misalignment of 4mm (Figure 1). A static, rigid, frictionless model was
implemented in Python (PyEL, runtime: ~1m [2]), and results were compared against 1)
a critically damped dynamic, rigid, FE model (runtime: ~10h), 2) a critically damped
dynamic, rigid, FE model with friction (u = 0.05, [3]) (runtime: ~10h), and 3) kinematic
experimental test data from a hip simulator (ProSim EM13) under matching settings
(runtime: ~6h). Outputs recorded were the variation of mediolateral separation and force
with time.

RESULTS/DISCUSSION:

The low cost PyEL model successfully replicated experimental trends in maximum
separation with changing swing phase load (Figure 2). PyEL provided a good estimate
of the high separation values which resulted from lower swing phase loads, but
overestimated the separation resulting from higher swing phase loads. The separation
verses time curve of the dynamic rigid FE (with and without friction) closely matched
that of the PyEL model (Figure 3). Inertia caused a small delay when moving into and




out of the cup (peak delay ~0.025s). Therefore there was no substantial advantage to
the more costly dynamic finite element models as a predictive design tool for hard-on-
hard bearings.
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Introduction:

Studies have shown anatomical knee variations exist between subjects by gender and
ethnicity, and that these morphological differences contribute to demographic-specific
kinematic patterns. It is possible that these kinematic variations could increase
susceptibility to musculoskeletal pathologies such as osteoarthritis, soft tissue laxity or
degenerative deformity. Furthermore, the concept of demographic centric kinematics
suggests that these motions should be considered when designing new TKA and
developing strategies for implantation. Unfortunately, understanding motion patterns
based on specific patient groups, under in vivo conditions, is both difficult and time-
consuming A validated forward solution model (FSM) can provide insights on the similar
pattern of kinematics and kinetics in various subject groups, further understanding the
optimal treatments for each group. The objectives for this study are: (1) to implement
the FSM to understand knee kinematics in healthy subjects from having different
demographics and (2) to use the same model to investigate the theoretical subjects
having abnormal pathology with distinct deformities to gain a better understanding of
differences compared to the normal knee.

Methods:

A forward solution mathematical model, validate using fluoroscopy and telemetric TKA,
of the knee joint, was implemented assessing kinematic differences between various
demographic groups and patients afflicted with pathological conditions. The model
controls muscle forces, determining the associated motion using segmented CT
scanned bone geometries for male, female, Caucasian, African, and Asian subjects.
These demographics and history were known and using the model, kinematics and
kinetics were derived for each group. These CT scans featured morphologies, and the
geometries were scaled to control for size, initial condition, and soft tissue attachment.
Two subjects were assessed within each group to better understand patient-specific
variations. Pathological conditions changes were made to the model, altering
articulating surface orientation (Varus/Valgus deformity), friction (osteoarthritis), and
ligament properties (compromised ligament) to assess the influence of these variabilities
affecting the knee.

Results:

The model demonstrated substantive kinematic differences in both condyle translation
and axial rotation (Figure 1) with the female subjects experiencing the most overall
motion and African subjects experiencing the least. There were, however, substantial
variations within each group. Compared to healthy subjects, the model demonstrated
that deficient ligament conditions influenced paradoxical motions especially when the
PCL was compromised (Figure 2). Increasing friction to simulate osteoarthritis revealed




no discernable differences in motions however contact and ligament forces increased
up to 40% of bodyweight (BW). The model revealed marginal kinematics differences for
alignment deformities with varus deformity exhibiting up to 0.2xBW greater medial
condyle contact forces and 0.1xBW lesser lateral contact forces and vice versa for
valgus deformity (Figure 3).

Conclusion:

The model revealed differences that kinetics and kinematics may be dependent on
subject demographics, in addition to patient pathological conditions. This suggests that
demographic differences should be considered in total knee device design and
selection although individual variations may suggest advantages of personalized
devices. Pathological conditions can also be modeled and used to better understand
joint disease and degeneration leading to better-targeted interventions. Such advances
in assessment and understanding are greatly facilitated through this mathematical
model.
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Background: Partial knee replacement aims at preserving bone and cruciate ligaments
to ease further revision and provide high knee function. While mobile bearing medial
unicompartimental knee replacement (mUKA) aims at restoring the pre-arthritic (or
constitutional) limb and knee alignments, their positioning is still recommended to be
mechanical, that is the femoral and tibial component being implanted perpendicular to
femur and tibial mechanical axes, respectively. This conventional technique of
implantation has generated good long-term clinical outcomes, but some complications
(residual unexplained proximal tibia pain, tibial plateau fracture, etc.) still remain, and
could be the consequence of sub-optimal medial tibia plateau loading. Patient-specific
kinematic alignment (KA) technique of implantation is a recent concept where
components are positioned by only using intra-articular bony landmarks to closely
restore the native articular surface orientation. Such technique of implantation might be
clinically beneficial by improving surgical precision and achieving a more physiological
knee kinematics and bone loading, and therefore potentially reduce the abovementioned
complications and improve patient’s function. Our study aims at comparing the
conventional and the kinematic alignment technique for mUKA.

Methods: in-silico study. Cohort of 70 consecutive medial osteoarthritic knee patients
scheduled for mUKA having undertook a preoperative CT scan which was segmented
to create 3D knee bone models. Conventional and KA mUKA were 3D-planned using
Embody software (Embody, London, UK). Implants’ position, and rate of bone
undercoverage and implant overhang for the tibial component were compared between
the two techniques.

Results: the kinematic femoral components were 3° more valgus oriented, but had
similar axial and sagittal orientation compared to the mechanically aligned femoral
component. The kinematic tibial components were 3.5° more varus oriented, similarly
axially rotated, and 2.8° reduced posterior slope compared to the mechanically aligned
tibial component. Kinematic positioning of tibial implant enabled a 20% and 35%
reduction of tibial bone undercoverage and tibial implant overhang,

respectively, compared to the mechanical positioning.

Discussion/conclusion: KA and mechanical positions of mUKA implants significantly
differ form each other. KA positioning of implants enables a better fit of the implant to
the bone (reduced overhang, better bone coverage). This better fit, in addition to the
more physiologic implant orientation and likely better bone loading, might be beneficial
for clinical outcome. Clinical comparison of the 2 techniques of implantation is needed.
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Introduction

Periprosthetic bone loss after total knee replacement (TKR) is related to the
postoperative change in patient varus/valgus alignment [1], and the change in proximal
tibial bone strains and strain energy density (SED) from the intact condition to the post-
operative state may approximate the remodeling signal [2]. The objective of the current
study was to determine this change in bone strain and SED after TKR using different
implant designs, surgical alignment philosophies, and patient lower limb alignments,
and to determine the relative ranking of these variables.

Methods

A finite element model of a healthy knee was developed in Abaqus/Standard (SIMULIA,
Providence, RI) from CT and MRI scans, including proximal tibia, distal femur and
cartilages. Apparent density of tibial cortical and cancellous bone was assigned from
grayscale (HU) to Young’s modulus using established relationships (Fig. 1a) [3]. Two
additional finite element models were created by virtually implanting two TKR designs
(fixed bearing, cruciate retaining Attune® and Sigma®, DePuy Synthes, Warsaw, IN) to
restore a neutral mechanical alignment (Fig. 1a). In addition, the knee was also virtually
implanted according to anatomic alignment technique, as estimated from a long-
standing x-ray. Each model was positioned at the first ground reaction force peak during
gait, according to stereo radiography measurements from the healthy subject [4] and
average kinematics from patients with fixed bearing Attune implants [5]. For all models,
a compressive load of 2725 N was applied, and two different adduction moments
measured during walking for subjects with neutral alignment (27.7 Nm) and varus
alignment (39.7 Nm) were used [6]. The changes in von Mises equivalent strain
distributions and strain energy density in the tibia were evaluated between natural and
implanted cases.

Results

The tibia was divided into four regions (Fig. 2): medial-proximal (MP), lateral-proximal
(LP), medial-distal (MD), and lateral-distal (LD). Equivalent strain was reduced by the
implant in the proximal regions under the baseplate (MP: -45%/-38% for Attune/Sigma;
LP: -65%/-47% for Attune/Sigma) and increased under the stem, especially on the
medial side (MD: +77%/+65% for Attune/Sigma) (Fig. 2 and 3). Equivalent strain in the
MP region decreased by 45%/38% for Attune/Sigma when compared to the neutral
alignment, and by 50%/43% when compared to the varus alignment. Largest SED
differences were observed in the cortical bone of the MD region (Fig. 3): Attune/Sigma
increased SED by +231%/+335% with respect to the neutral natural case.

Discussion

The largest difference in strain state was created by the procedure overall, while the
changes in surgical philosophy (mech v anatomic alignment), patient pre-op alignment
(neutral v varus), and implant design were all of approximately the same order. For each
implant, the proximal strain is reduced and distal strains are increased near the stem
and in the cortical bone, and anatomic alignment reduced the change from the intact
state. The largest medial tibial remodeling signal will occur with a varus patient, while




lateral remodeling will be driven more by a neutral patient, both coupled with mechanical
alignment.
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Introduction:

Malposition of the acetabular component in total hip arthroplasty (THA) is linked to
multiple adverse outcomes. Changes in the sagittal plane position of the pelvis, owing
both to patient positioning in the operating room and to altered spinopelvic alignment
following surgery, potentially contribute to variation in component position. The
dynamics of sagittal plane pelvic position before, during, and after THA have not been
defined. We measured the differences in pelvic ratio, a measure of sagittal plane pelvic
position, between preoperative, intraoperative, and postoperative anteroposterior (AP)
radiographs of patients undergoing THA in the lateral decubitus position.

Methods:

We retrospectively compared the radiographic pelvic ratio among 90 patients
undergoing THA. AP radiographs were obtained in the standing position preoperatively
and at 6 weeks after surgery; in the lateral decubitus position after trial reduction
intraoperatively; and in the supine position in the post anesthesia care unit (PACU).
Pelvic ratio was defined as the ratio between the vertical distance from the inferior
sacroiliac (Sl) joints to the superior pubic symphysis and the horizontal distance
between the inferior Sl joints (Figure 1). Radlink software was used to determine the
pelvic ratio on each radiograph. Changes in apparent cup position based on changes in
pelvic ratio were calculated using data from the literature, and a change of at least 10
degrees in acetabular component position was defined as clinically meaningful.
Analyses were performed using paired t-tests, with p<0.05 defined as significant.

Results:

54% of patients had a change in pelvic ratio large enough to alter the apparent
acetabular component anteversion by 10 degrees (49% increased and 6% decreased),
and 12% had a change large enough to alter the apparent acetabular component
inclination by 10 degrees (12% increased and 0% decreased) when the intraoperative
AP radiograph was compared to the preoperative AP radiograph (Figure 2). 36% of
patients had a change in pelvic ratio from the preoperative radiograph to the 6 week
preoperative radiograph large enough to alter the apparent acetabular component
anteversion by 10 degrees (5% increased and 31% decreased), and 8% had a change
large enough to alter the apparent acetabular component inclination by 10 degrees (6%
increased and 1% decreased).

Discussion:

Changes in the sagittal plane pelvic position between preoperative,
intraoperative, and postoperative radiographs occur in a substantial number of patients.
These changes correspond to altered functional position of the acetabular component in
over half of patients on the intraoperative radiograph and over one third of patients on
postoperative radiographs. This variability suggests that intraoperative imaging may be
useful for avoiding outliers of component position, and calls into question the feasibility
of achieving targeted component positions based on preoperative imaging alone.




Figures

Figure 1. Pelvic ratio is the ratio of the vertical distance between the inferior aspect of the S joints and
the superior symphysis and the horizontal distance between the inferior SI joints.
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Figure 2. Change in pelvic ratio aver time. Postoperative ratio computed at 6 week follow-up visit. Each
line represants a single patient.
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Introduction

Although total hip arthroplasty (THA) is an extremely effective procedure, suboptimal
outcomes and postoperative complications may occur due to component malposition.
One potential solution is the use of computer-assisted surgery (CAS). Despite
purported success in optimizing acetabular orientation, there is a paucity of data on
whether the current CAS systems improve clinical outcomes.

Methods

The American College of Surgeons National Surgical Quality Improvement Program
(ACS NSQIP) database was utilized to identify patients who underwent primary THA
using CAS between 2008 and 2015. Propensity score matching was performed to
obtain a control cohort of patients who underwent conventional THA during the same
time period. Analysis of covariance (ANCOVA) and multivariate logistic regression were
utilized to investigate postoperative outcomes.

Results

We demonstrate that patients receiving THA utilizing CAS had decreased mean lengths
of hospital stay (LOS) relative to their conventional THA counterparts (2.08 vs. 3.58
days, respectively; p<0.001) (Table 2), as well as greater odds of requiring a blood
transfusion (O.R. 3.31; p<0.001) (Table 3) and of being readmitted (O.R. 60.0; p<0.001)
within 30 days. Furthermore, patients undergoing conventional THA were more likely to
develop pneumonia (O.R. 4.65; p=0.049), a UTI (O.R. 2.57; p=0.009), or sepsis (O.R.
4.90; p=0.013) within 30 days of the primary procedure.

Conclusion

The present study utilized a nationwide database to evaluate the short-term outcomes
of computer-assisted surgery (CAS) for primary THA. Patients receiving THA with CAS
had shorter LOS, higher odds of requiring blood transfusion, and lower odds of
developing complications within 30 days post-operatively compared to patients
undergoing conventional THA. Future directions of study include correlation of clinical
outcomes with radiographic outcomes, utilization of a database that includes longer-term
outcomes, and evaluation of specific implants and CAS systems.

Figures
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Figure 1
Table 2. Outcomes for patients undergoing primary total hip arthroplasty (THA) with
conventional and computer-assisted surgical (CAS) techniques.
Computer-assisted p-value
Conventional Surgery Surgery
Mean operative time (min.) 104.7 (5.8) 100.6 (3.5) 0.550
S.E.
Mean length of stay (days) 3.58(0.37) 2.08(0.22) <0.001
| (S.E)*

2 Adjusted for BMI, anesthesia type, & chronic steroid use.

Figure 2
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Table 3. Complication rates for patients undergoing primary total hip arthroplasty (THA) with

conventional and computer-assisted surgical (CAS) techniques.

p- 95% C.L 95% C.L

value | Odds ratio™® (Lower) (Upper)
Superficial SSI 0.083 1.948 0916 4.142
Deep SSI 0.102 2.647 0.825 8.500
Wound disruption 0.725 0.722 0.118 4415
Pncumonia 0.049 0.215 0.046 0.998
Urinary tract infection 0.009 0.389 0.191 0.792
Sepsis 0.013 0.204 0.058 0.712
Septic shock 0.763 1.320 0217 8.024
Deep vein thrombosis 0.124 2.327 0.792 6.834
Pulmonary embolism 0.627 0.744 0.225 2.457
Transfusion intraop/postop <0.001 3.308 2211 4.949
Acute kidney injury 0.682 0.509 0.020 12.829
Cardiac arrest requiring CPR | 0.265 2.562 0.490 13.402
Myocardial infarction 0.234 3.827 0421 34.829
Readmission <0.001 59.987 8289 434.116

C.I. = confidence interval

* Adjusted for BMI, anesthesia type, & chronic steroid use.

° Reference is conventional THA group.

Figure 3
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Introduction

Pelvic rotation during cup impaction causes excessive cup anteversion should be
considered in direct anterior approach total hip arthroplasty (DAA-THA) with supine
position. There are two devices based on functional pelvic plane (FPP) referring to
horizontal plane through bilateral ASIS during surgery or anatomical pelvic plane (APP)
reference to bilateral ASIS and pubis. The purpose of this study was to compare the
accuracy of two devices based on FPP or APP in supine THA.

Materials and methods

The subjects of this study were 102 hips of 90 patients who underwent DAA-THA in
supine position using a HipPointer based on FPP (FPP group). The other subjects of
this study were 29 hips of 27 patients using HipCOMPASS (Lexi, Tokyo) based on APP
(APP group). There are no significant differences in age, gender and BMI in the both
groups. For the three-dimensional preoperative planning, cup inclination angle 40° of
cup inclination angle, 15° of anteversion angle relative to FPP were planned.

HipPointer consist of the body, two adjustable arms and orientation indicator placed
to the bilateral ASIS by insertion 2.0mm k-wire through adjustable arms (Fig. 1). To
create FPP during surgery, pelvic axially rotation corrected horizontally by pressing
bilateral ASIS through the arms of the device. Then, the cup was impacted with the
insertion handle parallel to the indicator (Fig. 2). On the other hand, HipCOMPASS®
consists of the body, adjustable three arms and indicator, which can input the values by
ZedHip® automatically calculated width and height of pelvis, and cup inclination and
anteversion angle relative to the APP for each patient. (Fig. 3). After anesthesia,
thickness of soft tissue above the bilateral ASIS and pubis were measured and
corrected the length of three arms. HipCOMPASS® was pressing on the bilateral ASIS
and pubis for creating APP during surgery.

Results

Cup inclination and anteversion angle in FPP group and APP group were 40.3° (33-
48°), 40.7° (33-47), and 16.4° (9-26), 17.5° (10-27), respectively. There are no
significant differences in cup inclination and anteversion angle in both groups. Nor were
there any significant differences in the absolute value errors for cup inclination (FPP;
2.5°+2.1 vs APP; 2.4°+2.05€P140.45) and anteversion angle (FPP; 2.7°+2.4 vs APP;
3.0°+£2.08€P=0.23).

Discussion

Two devices differs in concept even in use for supine THA. The device based on
FPP navigates cup alignment by correction of the pelvic rotation to the horizon. On




contrast, the device based on APP navigates cup alignment by following the anatomic
pelvic plane during surgery.

Our study showed no differences in cup alignment in both groups. However,
advantages of device on FPP were not necessary to consider the thickness of soft
tissue above bilateral ASIS and pubis, and not necessary to calculate cup alignment
values relative to FPP to APP by computer. New developed mechanical device based
on FPP regardless of reference of pubis and computer planning is an easy and useful
device compared with the device based on APP.

Figures
2.0mm K-wire

2.0mm K-wire Levels
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Fig. 1: HipPointer places on the bilateral ASIS through arms
and corrects pelvic rotation by 2 perpendicular levels

Figure 1
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Fig.3: HipCOMPASS® places on the bilateral ASIS and pubis and
follows with anatomic pelvic plane for each patients.

Figure 3



https://app.istaonline.org/figures/10372.jpg

#5733

Modifications of the Global Sagittal Alignment After Total Hip
Arthroplasty: An EOS Evaluation

*Youngwoo Kim - Kyoto University Hospital - Kyoto, Japan
Jean Yves Lazennec - Hopital La Pitie - Paris, France
Jihane Hani - Sorbonne Universite - paris, France
Dominique Folinais - Centre d'imagerie mA®@dicale Nollet - paris, France
Aidin Eslam Pour - University of Michigan - Ann Arbor, USA

*Email: woochan76@hotmail.co.jp
Introduction:

Postural change after THA is a controversial. Investigators only focus on anteroposterior
pelvic tilt without considering the lower extremities or the remaining of the spine. This
study analyses the post-operative changes of the global sagittal posture using spinal
and lower limbs parameters.

Material and Method:

139 patients (primary THA, no spinal or lower limbs pathology) were enrolled for full-
body EOS images before and after THA.

We measured pelvic parameters [SS: Sacral Slope, PI: Pelvic Incidence, PT: Pelvic Tilt].

The global posture parameters (SVA, GSA, TPA) were also measured. Sagittal Vertical
Angle (SVA) was defined as horizontal distance between the vertical line from C7 and
the posterosuperior corner of S1. Global Sagittal Angle (GSA) was defined as the angle
between the center of C7 and the middle of the femoral condyles and posterosuperior
corner of S1. T1 pelvic angle (TPA) was defined as the angle between the center of T1,
the center of the femoral heads and the center of S1.

TPA combines global information of both the spine and the pelvic retroversion, while
GSA includes the compensations of the sub-pelvic area with knee flexion.

Patients were categorized into low Pl group <45°, 45°< normal Pl <65° and high PI
group >65°.

Results:

After THA, mean SS decreased from 42.9° (SD 11.7) to 41.6° (SD 11.8) (p=0.002). PT
increased from 14.5° (SD 10.4) to 16.4° (SD 10.3) (p<0.001). The overall mean GSA
and SVA decreased (p=0.005 and p=0.004 respectively). The TPA change was not
significant (p=0.078).

In lower Pl group, GSA decreased (5.40 + 4.95 to 4.29 + 3.98, p=0.005).SVA also
decreased (5.40 £ 4.90 to 4.24 + 4.11, p=0.038). Postoperative TPA was significantly
higher (8.37 + 10.62 to 9.80 + 10.68, p=0.048). PT increased (from 5.8 + 9.84 t0 8.13 =
10.21 (p=0.021)). SS decreased (from 33.38+£11.27 to 32.85+11.47) but not
significantly.

In standard PI group, SVA decreased (4.22 + 4.66 to 3.59 + 4.47, p=0.020). SS




decreased (41.74 + 8.01 to 40.08 + 8.92, p=0.001). PT increased (14.21 + 8.19 t0 16.28
+ 8.83, p <0.001). Other parameters did not change significantly.

In high PI group, pelvic and global posture parameters don’t evolve significantly.

Discussion:
This study confirms significant changes in postural adaptation after THA.

The global analysis points out a tendency for postoperative pelvic extension associated
with SVA and GSA decrease.

Pl is a key factor ( fig 1,2,3).Patients with low Pl demonstrate significant adaptations in
spine, pelvic and sub-pelvic area after THA. In patients with normal PI, the change in
pelvic version is the main variable determining the posture after THA. Patients with high
Pl are a specific group without significant postural changes.

These considerations regarding the Pl influence could expain the controversial data
from the literature as the investigators did not analyze their series according to this
variable.

Conclusion:

Postural adaptation after THA must be understood using a combined analysis of the
pelvic and the global postural parameters.

This study points out the influence of pelvic incidence and the specificity of low Pl
patients.

Figures

Low P1

Figure 1



https://app.istaonline.org/figures/10459.jpg

Standard PI

High PI

Standard Pl

Figure 2

High PI

Figure 3

150 00
MO MO



https://app.istaonline.org/figures/10460.jpg
https://app.istaonline.org/figures/10461.jpg

#6059

Accurate Acetabular Cup Placement in Total Hip Arthroplasty
Comparison of an Optical Navigation System and Inertial
Measurement Unit

*Rosaleen McKenna - Queen Elizabeth University Hospital - Glasgow, United Kingdom
Daniel Marsden-Jones - Sydney Orthopaedic Group - Sydney, Australia

William Walter - Specialist Orthopaedic Group - Wollstonecraft, Australia

*Email: rosaleendrummond@gmail.com
Introduction

Component positioning is of great importance in total hip arthroplasty (THA) and
navigation systems can help guide surgeons in the optimal placement of the implants.
We report on a newly developed navigation system which employs an inertial
measurement unit (IMU) to measure acetabular cup inclination and anteversion.

Aims

To assess the accuracy of the IMU when used for acetabular cup placement and
compare this with an established optical navigation system (ONS).

Methods

At the time of acetabular cup impaction, the IMU and ONS were separately mounted on
the impactor handle. Cup inclination and anteversion as measured by each device were
recorded. Post-operative CTs were acquired for all patients and used to determine the
final cup position.

Results

Data were recorded for a total of 100 patients undergoing THA; 51 had a direct anterior
approach (DAA) and 49 had a posterior approach (PA).

In the DAA group, the mean difference in IMU versus CT measured cup inclination was
-0.7°(range -6 to 8°) compared with mean difference of ONS versus CT of -2° (range -8
to 5°). Mean difference in IMU versus CT measured anteversion was -1.3° (range -10
to 10%) compared with a mean difference of -1.1° (range -23 to 20%) between ONS and
CT.

In the PA group, mean difference in IMU versus CT inclination was 1.3° (range -8 to 6°)
compared with mean difference between ONS versus CT of 1.6° (range -5 to 79). Mean
difference in anteversion was 3.7° (range -7 to 16°) between IMU and CT and 7.3°
(range -3 to 199) between ONS and CT.

Conclusion

The novel IMU can be used to accurately determine the position of the acetabular cup
at the point of impaction, demonstrating comparable accuracy with an established
navigation system in the direct anterior approach, and even greater accuracy in the
posterior approach.
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Aims

Accurate placement of acetabular and femoral stem components in total hip arthroplasty
(THA) is an important factor in the success of the procedure. A variety of free hand or
navigated techniques is reported. Survivorship and complications have been shown to
be directly related to implant position during THA. The aim of this cadaver study was to
assess the accuracy of the placement of the components in THA using patient specific
instruments (PSI) in combination with a 3D planning software and the direct anterior
approach.

Method

Patient specific instruments (PSI) were developed to guide the surgeon during THA that
were 3D printed with their bone models following a 3D software planning protocol (LPH
software V2.5.1, Onefit-Medical, Eos Imaging Company, Besancon, France). Acetabular
guides: cup , offset and straight reamer handle and impactor, femoral- and chisel guides
were used in each THA (Fig. 1). To define anatomic bone landmarks and to generate a
3D model of each hip joint CT scans were performed preoperatively. The planning of
component position was done by one surgeon (AZ) preop. Surgery was performed by
two experienced surgeons (AZ, SD) on cadaver specimen with 4 hips in two separate
series. A total of 8 hip replacements were evaluated pre- and postoperatively using CT-
scans of each hip joint to compare planned to achieved results. Mechanical simulations
of the guides were carried out to verify that there were no conflicts between the different
instruments. To meet the ISO standard 16061: 2015 the compatibility of the instruments
with the guides has been checked. Parameters were evaluated in 3D pelvic and femoral
planes: center cup position, inclination angle, anteversion angle, cutting height and plan
orientation, anteversion angle, flexion/extension angle, varus/valgus angle, anatomical
and functional leg length, offset. Acceptance criteria: postop. parameters evaluated
must not have a deviation of more than 5 degrees, 2,5 mm according to preop.
planning. For every THA the test protocol has been completely realized.

Results

The difference between the preop. and postop. measures in the first series of 4 hips
revealed 2 outliers because of fractures of the acetabulum in 2 cases, related to bad
cadaver quality. In the second series we found satisfactory results comparing the
planned preop and postop component position (Fig. 2). For example difference of leg
length showed a mean absolute of 1,58 mm, standard deviation 1,21 mm (min 0,62;
max 3,34 mm). Offset revealed a mean absolute of 1,62 mm, standard deviation 0,57
mm (min 1,06; max 2,14 mm) concerning the difference between preop. planning and
result postop.




Conclusion

Accurate and safe placement of total hip components in THA, both acetabular cup and
stem, performing the direct anterior approach can be achieved using a 3D preoperative
planning along with patient specific instruments. The results of the cadaver study tests
are promising and that is to be proven in the clinical setting and by application in the
future.

Figures
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Introduction: Successful fixation of cementless prostheses requires an intimate and
stable interface with supporting bone. Recent investigations of surgical factors affecting
the stability of cementless trays show that failure to seat the tray flush with the prepared
tibial surface can lead to excessive interface micromotion. Intraoperatively, inadequate
seating of tibial trays may be caused by premature end-bearing of fixation pegs press fit
into the metaphysis. This may occur if the peg-holes drilled into the metaphysis are too
shallow, or if bone debris present within the holes prevents full seating (Figure 1). This
study addresses the research question: Can bone debris impede seating of cementless
tibial trays?

Methods: Cadaveric matched tibia pairs (6) were dissected free of tissue and mounted
in a milling machine. Each proximal metaphysis was precisely milled at a depth of 10mm
below the lateral plateau with a posterior slope of 3°. The tibias were then embedded in
a resin blocks, sectioned along a plane connecting templated cementless peg hole
centers, and reassembled with indexed backing plates and bolts before actual hole
drilling. In 6 specimens, peg holes were created with the manufacturer’s surgical end
mill, while in each contralateral tibia, holes were drilled with a conventional fluted drill.
Precision shims were placed on each drill guide to allow full seating of each peg within
the fixation holes prior to contact between the tray and the proximal
osteotomy.Cementless trays were implanted via a drop-tower instrumented with a force
plate (AMTI). Repetitive impact was applied until implant depth became constant. The
seating of each tray was tracked using digital image correlation (Dantec). After
implantation, the resin-tibia constructs were disassembled, to allow harvesting of bone
debris from each peg hole, followed by serial washing to remove fatty marrow and
centrifugation to form a compacted pellet for volume measurement. The dimensions of
typical bone particles were also measured using stereomicroscopy (ImageJd).

Results: Similar force-displacement curves were observed during implantation in both
groups of tibias. In each case, a steep initial rise in implantation resistance occurred
with peg engagement (A), followed by a relatively constant resistance during
advancement of the pegs (B), terminating in a rapid increase in resistance over the last
1-1.5mm of travel (C) (peg depth at rise in resistance: milling: 10.0£0.2mm; drilling:
12.1£0.2mm, p<0.01) (Figure 2). At the conclusion of impaction, tray-plateau separation
varied with the method of hole preparation: milling: 3.4+£0.11mm; drilling: 1.5£0.07mm,
p<0.01). This was attributed to the difference in the volume of compacted bone debris
found within the peg holes (mill: 0.3+£0.02cc; drill: 0.1£0.01cc, p<0.01). The aspect
ratios of typical bone particles were 0.69 for the milled and 0.80 for the drilled group.

Conclusions

1.Bone debris accumulates within fixation holes machined in the proximal tibia. This can
prevent seating of cementless tibial trays.

2. The volume of bone debris generated is influenced by the design of the tool used to
create the fixation holes in the proximal tibia.

Figures
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Introduction: Improving patient satisfaction following total knee arthroplasty is
imperative given that it results in 15% to 20% patient dissatisfaction rates while
remaining the gold standard for late-stage osteoarthritis treatment (Scott, Howie,
MacDonald, & Biant, 2010). While cementless TKA provides an alternative to the
standard cemented TKA, the impact of fixation type on patient satisfaction is not well
known. Thus, we compared early postoperative satisfaction between cementless and
cemented TKA using the same implant design.

Methods: In a prospective, non-randomized trial, 373 knees in 319 subjects at 10
centers received a single cementless total knee system including cementless metal-
backed patellae (Cohort 1) and 146 knees in 133 subjects received a cemented version
of the same design (Cohort 2). The new Knee Society Score (KSS-2011), Oxford Knee
Score (OKS), and radiographs were collected preoperatively and through 1 year of
follow-up.

Results: Skin-to-skin time was lower (p < 0.0001) in Cohort 1 than Cohort 2. No
differences were observed in adverse event rates or implant survivorship at one year
follow-up. At six weeks, statistically significant (p < 0.05) differences were identified
between the two cohorts in the KSS satisfaction sub-scale, as well as several individual
satisfaction questions within the KSS, with the patients in Cohort 1 being more
satisfied. This trend continued at six months, with slight variation (Figure 1). The level
of patient satisfaction was observed to equalize between the two cohorts at one year
postoperative, with statistically significant differences in the level of pain reported on the
OKS and the percentage of subjects reporting that their knees always feel normal
(Table 1).

Conclusions: In a series of cementless TKAs, we observed shorter operative times and
improved early patient satisfaction compared to cemented components. While
cementless and cemented fixation provided similar positive outcomes at one year, our
results suggest that cementless TKA may provide faster pain relief and return to
function, corresponding to increased patient satisfaction in the early postoperative
period. Longer term follow up is required to confirm continued implant survivorship and
favorable outcomes.

Figures




Figure 1. Patient Satisfaction via Knee Soclety Score
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Table 1. Early Differences In 6 weeks € months 1 year
Pain and Satisfaction Cohort 1 | Cohort 2 | Cohort 1 | Cohort 2 | Cohort 1 | Cohort 2
KSS satisfaction sub-scale (mean) | *25.91 23.38 31.38 28.88 3412 32,16
Level of pain while sitting » 3
(% satisfied) 68.9% 57.2% 84.5% | 73.6% 91.0% 86.4%
Level of pain while lying in bed "
(% satisfied) 48.4% 41.7% 79.0% | 68.6% 87.5% 85.2%
Function while getting out of bed ’
(% satisfied) 68.9% 57.2% 79.0% 71.9% 87.8% 83.0%
Function while performing light $ ,
household duties (% satisfied) 61.5% 49.6% 83.5% | 70.8% 90.1% 81.8%
Knee feels normal .
(% responding "Always’) 15.8% 12.3% 31.9% 264% 50.0% | 34.5%
Describe the level of pain from
your knee (% responding ‘None'to | 52.9% 48.2% N/A N/A *93.1% | 84.0%
'Mild")

*Statistically significantly higher

Figure 2
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Recent clinical data suggest improvement in the fixation of tibia trays for total knee
arthroplasty when the trays are additive manufactured with highly porous bone ingrowth
structures.! Currently, press-fit TKA is far less common than press-fit THA. This is
partly because the loads on the relatively flat, porous, bony apposition area of a tibial
tray are more demanding than those same porous materials surrounding a hip stem.
Even the most advanced additive manufactured (AM) highly porous structures have
bone ingrowth limitations clinically as aseptic loosening still remains more common in
press-fit TKA vs. THA implants.

Osseointegration and antibacterial properties have been shown in vitro and in vivoto
improve when implants have modified surfaces that have biomimetic nanostructures
designed to mimic and interact with biological structures on the nano-scale. Pre-clinical
evaluations show that TiO, nanotubes (TNT), produced by anodization (Figure 1), on
TiBAI4V surfaces positively enhance the rate at which osseointegration occurs and TNT
nano-texturization enhances the antibacterial properties of the implant surface.?

In this in vivo sheep study, identical Direct Metal laser Sintered (DMLS) highly porous
Ti6Al4V specimens with and without TNT surface treatment are compared to sintered
bead specimens with plasma sprayed hydroxyapatite-coated surface treatment.
Identical DMLS specimens made from CoCrMo were also implanted in sheep tibia bi-
cortically (3 per tibia) and in the cancellous bone of the distal femur and proximal tibia (1
per site). Animals were injected with fluorochrome labels at weeks 1, 2 and 3 after
surgery to assess the rate of bone integration. The cortical specimens were
mechanically tested and processed for PMMA histology and histomorphometry (Figure
2) after 4 or 12 weeks. The cancellous samples were also processed for PMMA
histology and histomorphometry. The three types of bone labels were visualized under
UV light to examine the rate of new bony integration.

At 4 weeks, a 42% increase in average pull-out shear strength between nanotube
treated specimens and non-nanotube treated specimens was shown. A 21% increase in
average pull-out shear strength between nanotube treated specimens and
hydroxyapatite-coated specimens was shown. At 12 weeks, all specimens had
statistically similar pull-out values (Figure 3). Bone labels demonstrated new bone
formation into the porous domains on the materials as early as 2 weeks.

A separate in vivo study on 8 rabbits infected with methicillin-resistantStaphylococcus
aureus showed bacterial colonization reduction on the surface of the implants treated
with TNT. In vitro and in vivo evidence suggests that nanoscale surfaces have an
antibacterial effect due to surface energy changes that reduce the ability of bacteria to
adhere.

These in vivo studies show that TNT on highly porous AM specimens made from
Ti6AI4V enhances new bone integration and also reduce microbial attachment.




1. Miller, A. J., et al. Results of cemented vs cementless primary total knee arthroplasty
using the same implant design. J Arthroplasty 2018; 33: 1089-1093.

2. Su, E. P, et al., Effects of titanium nanotubes on the osseointegration, cell
differentiation, mineralisation and antibacterial properties of orthopaedic implant
surfaces. Bone Joint J. 2018; 100-B (1 Supple A): 9-16.
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INTRODUCTION

Ensuring sufficient primary stability of cementless tibial trays in total knee arthroplasty
remains an important design goal. Various benchtop and in vitro test methods have
been used to characterize fixation. However, the influence of load history on
measurements or predictions of stability has not been characterized. The goal of this
study was to utilize a combined experimental and computational approach to assess the
extent to which load history in cementless stability testing impacts key results.

METHODS

Both benchtop testing and finite element (FE) analysis involved a single symmetric tibial
tray fixed into bone foam, using preparation consistent with cementless trays. Uniaxial
loading was applied at three locations on the articular surface, relative to the fixation
features of the tray: (1) posterior to the medial fixation peg (load-PM); (2) approximately
centered on the medial fixation peg (load-MC); and (3) posterior to the lateral fixation
peg (load-PL). Two loading histories were tested and modeled, each on new foam
samples: 3000 cycles each at location load-MC, load-PM, and load-PL; and (reversed
order) 3000 cycles each at locations load-PL, load-PM, and load-MC. All loads were
1000N. The tray was positioned 1mm proud of the bone surface, to represent a worst
case reconstruction that may result from poor bone preparation. Tray and foam motion
was measured using digital image correlation, at five specific peripheral tray locations:
anteriorlateral (AM), anteriorcentral (AC), anteriormedial (AM), posteriorlateral (PL), and
posteriormedial (PM). An FE model was constructed analogous to the physical test
setup. To account for preconditioning in the model, inelastic effects were incorporated
into the response of the polyethylene and the foam, based on measured yield properties
of the constituent materials.

RESULTS

Foam damage was evident in permanent, non-recovered displacement of the tray (Fig.
2a). Tray motion demonstrated history dependence, with a significant decrease in
cycle-to-cycle motion between the first and final cycle (Fig. 2b). Tray response was
highly dependent on the load location (Fig. 3a), with peak subsidence (posteriormedial)
and liftoff (anteriorlateral) occurring for posteriormedial loading. Model predictions (Fig.
3b) closely mirrored this behavior. When the loading order was reversed (load-PL, then
load-PM, then load-CM), posterior medial loading remained worst case between the
three load locations (data not shown here). However, there was an approximate 50%
decrease in peak micromotion (both subsidence and liftoff).

DISCUSSION

Peak micromotion was observed, both experimentally and computationally, in the
posterior-medial region of the tray, in response to loading posterior to the fixation peg
on the medial tray. This load location is representative of loading that can occur during
various functional activities, and emphasizes the importance of good cortical




posteriormedial support. Good agreement was seen between the model and the
benchtop test, attributed to proper accounting for the plastic response of the underlying
foam. The magnitude of measured and predicted micromotion was significantly
impacted by loading history, for the single design considered here. For evaluation of the
primary stability of tibial trays in TKA, particularly for comparison between design
families, it is thus critical to properly account for dynamic loading.

Figures
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Figure 1: Representative test and model setup. Load locations are indicated in
yellow, relative to the centers of the fixation pegs (red). Regions for
measurement and prediction of micromotion are indicated in blue.
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Figure 2. (left) Permanent tilft in the tray following completion of loading.
(right) Representative history dependence of motion during the course of
loading, with cycle snapshots at approximately 0 cycles, 1000 cycles, 2000
cycles, and 3000 cycles.
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Introduction

Initial stability of cementless implants is critical in order to facilitate the biologic fixation
necessary for cementless total knee arthroplasty (TKA). Previous testing to evaluate
the micromotion of different cementless implant designs used a single point of loading
from a functional activity [1, 2] to characterize the stability of implants, but it is unknown
whether this testing truly represents the micromotion that occurs during a full functional
activity. The objective of this research is to compare micromotion data from an
experiment with a full functional activity to micromotion data from a single point of
loading.

Methods

The new loading method was created as a combination of in-vivo loading data,
analytical modeling, and robotic loading. The in-vivo data was taken from patients with
instrumented implants performing activities of daily living [3]. Analytical modeling was
performed using a customized knee modeling software to incorporate different implant
designs with the applied in-vivo loading to create an implant specific set of kinetic and
kinematic inputs. These inputs were used to drive a robotic simulation that replicate the
in-vivo mechanics of the knee during the full functional activity.

Twelve cementless tibial trays, n=6 for two different designs, were tested to determine
the micromotion during a full level walking cycle. A cruciate retaining polyethylene insert
and mating femoral component were used during the loading. A composite synthetic
bone analog was used for this evaluation. Digital image correlation (DIC) was used to
measure the micromotion of the tray with respect to the bone analog. A set of mirrors
was placed behind the specimen during testing to allow for capturing micromotion data
around the entire tibial tray (Figure 1). The total micromotion was calculated by
determing the largest 3D distance between two points in that cycle (Figure 2).

The same implant designs in a similar bone analog were tested using a single point of
loading to simulate a posterior contact on the tibial articular surface (n=6). The
micromotion of these implants with respect to the bone analog was measured using
DVRTs.

Results

The maximum total micromotion difference between the two designs was shown to be
significant using loading simulating a full activity (Figure 3); no statistically significant
differences between the two designs were found when using a single point loading
(Figure 3).

Discussion

The predictions of initial stability were heavily dependent upon the methods of applied
loading. Full functional activity loading resulted in greater micromotion for both designs
as compared to point loading. Further, a statistically significant difference in




micromotion response between designs was only found for functional loading. These
two factors indicate that functional loading results in both increased predictions of
micromotion as well as increased differentiation between designs. It is unknown
whether the measurements were influenced by different micromotion measurements
systems and is currently being investigated. These findings demonstrate that a full
functional dynamic activity loading cycle during micromotion testing is necessary to fully
characterize the initial stability of cementless TKA designs and compare between
designs.

References
1)  Bhimji S, et al; J Arthoplasty (29) 1503-1506, 2014
2) Chong DY, et al; J Biomechanics (43) 1074-1080, 2010

3)  Kutzner |, et al; J Biomechanics (43) 2164-2173, 2010
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INTRODUCTION: Failed bone ingrowth of the tibial component can result in early
loosening, suggested to occur due to high micromotions at the implant interface. These
micromotions have been assessed via Finite Element Method (FEM), where the
simulation should be realistic to have reliable results. For a realistic simulation adequate
activity loads need to be selected, and the implantation process should be simulated
prior to the micromotion analysis, to account for intra-surgical damage. Simulating the
implantation process requires an adequate plastic material model, where a Von Mises
(VM) criterion model or a Crushable Foam Model (CFM) can be used. The purpose of
this study is to investigate which material model best predicts bone deformation during
implantation, and their effect on subsequent micromotions. Micromotion results were
compared to retrieval data on bone ingrowth.

METHODS: An FEM model was created of a tibia (based on CT-scans) implanted with a
Zimmer Monoblock trabecular metal tibial component. Four activities were considered:
walking, sitting, stair climbing, and cycling. Additionally, four different material models
were used: an isotropic linear elastic, a softening VM plastic, an ideal isotropic CFM,
and a hardening isotropic CFM. For the three plastic models, an implantation test was
performed prior to the micromotion analysis. Finally, the resulting micromotions were
compared to an ingrowth threshold of 40 um to estimate the extent of ingrowth.

RESULTS: For the implantation simulations, the VM criterion model showed higher
excessive deformations (elements with more than 30% of plastic deformation) when
compared to both CFM models (Figure 1). The resulting surface ingrowth was divided
by 4 areas: central, medial, and lateral tray, and pegs. Distinct differences were seen
between the applied material models for the distribution of ingrowth (Figure 2). The
micromotions in the VM model were closest to predict ingrowth, with results remaining
mostly within the standard deviation of the retrieval data. The linear elastic model
performed the worst, as it over-predicted surface ingrowth in the tray and under-
predicted ingrowth in the pegs (Figure 3).

DISCUSSION: The current results stress the importance of including the implant
insertion process when analyzing peri-prosthetic micromotions. Previous microCT-
based analyses of bone deformation following implantation have shown that during
implantation, a 1-2 mm thick layer of highly compressed bone is formed at the implant-
bone interface. The current simulations demonstrate that the CFM models were best
able to capture this phenomenon, as the VM model tends to overestimate bone
damage. The smaller band of plastically deformed bone in the CFM model also resulted
in larger shear strains at the implant interface, which in turn may affect bone response
and may even promote ingrowth. This raises the question if micromotion is a suitable
predictor for bone ingrowth, or whether other mechanical stimuli may need to be
involved for obtaining a more realistic simulation of primary stability of press-fit implants.
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Figure 3: Resulting micremotions of stair climbing activity for every different material model,
with areasin light gray showingareas of noingrowth (beyond threshold of 40um). A) Isotropic
Elastic (Keyak 1997). B) Softening Von Mises (Keyak 2003). C) Hardening Isotropic Crushable
foam (Kelly 2013) (hardening function obtained in house). D) Ideal Isotropic Crushable foam

(Kelly, 2013).
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INTRODUCTION

Loosening is concerned to be the major cause of revision in the artificial prosthesis.
Wear debris of UHMWPE dispersed into the implant-bone interface are phagocytosed
by macrophages releasing inflammatory cytokines such as TNF-a which leads to
osteolysis and loosening eventually. It is known that the size and structure [1] as well as
attached substances on particle surface such as endotoxin could affect the amount of
cytokines released [2]. An in vivo study using rat femurs showed that the presence of
polyethylene particles around implants could result in accumulation of
lipopolysaccharide (LPS) from exogenous sources that may affect bone remodeling
around implants [3]. It is also reported that LPS is transported throughout the body with
lipoproteins or LPS binding proteins [4] and Circulating LPS may originate from local
sites of infection or via bloodborne bacteria [5]. In this study, we evaluated the effects of
LPS that attached to UHMWPE particle surface by measuring TNF-a released from
macrophages.

MATERIALS AND METHODS

We cultured mouse macrophage cell line RAW 264 with spherical UHMWPE particles
(8.7um and 23pm diameter in average, Mitsui chemicals Co., LTD.) and LDPE particles
(3.6um and 5.8um diameter in average, Sumitomo Seika Chemicals Co., LTD.) using
the Inverse Culture Method for 24 hours before estimating the TNF-a generation by
TNF-ALPHA QUANTIKINE ELISA KIT (R&D). Spherical UHMWPE particles (10um
diameter in average, Mitsui chemicals Co., LTD.) with E.coli original LPS (Enzo Life
Sciences) attached to them were incubated with cells to see the effects of LPS on the
bio-reactivity tests. Bio-reactivity of PE particles was estimated by different methods
while culture environment and evaluation method were not standardized. A new index
named surface area concentration was proposed in this study, defined as surface area
of particles added divided by the surface area of the well to evaluate the bio-reactivity of
the particles.

REAULTS AND DISCUSSIONS

Figure 1 shows the TNF-a concentration of different materials and sizes of polyethylene
particles. TNF-a concentration was shown to be dose-dependent to the total surface
area of particles added regardless of the materials and sizes. Figure 2 shows TNF-a
concentration relative to the particle surface area inverse and non-inverse cultured. No
significant difference was observed in TNF-a concentration between particles that were
attached to LPS and virgin particles in non-inverse culture method. However, when
cultured inversely, the effect of LPS became more significant in higher concentration
range in which dose-dependent relationship was not observed. The results suggest that
saturation may occur caused by size exclusion, production limitation, etc. However, LPS
attached to particle surface may alter the production limitation due to increased
presence of particles around macrophages.
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Introduction

Uncemented porous coated acetabular components have gained more research
emphasis in recent years compared to their cemented counterparts, largely owing to the
natural biological fixation they offer. Nevertheless, sufficient peri-prosthetic bone
ingrowth is essential for long-term fixation of such uncemented acetabular components.
The phenomenon of bone ingrowth can be predicted based on mechanoregulatory
principles of primary bone fracture healing. It has also been revealed from the literature
that the surface texture of implant plays a major role in implant-bone fixation
mechanism. A few in silico models based on 2-D microscale finite elements (FE) were
studied in order to predict the influence of surface texture designs on peri-prosthetic
bone ingrowth. However, most of these studies were based on FE models of dental
implants. The primary objective of this study, therefore, is to mechanobiologically predict
the influence of surface texture on bone-ingrowth in acetabular components considering
a novel 3-D mesh-shaped surface texture on the implant.

Materials/Methods

The 3-D microscale model [Fig. 1] of implant-bone interface was developed using

CATIA® V5R20 software (Dassault Systemes, France) and was modelled in ANSYS
V15.0 FE software (Ansys Inc., PA, USA) using coupled biphasic poroelastic ten-noded
tetrahedral finite elements. The model consists of cast-in mesh textured implant having
finely meshed inter-bead spacing. Linear, elastic and isotropic material properties
considering Young's modulus of 210 GPa and Poisson's ratio of 0.3 for stainless steel
implant were employed in the model. The bone layer was assumed to have a
permeability similar to that of immature bone. Boundary of bone was assumed to be rich
in Mesenchymal Stem Cells(MSC). The poroelastic material properties in the model
were updated iteratively through a tissue differentiation algorithm that works on the
principle of mechanotransduction driven by local mechanical stimuli, e.g. hydrostatic
pressure and deviatoric strain.

Results

Results indicate that bone ingrowth is inhibited upon increasing the inter-bead spacing
and upon decreasing the bead aspect ratio. It has also been observed that there is a
predominant influence of bead spacing diameter on the peri-acetabular bone ingrowth.
The increase of bead spacing diameter has led to increased bead height which in turn is
found to promote higher bone ingrowth with increase in average Young's modulus of
newly formed tissue layer.

Conclusion

The present study focussed on the development of a new texture on the implant surface
and to study the influence of surface texture on bone-ingrowth in acetabular
components. Since there is a promising increase of average Young's modulus of the
newly formed tissue layer, it predicts the increase of stiffness of the newly formed
tissue. The increase of tissue stiffness reveals that, there is not much inhibition in bone
ingrowth after the employment of the acetabular implant. The numerical study based on
mechanoregulatory algorithm considering the appropriate mechanical stimuli




responsible for bone ingrowth, reveals that, compared to hemispherical beaded surface
texture [1], mesh shaped surface texture provides an improved fixation of the acetabular
component.

Reference

[1] Mukherjee, K., and Gupta, S., 2017,ASME J. Biomech. Eng., 139(3),031006,doi:
10.1115/1.4035369
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Introduction: Support of appositional bone ingrowth and resistance to bacterial
adhesion and biofilm formation are preferred properties for biomaterials used in spinal
fusion surgery. Although polyetheretherketone (PEEK) is a widely used interbody
spacer material, it exhibits poor osteoconductive and bacteriostatic properties. In
contrast, monolithic silicon nitride (SisN4) has shown enhanced osteogenic and
antimicrobial behavior. Therefore, it was hypothesized that incorporation of SizNy into a
PEEK matrix might improve upon PEEK’s inherently poor ability to bond with bone and
also impart resistance to biofilm formation.

Methods: A PEEK polymer was melted and compounded with three different silicon
nitride powders at 15% (by volume, vol.%), including: (i) a-SizNy; (ii) a liquid phase
sintered (LPS) B-SigNy; and (iii) a melt-derived SiYAION mixture. These three ceramic
powders exhibited different solubilities, polymorphic structures, and/or chemical
compositions. Osteoconductivity was assessed by seeding specimens with 5 x 10%/ml of
Sa0S-2 osteosarcoma cells within an osteogenic media for 7 days. Antibacterial
behavior was determined by inoculating samples with 1 x 107 CFU/ml of Staphylococcus
epidermidis (S. epi.) ina 1 x 108/ml brain heart infusion (BHI) agar culture for 24 h. After
staining with PureBlu™ Hoechst 33342 or with DAPI and CFDA for Sa0OS-2 cell
adhesion or bacterial presence, respectively, samples were examined with a confocal
fluorescence microscope using a 488 nm Krypton/Argon laser source. Images were also
acquired using a FEG-SEM in secondary and backscattered modes on gold sputter-
coated specimens (~20-30A). Hydroxyapatite (HAp) deposition was measured using a
laser microscope. Raman spectra were collected for samples in backscattering mode
using a triple monochromator using a 532 nm excitation source (Nd:YVO, diode-
pumped solid-state laser).

Results: PEEK composites with 15 vol.% a-SisNy4, LPS 3-SigNy, or the SiYAION
mixture showed significantly greater SaOS-2 cell proliferation (>600%, p<0.003, cf., Fig.
1(a)) and HAp deposition (>100%, p<0.003, cf., Fig. 1(b)) relative to monolithic PEEK.
The largest increase in cell proliferation was observed with the SiYAION composite,
while the greatest amount of HAp was found on the LPS 8-SisN4 composite. Following
exposure to S. epidermidis, the composite containing the LPS B-SgN4 powder showed
one order of magnitude reduction in adherent live bacteria (p<0.003, cf., Fig. 1(c)) as
compared to the PEEK monolith. It is interesting to note that the composite containing
a-SisNy4 exhibited the worst bacterial resistance (.e., ~100% higher than monolithic
PEEK), suggesting that the bacteriostatic effectiveness of SisN4 bioceramics is
apparently dependent upon the presence of selective sintering additives, viz. yttria and




alumina.

Conclusions: The addition of 15 wt.% of specific SN4 powders to PEEK showed
enhanced Sa0S-2 cell adhesion, proliferation, and HAp deposition when compared to
monolithic PEEK. These same composites also showed resistance to S. epi. adhesion
and biofilm formation.. Although improvements in osteoconductivity have been
previously observed by compounding or coating PEEK with HAp, titanium, or tantalum,
these approaches did not provide anti-microbial properties. Compounding PEEK with
SisN4 represents a significant advancement due to its ability to provide both improved
bone apposition and resistance to biofilm formation.
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INTRODUCTION: Unlike current acetabular cups, this novel ceramic cup has a Ti/HA
coating which removes the requirement for assembly into a metal shell which avoiding
potential chipping/misalignment and reducing wall thickness [Figure 1]. This study
examines the resistance of novel thin-walled, direct to bone fixation ceramic cups to
critical impact loads.

METHODS: Samples of the smallest (d46mm) and largest (@70mm) diameter

ReCerf™ acetabular cups and corresponding femoral head implants were implanted
into Sawbones foam blocks considered representative of pelvic cancellous bone. Two
different positional configurations were tested and were considered worst case and the
extremes of surgical compromise; P1 simulates the cup fully supported by the
acetabulum with a high inclination angle (70°) and a vertical impaction axis (worst case
loading near the cup rim) and. P2 simulates the cup implanted with a lower inclination
(55°) but with the superior section unsupported by acetabulum bone [Figure 2]. For
each size, three acetabular cups were tested in each position. The impact fixture was
positioned within a drop weight rig above a bed of sand and =22mm of pork belly
representative of soft tissues damping effect and the implant components aligned to
achieve the defined impact point on the cup [Figure 2]. Lateral falls were tested on all
available samples applying impact energy of 140J [1] and 3m/s impact velocity [2]. After
the lateral fall test, each sample was tested under impact conditions equivalent to a
frontal car crash considering a peak impact force of 5.7kN occurring 40ms from initial
contact (able to produce acetabular fracture )[3].

RESULTS: None of the testing simulating a lateral fall produced fracture or any other
damage to the ceramic acetabular cup. In 7 of the 12 tests, the impact force was
sufficient to fracture the foam block representing the periprosthetic bone. The cups
showed a good stability within the blocks, with a maximum recorded cup spinning angle
relative to the acetabulum of 4.5ES.

Subsequent testing simulating a car crash resulted in the fracture of two samples out of

12, one of the largest and one of the smallest ReCerf™ cups. In both instances, failure
occurred very close to the inner edge. Of the remaining 10 samples no cup fractures
were observed. All foam acetabulum blocks were severely damaged and 5 blocks
fractured. The maximum recorded cup spinning angle following the car crash impact
was 5.8ES.

SIGNIFICANCE: Extreme testing scenarios presented here are not a regulatory
requirement for manufacturers and have not previously been considered for ceramic
acetabular components. Fracture is a possible failure mode of ceramics but this testing
has proven that modern ceramics can withstand lateral falls and the large majority can
withstand subsequent loading equivalent to head on car-crash; loading under which
pelvic bone fracture and significant injury is far more likely to occur than implant
fracture.

REFERENCES: [1] Robinovitch et al. (1995) J Orthopaedic Research,; 13: 956-962, [2]
van dan Kroonenberg et al. (1996) J Biomechanics; 29: 807-811. [3] Rupp JD et al.
(2002) Stapp Car Crash Journal; 46: 211-228.
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Abstract

Background: The purpose of this clinical study was to evaluate blood metal ion levels
and circulating leukocyte profiles in patients with modular dual mobility hip implant
(MDM) during postoperative follow-up of up to two-years.

Methods: Forty-nine MDM patients were recruited in a retrospective cohort study with
clinical follow-up of up to two-years. Blood concentrations of chromium (Cr), cobalt (Co)
and serum cytokines were measured. Flow cytometry quantified subpopulations of
leukocytes, including CD14* and CD16* monocytes, CD3* T lymphocytes, CD19" B
lymphocytes, CD4* Helper T-cells and CD45"RA memory vs. naive T-cells.

Results: Clinical performances of implants were good during two-years of follow-up. Cr
levels were normal in all patients and only detectable in 1 patient (1.4 mg/L, ref < 5.0
mg/L). Co levels were mildly elevated in 4 patients at one-year (mean 1.375 mg/L, range
1.2-1.7 mg/L, ref < 1.0 mg/L) and in 2 patients at two-year follow-up (both 1.2 mg/L).
Interestingly, Co level observed in 3 patients at one-year converted to undetectable at
their two-year follow-up. Percentages of B cells, T cells and their subpopulations were

within normal levels. There was no increase of CD16" inflammatory monocytes.

Conclusion: With the recent introduction of MDM systems there is potential for metal ion
release from the interface between the acetabular shell and CoCr liner. Clinical results
have been good and metal levels undetectable or within acceptable ranges at 1-2 years.
There was no evidence of activated immune response, as manifested by constant

circulating leukocyte profiles and no increase of CD16* inflammatory monocytes.

Key Words: Cobalt and Chromium; Metal-on-Metal; MDM System; CD14" Monocyte;
CD16* Monocytes; Metal lons
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INTRODUCTION:

Proper component positioning is required for total hip stability and impingement-free
range of motion (ROM).™-2 3 Pelvic tilt can change when moving from a supine to
standing position.2 The change if undetected or unaccounted for, may adversely affect
post-operative functional ROM and/or standing acetabular cup position.3: 4 This study
was undertaken to determine the change in patient’s pre-operative pelvic tilt (PT) when
moving from a supine to standing position using Computed Tomography (CT) and
standing lateral radiographs.

METHODS:

A consecutive series of 165 osteoarthritic patients underwent supine pre-operative CT
in preparation for surgery as shown in Figure 1. In addition, pre-operative standing
lateral radiographs were obtained as shown in Figure 2.

Anterior Pelvic Plane (APP) (defined as two anterior superior iliac spines and the pubic
tubercle) was measured relative to the Coronal Plane for CTs and radiographs. Pelvic
tilt is the angle between the APP and the Coronal Plane. The pelvic tilt angle change
from supine to standing was found for each patient. A negative PT angle change
indicates posterior tilt, and a positive PT angle change indicates anterior tilt.

RESULTS:

Moving from supine to standing, the pelvis flexed posteriorly in 58.8% cases (97/165,
maximum 220), with 13.9% cases (23/165) >100. The graph in Figure 3 depicts the full
distribution of change in pelvic tilt angle vs. frequency of occurrence. Anterior flexion
occurred in 35.2% cases (58/165, maximum 220), with 9.7% cases (16/165) >100.
There was no pelvic tilt change in 6.0% cases (10/165). Overall, 23.6% of the patients
had a change in pelvic tilt) >100.

DISCUSSION:

To our knowledge, this is the first study showing the full pelvic tilt change in angle
distribution versus frequency of occurrence using preop CT and lateral standing
radiograph data. These data varied significantly from past studies using similar
imaging: Uemura,® more posterior tilt (18.7%, 79/422) and no cases > 100 anterior;
Pierrepont,® simlar posterior tilt 6% > 130, but 11% anterior > 130. Overall, the data can
be used intraoperatively, which may maximize functional ROM.




SIGNIFICANCE:

The change in pelvic tilt from supine to a functional standing position occurs frequently.
This study identifies the need to measure and account for this change when positioning
hip implants.

REFERENCES:

[1] Barrack R. Dislocation after Total Hip Arthroplasty: Implant Design and Orientation.
JAAOS, 11(2): 89-99, 2003.

[2] Abdel et al. What Safe Zone? The Vast Majority of Dislocated THAs Are Within the
Lewinnek Safe Zone for Acetabular Component Position. CORR DOI 10.1007/s11999-
015-4432-5

[3] Uemura, et al. Change in Pelvic Sagittal Inclination from Supine to Standing Position
Before Hip Arthroplasty. JOA 32 (2017) 2568-2573.

[4] Maratt et al. Pelvic Tilt in Patients Undergoing Total Hip Arthroplasty: When Does it
Matter? JOA 30 (2015) 387-391.

[5] Pierrepont et al. Variation in functional pelvic tilt in patients undergoing total hip
arthroplasty. Bone Joint J 2017;99-B:184-91.
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INTRODUCTION

The Dorr Bone Classification, devised in 1993 is commonly used to categorize bone
types prior to hip reconstruction. The purpose of the present study is to quantify the Dorr
classification system using 4 morphologic parameters — morphologic cortical index
(MCI), canal-flare index (CFl), canal-bone ratio (CBR), and canal-calcar ratio (CCR).

METHODS

816 hips were reviewed. Demographic data reviewed includes age, sex, and laterality.
Each hip was reviewed by 2 separate evaluators for Dorr classification. The MCI, CCR,
CBR, and CFI were calculated for each hip on anteroposterior radiographs (Fig 1). One-
way ANOVA statistical analysis was used to examine if there are mean differences for
each measurement. IRB approval was obtained before collection of data.

RESULTS

The average age of patients was 61 (range 20-96). There were 367 left hips and 449
right hips. The prevalence of Dorr A was 45.8%. The prevalence of Dorr B bone was
38.9% and of Dorr C bone was 15.3%.

One-way ANOVA analysis confirmed the mean differences for each measurement.
Measurements of the MCI, CCR, CBR, and CFI were statistically significantly different
between the three types of bone. The MCI and CFI were significantly higher in Type A
than Type B and higher in Type B than Type C. The CBR and CCR were significantly
lower in Type A than Type B and lower in Type B than Type C.

DISCUSSION

To our knowledge, the present study is the first to attempt to quantify the Dorr Bone
classification system using MCI, CCR, CBR, and CFl using a large series of patients.
Classification of the proximal femur geometry is important as it may play a role in
implant fixation for patients undergoing total hip arthroplasty (THA). Furthermore, this
information can be used to guide future implant choices.

Figures
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Introduction

Appropriate femoral stem anteversion is an important factor in maintaining stability and
maximizing the performance of the bearing after total hip replacement (THR). The
anteversion of the native femoral neck has been shown to have a significant effect on
the final anteversion of the stem, particularly with a uncemented femoral component.
The aim of this study was to quantify the variation in native femoral neck anteversion in
a population of patients requiring total hip replacement.

Methods

Pre-operatively, 1215 patients received CT scans as part of their routine planning for
THR. Within the 3D planning, each patient’s native femoral neck anteversion, measured
in relation to the posterior condyles of the knee, was determined. Patients were
separated into eight groups based upon gender and age. Males and females were
divided by those under 55 years of age, those aged 55 to 64, 65 to 74 and those 75 or
older.

Results

The median anteversion in males was 12.7° (-27.1°—45.5°, IQR 6.0°-19.1°),
compared to female anteversion of 16.0° (-14.0°-54.5°, IQR 9.7°—22.4°). These
gender differences were statistically significant, p < 0.0001. Femoral anteversion in
young males (<55) was significantly higher than in older males (>75), p=0.002. This
age-related difference approached significance in females, p = 0.06. 14% of patients
had extreme anteversion (<0° or >30°)

Conclusions

e The Native femoral neck anteversion in patients requiring THR is widely variable,
with a range of over 80°.

e Females have more anteverted femurs than males.

e Femoral anteversion in young males was significantly higher than in older males.
This age-related difference approached significance in females.

e Having an understanding of 3D patient morphology can greatly assist in pre-
operative planning of THR, as post-op stem anteversion is likely influenced by the
anteversion of the native femoral neck.
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Obijectives: For patients with Developmental Dysplasia of the Hip (DDH) who progress
to needing total joint arthroplasty it is important to understand the morphology of the
femur when planning for and undertaking the surgery, as the surgery is often technically
more challenging in patients with DDH on both the femoral and acetabular parts of the
procedure’. The largest number of male DDH patients with degenerative joint disease

previously assessed in a morphological study was 122. In this computed tomography
(CT) based morphological study we aimed to assess whether there were any
differences in femoral morphology between male and female patients with
developmental dysplasia undergoing total hip arthroplasty (THA) in a cohort of 49 male
patients, matched to 49 female patients.

Methods: This was a retrospective study of the pre-operative CT scans of all male
patients with DDH who underwent THA at two hospitals in Japan between 2006-2017.
Propensity score matching was used to match these patients with female patients in our
database who had undergone THA during the same period, resulting in 49 male and 49
female patients being matched on age and Crowe classification. The femoral length,
anteversion, neck-shaft angle, offset, canal-calcar ratio, canal flare index, lateral centre-
edge angle, alpha angle and pelvic incidence were measured for each patient on their
pre-operative CT scans.

Results: Significant differences were found in femoral anteversion with a mean male
anteversion of 22 E$ (+14.2), compared to 30E$ (+15.5), in females (p=0.02,
Confidence Interval (C.I.) 1.6 to 14.9, Figure 1), offset, with a mean male offset of 31
mm (£6.2), compared to 29 mm (+6.1) in females, (p=0.04, C.I: 0.2 to 4.8), and femoral
length with a mean femoral length of 434 mm in males (+22.2), compared to 407 mm in
females (23.9), (p<0.001, C.I: 19.2 to 34.3, Figure 2). No significant differences
between male and female patients were found for the other measurements.

Discussion: This was the first study of this size assessing femoral morphology in male
patients with DDH undergoing THA. Significant differences were found between male
and female patients in femoral anteversion, length and offset. This should be taken into
account when planning and performing THA in these patients. Based on the findings
from this study, a more anteverted femoral neck can be expected at the time of surgery
in a female patient with DDH undergoing total hip arthroplasty, compared to a male
patient.

Figure 1: Femoral neck anteversion (degrees), demonstrating male anteversion to be
significantly less than female anteversion (* indicates that p<0.05).

Figure 2: Femoral length in mm, demonstrating male femoral length to be significantly
more than female femoral length (*** indicates that p<0.001).
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Introduction

Most of patients with unilateral hip disease shows muscle volume atrophy of pelvis and
thigh in the affected side because of pain and disuse, resulting in reduced muscle
weakness and limping. However, it is unclear how the muscle atrophy correlated with
muscle strength in the patient with hip disorders. A previous study have demonstrated
that the volume of the gluteus medius correlated with the muscle strength by volumetric
measurement using 3 dimensional computed tomography (3D-CT) data, however,
muscles influence each other during motions and there is no reports focusing on the
relationship between some major muscles of pelvis and thigh including gluteus
maximus, gluteus medius, iliopsoas and quadriceps and muscle strength in several hip
and knee motions. Therefore, the purpose of the present study is to evaluate the
relationship between muscle volumetric atrophy of major muscles of pelvis and thigh
and muscle strength in flexion, extension and abduction of hip joints and extension of
knee joint before surgery in patients with unilateral hip disease.

Material and Methods

The subjects were 38 patients with unilateral hip osteoarthritis, who underwent hip joint
surgery. They all underwent preoperative computed tomography (CT) for preoperative
planning. There were 6 males and 32 females with average age 59.5 years old.

Before surgery, isometric muscle strength in hip flexion, hip extension, hip abduction
and knee extension were measured using a hand held dynamometer (uTas F-1, ANIMA
Japan).

Major muscles including gluteus maximus, gluteus medius, iliopsoas and quadriceps
were automatically extracted from the preoperative CT using convolutional neural
networks (CNN) and were corrected manually by the experienced surgeon.

The muscle volumetric atrophy ratio was defined as the ratio of muscle volume of the
affected side to that of the unaffected side. The muscle weakness ratio was defined as
the ratio of muscle strength of the affected side to that of the unaffected side.

The correlation coefficient between the muscle atrophy ratio and the muscle weakness
ratio of each muscle were calculated.

Results

The average muscle atrophy ratio was 84.5% (63.5%—108.2%) in gluteus maximus,
86.6% (65.5%—112.1%) in gluteus medius, 81.0% (22.1%—130.8%) in psoas major, and
91.0% (63.8%—127.0%) in quadriceps.

The average muscle strength ratio was 71.5% (0%—137.5%) in hip flexion, 88.1%
(18.8%—169.6%) in hip abduction, 78.6% (21.9%—130.1%) in hip extension and 84.3%
(13.1%—122.8%) in knee extension.

The correlation coefficient between the muscle atrophy and the ratio of each muscle




strength between the affected and unaffected side were shown in Table 1.

Conclusion

In conclusion, the muscle atrophy of gluteus medius muscle, psoas major muscle and
quadriceps muscle significantly correlated with the muscle weakness in hip flexion. The
muscle atrophy of psoas major muscle and quadriceps muscle also significantly

correlated with the muscle weakness in knee extension. There were no significant

correlation between the muscle atrophy and the muscle weakness in hip extension and

abduction.

Figures
Table 1,
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INTRODUCTION: Around 13% of patients report persistent groin pain after total hip
replacement (THR). Although the etiology is multi-factorial, one commonly cited source
of groin pain is localized overload of the ilio-psoas complex as it wraps around the
femoral head (lliopsoas impingement (IPI)). This proposed etiology may explain why
the incidence of groin pain increases in THR patients with large-diameter femoral heads.
In this study, we examine the relationship between contact pressures developed
between the anterior hip and the iliopsoas musculo-tendinous complex as a function of
femoral head size and hip position.

MATERIALS and METHODS: Six fresh human hemi-pelves (5 male, average age:
60+13 years) were harvested from cadaveric donors and dissected leaving the hip
capsule, psoas, iliacus, and ligamentous structures intact. The specimens were then
CT-scanned, and 3D models were created to track joint angles and translations during
testing. After preparation, an experienced joint surgeon implanted with a 32mm zirconia-
toughened alumina ceramic head and a cementless, tapered stem in each femur, and a
custom 3D-printed cup in the acetabulum. Correct restoration of the original head
position was verified through 3D measurements of the intact and replaced hip. Before
reduction of the head into the cup, a pressure sensor (Tekscan pressure mapping

sensor 4205: 528 sensels, 27.6 sensels/cm2, max pressure: 2068 kPa) was inserted
between the separated joint capsule and the iliopsoas musculo-tendinous complex.
lliopsoas contact pressures were measured under a constant psoas load of 370N,
scaled to 25% of physiologic levels to preserve the cadaveric tissue during testing. The
contact pressure distribution was measured in 3 positions: (i) neutral extension/154°
external rotation (Position 1); (ii) 104° extension/ 25a4° external rotation (Position 2) and
(iii) 158° extension/ 35a° external rotation (Position 3). Joint placement was verified
with a six-camera motion analysis system. All experimental measurements were
repeated with a 44mm Delta ceramic head. Differences in average pressure between
head sizes were tested using a standard student’s t-test (p<0.001).

RESULTS: The values of average and peak pressure recorded using the pressure
sensor appear in Table 1. The 44mm diameter heads showed a significant increase in
average pressure compared to the 32mm heads in all tested positions (Position 1: 61%
(p<0.001); Position 2: 26% (p<0.001); Position 3: 27% (p<0.001)) (Figure 2)., The
largest increase was observed in external rotation in neutral flexion/extension. Smaller
differences were observed in peak pressures, however, none of the differences between
32 and 44mm measurements was statistically significant (Pooled values:32mm: 213122
kPa vs. 44mm: 242126 kPa, p=0.0858).

CONCLUSIONS:

1. Average values of iliopsoas contact pressure are larger with 44mm vs. 32mm
femoral heads independent of hip position.
2. Peak pressures are sensitive to hip position, especially with 32mm heads and




tend to decrease in increasing head diameter. be lower with 44mm vs 32 mm
heads. This is probably due to the inhomogeneity of the ilio-psoas musculo-
tendinous complex, leading to interactions between the head profile and the
tendinous band running through the iliopsoas complex, causing a non-uniform
distribution of tissue stiffness under tension.

Figures

Figure 1, Specimen during testing
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Figure 2. Average peessure in kP on 32mm and S4mm diameter
fernocal heads through piveling maneuver,

Figure 2
Average Pressure (kPa) Peak Pressure (kPa)
32 mm 44 mm 44/32 P 32 mm 44 mm 44/32 ]
Position 1 13.7408 | 221110 1.61 <0,001 195140 235254 1.2 0.245
Position 2 19.8405 | 249111 126 <0.001 208438 231143 111 0.346
Position 3 22121 282411 127 <0.001 236145 254243 108 0.543
All Combined 26,113 330113 127 0,001 213122 242126 114 0.086

Table 1. Average pressures (Mean £ SE) and peak pressures for all head sizes In 2l tested positions.

Figure 3
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INTRODUCTION:

Combining novel diverse population-based software with a clinically-demonstrated
implant design is redefining total hip arthroplasty. This contemporary stem design
utilized a large patient database of high-resolution CT bone scans in order to determine
the appropriate femoral head centers and neck lengths to assist in the recreation of
natural head offset, designed to restore biomechanics. There are limited studies
evaluating how radiographic software utilizing reference template bone can reconstruct
patient composition in a model. The purpose of this study was to examine whether the
application of a modern analytics system utilizing 3D modeling technology in the
development of a primary stem was successful in restoring patient biomechanics,
specifically with regards to femoral offset (FO) and leg length discrepancy (LLD).

METHODS:

Two hundred fifty six patients in a non-randomized, post-market multicenter study
across 7 sites received a primary cementless fit and fill stem. Full anteroposterior pelvis
and Lauenstein cross-table lateral x-rays were collected preoperatively and at 6-weeks
postoperative. Radiographic parameters including contralateral and operative FO and
LLD were measured. Preoperative and postoperative FO and LLD of the operative hip
were compared to the normal, native hip. Clinical outcomes including the Harris Hip
Score (HHS), Lower Extremity Activity Scale (LEAS), Short Form 12 (SF12), and
EuroQol 5D Score (EQ-5D) were collected preoperatively, 6 weeks postoperatively, and
at 1 year.

RESULTS:

The mean age is 62 years old (range 32 — 75), 136 male and 120 female, BMI 29.7.
The preoperative FO and LLD of the operative hip were 43.5 mm (9.0 mm) and 3.0
mm (£6.5 mm) compared to the native contralateral hip, respectively. The postoperative
FO and LLD were 46.4 mm (£8.7 mm) and 1.6 mm (+7.6 mm) compared to the native
contralateral hip, respectively. The change in FO on the operative side was 3.0 mm
(7.2 mm) (p<0.0001) and the change in LLD from preoperative to 6-weeks
postoperative was 1.6 mm (8.4 mm) (p=0.0052) (Figure 1), demonstrating the ability of
this stem design to recreate normal hip biomechanics in this study. The HHS increased
considerably from a preoperative score of 55.9 to 78.4 at 6 weeks and 92.7 at 1 year.
Clinically significant improvements were also seen at 1 year in the LEAS (+2.3), SF12
PCS (+16.3), and EQ-5D TTO (+0.26) and the EQ-5D VAS (+15.7).

DISCUSSION and CONCLUSION:

This study demonstrated that recreation of normal anatomic leg length and offset is
possible by utilizing a modern fit and fill stem that was designed by employing an
advanced anthropomorphic database of CT scans. We hypothesize that when surgeons
utilize this current fit and fill stem design, it will allow them to accurately recreate a
patient’s natural FO and leg length, assisting in the restoration of patient biomechanics.




Summary Sentence: In this study, modern design methods of a press-fit stem using 3D
modeling tools recreated natural femoral offset and leg length, assisting in the
restoration of patient biomechanics.
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Aim: The objective of this study was to evaluate the intermediate term clinical and
radiological results of a new short stem hip implant.

Methods: In 20 consecutive patients suffering from osteoarthritis with 25 affected hip
joints (five cases were bilateral), the clinical and radiological results of 25 hip
arthroplasties performed in one hospital between October 2009 and May 2014 through
a minimally invasive anterolateral approach using a cementless short stem prosthesis
type Aida and a cementless cup type Ecofit with a ceramic on ceramic pairing were
evaluated prospectively. The median age of patients at time of surgery was 60 years
(range, 42-71 years), 15 male (4 were bilateral) and 5 female patients (one was
bilateral) were included in the study. The median clinical follow up was 30 months
(range, 2-88 months), and the median radiological follow up was 30 months (range, 2-
88 months).

Results: Harris Hip Score improved from a median preoperative value of 53 to a
median postoperative value of 96 (range, 73-100) at follow up. 22 hips (88%) showed
an excellent postoperative Harris Hip Score, 2 hips (8%) a good postoperative Harris
Hip Score, and one hip (4%) a fair postoperative Harris Hip Score. Only two patients
complained of postoperative thigh pain. Regarding patient satisfaction, 15 patients
(60%) were very satisfied, 10 patients (40%) were satisfied. None was unsatisfied.
Radiological analysis showed that 19 stems (76%) were with stable bony ingrowth, two
cases (8%) showed stable fibrous ingrowth. Four cases need further follow up for proper
evaluation of stem fixation.(See Figures 1,2,3)

Conclusion: The intermediate term survival of this new short stem is very promising,
and achieving the goals of a standard hip arthroplasty.

Key words: short stem, hip arthroplasty, osteoarthritis.
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Background and Introduction: A novel femoral stem designed for primary total hip
arthroplasty (THA) via direct anterior approach (DAA) demonstrates good clinical
outcomes and a low device related adverse event (AE) rate at 90-day follow-up.

Objectives: To assess early post-operative performance of the Actis Total Hip System
by summarizing adverse event rates within 90 days following surgery and clinical
outcomes at 90-day follow-up.

Study Design and Methods: This was an interim analysis from an ongoing multi-center
prospective case series of 227 DAA THAs, all of whom are in or beyond the 90-day
follow-up interval. Serious AEs, device related AEs, and procedure related AEs through
90 days post-op were summarized. The Harris Hip total score and the percent of
subjects who said they would have the procedure again were summarized from a 90-
day follow-up interval (71 to 132 days post-operative).

Results: There were 3 revisions of any component for any reason; only 1 revision
required removal of the Actis stem. There were 2 reoperations: 1 for superficial wound
breakdown and 1 for skin infection. One subject had 2 dislocations that resulted in a
revision of the head and liner. Two deaths occurred, 1 for cardiac arrest and 1
secondary to infection; neither were device related. Of the 17 AEs reported 16 were
coded as procedure related and 6 as device related. No unexpected AEs were reported.
The average Harris Hip total score for responding subjects in the 90-day post-operative
interval (n=187) was 93.6 (SD = 8.7). The percent answering ‘Yes’ to the question
“Would you have this procedure again?” was 95.8% (N = 189) in the 90-day post-
operative interval.

Conclusions: A novel hip stem designed for DAA THA demonstrated overall low device
related complication rate (6/227, 2.6%), good Harris Hip outcomes, and a high percent
of subjects who would have the procedure again at 90 days post-operative.
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Introduction: The Taperloc Microplasty (ZIMMER BIOMET) is one of short femoral
stems. It was launched in Japan in 2012. It is essentially a shortened version of the
Taperloc stem (35mm shorter than the standard stem).

Objectives: The objective of this study is to evaluate the clinical and radiographic
outcomes of total hip arthroplasty ( THA ) using short femoral stem ( Taperloc
Micropasty ) in Japanese patients.

Methods: We retrospectively reviewed all 86 THA between July 2013 and December
2017 at our institute, and 46 THA (53%) were done with short femoral stems. A single
orthopedic surgeon performed all THA procedures. The surgical approach was antero-
lateral in the lateral position in all cases. The mean age of patients ( 4 men and 42
women )at the time of surgery was 68.1 years ( range, 46-85 ). The original diseases
were 41 osteoarthritis , 4 osteonecrosis and 1 rapidly destructive coxopathy.

Results:a€€There was no revision, infection, deep vein thrombosis, nor dislocation. One
patient had femoral fracture during the surgery, we had to switch the stem to the
standard one in this case. The average surgery time was 114 minutes (range, 80-168
minutes); the average blood loss during surgery was 298 g ( range, 90-720 g ). The cup
we used was Regenerex M2a Taper (ZIMMER BIOMET). Median cup size was 50 mm (
range, 48-60 mm ); median stem size was 8 ( range, 4-13 ). The bearing surfaces were
all ceramic on highly cross-linked polyethylene. Radiological findings showed stem
subsidence (within 5mm) in 3 patients; two patients had severe osteoporosis, while the
other had leg length discrepancy.

Conclusions: THA using a short femoral stem has satisfactory clinical and radiological
results in Japanese patients.
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Background

Recent studies indicate the benefits of total hip arthroplasty (THA) by using femoral
neck-preserving short-stem implants (March et al 1999). These benefits rely on the
preservation of native hip structure and improved physiological loading. However,
further investigation is needed to compare the outcome of these implants versus the
conventional neck-sacrificing stems particularly assessed by patient-reported outcomes
(PROs). In this study, we have investigated the differences in PROs between a neck-
sacrificing stem design and neck-preserving short stem design (MiniHip, Corin Inc.). We
hypothesized higher PROs outcome in patients who received treatment by using neck-
preserving implants.

Methods

In this study, we retrospectively analyzed the pre and post-operative PROs of patients
receiving THA treatment by using neck-sacrificing implant (n=90, age 57+7.9 years) and
a matched (BMI, age) cohort group of neck-preserving patients (n=105, age 55.16+9.88
years). Hip disability and Osteoarthritis Outcome Scores (HOOS) were using with the
follow-up of similar follow up of 412.76 + 206.98 days (neck sacrificing implant) and
454.63 + 226.99 days (Neck-Preserving). Multivariate analysis of variance and Mann-
Whitney tests were conducted for statistical analyses. Holm-Bonferroni adjusted for
multiple comparisons was used with initial significance level of 0.05.

Results

Both implants resulted in significant improvement of HOOS Subscores (p<0.001). There
was a significant effect of time-surgery interaction (p=0.02). Follow-up HOOS subscores
analysis indicated that patients who were treated with neck-preserving stems reported
significantly higher Symptoms (p<0.001), Pain (p<0.001), ADL (p=0.011), Sports and
Recreation (p=0.011), & QOL (p=0.007) subscores.

Conclusion

This study aimed to investigate the short term to medium term outcome of neck-
preserving implants. The superior outcome of neck-preserving femoral stems could be a
result of more natural physiological loading in femoral cavity and higher retention of
bone tissue in femoral neck area. However, further studies are needed to investigate
the longer-term outcome of these implants.

Reference:

March LM, Cross MJ, Lapsley H, Brnabic AJM, Tribe KL, Bachmeier CJM, et al.
Outcomes after hip or knee replacement surgery for osteoarthritis. A prospective cohort
study comparing patients’ quality of life before and after surgery with age-related
population norms. Med J Aust 1999;171:235-8.




Figure 1. Finite element model of the femoral loading distribution a) intact femur b)
femur implanted with a neck-preserving short-stem implant c) femur implanted with a

conventional neck-sacrificing implant. Permission from Corin Ltd.

Figure 2. Comparison of postoperative X-rays of THA with a conventional neck-

sacrificing implant (a) and a neck-preserving short-stem implant (b). The cutting angle is
different between both implants (black line), with the neck-preserving short-stem implant
preserving more native femoral bone.

Table 1. Pre-operative and Post-operative HOOS subscale averages and standard
deviations (SD) in patients with neck-sacrificing and MiniHip implants.

Symptom Pain ADL Sport QoL
Pre X 44.5 43.8 49.2 26.6 21.8
Neck- SD 16.7 13.7 16.8 19.3 15.9
Preserving Post X 92.7 94.0 94.3 87.1 82.2
SD 10.0 11.3 9.0 16.3 19.3
Symptom Pain ADL Sport QoL

Pre X 40.1 42.0 44.8 23.8 22.3
Neck- SD 18.7 16.6 18.8 19.3 15.6
Sacrificing Post X 84.9 88.2 89.6 79.1 74.4
SD 15.2 16.2 15.4 22.2 21.7

Figures
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INTRODUCTION: Historically, the clinical performance of novel implants was usually
reported by designer surgeons who were the first to acquire clinical data. Regional and
national registries now provide rapid access to survival data on new implants and drive
ODEP ratings. To assess implant performance, clinical and radiological data is required
in addition to implant survival. Prospective, multi-surgeon, multi-centre assessments
have been advocated as the most meaningful. We report the preliminary results of such
a study for the MiniHip™femoral component and Trinity™ acetabular component (Corin
Ltd, UK).

METHODS: As part of a non-designer, multi-surgeon, multi-centre prospective
surveillance study to assess the MiniHip™stem and Trinity™ cup , 535 operations on
490 patients were undertaken. At surgery, the average age and BMI of the study group
was 58.2 years (range 21 to 76 years) and 27.9 (range 16.3 to 43.4) respectively.
Clinical (Harris Hip Score, HHS) and radiological review have been obtained at 6
months, 3 and 5 years. Postal Oxford Hip Score (OHS) and EuroQol-5D (EQ5D) score
have been obtained at 6 months and annually thereafter. To date, 23 study subjects
have withdrawn or lost contact, 11 have died, and 9 have undergone revision surgery.
By the end of March 2018, 6 month, 1, 2, 3, 4, and 5 year data had been obtained for
511, 445, 427, 376, 296 and 198 subjects respectively.

RESULTS: Implant revision rate is 1.68% (9/535), with revision for any reason as an
endpoint; four of the nine involved the revision of the femoral component. At the 5-year
time point, mean OHS had improved from 21.3 to 42.5 (p<0.01), EQ5D from 0.42 to
0.82 (p<0.01), and HHS from 51.6 to 92.5 (p<0.01). Radiological analysis is ongoing,
and thus far has revealed more variation in stem alignment than is usually observed for
more conventional length femoral components. This may indicate that optimal alignment
of calcar loading short stems is different to that of longer, medullary canal aligned
implants, consistent with the neck-stabilised design of the MiniHip™ stem. No other
significant radiological findings were noted. During surgery, 31 calcar fractures were
sustained, of which 20 were treated with cerclage wiring, 1 with femoral grafting and the
remainder required no treatment. None of the hips with calcar fractures have been
revised to date.

DISCUSSION: The clinical and radiological performance of the MiniHip™ femoral stem
is consistent with established femoral implants. Longer surveillance will determine
whether this performance is maintained. Patients in this study will be continued to be
followed-up and reviewed at the 7 and 10-year time points.

CONCLUSION: The MiniHip™ stem is safe and efficacious at mid-term follow-up.
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Background: In recent years, MIS-THA has been widely used for the purpose of early
social reintegration in Japan. Our hospital also introduced a direct anterior approach
(DAA), which is a muscle preservation type MIS-THA, and gained good results. How to
lift up the femur in DAA is important for inserting the stem and it is necessary to partly
release the short external rotators depending on the extent of lifting. Depending on the
shape of the stem, the group of short turns may be damaged during insertion.

Objects: The aim of this study is to simulate stem insertion using preoperative 3DCT
template.

Sturdy Design i'4ta€€Methods: The patients who had undergone DAA-THA was
simulated stem insertion using preoperative 3DCT template(Zed Hip, manufactured by
LEX]I). the 20 participants were mean age at 66.4 years; and 3 male and 17 female. On
the Zed Hip, stem insertion simulation of five kinds of stems (J-Taper, Accolade,
TaperLoc Microplasty, HYDRA, AMIStem) was performed(Fig.1). We measured the
angle at which the elevation at the greater trochanter retractor is required when inserting
the stem (The angle formed by the femoral bone axis and the tangent line connecting
the outer part of the stem and the greater trochanter top part, the femoral elevation
angle) .We also measured the distance between the point where the stem outer part
contacts the bone cortex of the greater trochanter inner edge at the time of insertion
and the greater trochanter top part (the distance between the stem-greater trochanter
top parts). The difference in each stem was compared and examined.

Results:The femoral elevation angle (average) was 122.0 + 4.0 ° for Accelerade 2,
115.9 £ 4.4 ° for J-Taper, 109.5 £ 4.9 ° for Microplasty , 135.3 £ 5.0 ° for HYDRA,
112.9 £ 5.9 ° for AMIStem(Fig.2). Significant difference was recognized between J-
taper and AMIStem, Microplasty and AMIStem for each model. The optimum size stem
tended to require femoral elevation as the stem length was longer. The distance
between the stem-greater trochanter top parts (average) was 11.3 + 3.9 mm for
Accolade 2, 13.9 £ 4.7 mm for J-taper, 15.1 £ 5.5 mm for Microplasty, 3.7 £ 5.6 mm for
HYDRA and 21.3 + 3.7 mm for AMIStem(Fig.3). A significant difference was observed
between the Taper wedge design (Accorade 2, J-Tper, Microplasty), the Corail type
stem (HYDRA), and AMIStem. The distance between the stem-greater trochanter top
parts became high if the stem length was short and further the stem outer flare Was
dominantly high in AMIStem that was most reduced.

Conclusions: We select implants by performing simulation before surgery. Before
surgery, it is important to understand the medullary canal shape, anteversion of the
femoral neck etc, and to select an appropriate implant for avoiding intraoperative
complications. The preoperative simulation was thought to be useful because it could
predict the possibility of dissection of the short external rotators due to elevation of the
femur and the possibility of damage of the short external rotators when inserting the
stem.
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The objective of this study was to evaluate the short term clinical and radiological
results of a new short stem hip implant. In 29 consecutive patients suffering from
osteoarthritis with 33 affected hip joints, the clinical and radiological results of 33
cementless hip arthroplasties using a cementless implanted short stem prosthesis type
Aida and a cementless cup type Ecofit were evaluated prospectively between October
2009 and June 2015 in two hospitals. The median age of patients at time of surgery was
55 years (range, 30-71 years), 23 male and 10 female patients were included in the
study. The median clinical follow up was 24 months (range, 1.5-51 months), and the
median radiological follow up was 12 months (range, 1-51 months). Two patients were
lost to follow up and two patients had only one immediate postoperative x- ray. The
Harris Hip Score improved from a median preoperative value of 53 to a median
postoperative value of 93 at follow up. Radiological analysis showed that 19 stems
(58%) showed stable bony ingrowth, five cases (15%) showed stable fibrous ingrowth.
Four cases need further follow up for proper evaluation of stem fixation. The short term
survival of this new short stem is very promising, and achieving the goals of standard
hip arthroplasty.

Key words: short stem, hip arthroplasty, osteoarthritis.
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The use of a cementless short femoral stem (SFS) may have a number of advantages:
bone stock and soft tissue preservation, in the greater and sub-trochanteric regions, at
the time of implantation for future revisions; decreased stress shielding. Because of
these advantages, we use SFS. In this study, we evaluated the results of THP with
SFS.

Materials and methot

This is a retrospective study of patients treated with SHS. Surgeries were performed
between 2013 and 2016. All patients over the age of 18 were included in the study. All
THP were performed using a posterior approach. Patients were mobilized on the first
postoperative day with full weight-bearing but limitation of flexion to 80°.

Radiological and clinical examinations were performed preoperatively and at each
follow-up visit postoperatively. All adverse events and complications during the follow-up
period were recorded and analyzed.

The Harris Hip Score (HHS), visual analogue scale (VAS) were all recorded. WE
evaluated of the implant position: femoral stem; neutral (130- 40°), varus (<130°) or
valgus (>140°), acetabulum; anteversion and incliation angle eveluated on posterior
radiographs of the pelvis on postoperative 1st day and at last follow-up. Radiolucent
lines on AP radiographs of the pelvis, osteolysis and heterotopic ossifications (HO)
were noted.

Differences were detected by measuring the leg lengths.

Results

Figure 1 contains follow-up data.

All patients received cementless cup arthroplasty treatments with ceramic-PE pairings
(Figure 2, 3). 2 patients were revised after repetitive dislocation, 2 patients were due to
aseptic loosening and 1 patient was protruded after 3 weeks of operation. 1 patient was
infected and revision was performed. Three patients had superficial wound infection and
were treated conservatively. Intraoperative acetabulum fracture was seen in 1 patient,
followed conservatively. Two patients had Type 2 HO.

At the last follow-up examination, 83% of patients were very satisfied with the results of
the treatment, 16% were satisfied and 1% were dissatisfied. For one of the dissatisfied
patients, had recurrent operations due to infection.

Discussion




The clinical results revealed a high average HHS of 96 points. The subjective patient
satisfaction level was also high, with 83% of patients reporting that they were very
satisfied and 16% as being satisfied. Studies with the SFS type over a shortterm period
revealed a HHS of 95 points and a total of 96% satisfied patients.

In our study, 6 hips were revised. We think, infection, protrude acetabuli and repetitive
dislocation, are not related to the use of SFS. Two patients underwent revision due to
femoral aseptic loosening. We thought it might be interesting to use SFS. Similar
complications have been reported in the literature.

We revised the SFS with a standard femoral stem. This is an advantage of SFS.

There are some limitations to this study. Firstly, absence of a standard femoral stems
group compared to the SFS. Secondly, short follow-up of patients.

Conclusion

We think that SFS results are good in the early-mid term as a result of our work and are
frequently applied because of the advantages mentioned in the article.
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Cementless Total Hip Replacement With a Lateral Flare Stem: An
Average of 15 Years Follow Up of a Previously Reported Case Series
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Introduction: From clinical experience over the past 60 years with total hip replacement
(THR), it is evident that most femoral implants for total hip replacement do not restore
the normal physiological loading of the femur, because these implants are focus on only
the medial loading, instead of the medial and lateral loading of the femur. Moreover, to
achieve an initial rigid stability of the cementless stem, cementless implants employ a
"press fit" technique. However, the press fit technique has also been associated with an
increased risk of intraoperative periprosthetic fracture of the femur. To demonstrate the
physiological and mechanical forces on the femur in THR, the cementless "lateral flare”,
with a "rest fit" fixation technique, femoral stem has been developed, established, and
clinically validated at our institution. Previously we had reported the mid-term outcomes,
and therefore, the long-term outcomes of this femoral stem was evaluated in this study.

Patients and methods: A total of 62 hips in 58 consecutive patients underwent THR
with a cementless lateral flare stem at our institution from January 1998 to December
2000 were investigated by physical examinations, radiographic evaluations, and
telephone interviews.

Results: There were 49 hips in 45 patients (79.0%) available for long-term follow-up. Of
the 49 hips, the mean age at the time of operation was 56.9 + 12.2 years (31-81 years)
and the mean duration of follow-up period was 15.8 + 1.5 years (10.1-17.9 years). Two
patients had received acetabular cup revisions 13 years after their index surgeries due
to polyethylene failure of the acetabular component. One patient, a 65-year-old female,
displayed second-degree stress shielding 15 years after the initial THR. However, there
were no cases of critical stress shielding which required revision surgery of any femoral
components. Consequently, no femoral components have been revised at the time of
this report.

Discussion and Conclusions: Besides the lateral expansion, this femoral stem has a
trapezoidal shape of the cross section in the proximal one-third so as to stabilize the
cementless implant against rotation forces encountered inside the femoral canal during
stair climbing. Moreover, it has a flat posterior surface with a fixed anteversion in the
neck. This allows a maximal load transfer between the component and the posterior
aspect of the femur along the calcar femorale during hip flexion activities. Because of
these features, a smaller size of this stem compared to the conventional stem is
selected for the implantation. It is called the rest fit, instead of the press fit, which has a
possibility for the periprosthetic fracture in THR. For these reasons, the lateral flare
stem is a promising prosthesis with a carefully considered design, which provides not
only initial stability but long-term stability and bone preservation throughout a long
follow-up period.
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Introduction : The success of cementless total hip arthroplasty (THA) depends on the
primary stability of the components. One of the biomechanical factors that comes into
play is the mechanical quality of the bone. To our knowledge, there are no reported
studies in the literature analyzing the impact of the preoperative bone mineral density
on the outcomes of cementless THA. The goal of the study was to analyze the clinical
results at 2 year follow-up according to the preoperative cancellous bone mineral
density (BD). Our hypothesis was that the clinical outcomes were correlated to the BD.

Material and methods

From January to June 2013, a prospective study included patients who underwent a
cementless THA using a proximally shortly fixed anatomic stem. A 3D preoperative
CTscan-based planning was performed according to the routine protocol using the Hip-
Plan software in order to determine the hip reconstruction goals as well as the implants
size and position. The Hounsfield bone density (BD) of the metaphyseal cancellous
bone was computed in a volume (of 1 mm thick and of 1cm? surface) at the level of the
calcar 10 mm above the top of the lesser trochanter and laterally to the medial cortical
(Figure 1). Intra-and inter-observer repeatability measurements were performed.
Patients were clinically assessed at 2 years follow-up using self-administered auto-
questionnaires corresponding to the Harris and the Oxford scores. A Multivariate
statistical analysis assessed correlations between clinical scores, age, gender, body
mass index, and BD.

Results

50 patients were included consisting of 29 men and 21 women, with an average age of
62 + 12 years and an average BMI of 25.8. The average preoperative BD was 69.4 + 54
HU. At 2 years follow-up, the hip function scores were significantly correlated with the
preoperative BD (0.42, p = 0.002) and the age (0.39, p = 0.005). However, there was no
significant correlation between BD and BMI.

Discussion Bone density appears to be an important parameter to consider when
planning THA. This highlights also the importance of preoperative image calibration

Conclusion

The functional outcomes after cementless THA are correlated with preoperative
cancellous bone density. Bone density needs to be integrated into THA 3D planning.
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Clinical Results of Total Hip Arthroplasty for the Rheumatoid
Arthritis Patients.
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[Objectives] We report about the clinical results of total hip arthroplasty (THA) for
rheumatoid arthritis (RA) patients in10 years from December in 1997 to November in
2007.

[Materials & Methods] Total operations were 300 cases. Primary operations (P group)
were 263 cases, and 37 cases were revision operations (R group). 27 cases (9.0%) in
300 cases were the RA patients, 22(8.4%) cases were in the P group, and 5 cases
(13.5%) were in the R group. 17 patients were in Stage Ill, and 10 patients were in
Stage IV. 15 patients were in Class Il and 12 patients were in Class lll. The average
time of disease duration was 9.8 months. The average age was 63.2 years old at the
time of surgery. Average of preoperative Japanese Orthopaedic Association (JOA)
score was 49.7 points. We used mainly PSL cup / SecurFit series (Stryker Corporation)
in the P group. In the R group we replaced 5 implants of 4 cups and 1 stem.

[Results] The average point of JOA score was 80.2 points after surgery. In the P group
no one was performed revision operation. There was no patient had infection,
dislocation, DVT/PE. In the R group we had to operate three times in the same patient
for cup revision. In the first revised operation, we used KT-plate with impaction bone
grafting (IBG). After 4 years, KT-plate was broken, so the second revision performed
with IBG and mesh plate. After 2 years, we found central migration of socket. The third
operation was performed with BSRC. Finally we could successfully reconstruct
acetabulum.

[Conclusion] In THA operation for RA patients, we have some technical problems; for
example, central migration, poor bone quality, and compromised conditions, multiple
joint deformations and dysfunctions. It is important that we have preoperative
preparation in cases of advanced deformation and bone defect. Including the control of
RA, careful follow-up after surgery is desirable as RA patients.
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Post Marketing Trial Results of Total Hip Replacement Using Mp_1

James Burn - Canterbury District Health Board - Christchurch, New Zealand
*Alisa Buchman - MMATECH Ltd - Haifa, Israel
Simha Sibony - MMATECH - Haifa, Israel
Ray Payne - Orthopedic clinic - VA Beach, USA

*Email: Alisa@mma-tech.com

The need for a more durable, metal free, non-osteolytic particle generating material in
Total Hip Replacement (THR) is urgently required to reduce revision surgeries. Current
used materials; Ceramic, metal and UHMWPE remain discrepant for long-term use.
Polyimide (MP-1™) is a high performance biopolymer, originating from aerospace
industry. MP-1™ is heat resistant, highly cross-linked and exhibits a self-lubrication
property required for bearings and articulating joints. Being resistant to fatigue, creep
and chemicals and sterilisable by autoclave or irradiation, MP-1™ is ideal for medical
devices.

Finalizing pre-clinical testing, two patients were implanted 12 years ago after informed
consent. A PM (Post Mortem) retrieval at 6.5 years, showed no measureable wear, a
bland synovium, and no osteoclastic or bone marrow reaction. The 12 Y patients' hip, a
revision from Polyethylene wear to MP-1™ has an unchanged radiograph and is fully
active (fig. 1).

The Ethical Committee approved 100 patients in a single surgeon (PJB) post-marketing
trial running Delta ceramic femoral ball against MP-1™ liner. Age range is from 81 to 43
years. The younger patients now being offered MP-1™!in view of the retrieval data. The
MP-1™ acetabular liner is 4mm thick, as currently used in a LIMA PF shell, which
replaces Polyethylene, Ceramic or dual mobility options.

Out of the 74 enrolled patients, 44 patients have the implant for more than 5 years. The
only “Complications” in a few patients was an initial squeak which spontaneously
disappears by 10 days and never returns. This is likely due to reduced clearance
between head and liner and likely easily correctable. There have been no dislocations or
restrictions on activity level. Oxford and Harris Hip scores along with radiology, blood
and clinical examination are collected during follow-up.

MP-1™ liner on Delta ceramic head in THA, or in the future with MP-1 head, looks very
promising with advantages of ease of sterilization, insignificant wear, no tissue reactivity
and ability to have thin section and larger femoral heads if desired for larger range of
motion.

MP-1™ biomaterial is used for other medical devices as well such as dental implants
and trauma nails,Plates and screws.

Figures
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a€Introductiona€’ In routine practice, the course of the contralateral initial hip
arthropathy after unilateral THA in patients with bilateral sublux hip arthropathy, some
cases progresses to terminal hip arthrosis with time to surgery or other cases whose
the joint space is kept and the follow-up observation continues conservatively with a
mild pain. In this study, we examined the differences between the case of progression
from initial arthropathy to the terminal arthropathy which continuous to THA and the
case of continuing preservative treatment. Z8EMETHODS&€' From October 2003 to May
2012, 58 patients with initial hip arthritis on the other side during the initial THA with a
diagnosis of bilateral sublux hip arthropathy were performed at our hospital were
examined retrospectively by dividing into 36 preservation treatment group and 22 THA
treatment group. The examination items were age, height, weight, BMI, body weight
gain at the time of initial surgery, CE angle, Sharp angle, AHI as X-ray

finding. Furthermore, cases with CE angle less than 15 degrees were also examined in
similar items between the two groups. ZERESULTSAa€All examination items of age,
height, weight, BMI, body weight gain at the time of initial surgery were not significant.
In the X-ray findings, the sharp angle of the preservation treatment group was 47.88
degrees, and the THA treatment group was 49.30 degrees no significantly, but the CE
angle of the preservation treatment group was 15.0 degrees , the THA treatment group
was 9.9 degrees (p = 0.004), AHI of the preservation treatment group was 67.7%, the
THA treatment group was 60.5% (p = 0.0008) significantly higher degree of acetabular
dysplasia. As a result of similar examination limited to cases with a CE angle of 15
degrees or less, a significant difference was found between the preservation treatment
group with AHI only (60.6%) and THA treatment group (52.1%) (p = 0.02). &€Discussion
and Conclusiona€‘ As a factor that advanced from initial hip arthrosis to end hip
arthrosis from this study, it is related not to the physical factors such as age, height,
weight gain, but to the extent of dysplasia caused by X —ray. In the present study, only
the significant differences between the 2 groups were examined for each evaluation
item in the backwards. Further examination items such as bone mineral density,
occupation, sports history, lumbar scoliosis, pelvic backward inclination, leg length
difference, etc. were needed to add and to clarify true participation factors by using
multivariate analysis taking account of the condition of the THA side.&€Summarya€‘lt is
revealed that the progressive factor of initial arthropathy to the terminal arthropathy
which continuous to THA are CE angle and AHI.
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Background/ Purpose:

Recent literature from 2008 suggested that revision rates following MoM Hip
Arthroplasty could be as high as 1in 5 (20%) by 10 to 15 years. The main indication for
revision is the adverse reaction to metal debris leading to local tissue destruction and
failure of implants. The aim of this study is to determine our revision rate post MoM hip
arthroplasty and determine if a correlation exists with raised metal ions.

Methods:

This is a retrospective cohort study of all patients who had MoM hip arthroplasty at our
unit. 135 consecutive patients were included with a minimum follow up of 12 years since
2006. The mean age was 51 (30-82) years. Lab results were reviewed for metal ion
(Chromium and Cobalt) levels and x-rays where obtained as routine follow up post
procedure.

Results:

Revision rate was 6.6% at 12 years mark. There was no statistically significant
correlation between metal ion levels and revision surgery. The main indication for
revision surgery was infection (2.9%).

Conclusion: Revision rate following MoM hip arthroplasty is variable and is attributed to
multiple factors. No correlation existed between revision surgery and raised metal ion
levels.

Keywords:

Metal on Metal, Hip Arthroplasty, Metal lons
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Obijectives:

Metal on Metal (MoM) hip arthroplasty saw a new era of popularity with the
development of its second generation bearing surfaces, in the first decade of this
century. However, by the end of last decade, concerns had been raised due to metal
debris related complications. We aimed to determine the survival of MoM stemmed hip
replacement in the younger population. We also studied the rate of revision related to
adverse reaction to metal debris (ARMD) along with reviewing the clinical and
radiological progress of MoM hip arthroplasty in younger age (<55yrs) group.

Methods:

This is a retrospective cohort study of patients 55 yrs old or younger, who had metal on
metal (MoM) hip arthroplasty for osteoarthritis. We had 109 procedures performed on 90
patients with a mean follow up of 10 years. All patients were reviewed as per MHRA
guidelines in planned follow-up clinics. Data analyses were performed using SPSS.

Results:

Survival of implant in our younger cohort was 88.1% at a mean age if 10 years, with
revision for any cause as an endpoint. Mean Oxford hip score was 43. Altogether, there
were 12 revisions, 7 of these were for metallosis and associated symptoms. Average
time to revision was 7 years. Other analysis revealed mean acetabular cup inclination
angle to be 49 degrees, but no significant correlation was found between this angle and
serum metal ion levels. Serum Chromium and Cobalt levels were significantly higher in
revision group.

Conclusion:

Metal on metal hip arthroplasty prime popularity time has gone. In younger population,
although revision rates are higher, the surviving implants give a very good outcome in
terms of patient satisfaction. Most of the patients report a desired outcome of ‘forgotten
hip’.

Keywords:

Metal on Metal, Hip Arthroplasty, Metal lons, Younger patients, Oxford hip score
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Introduction

The knowledge of the right amount of tension of the collateral ligaments in native knees
is one of the hot topics to restore the normal kinematics in TKA. To guarantee stability in
TKA there should be enough tension necessary but no overtensioning. In this study we
could confirm that the tension of the ligaments is not more than 20-25N on each side (in
total 40-50N) to achieve stability in the knee joint.

Methods and materials:

During an experimental activity we examined 5 cadaveric knee specimenwith intact
ligaments. With the knee in full extension, a constant force was applied on the femoral
bone and the displacement was measured up a plateau was reached.. This test was
conducted for a knee joints with intact cruciates, then we sacrificed the anterior cruciate
and in a third step the posterior cruciate even to find out if there is any change in
extending the joint comparing distance and tension.

Results:

In all cases the tension was with intact ACL and after sacrificing it not more than 20 N
(18-22N) in average, after sacrificing the PCL the tension for maximum laxity was in
average 24 N (22-26N).

Summary:

Most devices for ligament tension work with more than 80 N to balance the knee.
Especially in cases with weak ligaments or asymmetric stability can occur the problem
of over- or under-tensioning to balance the knee.

In our study we could show, that less tension of the ligaments are enough to stabilize
the knee.

Conclusion:

The most important point in restoring the normal kinematics in TA is preserving the soft
tissue envelope. Of course there is still the need to proceed the correct cuts to secure
survivorship of TKA, but there are still 20% dissatisfied patients. We think that there is a
strict correlation to the soft tissue situation, even in the tension of ligaments, capsule
and muscles. Proper adaption to the normal tension situation to avoid overtensioning
will improve results and show the need of measurement devices to reach this aim.
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Introduction

Osteoarthritis (OA), a painful, debilitating joint disease, often caused by excessive joint
stress, is a leading cause of disability (World Health Organisation, 2003) and increases
with age and obesity. A 5° varus malalignment increases loading in the medial knee
compartment from 70% to 90% (Tetsworth and Paley, 1994). Internal unloading
implants, placed subcutaneously upon the medial aspect of the knee joint, are designed
to offload the medial compartment of the knee without violating natural joint tissues. The
aim of this study is to investigate the effect of an unloading implant, such as the Atlas™
knee system, on stress within the tibiofemoral joint with different grades of cartilage
defects.

Methods

To simulate surgical treatment of medial knee OA, a three-dimensional computer-aided
design of an Atlas™ knee system was virtually fixed to the medial aspect of a validated
finite element knee model (Mootanah, 2014), using CATIA v5 software (Dassault
Systemes, Velizy Villacoublay, France). The construct was meshed and assigned
material properties and boundary conditions, using Abaqus finite element software
(Dassault Systemes, Velizy Villacoublay, France). A cartilage defect was simulated by
removing elements corresponding to 4.7 mm2. The international cartilage repair society
(ICRS) Grade Il and Ill damage were simulated by normalized defect depth of 33% and
67%, respectively. The femur was mechanically grounded and the tibia was subjected to
loading conditions corresponding to the stance phase of walking of a healthy 50-year-
old 68-Kg male with anthropometrics that matched those of the cadaver. Finite element
analyses were run for peak shear and von Mises stress in the medial and lateral
tibiofemoral compartments.

Results

Figure 1 shows von Mises stress distribution in the tibial cartilage, with ICRS Grade |l
and Ill defects , without the unloading implant, at the end of weight acceptance (15% of
the gait cycle). The internal unloading implant reduces peak von Mises stress by 40%
and 43% for Grade Il and Grade lll cartilage defects, respectively. The corresponding
reductions in shear stress are 36% and 40%. Figures 2a and 2b show a consistent
reduction in peak von Mises stress values in the medial cartilage-cartilage and cartilage-
meniscus contact areas throughout the stance phase of the gait cycle for ICRS Grade |l
defect. Similar results were obtained for Grade Il defect and for peak shear stress
values. There were no overall increases in peak von Mises stress values in the lateral
tibial cartilage.

Discussion and Conclusions

The internal unloading implant is capable of reducing von Mises and shear stress values
in the medial tibial cartilage with ICRS Grade Il and Il defects at the cartilage-cartilage
and cartilage-meniscus interfaces throughout the stance phase of the gait cycle. This




did not result in increased stress values in the lateral tibial cartilage. Our model did not
account for the viscoelastic effects of the cartilage and meniscus. Results of this study
are based on only one knee specimen.

The internal unloading implant may protect the cartilage in individuals with medial knee
osteoarthritis, thereby delaying the need for knee replacements.
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Background:

Stress fractures at tracker after computer navigated total knee replacement are rare.
Periprosthetic fracture after Minimally Invasive Plate Osteosynthesis (MIPO) of stress
fracture through femoral tracker is unique in orthopaedic literature. We are reporting this
unique presentation of periprosthetic fracture after MIPO for stress fracture involving
femoral pin site track in computer assisted total knee arthroplasty, treated by
reconstruction nail (PFNA).

Methods:

A 75-year old female, who had computer navigated right total knee replacement, was
admitted 6 weeks later with increasing pain over distal thigh for 3 weeks without trauma.
Prior to onset of pain, she achieved a range of movements of 0-105 degrees.
Perioperative radiographs did not suggest obvious osteoporosis, pre-existent benign or
malignant lesion, or fracture. Radiographs demonstrated transverse fracture of distal
third of femur through pin site track. We fixed the fracture with 11-hole combihole
locking plate by MIPO technique. Eight weeks later, she was readmitted with
periprosthetic fracture through screw hole at the tip of MIPO Plate and treated by
Reconstruction Nail (PFNA), removal of locking screws and refixation of intermediate
segment with unicortical locking screws. Then she was protected with plaster cylinder
for 4 weeks and hinged brace for 2 months.

Results:

Retrograde nail for navigation pin site stress fracture entails intraarticular approach with
attendant risks including scatches to prosthesis and joint infection. So we opted to fix by
MIPO technique. Periprosthetic fracture at the top of MIPO merits fixation with
antegrade nail in conjunction with conversion of screws in the proximal part of the plate
to unicortical locking screws. Overlap of at least 3cms offers biomechanical superiority.
She made an uneventful recovery and was started on osteoporosis treatment, pending
DEXA scan.

Conclusion:

Reconstruction Nail (PFNA), refixation of intermediate segment with unicortical locking
screws constitutes a logical management option for the unique periprosthetic fracture

after MIPO of stress fracture involving femoral pin site track in computer assisted total
knee replacement.
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Purpose:

Proximal tibiae have various posterior slope angles of the tibial articular surface
according to each individual (Fig. 1). The purpose of this study was to clarify the factor
to decide the posterior slope angle.

Materials and methods:

101 patients who underwent TKA had lateral view knee digital radiograph. Three lines
were drawn on the proximal tibia (Fig. 2). Line 1 represented the anterior cortex of the
tibial shaft. Line 2 represented the anterior wall of the tibial condyle. Line 3 represented
the medial articular surface. Three angle parameters were measured. Angle APS
(articular surface posterior slope) was the angle between the line perpendicular to Line
1 and Line 3. Angle AWA (anterior wall angle) was the angle between Line 1 and Line
2. Angle CAA (condyle and articular surface angle) was the angle between Line 2 and
Line 3.

Results:

The mean (+SD) Angle APS, Angle AWA and Angle CAA was 9.4E3$ + 4.2E8, 14.9E% +
6.4E8 and 95.5E% + 5.5E8, respectively. The correlation coefficient between Angle APS
and Angle AWA and between Angle APS and Angle CAA was 0.52 and -0.17,
respectively. Angle AWA significantly contributed to Angle APS. No correlation was
found between Angle APS and Angle CAA.

Discussion:

The result clearly showed that the posterior slope of the tibial articular surface is
created by the posterior rotation of the tibial condyle. The average Angle CAA was more
than 90 degrees. The proximal tibial condyle does not have a posterior slope. The
posterior rotation of the tibial condyle creates the posterior slope of the articular surface
relative to the tibial shaft. In the coronal plane, even normal proximal tibiae have varus
alignment created by the so called “constitutional varus”. According to this theory, the
posterior rotation of the tibial condyle can be called “constitutional posterior rotation”.

This posterior rotation of the tibial condyle involves posterior shift of the tibial articular
surface (Fig. 3). Therefore, the anatomical axis that is the central line of the tibial shaft
does not coincide the mechanical axis that is defined as the line between the center of
the tibial articular surface and the center of the plafond (ankle joint). In this condition, it
may be hard to control the tension of the PCL during TKA because the PCL locates
posteriorly.

During TKA, no consensus has been obtained for the optimal posterior slope angle of
the tibial component. In the coronal plane, the normal medial inclination of the tibial
articular surface has been reported as three degrees. In the sagittal plane, the normal




posterior rotation angle of the tibial condyle should be clarified. Then, the optimal
posterior slope of the tibial component would be decided. PS-TKA may be suitable for
knees with larger posterior slope. The other discussion is how to manage the posterior
shift of the tibial articular surface. The reduction osteotomy can be applied to the
posterior condyle. The concept of “constitutional posterior rotation” can open the new
method to decide the alignment of the tibial component in the sagittal plane.
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BACKGROUND: Proximal tibia bone quality is considered to be one of factors affecting
the outcome after total knee arthroplasty (TKA), and teriparatide has been administrated
to improve the quality of the surgical site bone. However, the improvement has
evaluated by parameters such as bone metabolism marker (e.g. PINP) and dual-energy
X-ray absorptiometry at hip and spine, and therefore the surgical site is not necessarily
assessed. We investigated Hounsfield Unit (HU), or a computed tomography number, of
non-operative side proximal tibia in patients with injection of teriparatide after TKA on
only one side.

METHODS: Twenty-eight women (mean age, 76.2 years) who underwent TKA with
injection of teriparatide for at least 6 months (mean duration of injection, 15.9 months)
were included in this study. HU of the proximal tibia on non-operative side at the most
proximal level of fibular head (proximal surface) and at 5 mm below (distal surface) were
measured at pre-op, 6 months and the end of injection therapy using computed
tomography.

RESULTS: We observed an average of HU of 105.3, 110.5 and 116.3 on the proximal
surface, and 75.1, 79.7 and 85.7 on the distal surface at pre-op, 6 months and a€€the
end of the therapy, respectively. In any period, these values increased, however, no
significant difference was detected.

DISCUSSION: We had reported the decrease of bone density, assessed by X-ray,
under tibia component after TKA without teriparatide administration.Some similar
reports regard the decrease as a result of shear-stress shielding or a systemic hyper
bone turnover after the operation. This study, focusing non-operative side, was intended
to foreclose such a post-operative impact. Though, we hypothesized this study showed
some significant difference, the truth of the matter was that there was no difference. We
suggest that the teriparatide administration made at least the bone quality maintained.
The limitation of this study is not to mention control group, and then we need further
study looking at the case series without teriparatide administration in the same way.

CONCLUSION: Teriparatide injection after TKA maintained the Hounsfield Unit (HU) of
non-operative side proximal tibia.




#6044

Pre-Operative Anatomy and Its Correlation to Intra-Operative Knee
Laxity and Patient Outcome in Total Knee Arthroplasty

*Edgar Wakelin - 360 Knee Systems - Sydney, Australia
Joshua Twiggs - University of Sydney - Sydney, Australia
Brett Fritsch - SORI - Sydney, Australia
Brad Miles - 360 Knee Systems - Pymble, Australia
David Liu - Gold Coast Centre for Bone and Joint Surgery - Tugun, Australia
Andrew Shimmin - Melbourne Orthopaedic Group - Melbourne, Australia

*Email: edgar@kneesystems.com
Introduction

Variation in resection thickness of the femur in Total Knee Arthroplasty (TKA) impacts
the flexion and extension tightness of the knee. Less well investigated is how variation
in patient anatomy drives flexion or extension tightness pre- and post- operatively.
Extension and flexion stability of the post TKA knee is a function of the tension in the
ligaments which is proportional to the strain. This study sought to investigate how
femoral ligament offset relates to post-operative navigation kinematics and how
outcomes are affected by component position in relation to ligament attachment sites.

Method

A database of TKA patients operated on by two surgeons from 1-Jan-2014 who had a
pre-operative CT scan were assessed. Bone density of the CT scan was used to
determine the medial and lateral collateral attachments. Navigation (OmniNav,
Raynham, MA) was used in all surgeries, laxity data from the navigation unit was paired
to the CT scan. 12-month postoperative Knee Osteoarthritis and Outcome Score
(KOOS) score and a postoperative CT scan were taken. Preoperative segmented bones
and implants were registered to the postoperative scan to determine change in
anatomy.

Epicondylar offsets from the distal and posterior condyles (of the native knee and
implanted components), resections, maximal flexion and extension of the knee and
coronal plane laxity were assessed. Relationships between these measurements were
determined. Surgical technique was a mix of mechanical gap balancing and
kinematically aligned knees using Omni (Raynham, MA) Apex implants.

Results

119 patients were identified in the database. 60% (71) were female and the average age
was 69.0 years (+/- 8.1). The average distal femoral bone resection was 7.5 mm (+/-
1.6) medially and 5.4 mm (+/- 2.1) laterally, and posterior 10.2 mm (+/- 1.7) medially
and 8.4 mm (+/- 1.8) laterally, with implant replacement thicknesses 9 mm distally and
11 mm posterior. Maximum flexion of the knee post implantation was 121.5° (+/- 8.1)
from a preoperative value of 117.9° (+/- 9.5).

Change in the collateral ligament offsets brought on by surgery had significant
correlations with several laxity and flexion measures. Increase in the posterior offset of
the medial collateral attachment brought on by surgery was shown to decrease the
maximum flexion attained (coefficient = -0.53, p < 0.001), Figure 1. Increased distal
medial offset post-operatively compared to the posterior offset is significantly correlated
with improved KOOS pain outcomes (coefficient = 0.23, p = 0.01). Similarly, a decrease
in the distal offset of the lateral collateral ligament increased the coronal plane laxity in
extension (coefficient = 0.37, p < 0.001), while the posterior lateral resection was
observed to correlate with postoperative coronal laxity in flexion (coefficient = 0.42, p <
0.001).




Conclusions

Accounting for variation in ligament offset during surgically planning may improve
balancing outcomes. Although new alignment approaches, such as kinematic alignment,
have been able to demonstrate improvements in short term outcomes, elimination of
postoperative dissatisfaction has not been achieved. The interaction of an alignment
strategy with a given patient’s specific anatomy may be the key to unlocking further TKA
patient outcome gains.
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[Introduction] Although total knee replacement became a widespread procedure for the
purpose of knee reconstruction, osteotomies around the knee were regularly performed.
Total knee arthroplasty should be performed for advanced arthritis of the knee. With the
advent of biplanar open wedge high tibial osteotomy (HTO) combined with locking plate
fixation, HTO has been expanded and its surgical outcome has been improved in recent
years. However, post-operative joint-line obliquity has been raised as a concern with this
procedure, which may affect the outcome especially in the knees with severe varus
deformity. Hence the purpose of this study is to analyze the compression and shear
stresses in the knee cartilage with joint line obliquity after HTO. [Methods] Using a
three-dimensional computer aided design software, the digital knee model with soft
tissues was developed. The geometrical bone data used in this study were derived from
commercially available human bone digital anatomy media (3972 and 3976, Pacific
Research Laboratories, Inc., WA, USA). The three-dimensional knee model was
transferred to finite element model. Material properties of the soft tissues and bones
were derived from the literature [1]. The loading condition was adjusted to the load
during a single-leg stance of the gait cycle, which resulted in an axial compressive load
of 1200 N [14]. Two different conditions were subjected to the analysis: normal
alignment and joint-line obliquity after HTO. For the normal alignment, a static force of
1200 N was applied along the mechanical axis. For the joint-line obliquity models, a
single force of 1200 N was applied rotating force directions in the frontal plane from the
normal direction by 2.5, 59, 7.5%, and 102, respectively. [Results] The maximum values
of the axial stresses in the cartilages for the normal condition showed almost same
values in medial and lateral compartments. In the joint-line obliquity models, the
maximum axial stress values in the medial compartment did not exhibit substantial
change up to the level of 7.5° obliquity, while a rise in maximum stress value was
observed for the model with 102 obliquity. The shear stress showed a different
tendency. In the joint-line obliquity models, a steep rise of laterally directed shear stress
in the medial compartment was observed for models with obliquity of 52 or more.
[Discussion] The shear stress in the medial cartilage increased to almost twice as high
as the normal knee level for the joint-line obliquity model with an inclination of 5°. The
maximum shear stress values increased in accordance with the obliquity angle. The
elevated stress could be deleterious to the cartilage. In such large amount of correction
by tibial osteotomy leads to unfavorable mechanical environment in the knee. For those
severe situations, double-level osteotomy, which retains anatomical knee joint line by
simultaneous femoral and tibial osteotomies, should be considered to correct the joint-
line obliquity.

[1] Andriacchi TP, Mikosz RP, Hampton SJ, Galante JO (1983), Model studies of the
stiffness characteristics of the human knee joint. J Biomech 16:23-29
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a€Backgrounda€'We sometimes have experienced a case which the transverse
diameter of femoral implant is smaller than that of condylar part with osteotomy when
TKA is performed and reffered with anteroposterior diameter in daily clinical practice.
We presume the difference is related to the difference between the morphological
features of Japanese knee and the implant form actually used.

a€Purposea€'We aim to investigate the the axial CT shape of distal femoral condyle
osteotomy and to compare with the used implant shape in Total Knee Arthroplasty at
our hospital. &Material and Methoda€* We examined 110 knees 93 people who
underwent TKA with PFC Z at our hospital from January 2010 to December 2016. They
were male 18 cases 21 knees and female 75 cases 89 knees. The mediallateral
diameter (ML) of the axial CT of distal femoral condyle osteotomy were measured by
selecting the maximum diameter. The anteroposterior diameter (AP) were measured the
distance from the deepest part of the patella groove to the posterior condylar line in the
same as ML slice. We calculated the height, weight, ML and AP diameter, aspect ratio
(AP/ML) and examined the correlation and comparison the female group with the male
group.

a€Resulta€'Average ML diameter of the male were 75.93 mm, the female was 67.76
mm, and the male was significantly larger than male (p = 7.4 x 107'7) . Average AP
diameter of the male was 48.83 mm, the female was 46.74 mm, and the male was
significantly larger than male (p = 0.01). But average aspect ratio of the male was 0.64,
the female was 0.69 and the female was significantly greater than male (p = 3.4 x 1079).
There was a positive correlation between both height and body weight and ML
diameter, ML diameter and AP diameter (r = 0.5985, r = 0.4618, r = 0.4733), the ML
diameter and the aspect ratio showed a negative correlation (r = - 0.4559) and these
strength of the correlation tended to be stronger for men with r=-0.3241 than female
with r=-0.728. ML diameter in AP diameter comparable (45-50mm) cases significantly
greater in males (p = 3.8 x 107) , aspect ratio was significantly greater in female (p =
2.0x 107) .

a€Discussiona€' From the present study, it was revealed that aspect ratio of axial CT
shape of distal femoral condyle osteotomy becomes smaller as increase in lateral
diameter male and female. However, almost of European and American femoral
implants including PFCZ% are not such a form and the difference was revealed.

a€Summarya€’ It became obvious that the axial CT shape of distal femoral condyle
osteotomy becomes flat as the lateral diameter becomes larger, and the difference with
PFC Z femoral implant was clarified.
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Background

The goal of patellofemoral arthroplasty (PFA) is to replace damaged cartilage, and to
correct underlying deformities, to reduce pain and prevent maltracking. We aimed to
determine how PFA modifies patellar height, tilt, and tibial tuberosity to trochlear groove
(TT-TG) distance. The hypothesis was that PFA would correct trochlear dysplasia or
extensor mechanism malalignment.

Methods

The authors prospectively studied a series of 16 patients (13 women and 3 men) aged
64.9 + 16.3 years (range, 41 to 86) that received PFA. All knees were assessed pre-
operatively and six months post-operatively using frontal, lateral, and ‘skyline’ x-rays,
and CT scans to calculate patellar tilt, patellar height and tibial tuberosity—trochlear
groove (TT-TG) distance.

Results

The inter-observer agreement was excellent for all parameters. (ICC > 0.95). Pre-
operatively, the median patellar tilt without quadriceps contraction (QC) was 17.5°
(range, 5.3°-33.4°) and with QC was 19.8° (range, 0°-52.0°). The median Caton-
Deschamps Index (CDI) was 0.91 (range, 0.80-1.22) and TT-TG distance was 14.5mm
(range, 4.0—22.0). Post-operatively,the median patellar tilt without QC was 0.3° (range,
-15.3°-9.5°) and with QC was 6.1° (range, -11.5°-13.3°). The median CDI was 1.11
(range, 0.81-1.20) and TT-TG distance was 10.1mm (range, 1.8—13.8mm).

Conclusion

The present study demonstrates that, beyond replacing arthritic cartilage, trochlear-
cutting PFA improves patellofemoral congruence by correcting trochlear dysplasia and
standardizing radiological measurements as patellar tilt and TT-TG. The association of
lateral patellar facetectomy diminishes local effects of OA and improves patellar tracking
by reducing the patellar tilt.
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Introduction: While TKA procedures have demonstrated clinical success, medial/lateral
overhang of the femoral component in total knee arthroplasty (TKA) of 23mm has been
shown to be associated with an increased risk of knee pain [1]. The Asian patient
population tends to have a smaller distal femoral size, as compared to the Caucasian
population [2]. The aim of this study was to determine and compare the prevalence of
femoral component overhang among an inclusive (non-segmented) and Asian-identified
(Asian-segmented) population, using a flexible intramedullary-rod, posterior referencing
method.

Methods: CT Scans from bilateral lower limbs of skeletally mature subjects (981
inclusive, 267 Asian-identified), without bone pathology were prospectively acquired.
Bones were segmented and landmarks were modeled using a flexible intramedullary-
rod, posterior referencing method. Femoral components were virtually positioned by
aligning the lateral implant edge with the lateral bone edge, where the anterior flange
meets the anterior chamfer [Fig. 1]. Medial and lateral component overhang was
measured at three zones: (1) intersection of the anterior flange and anterior chamfer
(medial only), (2) anterior chamfer mid-line, and (3) distal face mid-line [Fig. 2]. The
central tendency of the samples was determined using the observed mean and median
and the 95% confidence interval.

Results: In this study, the percentages of the inclusive population that had predicted fit
with overhang <3mm were 98.9% at Zone 1 (medial), 99.7% and >99.9% at Zone 2, and
99.2% and 98.4% at Zone 3, for medial and lateral measurements, respectively [Fig. 3].
The percentages of the Asian-identified population with predicted overhang <3mm were
98.4% at Zone 1 (medial), 99.6% and >99.9% at Zone 2, and 99.1% and 98.3% at Zone
3, for medial and lateral measurements, respectively.

Discussion and conclusion: This virtual study demonstrates the femoral components
of this knee system are predicted to fit over 98.3% of the inclusive and Asian-identified
population with overhang less than 3mm, using a flexible intramedullary-rod, posterior
referencing method. When evaluating the fit of an implant, it is important to match the
implant placement per the design intent of the system. A separate study using an
alternate referencing method, without the use of a flexible intramedullary-rod, showed
up to an 8% difference in predicted successful fit, as compared to the findings in the
present study [3]. Fit studies should be cautiously interpreted and consider design intent
of the system.

References:

[1] Mahoney OM, Kinsey T. Overhang of the femoral component in total knee
arthroplasty: risk factors and clinical consequences. J Bone Joint Surg Am. 2010
May;92(5):1115-21.




[2] Mahfouz M, Abdel Fatah EE, Bowers LS, Scuderi G. Three-dimensional morphology
of the knee reveals ethnic differences. Clin Orthop Relat Res. 2012 Jan;470(1):172-85.

[3] Dai Y, Scuderi GR, Penninger C, Bischoff JE, Rosenberg A. Increased shape and
size offerings of femoral components improve fit during total knee arthroplasty. Knee
Surg Sports Traumatol Arthrosc. 2014 Dec;22(12):2931-40.

Figures

Figure 1. Lateral implant edge virtually aligned
with lateral bone edge, where the anterior flange
meets the anterior chamfer.
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Figure 2. Anterior view of the femoral cuts
showing location for measurements at Zone (1)
intersection of the anterior flange and anterior
chamfer (medial only), (2) anterior chamfer mid-
line, and (3) distal face mid-line,

Figure 2
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Figure 3. Prediction of percentage of inclusive and Asian-identified population with overhang <3 mm
at Zone 1 (medial), 2 (lateral and medial) and 3 (lateral and medial).
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Introduction:

Extramedullary referencing guides are commonly used to assist with tibial cuts in total
knee arthroplasty. Proper use of such instruments depends upon a surgeon’s ability to
set such a guide correctly in relation to the patient’s tibia. Typical planned posterior
slope in the sagittal plane varies from 0 to 7 degrees based on implant design and
surgeon preference. While many tibial guides are made that have built in slope,
requiring the surgeon to set the guide perpendicular to the long axis of the tibia, others
have no built-in slope and the surgeon must therefore estimate the posterior slope prior
to making the tibial cut. This study analyzes the ability of training and experienced
orthopedic surgeons to estimate both 0 and 5 degrees of posterior slope.

Methods:

Prospective data was collected from resident and faculty orthopedic surgeons at a
single institution. A model knee was used with navigational equipment attached to an
extramedullary tibial cutting guide (figures 1 and 2). Participants were asked to
alternately estimate 0 and 5 degrees of posterior slope with sets of 20 data points
collected in a single run. Participants repeated the exercise for 3 trials over the course
of 2 days and were blinded to the accuracy of their measurements. Data was stratified
according to training level and statistics performed via regression analyses and odds
ratios with significance set at p<0.05.

Results:

Median values for estimations of 0 and 5 across all groups equaled 1(upper and lower
quartiles of 0,2) and 3(2,5) respectively. There was a tendency for surgeons to err
towards increased slope in the 0 group and decreased slope in the 5 group. Overall
there was no difference in the variation of measurements from the targets of 0 and 5
(P=0.220). Participants were more likely to estimate exactly 0 than exactly 5 (P=0.003).
and there was a positive correlation between training and accuracy specifically in the 0
degree slope group with experienced surgeons more likely to closer to 0 than other
training levels (OR 2.09-8.44). Lastly, the ability to produce an intended 5 degree
difference in estimated slope increased with surgeon experience (figure 3).

Conclusion:

In our analysis of orthopedic surgeons at various training levels in a single institution,
participants more accurately estimated 0 degrees of slope than 5 degrees of slope.
This finding may have clinical significance as guides with built-in slope (therefore
requiring an estimation of 0 degrees) may more consistently produce the intended
result.

Figures
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Aims: The morphometry of the distal femur was largely studied to improve bone-implant
fit in total knee arthroplasty (TKA), but little is known about the asymmetry of the
posterior condyles. This study aimed to investigate the dimensions of the posterior
condyles and the influence of externally rotating the femoral component on potential
prosthetic overhang or under-coverage.

Methods: We analysed the shape of 110 arthritic knees at the time of primary TKA
using pre-operative CT scans. The height and width of each condyle were measured at
the posterior femoral cut in neutral position, and in 32 and 5° of external rotation, using
both central and medial referencing systems (Fgirue 1). We compared the
morphological characteristics with those of 14 TKA models.

Results: In the neutral position, the dimensions of the condyles were nearly equal.
Externally rotating the femoral cut by 32 and 5 with ‘central referencing’ induced width
asymmetry >3mm in 23% and 32% of knees, respectively, while with ‘medial
referencing’ it induced width asymmetry >3mm in 41% and 68% of knees, respectively.
The asymmetries induced by rotations were not associated with gender, aetiology or
varus-valgus alignment.

Discussion: External rotation could amplify the asymmetry between the medial and
lateral condyles, and exacerbate prosthetic overhang, particularly in the supero-lateral
zone. ‘Central referencing’ guides result in less potential prosthetic overhang than
‘medial referencing’ guides.

Take Home Message: Surgeons must be aware of prosthetic overhang that could arise
at the posterior condyles, which are hardly visible during surgery, and which could
induce impingements with the popliteus tendon or the joint capsule.

Figures
No Rotation Central Referencing  Medial Referencing
Lat > Mod Lotf Med, Lat Med
- 7 O e | ——
= -



https://app.istaonline.org/figures/10935.jpg




#5920

Tibial Bone Density Changes Following TKA: What Can We Learn
From DEXA Studies?

*Thomas Anijs - Radboudumc - Nijmegen, Netherlands
Dennis Janssen - Radboud University Nijmegen Medical Centre - Nijmegen, Select
Country
Nico Verdonschot - Radboudumc - Nijmegen, Netherlands

*Email: Thomas.Anijs@radboudumc.nl
Introduction

Aseptic loosening is the main reason for total knee arthroplasty (TKA) failure,
responsible for more than 25% of the revision procedures, with most of the problems
occurring with the tibial component. While early loosening can be attributed to failure of
primary fixation, late implant loosening is associated with loss of fixation secondary to
bone resorption due to altered physiological load transfer to the tibial bone. Several
attempts have been made to investigate these changes in bone load transfer in
biomechanical simulations and bone remodeling analyses, which can be useful to
provide information on the effect of patient, surgery, or design-related factors. On the
other hand, these factors have also been investigated in clinical studies of radiographic
changes of bone density following TKA. In this study we made an overview of the
knowledge obtained from these clinical studies, which can be used to inform clinical
decision making and implant design choices.

Methods

A literature search was performed to identify clinical follow-up studies that monitored
peri-prosthetic bone changes following TKA. Within these studies, effects of the
following parameters on bone density changes were investigated: post-operative time,
region of interest, alignment, body weight, systemic osteoporosis, implant design and
cementation. Moreover, we investigated the effect of bone density loss on implant
survival.

Results

A total of 19 studies was included in this overview, with a number of included patients
ranging from 12 to 7,760. Most studies used DEXA (n=16), while a few studies
performed analyses on calibrated digital radiographs (n=2), or computed tomography
(n=1). Postoperative follow-up varied from 9 months to 10 years.

Studies consistently report the largest bone density reduction within the first
postoperative year. Bone loss is mainly seen in the medial region. This has been
attributed to the change in alignment following surgery, during which often the pre-
operative varus knee is corrected to a more physiological alignment, resulting in a load
shift towards the lateral compartment. Measurements in unoperated contralateral legs
were performed in 3 cases, and two studies performed standardized DEXA
measurements to provide information on systemic osteoporosis. While on the short term
no changes were observed, significant negative correlations have been found between
severity of osteoporosis and periprosthetic bone density. No clear effects of bodyweight
and cementation on bone loss have been identified. Although some studies do find
differences between implant types, the variation in the data makes it difficult to draw
general conclusions from these findings.

Several studies reported no effect of bone loss on implant migration. In another study, a
medial collapse was associated with a medial increase in density, suggesting that
altered loading and increased stresses are responsible for both bone formation and the
overload leading to collapse.




Discussion

There are important lessons to be learned from these clinical studies, although
generally the large spread in the DEXA data restricts strong conclusions. There is a
large variation in used ROI definitions, complicating direct comparisons. Finally, most
studies report density changes of well-functioning reconstructions, since only very large
studies are able to gather enough failed cases.
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INTRODUCTION

Proper fit of the implants with the native morphology in the knee is critical to the
success of total knee arthroplasty (TKA). In the femur, achieving this goal requires
consideration of minimizing mediolateral (ML) overhang of the femoral implant as well
as accurate alignment between the trochlear and the patella for proper patellofemoral
kinematics. Both considerations can be influenced by the design of the femoral
component. This study accessed the femoral component of a newly released knee
design for ML fit and restoration of native trochlear groove at high flexion.

MATERIALS AND METHODS

After obtaining institutional review board approval and informed consent, CT based
surface models of 48 Chinese (24M/24F) and 43 Caucasian (22M/21F) right femora was
virtually resected according to its proper component size following anterior referencing
surgical technique for Truliant® Knee System (Exactech Inc, Gainesville, FL, USA). A
computer algorithm first placed and lateralized the femoral component such that it
aligned with the bony resection at the anteroposterior (AP) mid-point of the distal cut.
The ML fit of the component was then measured at the AP mid-point of the distal
resection. The placement was further optimized by slightly adjusting the component ML
to reduce the incidence of clinically important overhang (>3mm [1]) and minimized the
ML deviation between the center of the component intercondylar notch and the deepest
point on native trochlear groove at the same proximal-distal level as the component
notch (Fig 1). The fit of the component was assessed by the incidence and severity of
clinically important overhang based on the optimized placement, as well as the ML
deviation between component and native intercondylar notch locations. A <5mm
deviation was considered proper restoration of the notch by the femoral component
[2,3]. Significance was defined as p<0.05.

RESULTS

Only one out of the 91 bones had >3mm component overhang (chinese, female), with a
negligible amount of overhang exceeding the clinically important threshold (0.8mm)
(table 1a). The notch of the placed femoral component closely restored the native
location, which was on average ~1mm medial to that of the femur across all ethnic and
gender groups (table 1b). 95% of the bones had the femoral component notch placed
within 5mm ml of the native femoral intercondylar notch. No ethnic or gender difference
was found in the deviation of notch location.

DISCUSSION

The findings demonstrated excellent fit offered by the newly released knee design,




which not only minimize the component overhang, but also restore the ML position of
the native intercondylar notch in the femur. Without offering narrow components, this
knee design was shown to provide equally good fit among both ethnic groups studied
and both genders. Compared to the reported data on several femoral designs [3,4], the
intercondylar notch in this design may offer less patella displacement at high flexion,
potentially facilitating normal patella tracking.

REFERENCES:

[1] Mahoney et al, JBJS[Am], 92-A:1115-21,2010.
[2] Strachan et al, JOA, 24(5):735-42,2009.
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Figures

Deepest point of trochlear Component
groove at component notch point

notch level /

Deviation between component
and native notch points

Figure 1. A representative femur demonstrating the measurement of

mediolateral deviation between the placed component intercondylar

notch and corresponding notch point on the native trochlear groove.
Figure 1



https://app.istaonline.org/figures/10123.jpg

A Incidence of Clinically Important Overhang

Chinese Caucasian Female Male
N 48 43 45 46
Number of Bones
with >3mm Overhang 1(3.8mm) 0 1(3.8mm) 0
B Deviation (mm) p
Pooled 1016
Chinese 13%19
0.10
Caucasian 07+13
Female -13+19
0.13
Male 08+13

t Negative values indicate that intercondylar notch in the femoral component is medial to the
native notch.

Table 1. A) Incidence of >3mm overhang in the data set. B) Mediolateral deviation in
the location of intercondylar notch betwen the placed femoral component and the
native bone.

Figure 2
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Changes in Bone Mineral Density of Both Proximal Femurs after Total Knee
Arthroplasty

Kunyoung Park, MD

Department of Orthopedic Surgery, Daejeon Veterans Hospital, Daejeon,Korea

Background:This study investigated the effects of total knee arthroplasty (TKA) on
bone mineral density (BMD) of the proximal femur in patients who underwent the
procedure.

Methods: Forty-eight patients scheduled to undergo unilateral TKA because of primary
knee osteoarthritis were included in this study, which was conducted at a medical center
between October 2006 and October 2009. In these 48 patients, 96 hips were evaluated.
Measurement of BMD was performed preoperatively and one month, three months, six
months, and one year after unilateral TKA. Repeated measured analysis of variance
and paired t-tests for comparison of two repeated samples were used to compare
differences between time points (preoperation, one, three, six, and 12 months) and
between the operative and nonoperative sides.

Results: Preoperatively, BMD of the femoral neck, trochanter, and total hip on the
operative side were lower than on the nonoperative side; however, there was no
statistical difference. BMD of both femoral neck areas was significantly lower than
preoperative BMD at one month and three months after TKA. BMD of both trochanter
areas was significantly lower than preoperative BMD at one month and three months
after TKA. BMD of both total hips was significantly lower than preoperative BMD at
three months after TKA. However, no statistical differences of changes in BMD were
observed between the operative and nonoperative sides at each measurement time.

Conclusions: According to our results, TKA was found to affect both proximal femurs
during the acute period. However, TKA did not affect a change in BMD of the proximal
femur during one year postoperative
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Component alignment and soft tissue constraints are key factors affecting function and
implant survival after total knee replacement (TKR). Knee kinematics contribute to knee
function whilst soft tissue constraints and component alignment impact polyethylene
wear. This study experimentally investigated the effect of soft tissue constraints and
component alignment on the kinematics and wear of a TKR.

A six station electromechanical ProSim knee simulator was used with the ISO 14243-
1:2009 standard force control inputs; axial force, flexion-extension (FE), tibial rotation
(TR) torque and anterior-posterior (AP) force. This allowed the kinematics to vary with
the test conditions. The soft tissue constraints were simulated using virtual springs.

DePuy Sigma XLK fixed bearing TKRs were tested in 25% bovine serum (in 0.04%
sodium azide) lubricant. The average output kinematics across 6 stations were found for
each test and the peak values compared. The wear rates were calculated over 2 million
cycles (MC), the serum was changed every 350,000 cycles and the tibial inserts
weighed after every MC. A one way ANOVA and post hoc Tukey’s test was used to
compare the kinematics and wear with significance taken at p<0.05.

The kinematics and wear rates for three soft tissue conditions were established under
ideal alignment (Table 1). The ISO standard springs for a cruciate substituting (CS) and
a cruciate retaining (CR) prosthesis were used to represent a knee with a resected ACL
and PCL and a knee with a resected ACL respectively. The third spring condition was
based on clinical data to represent a “stiff” knee.

Three other alignment conditions were then assessed using “stiff” knee springs; 4°
varus, 14° rotational mismatch and 10° posterior tibial slope. These alignments were
chosen to represent the range found in clinical data.

Under ideal alignment the “stiff” knee springs had significantly lower peak AP and TR
displacements (0.9mm, 2mm, 2mm and 3.6°, 7.1°, 7.8° for the “stiff’, CR and CS
springs respectively) than the other springs (p<0.01) (Figure 1.1). The “stiff” knee spring
had a significantly lower wear rate than the CR spring; 1.58 £1.20mm3/MC compared to
4.71£1.29 mm3/MC (p<0.01).

The varus and rotated components had significantly larger peak AP displacements of
2.56mm and 2.42mm respectively, than the ideal and tibial slope fixtures (1.97mm and
0.92mm respectively) (p<0.01) (Figure 1.2). The rotated components had significantly
higher internal rotation of 12.2° compared to 4.4°, 3.7° and 3.5° for the tibial slope,
varus and ideal components respectively (p<0.01).

The ideal and varus components had significantly lower wear than the tibial slope and
rotated components (1.58+1.20mm?3¥/MC and 0.15+0.83mm3/MC compared to
8.24+7.72mm3/MC and 5.19+1.12mm3/MC respectively) (p<0.01). This may be due to
increased AP and TR displacements with the rotated components and the increased
anterior AP displacement with the tibial slope components, resulting in wear on the
posterior edge of the tibial insert.




Soft tissue constraints and component alignment had a significant effect on the
kinematics and wear. Experimental simulation should test a variety of soft tissue and
alignment conditions to reflect the range observed clinically and determine causes for
early failure.

Figures

Table 1: Spring tension values for the three spring conditions tested

Springs AP Spring TR Spring
Gap Around | Anterior Posterior Gap Spring
the Zero Spring Spring Around the  Tension
Position (mm)  Tension Tension Zero (Nm/°)

4 (N/mm) (N/mm) | Position (°)

ISOCR 25 9.3 44 ) 0.36
ISOCS 25 9.3 9.3 ' 6 0.13
“Stiff" 0 127 127 0 0.7
knee
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Figure 1.1: Average output Kinematics with ideal alignment and three different soft tissue conditions

Figure 2

) i

& )

Ex &
EE ., 27
Eg 85
8 -
8. 23
%8 €z
[« B x>

%8, §
g i

PP S ..V W S CH S S w——" | D — —— —
0 0 » & L o » Ly L 0o Q 0 » » & =% = L L o0
% Gan % Gadt
(a) AP Displacemont (b) TR Displacement

Figure 1.2: Average output Kinematics using “stiff” knee springs and four different alignment conditions
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Introduction

Kneeling pain in patients who have undergone TKA has various potential sources,
including scar position, pain-sensing mechanoreceptors, patellofemoral joint pressure,
and contact pressure. Among these risk factors, we hypothesized that high contact
pressure on the anterior aspect of the knee contributes to pain or discomfort during
kneeling after undergoing TKA. In order to investigate whether the contact pressure is
related to the pain at the time of kneeling, it is first necessary to establish a method for
quantitatively measuring the contact pressure. Thus, our study aimed to quantify the
contact pressure on the anterior aspect of the knee during kneeling, and to determine
the relationship between kneeling ability and contact pressure.

Material and Methods

The subjects included 26 volunteers and 60 patients who had undergone primary TKA
for end-stage knee osteoarthritis. To measure the contact pressure and contact area,
we used the I-SCAN. The I-SCAN is a pressure mapping device that employs a system
of surface-pressure measurement sensors with a spatial resolution of 5.41 mm. The
sensor used by the system for collecting interface pressure is 0.1 mm thick. Each
participant was asked to face forward while kneeling for 10 seconds, at 90° knee flexion
without using hand support. We measured the peak contact pressure and contact area
as the participants knelt directly on the hard floor.

Results

In the post-TKA patient group, 22 patients were unable to kneel, 13 patients
experienced extreme difficulty, 10 patients experienced moderate difficulty, 10 patients
experienced little difficulty, and 5 patients could kneel easily. The peak contact pressure
during kneeling was 1.33 N/cm2/kg in the volunteer group and 0.77 N/cm?/kg in the
post-TKA patient group. The peak contact pressure was significantly lower in the patient
group than in the volunteer group. The average total contact area during kneeling was
1066 mm?2 in the volunteer group and 1143 mm? in the post-TKA patient group. There
was no significant difference between the groups. The percentage of load of the
kneeling side during kneeling was 42.9% in the volunteer group and 33.2% in the post-
TKA patient group. The load of the kneeling side was significantly lower in the patient
group than in the volunteer group.

Discussion

We quantitatively measured the contact pressure on the anterior aspect of the knee
during kneeling and found that the contact pressure was significantly lower in patients
after TKA than in volunteers. We believe that, after TKA, patients might not be able to
keep their weight on the operative leg during kneeling. As a result, the contact pressure
was significantly lower in the patients. In fact, it was shown that the load of the kneeling




side was significantly lower in patients who had undergone TKA than that in volunteers.
Conclusions

This is the first study to perform quantitative measurements of contact pressure while
kneeling. Although no differences were found between the contact areas of post-TKA
patients and healthy individuals, while kneeling, the contact pressure and the load of the
kneeling side/body weight of the post-TKA patients were significantly lower.
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INTRODUCTION:

Postoperative functional limitations after Total Knee Arthroplasty (TKA) are caused, in
part, by a mismatch between a patient’s natural anatomy and conventional “off-the-
shelf” implants. To address this, we propose a new concept combining off-the-shelf
femur and tibia implants with custom polyethylene tibial inserts designed to account for
a patient’s unique anatomy. Our goal in this study was to use knee specific
computational modeling to determine the neutral path of motion and laxity of an intact
knee under axial compression and shear forces through full flexion and compare intact
motion against the same knee implanted with a conventional off-the-shelf vs. a custom
tibial insert.

METHODS:

3D models of a healthy knee joint were acquired from an open development repository
funded by the National Institute of Biomedical Imagining and Bioengineering [1]. The
knee model was virtually implanted with conventional (off-the-shelf) posterior cruciate
retaining (CR) components including the femoral component, tibial tray, and a
conventional insert. A custom CR tibial insert was designed taking into account native
articular geometry and compatibility with placement of the off-the-shelf femoral/tibial
tray. Bone, cartilage and implant models were imported into ANSYS Workbench.
Ligament were calibrated using data from in-vitro experimental tests [1]. The following
load conditions were applied to the femur: 20 N axial compression (neutral path), 20 N
axial compression with 80 N anterior shear force, and 20 N axial compression with 80 N
posterior shear force. Simultaneously for each loading condition, the knee was flexed
from 0 - 120 degrees. A circular axis system was used to describe the motion of the
femur relative to the tibia.

RESULTS:

For the intact case, neutral path was characterized by greater posterior femoral
displacement on the lateral side than on the medial side, especially in early flexion
(Fig.1). Neutral path of the custom insert was closer to intact condition than the
conventional insert (Fig. 1). Overall AP laxity was similar between intact and implanted
models except at 30 degrees where increased laxity occurred posteriorly for the
implanted models, likely due to resection of the anterior cruciate ligament (ACL) as part
of the TKA procedure. For intact and implanted models, AP laxity significantly
decreased at the higher flexion angles (Fig. 2 and 3).

DISCUSSION:

Our findings indicate that motion with a custom tibial insert was closer to intact than the
conventional design. Nonetheless, custom articular surface alone may not fully
reproduce intact motion due to limitations such as resection of the ACL, and such
custom inserts may benefit from guiding features such as a cam, post, or retention of
the native ACL to more closely reproduce normal knee function. We did not simulate
specific activities of daily living. Increasing the magnitudes of compression and shear
forces would not change the neutral path of motion, although, a reduction in laxity would
be expected.

REFERENCES:
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Introduction

In total knee arthroplasty, the aim is to relieve pain and provide a stable, functional
knee. Sagittal stability is crucial in enabling a patient to return to functional activities.
Knee implants with a medial pivot (MP) design are thought to more accurately
reproduce the mechanics of the native joint, and potentially confer greater antero-
posterior stability through the range of flexion than some other implant designs.

Aim

This study aims to compare the sagittal stability of four different total knee arthroplasty
implant designs.

Method

Comparison was made between four different implant designs: medial pivot (MP),
cruciate retaining (CR), posterior stabilised (PS) and deep dish (DD). A cohort of 30
Medial Pivot (MP) knees were compared with matched patients from each of the other
designs, 10 in each group. Patients were matched for age, body mass index and time to
follow up.

Clinical examination was carried out by an orthopaedic surgeon blinded to implant type,
and sagittal stability was tested using a KT1000 knee arthrometer, applying 67N of force
at 30ES and 90ES.

Results

The MP knee was more stable than the CR knee at both 30° (mean movement: 1.37mm
vs 2.48mm, p=0.037) and 90° (1.68mm vs 2.37mm, p=0.030).

The MP knee was more stable than the PS knee at 302 (0.98mm vs1.33mm, p=0.013).
The MP knee also demonstrated less movement at 90 ¢ (0.98mm vs 1.33mm), but this
was not statistically significant (p=0.156).

The MP knee was more stable than the DD knee at 30 ¢ (0.48mm vs 1.33mm, p=0.03)
and 90 ¢ (0.67mm vs 1.15mm, p=0.048).

Overall the medial pivot design was more stable than all non-medial pivot designs at 30
¢ (0.8mm vs1.66mm, p=0.003) and 90 ¢ (1.1mm vs 1.61mm, p= 0.008).




Conclusion

Overall, the medial pivot design demonstrated significantly greater antero-posterior
stability than all other design types included in this study. Correlation with patient
reported outcome scales will allow insight into whether these statistically significant
differences are also clinically significant.
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Introduction

Kinematics post-TKA are complex; component alignment, component geometry and the
patient specific musculoskeletal environment contribute towards the kinematic and
kinetic outcomes of TKA. Tibial rotation in particular is largely uncontrolled during TKA
and affects both tibiofemoral and patellofemoral kinematics. Given the complex nature
of post-TKA kinematics, this study sought to characterize the contribution of tibial tray
rotation to kinematic outcome variability across three separate knee geometries in a
simulated framework.

Method

Five 50t percentile knees were selected from a database of planned TKAs produced as
part of a pre-operative dynamic planning system. Virtual surgery was performed using
Stryker (Kalamazoo, MI) Triathlon CR and PS and MatOrtho (Leatherhead, UK) SAIPH
knee medially stabilised (MS) components. All components were initially planned in
mechanical alignment, with the femoral component neutral to the surgical TEA. Each
knee was simulated through a deep knee bend, and the kinematics extracted. The tibial
tray rotational alignment was then rotated internally and externally by 54° & 10a°.

The computational model simulates a patient specific deep knee bend and has been
validated against a cadaveric Oxford Knee Rig. Preoperative CT imaging was obtained,
landmarking to identify all patient specific axes and ligament attachment sites was
performed by pairs of trained biomedical engineers. Ethics for this study is covered by
Bellberry Human Research Ethics Committee application number 2012-03-710.

Results and Discussion

From the 360 Knee Systems database, 1847 knees were analysed, giving an average
coronal alignment of 4.254°+5.664° varus. Five knees were selected with alignments
between 4.14° and 4.34° varus. Kinematic outcomes were averaged over the 5 knees.
The component geometries resulted in characteristically distinct kinematics, in which
femoral rollback was most constrained by the PS components, whereas tibiofemoral
axial rotation was most constrained in MS components. Patella lateral shift was
comparable amongst all components in extension, medialising in flexion. Patella shift
remained more lateral in MS components compared to PS and CR.

Average patella lateral shift, medial and lateral facet rollback separated by tibial tray
rotation are shown for all component systems in Figure 1. Medial and lateral facet
rollback in the PS and CR components are symmetrical and opposite, indicating that
with tibial tray rotation, the tibiofemoral articulation point balances between component
rotation and neutral alignment, reflecting the restoring force exerted by the simulated
collateral ligaments. As such, with higher internal tibial rotation and subsequent
lateralisation of the tubercle, patella lateral shift increases. MS medial and lateral facet
rollback however are not symmetrical nor opposite, reflecting the chirality of the
tibiofemoral articulation. With internal tibial tray rotation, relatively high lateral facet




rollback is observed, lateralising the femoral component centre, giving the patella
component a relatively more medial position.

Conclusions

Component geometry was found here to produce characteristically distinct tibiofemoral
and patellofemoral kinematics. Medial stabilised components reported asymmetric
kinematic changes, compared to either CR or PS components, in which a higher rate of
change was observed for internal tray rotation, indicating that neutral or external rotation
of medial stabilised components will result in more predictable kinematic outcomes.

Figures

Figure 1
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Background: Total knee arthroplasty (TKA) is an effective surgical procedure to alleviate
excruciating pain and correct dysfunction due to severe knee deformity.

The satisfaction rate with current TKA is 80%, While 20% of the patients

report uncomfortable feeling during stair descending and deeply knee bending.

Preserving the ligaments might allow a restoration close to the natural function,
although sacrifice of the ACL is common with the conventional TKA technique. The
current bicruciate-retaining (BCR) TKA would be a way to go concerning this issue. This
study aimed at evaluating the intraoperative kinematics and joint laxity on BCR TKA if
the native function would be replicated and thus assessing the range of motion (ROM)
at final followup.

Methods: BCR TKAs were performed in 22 knees (12 women, 10 men, average aged
67.2-year-old) with image-free navigation system (Kolibli™) under general anesthesia.
The intraoperative kinematics was evaluated about flexion extension gap (FEG),
anterior-posterior translation (APT, bi-condylar rollback) and axial rotation (AR, medial
pivot) with passive motion. These kinematic patterns were assessed with the post-
operative ROM.

Results: There was no paradoxical anterior translation in any cases. The implant
kinematics was regulated to the medial pivot motion at early flexion phase and the bi-
condylar rollback motion to full flexion angle. The mean flexion was changed from 132
degrees at preoperation to 126 degrees at followup, and the mean flexion contracture
improved from 4 degrees to 1 degrees.

Conclusion: BCR TKA were preserved the nature kinematics including the medial pivot
motion and rollback mechanism. Postoperative ROM was quite similar when the
preoperative knee flexion was not restricted
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Introduction: Instrumented load sensors have been used in soft tissue calibration and
load distribution in the course of total knee arthroplasty for several years. A common
criticism of the method has focused on the inert nature of the soft tissue envelope
contractility under anesthesia. Furthermore, recent work has emphasized the important
role of muscle action in stabilizing the knee and improving function and satisfaction.
This study aims to demonstrate the quantitative changes in the load magnitude and
relative distribution as patients raise their leg during a wake-up test under spinal
anesthesia.

Methods: This study is an approved prospective pilot study of 25 patients who
performed a volitional straight leg raising maneuver under verbal command at the
conclusion of instrumentation and final cementing of a total knee arthroplasty. The
spinal anesthetic formula was modified to allow return of motor function within an hour of
the induction. The sensory block and sedation were not affected by this. Video capture
of the event was made through a lateral perspective to capture the efficiency: height,
knee flexion, duration and speed of the maneuver. The tibial load magnitude and
relative compartmental distribution were recorded throughout as seen in Fig 1.

Results: There was found to be variability in the efficiency of the spinal anesthetic
recipe. Smaller patients had residual motor block and either could not perform the task
satisfactorily or at all. Of the 17 patients who had enough power, the relative increase in
magnitude of tibial load force was in the range of 2.8 to 4.3, with an average of 3.4. The
relative medial to lateral load distribution was preserved in 15 cases. There were no
complications. No patient experienced any negative memory recall from the test.

Discussion: As intra-operative load sensors gain popularity in soft tissue calibration, it
is important to determine if the relatively low passive forces measured at surgery predict
(or represent) the forces that would be encountered in weight-bearing (the boundaries of
their usefulness). Naturally, the impact of ground reacting forces cannot be tested under
operative settings. This study however demonstrates that even without a wake-up test a
well- balanced knee can be expected to have a predictable 3 to 4 fold increase in load
across the joint under reasonable isometric muscular contraction, while preserving the
medial-lateral load symmetry. The ability to preserve this compartmental load symmetry
indicates that balanced load values obtained at surgery could be a predictor of clinical
success.

Figures
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Background:

Patient satisfaction after total knee arthroplasty (TKA) has been lower than after a
similar procedure, total hip arthroplasty. Poor subjective outcomes after TKA may be
partially explained by abnormal kinematics patterns after TKA. The purpose of this study
was to analyse rotational kinematics patterns in knees that had undergone posterior
stabilized (PS)-TKA, and to clarify the relationships between rotational kinematics
patterns and patient satisfaction, as well as between rotational kinematics patterns and
knee function.

Materials & Methods:

A total of 49 osteoarthritis knees after primary PS-TKA (NexGen LPS-Flex fixed bearing
knee system) were included in this study; deformed valgus, severe flexion contractures,
and highly unstable knees were excluded. We used a computer navigation system and
measured knee kinematics after each surgery was completed. A single investigator
gently applied a manual range of motion from full extension to flexion. The angle of the
internal rotation of the tibia was measured automatically at 02, 309, 452, 602, and 909,
along with maximum extension and flexion. We categorized the post-operative rotational
kinematics patterns for individual cases, focusing on the initial knee flexion from 0-30°.
Type A corresponded to an increased internal rotation angle of the tibia during the initial
knee flexion (screw home-like movement). Type B corresponded to an increased
external or an unchanged rotation angle of the tibia. We examined the range of motion
(ROM) at 6 months after surgery and assessed the 2011 Knee Society Score (2011
KSS) at 21 year following surgery.

Statistical analysis. The difference between the two groups was compared using a
Wilcoxon rank sum test. Analyses were performed with JMP statistical software v8.0
(SAS Institute). A p-value of <0.05 was regarded as significant.

Results:

The tibia exhibited an average of 52 of internal rotation at initial knee flexion. The type A
kinematics pattern achieved a better ROM and functional activity score (2011 KSS) than
the type B kinematics pattern.

Discussion:

Modern TKA implants have been designed to reproduce normal knee kinematics to
achieve better patient satisfaction and knee function. However, few reports have
described the relationship between the rotational kinematics patterns at initial knee
flexion and patient satisfaction. In our study, the type A postoperative rotational
kinematics pattern (screw home-like movement) had better ROM and functional activity
score than the type B kinematics pattern. The movement toward the internal rotation of
the tibia during initial knee flexion might be important in achieving better clinical results




after PS-TKA.
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Background: Previous studies demonstrated that an abrupt change in conformity occurs
during flexion of knee joint after total knee arthroplasty (TKA) using the multi-radius
(MR) femoral design implant. An abrupt change in conformity was shown to lead to
instability such as paradoxical anterior sliding and anteroposterior movement. For this
reason, a gradually reducing radius (GR) femoral design was introduced. Recent
studies showed that the gradually reducing radius design helped to attenuate
paradoxical anterior sliding and provide better contact area without point loading or
edge loading. Rising from a chair, defined here as sit-to-stand (STS) task is a
fundamental daily activity performed approximately 60 times per day by healthy adults.
Stair decent is also another common daily ambulatory activity and considered more
demanding than level walking. Therefore, the information comparing these tasks
between MR and gradually GR knee designs should be addressed.

Objectives: The purpose of this study was to compare lower-limb biomechanics of TKA
patients with MR versus gradually reducing radius GR knee design during sit-to-stand
(STS) movement and stair descent.

Materials and Methods: Thirty-two knees were examined at one year after TKA. The
groups consisted of subjects who had undergone total knee arthroplasty with a
representative MR designed implant (n=15, B Braun-Aesculap Vega® Knee System)
and a representative GR designed implant (n=17, Depuy Attune® Knee System). The
kinematic and kinetic parameters of vertical ground reaction force, sagittal and coronal
hip and knee range of motion (ROM), peak values of hip and knee adduction and flexion
moments of hip and knee joints were evaluated during STS movement and stair
descent. Patient-reported outcomes including Knee Society Score (KSS) and Knee
Injury and Osteoarthritis Outcome Score (KOOS) were also evaluated. Independent t-
test was done to compare the postoperative outcomes.

Results: During STS movement, STS duration was not significantly different between
two groups. And, peak hip adduction moment of GR implant group was smaller than MR
implant group (p=0.014) and peak knee flexion moment of GR implant group was
greater than MR implant group (p=0.011). In the sagittal plane during stair descent, the
knee was more flexed in the GR group than the MR group (p=0.009) and the
flexion/extension ROM of the knee joint was significantly greater in the GR group than
the MR group (p=0.004). In the coronal plane during stair descent, the maximal varus
angle and the varus/valgus ROM of the knee joint were significantly smaller in the GR
group than the MR group (p<0.001 and p<0.001). The adduction and flexion moments
of hip and knee joints and Postoperative KSS and KOOS were not significantly different
between two groups.

Conclusions: During STS movement, GR group showed more improved knee function
with greater peak knee flexion moment, whereas MR group showed adaptative hip
function with greater peak hip adduction moment to compensate knee joint after TKA.
TKA performed with GR knee design implant also showed more flexed sagittal plane
and more reduced coronal plane loading patterns of knee varus angle and excursion
during stair descent when compared with MR knee design implant.




Figures

Figure 1. Femoral sagittal curvatures of a multi-radius total knee arthroplasty
implant (lcft) and a gradually reducing radius implont (right).
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Introduction

Joint kinematics following total knee replacement (TKR) is important as it affects joint
loading, joint functionality, implant wear and ultimately patient comfort and satisfaction. It
is believed that restoring the natural motion of the joint (such as the screw-home
mechanism) with a medial pivot knee implant will improve clinical outcomes. Daily
activities such as stair climbing and stair descent are among the most difficult tasks for
these patients. This study analysed dynamic knee joint motion after implantation of a
medial pivot knee implant using fluoroscopy during stair ascent and descent activity.

Methods

Ethics approval was granted by Macquarie University to undertake fluoroscopic testing.
Four patients who had undergone a TKR were asked to participate in the study. All
patients were operated by a single surgeon (JS) and were implanted with a medial pivot
knee prosthesis (Sphere, Medacta International). Participants were tested at the 12
month post-operative time-point.

Participants were asked to step up or down a short stair-case at a comfortable self-
selected speed. Fluroscopic images were taken using a flat panel Artis Zeego (Siemens
Healthcare GmbH, Erlangen) angiography system during the dynamic activity. Images
were processed using Joint Track Auto (Banks, University of Florida), whereby the
specific femoral and tibial component CAD files were superimposed onto the
fluoroscopic images, ensuring an optimised match to the outlined components. Joint
kinematics were calculated using custom written code in Matlab 2017a.

Results

The average maximum flexion angle during stair ascent was 64° at the time when the
foot had touched the step (Table 1). The average minimum flexion angle during this
activity was 7.9°. On average, the tibia externally rotated relative to the femur by 3.6°
as the knee extended. During stair descent (Table 2) the average flexion angle changed
from a minimum of 4.3° of flexion to a maximum of 29.3° of flexion. The overall average
change in internal rotation was only 0.1°.

Conclusion

The stair ascent activity showed the joint to undergo the natural screw-home
mechanism motion; experiencing 4° of internal rotation over a 57° flexion angle range.
The stair descent activity, however, did not exhibit the same level of internal-external
rotation. This may be due to the other mechanisms such as motion adaptation of the
patient when undertaking this activity, not related to the implant design.

Figures




Table 1. Joint motion during Stair Ascent activity

Average Maximum Flexion Angle

Average Internal Rotation (at Max Flexion)

Average Minimum Flexion Angle

Average Internal Rotation (at Minimum Flexion)
Average Flexion Range

Average Change in Internal Rotation over Flexion Range

Figure 1

Table 2. Joint motion during Stair Descent activity

Average Maximum Flexion Angle

Average Internal Rotation (at Max Flexion)

Average Minimum Flexion Angle

Average Internal Rotation (at Minimum Flexion)
Average Flexion Range

Average Change in Internal Rotation over Flexion Range

Figure 2

64.4 +/- 2.8
49+/-5.8
7.9+/-7.4
1.3+/-5.6
56.5 +/-9.4
3.64+/-3.4

293 +/-7.9
4.7 +/-0.5
43+/-5.6
48+/-2.9
25.0 +/-12.9
-0.1+/-2.5



https://app.istaonline.org/figures/11400.jpg
https://app.istaonline.org/figures/11401.jpg

#6095

Interface Tissue Engineering for Joint Replacement: Biomimetic
Nanostructured Coatings, From Material Characterization to in Vitro
Stem Cell Differentiation

*Alessandro Russo - Bologna. ltaly
Gabriela Graziani - Istituto Ortopedico Rizzoli - Bologna, Italy

Michele Bianchi - ISTITUTO ORTOPEDICO RIZZOLI - BOLOGNA, ltaly
Gianluca Carnevale - University of Modena and Reggio Emilia - Modena, Italy
Alessandra Pisciotta - University of Modena and Reggio Emilia - Modena, ltaly

Laura Bertoni - University of Modena and Reggio Emilia - Modena, Italy

Marco Boi - ISTITUTO ORTOPEDICO RIZZOLI - BOLOGNA, ITALY
Alessandro Gambardella - Istituto Ortopedico Rizzoli - Bologna, Italy
Matteo Berni - Istituto Ortopedico Rizzoli - Bologna, Italy
Gregorio Marchiori - Istituto Ortopedico Rizzoli - Bologna, Italy
Anto De Pol - University of Modena and Reggio Emilia - Modena, Italy
Stefano Zaffagnini - Researcher Istituti Ortopedici Rizzoli - Bologna University Sports -
Bologna, Italia

*Email: a.russo@biomec.ior.it

The possibility of covering the surface of orthopaedic implants according to biomimicry
principles with nanostructured material to overcome the limitations of currently available
coatings and improve the speed and quality of osseointegration at the bone/implant
interface is a challenge in material science research. This study presents the results of
biomimetic nanostructured coatings deposited from a natural bone-apatite source using
a pulsed electronic deposition (PED) technique.

Coatings of biomimetic hydroxyapatite (BIOM) were obtained directly from targets of
bone tissue, subjected to standard deproteinization procedure of cortical tibial cattle and
compared to films deposited by sintered stoichiometric-hydroxyapatite objectives (HA).
Deposition was performed at room temperature by PED. Half of the samples underwent
heat treatment at 400°C for 1 hour (BIOM_400 and HA_400). Nanostructured coatings
were characterized by morphological (SEM-EDS, AFM), structural (XRD, FT-IR) and
mechanical (nanoindentation and microscratch) aspects immediately after deposition
and after heat treatment. Biological tests were performed using human dental pulp stem
cells (hDPSC), isolated from the dental pulp of routinely extracted dental patients,
plated on samples (2500 cells/cm2) and cultured for 3 weeks, when the expression of
typical Runx-2 osteogenic markers, osteopontin, Osx and Osteocalcin in hDPSC was
evaluated.

Results showed that PED deposition allowed close transfer of target composition
elements. The as-deposit coatings showed a low crystallinity, which was significantly
increased after heat treatment, to resemble that of the initial bone target. As a result of
heat treatment, mechanical properties have increased to values comparable to those of
commercial HA plasma spray coatings.

In vitro biological tests have shown that BIOM_400 promotes the proliferation of
hDPSCs to a greater extent than unhardened bone coating and HA references.
Subsequent analysis, immunofluorescence and western blot revealed that typical
osteogenic markers were expressed, indicating that BIOM_400 alone can effectively
promote the osteogenic engagement of cells, even in the absence of an osteogenic
medium.

In conclusion, the biomimetic apatite coatings were deposited by PED, which had a
composition and structure very similar to that of natural apatite. After heat treatment at
400°C, the coatings showed satisfactory mechanical properties and were able to
provide a microenvironment suitable for hDPSC adhesion and proliferation and




osteogenic differentiation.

These results suggest that biomimetic nanostructured coatings obtained from a biogenic
source can be an innovative platform for interface tissue engineering in orthopaedics,
maxillofacials and dentistry.
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Objective: Metal sensitivity is an allergic reaction to metal ions released from implants.
Few studies reported increased metal hypersensitivity rates in patients with TKA. The
most common sensitizers causing metal allergy are nickel (Ni), cobalt (Co), chromium
(Cr), and molybdenum (Mo). Research reveals that 20-25% of the well-performing total
joint replacements and 60% of patients with poorly performing implants have metal
hypersensitivity. One of the solutions to the reduction of metal ions is by coating the
implant. Several studies typically compare the release of ions from a coated device to a
non-coated device under static immersion testing and concluded that the coated
devices are efficacious in acting as a barrier for metal ion release. However, the
limitation of such studies is that it is unknown how these coated devices perform under
kinematic conditions. There is a potential for a coating to breach in kinematic conditions
since kinematic conditions are more aggressive than static test conditions. The
objective of the current study is to compare the metal ions from a conventional and the
coated femoral components when subjected to ISO 142423 wear testing and determine
if coated femoral components still result in low metal ion release. The secondary
objective is to determine if the coated device generate significantly lower metal ion
when compared to conventional femoral component.

Methods: Testing was conducted on two groups (Group’s A & B). Group A consisted
of conventional femoral components made from ASTM F75 CoCrMo alloy while group B
comprised of coated femoral components with TiNbN coating deposited on the ASTM
F75 CoCrMo substrate. The tibial inserts for both groups were composed of GUR 1020
UHMWPE (non-cross linked) that was terminally sterilized by Eto process. Each group
consisted of three bearing couples for wear test, and one bearing for the load or control
soaks. Before testing, all the inserts soaked in the test lubricant for 48 hours. The
soaked inserts were cleaned and weighed after removing from the test lubricant and
tested in an AMTI knee wear simulator per ISO 14243-3 protocol. Post wear tests the
serum samples were collected and analyzed for metal ions using ICP-MS.

Results & Discussion: Figure 1 shows the metal ion comparison between the
conventional and coated femoral TKR components. There was a significant reduction in
the release of Co, Cr, Mo and Ni ions from the coated devices when compared to the
conventional femoral TKR components. Also, both group femoral components exhibited
similar appearance with some scratches running in the anterior-posterior direction. The
results from the study confirm that the coated devices yields significantly low ion release
even under kinematic conditions and thus acts as an excellent barrier in the release of
metal ions. The limitation of the current study is that the results cannot be generalized to
other coated devices and is only applicable to the devices under review.

Figures
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Objectives

Investigate the incorporation of an antibiotic in bone cement using liposomes (a drug
delivery system) with the potential to promote osseointegration at the bone cement
interface whilst maintaining antibiotic elution, anti-microbiological efficacy and cement
mechanical properties.

Prosthetic joint infection and aseptic loosening are associated with significant

morbidity.! Antibiotic loaded bone cement is commonly used and successfully reduces
infection rates; however, there is increasing resistance to the commonly used

gentamicin.23

Previous studies have shown gentamicin incorporated into bone cement using
liposomes can maintain the cement’s mechanical properties and improve antibiotic

elution. 3

The phospholipid phosphatidyl-I-serine has been postulated to encourage surface

osteoblast attachment* and in a liposome could improve osseointegration, thereby
reducing aseptic loosening.

Preliminary clinical isolate testing showed excellent antimicrobial action with amoxicillin
therefore the study aims were to test amoxicillin incorporated into bone cement using
liposomes containing phosphatidyl-I-serine in terms of antibiotic elution, microbiological
profile and mechanical properties.

Methods

Amoxicillin was encapsulated within 100nm liposomes containing phosphatidyl-L-serine
and added to PMMA bone cement (Palacos R (Heraeus Medical, Newbury, UK)).

Mechanical testing was performed according to Acrylic Cement standards (ISO BS

5833:2002).% Elution testing was carried out along with microbiological testing utilising
clinical isolates.

Results

Liposomal encapsulated amoxicillin PMMA bone cement exceeded minimum ISO BS




5833:2002 standards, had better elution at 12.9% when compared with plain amoxicillin
(p=0.036 at 48 hours) or commercial gentamicin cement (Palacos R+G, Heraeus
Medical, Newbury, UK — previous studies showed 6% elution over the same time
period).

Amoxicillin showed superior antimicrobial action when compared with gentamicin of the
same concentration. However, liposomal encapsulated amoxicillin in solution and
liposomal encapsulated amoxicillin in PMMA were both less effective than free
amoxicillin in bacterial growth inhibition. The liposomal amoxicillin also seemed to
decrease the cement setting time.

Conclusions

Phosphatidyl-I-serine containing liposomes maintained the cement’s mechanical
properties and seemed to have better antibiotic elution, however, had less effective
antibacterial action than plain amoxicillin. This difference in antibacterial action requires
further investigation along with investigation of osteoblast attachment to phosphatidyl-I-
serine containing liposomes within cement.

Plain amoxicillin, for those not penicillin allergic, seems to be a credible alternative to
gentamicin for incorporation in PMMA bone cement. It has shown superior antibacterial
action, which may improve infection rates, whilst maintaining the cement’s mechanical
properties.
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Purpose: Bone loss due to injuries suffered in wars and gunshot wounds remains a
major clinical and socioeconomic problem. Many efforts have been made to provide
new technologies for the treatment of large and load-bearing bone defects.
Commercially existing calcium phosphate cements (CPCs) often lead to long-term graft
failure due to weak mechanical strength, burst drug release and poor washout
resistance. Calcium polyphosphate (CPP) represents a promising bone substitute
because of its biocompatibility, mechanical strength, and stimulation of bone healing.
CPP has shown promise as a drug delivery matrix following a unique gelling protocol. In
this study, we described new injectable polymeric dicalcium phosphate cement cements
(P-DCPD). We found that P-DCPD is mechanical strong for load bearing bone defects
and capable of sustained antibiotics release.

Methods: P-DCPD was prepared by the setting reaction of mixing CPP gel with
tetracalcium phosphate (TTCP). The physiochemical properties of P-DCPD was
measured by fourier transformed infrared (FTIR) and X-ray diffractometry (XRD). The
cement setting mechanisms were investigated by atomic force microscopy (AFM) and
Raman spectroscopy. The handling properties of P-DCPD (setting time, setting
temperature, injectability, mechanical strength, viscosity and washout resistance) were
measured.

Results: First, we compared the handling properties of P-DCPD with commercial
Hydroset cements (Stryker) (Table). Three steps of setting reactions (dissolution,
diffusion and crystal growth) of P-DCPD were confirmed by impedance measurement.
P-DCPD is superior to existing CPCs including, but not limited to, a constant viscosity,
controllable setting, injectability and sustained drug release. An excellent washout
resistance of P-DCPD was observed. This might be due to its high viscosity, short
setting time (5-8 min) and the microstructure of entangled polyphosphate chains. A
zero-order release of albumin from P-DCPD more than 4 months was observed. This
might be due to the ionic interaction between albumin and the polyphosphate chains.

Conclusions: We described a “game-change” technology to prepare P-DCPD. In
contrast to the classic CPC formula (reaction of monomeric acid calcium source with
alkali calcium source), we used CPP as polymeric acidic calcium source. The in vitro
setting mechanisms have been extensively investigated in the PI’s lab using XRD,
FTIR, solid NMR and Raman Spectroscopy. P-DCPD is superior to existing CPCs
including, but not limited to, a constant viscosity, controllable setting, injectability and
sustained drug release.

Military trauma associated with orthopaedic injury accounts for approximately 65% of
total casualties. Battlefield care of large bone defects and chronic bone defects
represent a difficult and, as yet, unsolved clinical challenge. Despite substantial
advances in the availability of bone graft substitute materials and continuous
development of new bone regeneration technologies, these bone defects often fail to
heal completely. P-DCPD, as developed in PI's lab, is expected to meet these unmet
clinical needs.
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Introduction: The osteogenic capability of any biomaterial is governed by a number of
critical surface properties such as surface energy, surface potential, and topography.
Prior work suggested that the Si-Y-O-N phase(s) present in the form of a thin (<150
nm), interrupted film at the surface of an annealed silicon nitride bioceramic may be
responsible for an observed upregulation of osteoblastic activity due to passive surface
properties and dissolution of chemical species. In this study high-resolution analytical
electron microscopy was utilized to identify the Si-Y-O-N phase present on the annealed
silicon nitride surface, and dissolution studies were employed to elucidate mechanisms
of the material’s favorable cell interactions.

Materials and Methods: SizN, discs (/£12.7 x 1 mm) containing YoO5 and Al,O4
sintering aids were processed using conventional techniques and subsequently
subjected to annealing in a nitrogen atmosphere. Pre-cultured SaOS-2 osteosarcoma
cells at a concentration of 5 x 10° cells/ml were seeded onto sterile polished nitrogen-
annealed SisN4 discs in an osteogenic medium consisting of DMEM supplemented with
about 50 pg/mL ascorbic acid, 10 mM B-glycerol phosphate, 100 mM hydrocortisone,
and 10% fetal bovine calf serum. The samples were incubated for up to 7 days at 37°C
with two medium replenishments. Transmission electron microscopy (TEM) images were
acquired from focused ion beam (FIB)-prepared samples using a Hitachi HF-3300 TEM
(300 kV). Scanning transmission electron microscopy (STEM) images were recorded
using a Nion UltraSTEM 100 (60 kV). STEM high-angle annular dark-field (HAADF)
imaging and energy dispersive X-ray spectroscopy (EDS) analyses were performed on a
JEOL JEM2200FS (200 kV) equipped with a third-order CEOS aberration corrector and
a Bruker XFlash silicon drift detector.

Results: A cross-section of the of the SgNy4/extracellular polymer (ECP) interface is
illustrated in Fig. 1(a)~(b) as a high-angle annular dark field (HAADF) STEM image (a)
with and EDS map overlay (b) highlighting locations of Ca, Y, and Si. The underlying
SisN4 microstructure is covered by a yttrium-rich intergranular phase (IGP) film.
Deposition of cell-derived hydroxyapatite (HAp) occurred directly onto this IGP film. In
Fig. 2, a bright field TEM image (electron diffraction pattern inset) shows the interface
between the partially-crystalline HAp and the Y-Si-O-N phase, identified as monoclinic
yttrium disilicate (i.e., m-Y5Si>O7) with a 2 atomic% N impurity, at teh atomic scale.
Although rapid electron damage of the mineralized ECP was observed, EDS analyses
suggested a Ca/P ratio of ~1.43, along with the incorporation of Si.

Conclusions: The osteogenic Si-Y-O-N phase was successfully identified as a minority
concentration of of SigN4 dissolved into a m-Y,Si,O; matrix. Evidence of the release of
(SiO4)* tetrahedra from this phase into the local biological microenvironment and their
incorporation into the cell-derived HAp layer was also observed. ldentification of this
phase paves the way for ongoing work to understand and optimize this novel
biomaterial.




R P

Mineralized Extracelular Polymer

$3-Y-0-N Surface Fém

Figure 2



https://app.istaonline.org/figures/11160.jpg
https://app.istaonline.org/figures/11161.jpg




#5917

An All-Polymer Total Knee Replacement

*Louise M. Jennings - University of Leeds - Leeds, United Kingdom
Raelene Cowie - University of Leeds - Leeds, United Kingdom

Adam Briscoe - Invibio Ltd - Thornton Cleveleys, United Kingdom
John Fisher - University of Leeds - Leeds, United Kingdom

*Email: I.m.jennings@leeds.ac.uk
Introduction

PEEK-OPTIMA™ is currently being investigated as an alternative to cobalt chrome in
the femoral component of a total knee replacement, coupled with an all polyethylene
tibial component (Figure 1) and polyethylene patella button. Prior to in vivo clinical trials
it is essential to predict functional performance of new material combinations in vitro.
Hence a pre-clinical assessment of the wear of this novel material couple has been
performed through a series of fundamental simple geometry pin-on-plate studies
through to full geometry tibiofemoral and patellofemoral joint wear simulation, under a
range of conditions.

Methods

The influence of lubricant temperature (standard rig running and elevated temperature
(~36°C)) on the wear of a UHMWPE-on-PEEK OPTIMA™ bearing couple using
different lubricant protein concentrations (0, 2, 5, 25 and 90% bovine serum) was
investigated using a 6 station multi-directional pin-on-plate wear simulator. The studies
were repeated for UHMWPE-on-cobalt chrome in order to compare relationships.

Experimental wear simulation of the tibiofemoral and patellofemoral joints was carried
out using a 6-station Pro-sim knee simulator with kinematic input profiles to replicate a
walking gait cycle. The all-polymer knee replacement (collaboration partners Maxx
Orthopedics Inc., Plymouth Meeting, PA, USA and Invibio Knee Ltd, Thornton-
Cleveleys, UK) was investigated in parallel with a conventional metal-on-polyethylene
implant (MAXX Orthopaedics Inc.) of similar initial surface topography and geometry.
EO sterilised UHMWPE components were used with minimum n=3 and 5 million cycles
of wear simulation for each study. 25% bovine serum was used as a lubricant and the
wear of UHMWPE was assessed gravimetrically. Statistical analysis of the wear rates of
the different material combinations was performed using Students t-test (p<0.05).

Results

The pin-on-plate studies showed that in low lubricant protein concentrations (< 5%)
there was no influence of temperature on the wear factors of UHMWPE-on-PEEK. With
25% bovine serum, the wear factor of UHMWPE-on-PEEK reduced by half at elevated
temperature. When tested in high protein concentration (90% serum), there was no
influence of temperature on the wear factor of UHMWPE-on-PEEK. These temperature
dependencies were not the same for UHMWPE-on-cobalt chrome.

The wear of UHMWPE in both the tibiofemoral and patellofemoral joints was low,
<5mm3/MC and <1mm3/MC respectively. There was no significant difference in the
wear performance of the UHMWPE components against the different femoral
component materials, p=0.27 and p=0.38 for the tibiofemoral and patellofemoral joints
respectively. Scratching was observed on the surface of the PEEK femoral components
however, this did not influence the wear rate which remained linear over the duration of
the study.

Conclusion

The pin-on-plate studies showed the importance of the selection of appropriate test




conditions when investigating the wear of different materials, in order to minimise test
artefacts such as polymer transfer, and protein precipitation and deposition.

Experimental wear simulation of both tibiofemoral and patellofemoral joints showed an
equivalent rate of wear of UHMWPE against PEEK-OPTIMA™ and cobalt chrome
femoral components.

Before the product enters in vivo clinical trials, these studies show PEEK-OPTIMA™ to
have promise as an alternative to cobalt chrome in the femoral component of total knee
replacements.

Figures

Figure 1 All Polymer Knee

Figure 1
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Objectives

Total hip arthroplasty (THA) is one of the most successful surgical procedures; several
bearing technologies have been utilized, however none of these is optimal. Metal on
polycarbonate-urethane (PCU) is a new bearing technology with several potential
advantages: PCU is a hydrophilic soft pliable implant quite similar in elasticity to human
cartilage, offers biostability, high resistance to hydrolysis, oxidation, and calcification, no
biodegradation, low wear rate and high corrosion resistance and can be coupled with
large metal heads (Tribofit Hip System, THS).

The aim of this prospective study was to report the survivorship and the clinical and
radiographic outcomes and the metal ions dosage of a group of patients operated with
metal on PCU arthroplasty featuring large metal diameter heads, at 5 years from
surgery.

Study Design & Methods

The patients have been contacted by phone calls and invited to return to our centre for
clinical (Oxford Hip Score, OHS, and Harris Hip Score, HHS), radiographic and metal
ion levels evaluation. 68 consecutive patients treated with the THS were included. All
the patients were operated with uncemented stems.

Results

The survival rate is 100% and no major complications were seen. The average
preoperative OHS was 17 (6-34), at follow-up it was 44 (40-48). The average
preoperative HHS was 48 (12-76), at follow-up it was 93 (84-100). On the x rays taken
at follow-up, no signs of periprosthetic bone rarefaction and/or osteolysis were seen. No
signs of PCU liner wear were visible. At follow up mean Co serum level was 0.52 ng/mL
(<0.1-2.5, sd 0.5), mean Cr level was 0.27 ng/mL (0.1-2.2, sd 0.2). In this prospective
study at a mean follow up of 5 years, all implants were well functioning, with no
radiological signs of loosening and normal serum levels of cobalt and chrome. Although
large diameter metal heads and metal sleeve were used no trunnionosis occurred.

Conclusions

We believe that these positive outcomes are due the positive biomechanical
characteristics of PCU. These results need to be confirmed at a longer follow up and in
a more active younger patient population.
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Orthopedic implants have traditionally been solid pieces of metal that are orders of
magnitude stiffer than natural bone. Whilst great success has been seen with these
devices opportunities exist for improvements in implant fixation and reducing stress
shielding. Incorporating additively manufactured porous features, allows implant
designers to tailor the stiffness of implants to the bone being replaced. It may then be
possible to create implants that produce strain fields that accelerate bone formation.
The aim of this study is to explore trabecular bone in-growth in response to varying
strain gradients in-vivo. It is predicted that matching the stiffness (strain gradient) of the
trabecular bone being replaced will result in greater bone in-growth when compared to
an industry-standard stiffer porous scaffold.

Trabecular bone cores from 10 ovine hind-femurs were CT scanned to extract bone
density values, then compression tested to extract apparent modulus (E) values.
Consequently, a stiffness-density relationship for ovine bone was generated. Two
@16mm x 15mm implants were designed, one of a stiffness similar to typcial industry-
standard porous implants (6 GPa) and one which was locally stiffness matched to the
bone it would be replacing. Implants were additively manufactured from commercially
pure titanium powder. The animal study was performed in 6 skeletally mature ewes (UK
home office, license no. 70/8247). Each hind femur contained either a stiffness matched
implant or a conventionally ‘stiff’ porous implant implanted in the medial femoral condyle
(Figure 1). Sheep were euthanised at 6 weeks. Specimens were retrieved and
assessed by uCT, histology and fluorescent microscopy.

The modulus of ovine bone varied from 0.1 — 6 GPa depending on its location in the
distal femur. A relationship between bone stiffness and CT density was established and
used to generate a locally stiffness matched implant. For the stiffness matched implant,
there was intimate bone ingrowth around the perimeter of the implant with an average of
14.3+3.2% bone ingrowth by volume (Figure 2). The smaller strut diameters generated
a high surface area in contact with the bone and fluorescence imaging indicated a high
level of osteoblast activity in these areas and no fibrous encapsulation was found. In
areas of bone ingrowth, histology revealed typical patterns for woven and lamellar bone
at the perimeter and within the implant (Figure 3). For the high stiffness implant, a bone
ingrowth volume of 6.3+2.2% was calculated. There was less penetration of bone into
the volume of the implant, and histology identified scar tissue forming within the implant
where there would have been little strain (Figure 2). Fluorescence indicated reduced
osteoblast activity both around the perimeter and within the stiff implant compared to the
stiffness matched implant.

The most important finding of this study was that a porous AM material could tailor a
strain gradient within an implant that accelerated bone formation in load-bearing
environments. It also appears that bone regeneration within a scaffold is inversely
proportional to scaffold stiffness. The formation of new bone observed in the stiffness
matched implants mimics the process and structure of new natural bone formation.
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Introduction

The hip hemiarthroplasty in posterior approach is a common surgical procedure at the
femoral neck fractures in the elderly patients. However, the postoperative hip
precautions to avoid the risk of dislocations are impeditive for early recovery after
surgery. We used MIS posterior approach lately known as conjoined tendon preserving
posterior (CPP) approach, considering its enhancement of joint stability, and examined
the intraoperative and postoperative complications, retrospectively.

Methods

We performed hip hemiarthroplasty using CPP approach in 30 patients, and hip
hemiarthroplasty using conventional posterior approach in 30 patients, and both group
using lateral position with the conventional posterior skin incision. The conjoined tendon
(periformis, obturator internus, and superior/inferior gemellus tendon) was preserved
and the obturator externus tendon was incised in CPP approach without any hip
precautions postoperatively. The conjoined tendon was incised in conventional
approach using hip abduction pillow postoperatively.

Results

There was no difference between CPP approach group and conventional approach
group in the mean age of patients (81.8 years, and 80.3 years, respectively), and in the
mean operative time (68.8 minutes, and 64.9 minutes, respectively). In 4 cases of CPP
approach, the avulsion fracture at femoral attachment of the conjoined tendon occured
during hip reduction manoeuvres. No dislocations occured in both groups in the follow-
up period (2 years).

Discussion

Lately, the number of hip surgery in muscle sparing approach is increasing. However, in
general, MIS approach induces the intraoperative complications, and requires the skillful
procedure. The hip reduction manoeuvres would be more difficult in the CPP approach,
than in conventional posterior approach, because the preserved conjoined tendon
would inhibit hip reduction, considering those avulsion fractures of the femoral
attachment. Nevertheless, CPP approach did not require no extended time compared to
conventional approach, and no postoperative hip precautions. Due to these results,
CPP approach could be a good MIS procedure including early recovery after surgery
based on the enhancement of joint stability, excluding the difficulties in hip reduction
manoeuvres. We could not show the difference in dislocation rate between two groups,
because of small numbers. We are planning to increase the number of patients in the




future study.
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Introduction: The rate of total hip arthroplasty (THA) surgery continues to dramatically
rise in the United States, with over 300,000 procedures performed in 2010. Although a
relatively safe procedure, THA is not without complications. These complications include
acetabular fracture, heterotopic ossification, implant failure, and nerve palsy to name a
few. The rates of neurologic injury for a primary THA are reported as 0.7-3.5%. These
rates increase to 7.6% for revision THA. The direct anterior total hip arthroplasty
(DATHA) is gaining popularity amongst orthopedic surgeons. Many of these surgeons
elect to use the Hana® table during this procedure for optimal positioning capability.
Although intraoperative mobility and positioning of the hip joint during DATHA improves
operative access, select positions of the limb put certain neurologic structures at risk.
The most commonly reported neurologic injuries in this regard are to the sciatic and
femoral nerves. To our knowledge, the use of neuromonitoring during DATHA,
especially those using the Hana® table, has not been described in the literature.

Methods: The patient was a 60-year-old male with long standing osteoarthritis of the
right hip and prior left THA. Somatosensory evoked potential (SSEP) leads were placed
bilaterally into the hand (ulnar nerve) as well as the popliteal fossae (posterior tibial
nerve). Unilateral electromyography leads were placed into the vastus medialis
obliquus, biceps femoris, gastrocnemius, tibialis anterior, and abductor hallucis of the
operative limb (Fig. 1). Once the patient was sterilely draped, a direct anterior Smith-
Peterson approach to the hip was used.

Results: After the patient completed standard pre-operative protocol, neuromonitoring
leads were placed as described above. There were no complications, neuromonitoring
remained stable from baseline, and the patient tolerated the procedure well. Moreover,
the senior author routinely uses a prophylactic cable around the calcar, particularly in
patients with osteoporotic bone, as was the case with this patient. The patient’s post-
operative course has been without complications as well.

Conclusion: There are a few studies that have examined the pressure changes around
the femoral nerve during a DATHA and found that the nerve was at most danger with
misplacement of a retractor near the anterior lip of the acetabulum. Furthermore, the
popularity of DATHA and the Hana® table make neuromonitoring more amenable for
use since the whole limb does not need to be sterilely prepped as with other
approaches to the hip. The reported rates of neurologic injury during any THA along
with those developed from passage of prophylactic cerclage cables and the goals of
reducing surgical complications make this novel technique intriguing. It allows the
surgeon yet another safe and effective tool to decrease the likelihood of neurologic
injury during DATHA.
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Factitious disorder was previously called “Munchausen syndrome” and classified
as a subtype of somatoform disorder in recent DSM-V. Literature reports about
factitious disorder related to orthopedic area is few; however, hidden patient
population may exist. The purpose of this paper is to present a case of a patient
with a suspicion of factitious disorder who underwent a total hip arthroplasty then
got her hip dislocated multiple times within one month after the surgery. A 70-
year-old female presented with bilateral hip pain, weakness of both legs and neck
to back pain. She could walk, but had used wheelchair outside her house for long
time. She had wanted to come to the university hospital and visited multiple
departments almost every day with a variety of complaint. Her past history
includes depression, continuous temporal head pain after a traffic accident,
accidental swallowing of plastic package of medicine and surgeries for
osteoarthritis (OA) of both thumb. Those surgeries could not improve her pain
and activity of daily life (ADL), but she deserved another surgery for back, neck
and hips. Regarding to imaging studies, X-ray showed a mild OA of the hip, and
MRI showed mild inflammation and cyst formation on the surface of right femoral
neck. A surgeon wanted to help and improve her quality of life and ADL, after the
consideration, she underwent a total arthroplasty of right hip. Physical therapy
was started from day after the surgery, but she couldn’t acquire the posture to
prevent dislocation well. The first episode of dislocation happened 9 day after the
surgery and it was manipulated immediately. She wore an elastic hip orthosis
after the incident, but her hip repeatedly dislocated in postoperative day 17, 26
and 38 (one day before planned discharge). As a result, her ADL was same before
the surgery and complained more pain around operated hip. She was always
hoping to get special attention from medical team. The discrepancy between her
image studies and complaints, her past history and the short term result can
suggest factitious disorder as a differential diagnosis. We should be careful about
a hidden possibility of factitious disorder before undergo any surgeries in order
to avoid unnecessary medical expenses, invasion and bitter results.
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Background

Acromegaly, which stems from high level of serum growth hormone secreted by a
benign tumour in anterior pituitary grand, is likely to cause severe peripheral joint pains
due to hypertrophic changes in such joints. Recently, the life expectancy of such
patients has been improved and more patients with acromegaly have undergone joint
surgeries to mitigate joint pain and malfunctions. However, little is known about to what
extent surgical procedures can improve the joint functions of acromegalic patients
compared to non-acromegalic cases.

Methods

First, we qualitatively analysed prognosis of total hip arthroplasty (THA) of acromegalic
patients by investigating 11 cases in which direct anterior approach (DAA) THAs were
performed to 8 acromegalic patients in our hospital between 2012 and 2015.

Second, we quantitatively compared the functional prognosis of the 11 cases with that
of 107 non-acromegalic cases. Technically, to control the difference in age, sex, height,
and weight between the two patient groups, we first identified a model that could predict
3month-/6month-/12month-functional prognosis in the control cases. We estimated
differences in functional outcomes between the two groups by calculating how
accurately the control-case-based model could predict the prognosis of the acromegalic
cases.

Results

In the qualitative analysis, we found that compared to the control, the most acromegalic
cases had atypically advanced degenerative arthritises with osteophytes and
enthesophytes proliferations. In addition, some cases showed other signs, such as
flattering of femoral head and arthritis with slight osteophytes. Regarding surgical
procedures, acromegalic cases were likely to require longer operation time and larger
amounts of blood loss compared to the control.

In the quantitative analysis, we first identified a model in which age and body height
could predict the functional prognosis of DAA THA in the non-acromegalic cases
(F[2,104] = 6.7, P = 0.0017). We then found that the actual functional outcomes of the
acromegalic cases were not significantly different from those predicted by this control-
case-based model (P = 0.18).

Conclusions

The qualitative analysis shows the atypical joint structures and resultant prolonged
operation time and blood loss in the acromegalic cases. However, the quantitative
analysis could not find significant difference in prognosis between the acromegalic and
non-acromegalic cases. Although these observations and analyses need to be
examined in studies with large sample sizes, this work suggests that functional
outcomes of DAA THA to acromegalic patients can be comparable to that to non-




acromegalic patients.
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Introduction: Many options have been used to treat early stage osteonecrosis of the
femoral head, and core decompression with implantation of a tantalum rod is one
method. The purpose of this study was to evaluate clinical and radiological outcomes,
as well as potential complications during conversion total hip arthroplasty(THA) in such
patients.

Methods: Six male patients (eight hips) underwent THA subsequent to removing a
tantalum rod (group ) from April 2010 to November 2011. We retrospectively reviewed
the medical records of these patients. We enrolled age- and sex-matched 12 patients
(16 hips) during the same period, who had undergone primary THA without a previous
operation as the control group (group ).

Results: The mean preoperative harris hip score(HHS) values were 56.5 points and
59.1 points in groups | and Il, respectively. The HHS improved to 96.0 points and 97.6
points, respectively, at the 3-year follow-up (p = 0.172). Mean operation time was 98.8
min in group | and 77.5 min in group |l (p = 0.006). Total blood loss volumes were
1193.8 ml and 944.1 ml in groups | and Il, respectively (p = 0.004). No significant
differences were reported in either group in radiological follow-up results. However, one
case of squeaking occurred in group | during the follow-up.

Conclusions: No differences were detected between the two groups clinically or
radiologically except extended operative time and increased blood loss. However, the
incidence of squeaking (one of eight hips) was higher than that of the control group or
than that reported previously.
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Abstract
Purpose

The purpose of this study is to evaluate 10-year outcomes in cementless monobloc total
hip arthroplasty (THA) in a group of hips with Legg-Calve-Perthes Disease (LCPD).

Methods

We reviewed 71 patients (88 hips) who underwent cementless THA with a diagnose of
LCPD from 2003-2009. From a total of 71 patients, 34 men and 37 women with an
average age of 49.94 years were involved. Mean follow-up period was ten years.

Results

The mean Harris Hip Score improved significantly from 46.42 to 89.70. Similarly, the
postoperative range of motion, Hip dysfunction and Osteoarthritis Outcome Score and
SF-12 score also significantly improved. The mean leg lengthening was 22.1mm.
During the follow-up, eight complications were noted, including two intraoperative
femoral fractures, two sciatic nerve paralysis, two heterotrophic ossifications, one thigh
pain and one dislocation. One revision was conducted for a periprosthetic fracture and
survivorship at ten years was 98.3%.

Conclusion

These data suggest that the monobloc stem can lead to satisfactory outcomes of the
clinical function, radiological evaluation, restoration of normal limb lengths,
complications, and survivorship among LCDP patients undergoing total hip arthroplasty.

Keywords

Legg-Calve-Perthes Disease; Monobloc stem; Total hip arthroplasty
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Introduction

One of the known mechanisms which could contribute to the failure of total hip
replacements (THR) is edge contact, where the acetabular cup and the femoral head
remain concentric but contact falls partially onto the rim of the cup. Failures associated
with edge contact include rim damagel'! and lysis due to altered loading and torqued?..
The previous studyl®! on four THR patients showed that the inclusion of pelvic motions
in a contact model increased the risk of edge contact in some patients. The aim of
current study was to determine whether pelvic motions have the same effect on contact
location for a larger patient cohort and determine the contribution of each of the pelvic
rotations to this effect.

Methods

Gait data was acquired from five male and five female unilateral THR patients using a
ten camera Vicon system (Oxford Metrics, UK) interfaced with twin force plates (AMTI)
and using a CAST marker set. All patients had good surgical outcomes as confirmed by
patient-reported outcomes and were considered well-functioning, based on elective
walking speed. Joint contact forces and pelvic motions were obtained from the AnyBody
modelling system (AnyBody Technologies, DK). Only gait cycle regions with available
force plate data were considered. A finite element model of a 32mm head on a
featureless hemispheric polyethylene cup, 0.5mm radial clearance, was used to obtain

contact area from the contact force. A bespoke computational tooll®! was used to
analyse patients’ gait profiles with and without pelvic motions. The risk of edge contact
was measured as a “centre proximity angle” between the cup pole and centre of contact,
as well as “proximity angle” between the cup pole and the furthest contact area point
(Figure 1). Pelvic tilt, drop and internal-external rotation were considered one at a time
and in combinations.

Results

The example output for the current study is presented in Figure 2. The results show that
half of the patient’s profiles didn’t show any substantial difference in the risk of edge
contact with and without pelvic motions. The other 50% showed an increase in the
maximum proximity values during the second peak of the loading cycle when pelvic
motions were considered. For these patients, the combination of tilt and drop was the
main influence on the location of contact. The internal-external rotations didn’t affect the
proximity measures for any patients (Figure 3).

Conclusion

The results of this study suggest that the pelvic motions play an important role in contact
location in THR bearings, specifically pelvic tilt and drop, with the most pronounced
effect during hip extension. Further tests on larger patient cohorts are required to




confirm the trends observed and to explore between-patient variability. The outcomes of
this study suggest that pre-clinical testing of THRs should consider the role of pelvic
motion, and have implications for establishing surgical positioning safe zones, which are
currently based only on dislocation and severe impingement(*: 91,

1.Tower,S.S.,et al., JBoneJointSurgAm, 2007.89:p.2212-7.

2.Sariali,E. et al., JOrthopRes, 2010.28(8):p.979-85.

3.Vasilieva,K.,et al., BORS. 2017.London.

4 Lewinnek,G.E. et al., JBoneJointSurgAm, 1978.60(2): p.217-20.

5.McLawhorn,A.S. et al., AmJOrthop (Belle Mead NJ),201544(6):p.270-6.
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Introduction

Preclinical testing of implants considers THR patients a homogenous group; in reality,
patients are heterogeneous and previous large cohort studies have explored
stratification and identified that THR patients function differently [1]. The wide-spread
failure of the ASR hip highlighted the potential importance of patient characteristics [2],
and a more robust pre-clinical testing procedure may have improved prediction of
outcome. Therefore this study aimed to identify differences in hip contact force (HCF) in
THR patients stratified by their functional ability.

Methods

133 THR patients, >12 months post-surgery, underwent 3D kinematic (Vicon, UK) and
kinetic (AMTI, USA) analysis whilst walking at self-selected speed. HCF’s, normalized
by body weight, were computed through multibody modeling (AnyBody Technology,
Denmark) during gait and a mean for each patient was calculated from three to five
walking trials. Patients were stratified into three functionality groups by distribution
around the mean gait speed for the full cohort of 1.1m/s. The low functioning group (LF)
comprised cases with a gait speed <0.93 m/s (i.e. 1.1m/s <1SD), the mid functioning
group (MF) comprised cases with a gait speed between 0.94 m/s and 1.25 m/s (cohort
mean = 1SD), while the high functioning group (HF) included cases walking >1.26 m/s.
Differences between groups were analyzed using one-dimensional statistical parametric
mapping [3]. Linear regression was used to test for significant differences across
groups. The test statistic SPM{t} was evaluated at each point in the normalized time
series, and a critical threshold corresponding to an error rate of a= 0.05 was calculated
based on random field theory. Supra-threshold clusters with their associated p-values
were then identified.

Results

Systematic differences were observed between the different functioning groups
throughout the gait cycle. Four different supra-threshold clusters reached or exceeded
the critical threshold of t=3.244 indicating systematic between-group differences, with
the chances of observing similar clusters in repeated random samplings of p<0.001.
HCF were linearly increasing with functionality from heel strike to foot flat (15! cluster),
from terminal stance to initial swing (S'd cluster), and during terminal swing (4th cluster),
while they were decreasing for higher functionality during midstance (2nd cluster).

Discussion

Stratification of THR patients by functionality showed significant differences in the
contact forces that implants have to withstand during gait. The LF patients displayed a
pathological HCF, with a flattening of the typical double hump, indicating that differences
can be observed between groups of healthy THR patients. Overall, THR patients are
functionally heterogeneous and preclinical testing should reflect differences better than
currently required by the ISO-14242 implant testing standard.
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INTRODUCTION: Impingement of total hip arthroplasties (THAs) has been reported to
cause rim damage of polyethylene liners, and in some instances has led to dislocation
and/or mechanical failure of liner locking mechanisms in modular designs [1]. Elevated
rim liners are used to improve stability and reduce the risk of dislocation, however they
restrict the possible range of motion of the joint, and retrieval studies have found
impingement related damage on lipped liners [2,3]. The aim of this study was to develop
a tool for assessing the occurrence of impingement under different activities, and use it
to evaluate the effects a lipped liner and position of the lip has on the impingement-free
range of motion.

MATERIALS & METHOD: A geometrical model [4] incorporated a hemi-pelvis and
femur geometries of one individual [5] with a THA (DePuy Pinnacle® acetabular cup
with neutral and lipped liners; size 12 Corail® stem with 32mm diameter head) was
created in SOLIDWORKS (Dassault Systémes) [Fig.1]. Joint motions were taken from
kinematic data of activities of daily living that were associated with dislocation of THA
[6], such as stooping to pick an object off the floor and rolling over. The femoral
component was positioned to conform within the geometry of the femur, and the
acetabular component was orientated in a clinically acceptable position (45° inclination
and 20° anteversion). Variation in orientation of the apex of the lip was investigated by
rotating about the acetabular axes from the superior (0°) in increments of 45° (0°-
315°), and compared to a neutral liner [Fig.1].

RESULTS: When a lipped liner was used, implant (neck on acetabular rim)
impingement was found to occur when performing sit-to-stand from a normal seat, leg
cross and pivot, whereas no impingement occurred with a neutral liner. The presence
and position of the lip reduced the impingement free range of motion, compared to the
neutral liner. Impingement occurred when the lip was positioned superiorly and
anteriorly, when performing most of the activities that were prone to posterior
dislocation, and posteriorly, posterior-superiorly and posterior-inferiorly when performing
activities prone to anterior dislocation [Fig.2]. During sit-to-stand from a normal seat no
impingement occurred when a lipped or neutral liner was used. Bone impingement was
observed when the performing the roll activity with both lipped and neutral liners [Fig.2].

DISCUSSION: Impingement was observed more with lipped liners compared to neutral
liners, this agrees with the findings of some clinical studies [2,3]. The results indicate
that the positioning of the lip influences the possible range impingement-free motion.
Considering this and the improved joint stability of using a lipped liner, a balance is
required to achieve an optimal range of motion without increasing the risk of dislocation.
This tool could potentially to be used to optimise lipped liner design and position, and
could assist with the liner selection for patients based on their activities.

REFERENCES: [1] Yun et al. CORR2015; [2] Marchetti et al. OTSR2010; [3] Shon et al.




J.Arthroplasty2005; [4] Pryce et al. ORS2018; [5] BEL Repository; [6] Nadzadi et al.
J.Biomech2003
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Introduction:

Progress of knee osteoarthritis (OA) may results in the decrease of the knee range of
motion and the malalignment and malrotation of the lower extremity.

Hip rotational range is generally measured from a vertical line, which is drawn from the
patella, on supine position with 90° flexion of the hip and knee (Fig.1). The healthy
lower leg is usually positioned on this line; however, in varus knee deformity, the lower
leg tends to be inside of this line. Thus, it is assumed that the range of hip internal
rotation is decreased and that of the external rotation is increased when hip rotational
angle is measured from this vertical line with this leg malalignment position. As the aim
of total knee arthroplasty (TKA) is to recreate precise bone alignment as well as optimal
soft tissue balance, we hypothesized that this alignment correction might alter the ratio
of hip internal and external rotations. The purpose of this study was to assess the
influence of TKA on hip rotational range in varus knee OA.

Patients and Methods:

Forty-two knees in 38 patients (mean age: 75.6+6.1 years old) with clinical and
radiological diagnosis of varus knee OA, who underwent TKA, were enrolled. Patients
with valgus knee OA, secondary knee OA due to rheumatoid arthritis and trauma, hip
OA, or past history of any surgery on the ipsilateral limb were excluded. Hip rotational
range was examined the day before and 3 weeks after TKA, with the above mentioned
procedure. Measurement was performed, while one tester passively rotated the patient’s
hip internally and externally until an end-feel and another measured an angle using a
goniometer with the stable arm parallel to the trunk and the mobile arm on the lower leg
axis. Thereafter, the variation of hip rotational range with TKA was evaluated.

Results:

All patients showed varus knee deformity with 11.4+5.6E8 of hip-knee-ankle (HKA)
angle preoperatively. Average postoperative HKA angle was -0.6+3.9E8. Preoperative
hip internal and external rotational angles were 20.3+9.9E$ and 37.4+10.7E$,
respectively. After TKA, the internal rotational angle significantly increased to
28.2+10.7E$ (p<0.05) with the mean increasing amount of 12.2+5.9E% in 33 knees
(78.6%). Conversely, the external rotational angle was decreased to 36.6+9.5E8, which,
was not significant, and 21 knees (50.0%) actually showed slight increase of the
external rotational angle. Consequently, the total overall hip rotational range increase
was 6.7+14.7E$ after TKA. However, there was no correlation with the severity of
preoperative varus deformity.

Discussion:

Although the hip joint was not surgically treated, hip rotational range improved after
TKA with the increasing of the internal rotational range without significant decreasing of
the external rotational range.




The internal rotational range was expected to be improved with the correction of the
varus deformity. However, contrary to our hypothesis, the external rotation range did not
decrease. The soft tissue balance around the knee was adjusted in TKA, and also the
muscle balance of entire lower extremity may have been changed by the correction of
the varus deformity. Further investigations are necessary, however, the variation of the
soft tissue balance may be considered to affect hip rotational range after TKA.

Conclusion:

TKA can influence hip rotational range of motion.
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Introduction

Total hip replacement (THR) patients are often considered a homogenous group
whereas in reality, patients are heterogeneous. Variation in revision rates between
patient groups suggest that implants are exposed to different environmental conditions
in different patients[1]. Previous reports suggest that for every unit increase of BMI,
there is a 2% increased risk of revision of a THR[2]. The aim of this study was to better
understand the effect of patient-specific characteristics such as BMI on hip motions and
to explore the possible impact on wear.

Methods

137 THR patients, at least 12 months post-surgery, underwent 3D kinematic (Vicon,
Oxford, UK) and kinetic (AMTI, USA) analysis whilst walking at self-selected walking
speed. 3D kinematic data were then mapped onto a modelled femoral cup at 20 pre-
determined points to create pathways for femoral head contact, which were then

quantified by deriving the aspect ratio (AR). Patients were stratified into three groups
determined by BMI scores; healthy weight (BMI <25 kg/m?2) (n=34); overweight (BMI

>25kg/m? to < 30 kg/mP) (n=66) and obese patients (BMI > 30 kg/n?) (n=37).
Comparisons were made using 95% confidence intervals (Cl) and one way ANOVAs.

Results

The healthy weight strata demonstrated a minimum flexion angle of 0.59°(Cl -2.15 to
3.32), compared to overweight 1.12°(CI 0.99 to 2.11) and obese strata 1.37°(-0.72 to
3.46). The healthy weight strata exhibited a lower frontal ROM 7.91° (Cl 7.02 to 8.80)
(p<0.000) compared to the overweight (9.42°, Cl 8.76 to 10.08) and obese strata
(9.79°; C1 9.08 to 10.50). No differences between strata were observed in the
transverse plane. The real-world gait inputs resulted in a lower aspect ratio for all three
patient groups compared to the ISO standard AR of 3.86. There was a trend towards a
higher AR in patients with a lower BMI (Figure 1). Obese patients had a reduced AR of
3.33 (CI 3.08 to 3.58) compared to the overweight and healthy weight patients,
demonstrating AR of 3.36(Cl 3.21 to 3.52) and 3.48 (Cl 3.25 to 3.70), respectively.

Discussion

There were few hip kinematic differences between BMI strata, except for a lower frontal
ROM in the healthy weight patients. There was a resulting trend towards an increased
AR in the healthy weight group. Notwithstanding the effect of contact force which was
not modelled in this study, increased AR in the healthy weight group might assist long
molecule entrainment and hence reduce risk of polyethylene wear for equivalent levels
of activity. These results highlight the conservative nature of the ISO standard and
provide a possible link between kinematics and the observed increased in revision rates
in patients with high BMI.
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Introduction

Hip osteoarthritis can be debilitating, often leading to pain, poor kinematics and limiting
range of motion. While the in vivo kinematics of a total hip arthroplasty (THA) are well
documented, there is limited information pertaining to the kinematics of native, non-
arthritic (normal) hips and degenerative hips requiring a THA.

The objective of this study is to evaluate and compare the in vivo kinematics of the
normal hip with pre-operative, degenerative hips and post-operative THA.

Methods

Twenty subjects, ten having a normal hip and ten having a pre-operative, degenerative
hip that were analyzed before surgery and then post-operatively after receiving a THA.
Each subject was asked to perform gait while under mobile fluoroscopic surveillance.
Normal and pre-operative degenerative subjects underwent a CT scan so that 3D
models of their femur and pelvis could be created. Using 3D-to-2D registration
techniques, the hip joint kinematics were derived and assessed. Femoral head and
acetabular cup rotational centers were derived using spheres. The centers of these
spheres were used to obtain the femoral head sliding distance on the acetabular cup
during the activity. The patient-specific reference femoral head values were obtained
from the subjects’ CT scans in a non-weight bearing situation.

Results

Overall, 0% of the normal subjects experienced femoral head sliding (FHS) within the
acetabulum, and 33% of the degenerative subjects experienced FHS. The degenerative
hips experienced an average maximum sliding of 0.902 £ 0.864 mm. Further evaluation
seems to indicate that the femoral head ligament played a significant role in hip
separation. If this ligament was not functioning, it appeared that the femoral head
experienced more abnormal motion. Therefore, degenerative hip subjects having an
intact femoral head ligament did not experience femoral head sliding of their femoral
head within the acetabulum.

A further analysis was then conducted to assess the contact area between femoral
head and acetabular cup (Figure 1). After THA implantation, subjects experienced
greater abnormal hip motion leading to hip separation.

Discussion

Overall, our current analysis has revealed trends that degenerative hips experience




more abnormal hip kinematics that lead to higher bearing surface forces and stresses. It
was interesting to note that the intact femoral head ligament did stabilize the hip joint
leading to no femoral head sliding. Therefore, further research needs to be conducted to
determine the role of the femoral head ligament and degeneration of the hip joint. Also,
it is worth noting that the maximum displacement usually occurs during swing phase of
the gait, just before heel-strike for degenerative hips, similar to total hip arthroplasty,
evaluated in previous fluoroscopic studies. Further investigation is being conducted to
evaluate component placement for the THA subjects, comparing their motion pre and
post-operatively.
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Initial stability of cementless components in bone is essential for longevity of Total Hip
Replacements. Fixation is provided by press-fit: seating an implant in an under-reamed
bone cavity with mallet strikes (impaction). Excessive impaction energy has been shown
to increase the risk of periprosthetic fracture of bone. However, if implants are not
adequately seated they may lack the stability required for bone ingrowth. Ideal fixation
would maximise implant stability but would minimise peak strain in bone, reducing the
risk of fracture.

This in-vitro study examines the influence of impaction energy and number of seating
strikes upon implant push-out force (indicating stability) and peak dynamic strain in bone
substitute (indicating likelihood of fracture). The ratio of these factors is given as an
indicator of successful impaction strategy.

A custom drop tower with simulated hip compliance was used to seat acetabular cups in
30 Sawbone blocks (Figure 1). 3 impaction energies were selected; low (0.7j), medium
(4.5j) and high (14.4j), representing the wide range of values measured during surgery.
Each Sawbone was instrumented with strain gages, secured on the block surface close
to the acetabular cavity (Figure 1). Strain gage data was acquired at 50khz with peak
tensile strain recorded for each strike. An optical tracker was used to determine the
polar gap between the cup and Sawbone cavity during seating. Initially 10 strikes were
used to seat each cup. Tracking data were then used to determine at which strike the
cups progressed less than 10% of the final polar gap. This value was taken as number
of strikes to complete seating. Tests were repeated with fresh Sawbone, striking each
cup the number of times required to seat. Following each seating push-out forces of the
cups were recorded using a compression testing machine.

10, 5 and 2 strikes were required to seat the acetabular cups for the low, medium and
high energies respectively. It was found that strain in the Sawbone peaked around the
number of strikes to complete seating and subsequently decreased. This trend was
particularly pronounced in the high energy group (Figure 2). An increase in Sawbone
strain during seating was observed with increasing energy (270+/-29ug [SD], 519+/-
91ue and 585+/-183ue at low, medium and high energies respectively, Figure 3). The
highest push-out force was achieved at medium strike energy (261+/-46N). The ratio
between push-out and strain was highest for medium strike energy (0.50+/-0.095 N/ue).
Push-out force was similar after 5 and 10 strikes for the medium energy strike. However
push-out recorded at ten strikes for the high energy group was significantly lower than
for 2 strikes (<40+/-19 N, p<0.05).

These results indicate that a medium strike energy with an appropriate number of
seating strikes maximises initial implant stability for a given peak bone strain. It is also
shown that impaction with an excessive strike energy may greatly reduce fixation
strength while inducing a very high peak dynamic strain in the bone. Surgeons should
take care to avoid an excessive number of impaction strikes at high energy.

Figures
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Background:While tranexamic acid (TXA) has been well shown to reduce blood loss
after joint replacement surgery, little is known regarding its effectiveness in obese
patients. The aim of this study was to evaluate the effect of TXA changes in hematocrit
and hemoglobin levels as well as incidence of packed red blood cell (pRBC)
transfusions in obese patients undergoing total joint arthroplasty (TJA).

Material and Methods:Between January 2014 and May 2015, 420 consecutive primary
joint replacements were performed by two surgeons at our institution. 157 patients
(THA=29; TKA=128) were obese with a body mass index (BMI) greater than or equal to
30 kg/m?. Medical records were reviewed and identified that TXA was utilized in 85
(54.1%) arthroplasties [study group] and was compared to a consecutive series of 72
(45.9%) TJAs [control group]. TXA was given intravenously (1V) in two doses: (1) one
gram prior to incision and (2) one gram at the time of femoral preparation in THA or prior
to cementation in TKA. Changes in hemoglobin and hematocrit levels, number of pPRBC
transfusions, and occurrence of thrombolytic events were recorded.

Results:The changes in hematocrit (7.2% vs. 8.1%) and hemoglobin levels (3.0 g/dl vs.
3.3 g/dl) were less for group that received TXA than the control group, albeit not
significantly (p=0.100 and p=0.278, respectively). Within the control group 26 (36.1%)
patients required a pRBC transfusion with a mean of 2.0 units per patient (range:1-5);
whereas, only 8 (9.4%) patients with TXA required a mean of 1.6 units per patient
(range:1-2 units). The use of TXA significantly reduced the incidence of pRBC
transfusions, especially in TKA (p<0.001). Sub-analyses revealed that transfusion rates
were even more significantly reduced by TXA in obesity type Il and Ill. Two pulmonary
emboli were reported in the group that did not receive TXA, whereas no thrombolytic
events were reported in the group that did receive TXA.

Conclusion:Utilization of TXA significantly reduced the rate of pRBC transfusions in
obese patients.
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Abstract
Background

Tranexamic acid (TXA) has demonstrated efficacy in reducing blood loss, reduction of
hemoglobin, and blood transfusion requirements in primary total hip arthroplasty (THA).
The optimal mode of TXA administration for patients undergoing primary THA is unclear.
The purpose of this randomized controlled trial was to determine whether oral
administration of TXA was superior to intravenous or topical routes in these patients.

Methods

In this double-blinded placebo-controlled trial, patients undergoing primary THA
were randomized to oral (2 g TXA orally 2 hours preoperatively), intravenous (20 mg/kg
intravenous TXA bolus 5 minutes before the incision) or topical (2 g TXA applied
topically) TXA groups. The primary outcome was the reduction of hemoglobin.
Secondary outcomes included blood loss, transfusion rate, cost of TXA (Chinese yuan
(¥);in 2017, ¥1 = $0.147), and adverse events.

Results

One hundred and eighty patients were randomized into the three groups.
Demographic characteristics were similar among the groups. The mean reduction of
hemoglobin was similar among the oral, intravenous, and topical groups (3.48 +
1.32g/dL, 3.58 + 1.07g/dL, and 3.66 * 1.26g/dL, respectively). Similarly, the mean total
blood loss did not differ significantly among the three groups. The oral group incurred
the lowest TXA cost (¥480) compared with that in the intravenous (¥3329.28) and
topical (¥3540) groups (P = 0.01). None of the patients sustained a deep venous
thrombosis (DVT), pulmonary embolism (PE) or an infection.

Conclusion

The blood-sparing efficacy of oral TXA is comparable to that of the intravenous and
topical forms. Oral TXA is recommended because of its cost-benefit superiority and
ease of administration.

Keywords Tranexamic acid; Intravenous; Topical; Oral; Total hip arthroplasty; Blood
loss
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Abstract: The effect of intra-articular tranexamic acid on blood loss in concurrent
bilateral total knee arthroplasty was studied in 60 patients in double blind fashion; one
knee receiving tranexamic acid, the other knee receiving physiological saline acting as
control. A single surgeon performed all operations utilising the same surgical technique
and prosthesis. Mean blood loss from intra-articular drains was not significantly
different, being 141ml in the tranexamic acid group and 163ml in the control group.
Circumferential leg measurements at levels above, through and below the knees were
not significantly different between groups on day two post-operatively compared to pre-
operatively. Intra-articular tranexamic acid instillation did not lead to a significant
reduction in blood loss in these patients. Keywords: bilateral total knee arthroplasty,
blood loss, intra-articular tranexamic acid.
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Tranexamic acid was intra-articularly injected in total knee arthroplasty (TKA) to reduce
blood loss and transfusion. Blood loss and deep vein thrombosis are important
complications after TKA.

A retrospective cohort study was conducted with two groups. To determine the safety
and efficacy of intra-articular tranexamic acid in TKA, the authors searched various
databases for relevant randomized controlled trials. Mean difference (MD) in total blood
loss, risk ratio (RR) for transfusion, and complication rate in the tranexamic acid-treated
group vs the placebo group were calculated. Seven key values, including 635 patients
from 2012 to 2017, were identified.

The pooled results showed a positive effect of tranexamic acid in all treatment groups,
with significant reduction in total blood loss. However, there was significant
heterogeneity in the finding among studies. The pooled results indicated that 4.5% of
tranexamic acid-treated patients required transfusion compared with 31.3% of placebo-
treated patients. This difference was significant. There was no significant difference
between the groups in the incidence of deep venous thrombosis (DVT) or pulmonary
embolism (PE).

In all, intra-articular tranexamic acid significantly reduced total blood loss, drainage,
reduction of hemoglobin, and the need for transfusion without increasing the incidence
of DVT and PE. Intra-articular tranexamic acid is safe and efficacious in TKA.
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INTRODUCTION

Postoperative hemoglobin determination after total knee arthroplasty (TKA) is considered essential to detect and
possibly treat significant anemia. However, the usefulness of this systematic procedure has never been validated.
The hypothesis of this study was that this determination performed the day after surgery did not provide clinically
useful information when modern blood saving procedures are used.

METHODS

All patients undergoing TKA between October 2016 and October 2017 were eligible for a prospective observational
study. Patients operated for unilateral primary TKA were selected. All patients received a preoperative injection of
tranexamic acid (2 g IV). Surgery was performed under general anesthesia by one of two surgeons experienced in
knee prosthetic surgery with a standardized operative technique. All procedures were performed under navigation
control without violation of the femoral and tibial medullary canal. All procedures were performed under inflated
tourniquet before the incision at 300 mm Hg and deflated after dressing preparation. No blood recovery system was
used. No drainage was left.

The usual demographic criteria, the preoperative hemoglobin level and the hemoglobin level at the day following
surgery were collected. The possible existence of clinical signs of anemia (tachycardia, asthenia, malaise ...) after
the intervention was recorded. The need for allogenic transfusions during or after the procedure was noted. The
transfusion indications were previously arbitrarily established: hemoglobin determination below 9g/dl and/or
presence of clinical signs of anemia.

RESULTS

108 patients were included: 42 men and 66 women, with an average age of 70 + 10 years, with an average body
mass index of 30 + 6 kg/m?. The preoperative hemoglobin level was 13.8 + 1.2 g/dl, and all patients had a rate
greater than 11 g/dl. 7 patients (6%) received allogenic transfusion during the procedure (2 pockets). The
hemoglobin level at the first post-operative day was 11.6 + 1.3 g/dl, and all but one patient had a hemoglobin
level greater than 9 g/dl. 12 patients (11%) had clinical signs of anemia the day after the procedure; 2 had a
hemoglobin level of less than 10 g/dl. 5 patients (5%) received allogenic transfusion during the early
postoperativephase: the 2 previous patients (2 pockets), one patient with functional renal failure, and two patients
for no obvious reason.

DISCUSSION

The determination of hemoglobin level in the immediate post-operative course after TKA did not provide a
significant indication of the possible need for allogenic blood transfusion when modern blood saving procedures are
used and there are no clinical signs of anemia. The cost of this procedure is certainly low, but not negligible in a
period of constrained financing. It therefore seems logical to eliminate this routine dosage in the absence of clinical
signs of anemia
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Background:

Non-invasive hemoglobin measurement was introduced to potentially eliminate blood
draws postoperatively. We compared the accuracy and effectiveness of a non-invasive
hemoglobin measurement system with a traditional blood draw in patients undergoing
total joint arthroplasty.

Methods:

After IRB approval, 100 consecutive patients undergoing primary total hip or knee
arthroplasty had their hemoglobin level tested by both traditional blood draw and a non-
invasive hemoglobin monitoring system. Results were analyzed for the entire group,
further stratifying patients based on gender, race, surgery (THA versus TKA), and post-
operative hemoglobin level. Finally, we compared financial implications and patient
satisfaction with the device. Paired t-test with 0.05 conferring significance was used.
Stratified analyses of the absolute difference between the two measures were assessed
using Mann-Whitney test. To assess the level of agreement between the two measures,
the concordance correlation coefficient (CCC) was calculated.

Results:

Mean blood-draw hemoglobin value on POD1 was 11.063 £ 1.39 g/dL and 11.192
1.333 g/dL with the non-invasive device. For all patients, the mean absolute difference
between the two methods was 0.13 g/dL (p = 0.30). The CCC between the two methods
was 0.58, conferring a moderate to strongly positive linear relationship (Figure 1).

Comparing patients by gender, race, or surgery, the median difference between the two
methods was not significantly different (p>0.28). However, we did find a significant
difference in between the digital reading and blood draw if the patient’s hemoglobin was
<10 g/dL ( >10 g/dL = 0.8 g/dL vs < 10 g/dL= 1.2 g/dL, p = 0.03). See Figure 2 for a full
summary of the data.

Non-invasive measurement was preferred by 100% of patients with a mean VAS score
of 0/10. Additionally, the cost savings with the non-invasive system was $16.50 per
patient.

Discussion:

Overall, there was no significant difference between the hemoglobin level obtained by




traditional laboratory methods versus the Masimo Radical-7 system on post-operative
day #1 in patients who underwent total joint arthroplasty. In the minority of patients
(19%) who had a hemoglobin level of less than 10 g/dL, the difference between the two
methods was statistically significant. Additionally, 100% of patients preferred the
Masimo device to a traditional blood draw and the Masimo device was substantially
cheaper. While further investigation of non-invasive hemoglobin monitoring systems is
necessary, particularly in patients with a post-operative hemoglobin of less than 10 g/dL,
our study shows that the Masimo Radical-7 device provides an accurate, preferable,
and less expensive alternative to a traditional blood draw after total joint replacement.

Conclusion:

Overall, the non-invasive hemoglobin monitoring system offered a similar hemoglobin
reading to the standard lab-draw reading, while improving satisfaction and lowering
cost. The system relies on adequate perfusion for measurement, and our study
demonstrated that lower hemoglobin values may reduce finger-tip perfusion and affect
the hemoglobin reading.
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n Absolute p-value
Difference
|median (g1, g3)]
Gender
Female 32 0.85 (0.45, 1.55)
Male 68 0.8(0.4, 1.35) 0.50
Ethnicity
Caucasian 69 0.7(04,1.4)
African American 31 1(0.6, 1.5) 0.28
Surgery
TKA 60 0.85 (0.4, 1.45)
THA 40 0.8(0.5,1.3) 0.55
Hgb
<10 g/dL. 81 0.8(0.4,1.3)
>10 g/dL 19 1.2 (0.6, 1.7) 0.03

Figure 2
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[Purpose] In total hip arthroplasty (THA), the direct anterior approach (DAA) and OCM
(modified Watson-Jones approach) are tendon-preserving approaches. Since tendons
are not resected, there are expectations for early functional recovery postoperatively
and a decreased incidence of venous thromboembolism (VTE) from shortened periods
of bed confinement. However, we encountered many cases of VTE soon after DAA was
introduced in our department. This study compared the incidence of VTE following THA
with DAA, OCM, and a lateral approach.

[Methods] THA was performed in two hospitals between January 2014 and July 2016.
Patients were divided into a DAA group of 11 patients, 11 hips (Group A), an OCM
group of 31 patients, 34 hips (Group B), and a lateral approach group of 75 patients, 81
hips (Group C). Examinations for VTE were done at 2 postoperative weeks using
contrast enhanced CT and venous ultrasound of the legs. Hand massage of the legs
was performed soon after surgery in all patients, but anticoagulant therapy was not
used.

[Results] Group A consisted of 2 men and 9 women, Group B of 6 men and 25 women,
and Group C of 17 men and 58 women, with mean ages at the time of surgery of
67.5+13, 64.7+12, and 62.4+11 years old, respectively. The incidence of VTE was
36.4% (4 patients) in Group A, 12.9% (4 patients) in Group B, and 9.9% (8 patients) in
Group C. This was significantly higher in Group A than in Group C (P = 0.04, x° test). In
Group A, there were no differences in sex, BMI, age at surgery, or operational time with
and without VTE, but VTE occurred soon after the DAA introduction in 3 of the 4
patients in whom it developed. After THA with OCM, all four of the patients in whom
VTE occurred were among the 17 patients in the initial introduction period of OCM.

[Discussion] Although no consensus has been reached on the incidence of VTE with
tendon-preserving approaches, stasis in the venous circulation from long compression
of the femoral vein due to intraoperative leg position or intraoperative retractors is
thought to be one cause. Careful postoperative monitoring for VTE and active
anticoagulant therapy, especially in the initial introduction period of a technique until
surgeons have mastered it, may be necessary.
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Purpose: This study aimed to investigate the effects of discontinuing antiplatelet agents before total knee
arthroplasty on postoperative blood loss and bleeding related complications.

Materials and Methods: A database of all patients undergoing total knee arthroplasty between 2012 and
2016 was analyzed. Demographic, surgical and complete blood workup data were collected. Retrospectively,
total 452 cases of total knee arthroplasty were enrolled within our inclusion criteria and classified into 327
patients of discontinuing antiplatelet agent group (acetylsalicylic acid: 213 patients, thienopyridine: 114
patients) and 115 patients of continuing group (acetylsalicylic acid: 81 patients, thienopyridine: 34 patients).
For another analysis, we investigated preoperative bleeding time and patients were classified into 139
abnormal bleeding time (ANBT) group and 313 normal bleeding time (NBT) group (normal range: Bleeding
time 81-192 sec). We examined hemoglobin concentration and hematocrit at three points in time
preoperatively, 24 hours and 48 hours postoperatively. We compared groups of patients in terms of total
blood loss, postoperative drained blood loss, hidden blood loss, visible blood loss and thrombocytopenia
(platelet count <100x103/uL) and investigated whether patients had had any gastrointestinal bleeding,
hematuria, nasal bleeding, hematoma requiring re-operation due to bleeding.

Results: There were no significant differences between the discontinuing group and continuing group in the
hemoglobin concentration at 24 hours and 48 hours postoperatively (p=0.171, p=0.247), hematocrit at 24
hours and 48 hours postoperatively (p=0.128, p=0.225). No statistically significant differences between these
two groups in the postoperative drained blood loss (p=0.281), the visible blood loss (p=0.323), hidden blood
loss (p=0.245) and total blood loss (p=0.526) were found. There were no significant differences between
NBT group and ANBT group in the hemoglobin concentration at 24 hours and 48 hours postoperatively
(p=0.198, p=0.183), hematocrit at 24 hours and 48 hours postoperatively (p=0.101, p=0.293). No statistically
significant differences between these two groups in the postoperative drained blood loss (p=0.281), the
visible blood loss (p=0.125), hidden blood loss (p=0.121) and total blood loss (p=0.526) were found. Of the
452 cases, eleven (3.336%) deep vein thrombosis were found in the discontinuing groups and four
cases(3.478%) in continuing group. Twelve (3.846%) deep vein thrombosis were found in the NBT group
and three(0.7%) cases in ANBT group. There were one (0.869%) case of upper gastrointestinal bleeding in
continuing group and there no case of hematuria, nasal bleeding, or hematoma requiring reoperation.

Conclusion: Discontinuing or continuing anti-platelet agents undergoing TKA has no effect on
postoperative blood loss and bleeding related complication. Our data support perioperative continuation of
aspirin or clopidogrel intake in patients undergoing TKR.
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ObjectiveAlthough randomized controlled trials have confirmed oral tranexamic acid
(TXA) can provide similar blood-sparing efficacy compared with intravenous (IV) TXA in
total knee arthroplasty (TKA), some concerns do remain about thromboembolic events
after such systemic administration. Many studies have confirmed that intra-articular (1A)
application of TXA can show similar blood-saving efficacy with minimal levels of
systemic absorption compared with IV TXA. However, it remains unclear whether the
efficacy and safety of oral TXA administration is equal to or less than that of IA
administration in TKA without the use of a tourniquet and drain. Thus, this study was to
verify non-inferior efficacy and safety of oral TXA compared with IA TXA in primary
TKA.

MethodsA double-blind, randomized, controlled trial was performed to compare three
oral doses of TXA (2 g of TXA 2 h before incision, and 1 g of TXA 6 and 12 h after
surgery, respectively) with 1A TXA (3 g of TXA in 100 mL of saline solution). One
hundred forty-seven patients scheduled for TKA were randomized to one of the two
interventions. The primary outcome was total blood loss. The secondary outcomes
included reduction of hemoglobin concentration, clinical outcomes, blood coagulation
values, thromboembolic complications, and transfusion rates.

ResultsThe mean total blood loss was 788.8 mL in the oral TXA group compared with
872.4 mL in the 1A TXA group, with no statistical significance (p > 0.05). There were no
significant differences in reduction of hemoglobin level, blood coagulation level, and
clinical outcomes. The transfusion rates were 4% in oral group and 5% IA group,
respectively. Also, no significant differences were identified in thromboembolic
complications.

ConclusionOral TXA according to the described protocol demonstrated non-inferiority
for primary TKA, with no safety concerns and a greatly reduced cost, compared with the
IA TXA. This randomized controlled trial supports the oral administration of TXA in TKA.
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Aims The purpose of this study was to identify the most effective regimen of multiple
boluses of oral tranexamic acid(TXA) in achieving maximum reduction of blood loss in
total knee arthroplasty (TKA).

Patients and Methods In this randomized controlled trial, 200 patients were
randomized to receive a single dose of 2.0 g of TXA orally 2 hours preoperatively (group
A), a single dose followed by 1.0-g TXA orally three hours postoperatively (group B), a
single dose followed by 1.0-g TXA orally three and nine hours postoperatively (group
C), or a single dose followed by 1.0-g TXA orally three, nine, and fifteen hours
postoperatively (group D). All patients followed a routine enhanced-recovery protocol.
The primary outcome was the calculated total blood loss. Secondary outcomes were
hidden blood loss (HBL), reduction of hemoglobin, transfusion rate, and adverse events.

Results The group C (661.1 mL; standard deviation (SD) = 262.4) and group D (597.7
mL; SD = 219.6) had significantly lower mean total blood loss compared with group A
and group B. The mean HBL was signii—cantly lower in group B (699.2 mL), group C
(533.1 mL), and group D (469.9 mL) than in group A (P = 0.006, P < 0.001, and P <
0.001, respectively). The group C (2.22 mL; SD = 0.91) and D (2.04 mL; SD = 0.95) had
lower reduction in hemoglobin than group A and group B. However, no differences were
identified between group C and group D regarding the three parameters.

ConclusionThe additional postoperative two- and three-dose oral TXA regimens
produced a significant reduction in blood loss. The postoperative two-dose regimen is
the least necessary regimen for clinical efficacy in primary unilateral TKA. Three-dose
oral TXA regimen produced maximum reduction of blood loss.
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Introduction: Initial fixation and stability of acetabular implants are dependent on
implant designs and materials, which influence long-term survivorship. A porous three-
dimensional shell constructed with a titanium alloy substrate with Commercially pure
titanium coating was developed to improve initial and long-term fixation.
Radiosterometric analysis along with cadaveric testing have yielded minimal shell
migration and satisfactory coefficient of friction, respectively. The purpose of this study
was to evaluate long-term outcomes of this highly-porous titanium shell in primary total
hip arthroplasty. Survivorship rates, functional outcomes, complications, 90-day
readmissions, and radiographic outcomes at three-years postoperative were studied.

Methods: The database of primary cementless THAs were performed at 12 centers as
a part of a prospective, non-randomized, post-market study. This yielded 255 cases in
250 patients (149 men, 101 women) who had a mean age of 63 years (31-84). Aseptic
and all-cause Kaplan-Meier survivorship were calculated. The Harris Hip Score (HHS),
Short Form 12 (SF12), Lower Extremity Activity Score (LEAS), EuroQol five dimensions
questionnaire (EQ-5D), and radiographs were collected preoperatively and
postoperatively at six weeks, one year, and three years. Surgical details were also
collected. Effect size was analyzed according to Cohen’s criteria to determine index
responsiveness. Anteroposterior (AP) pelvis, AP femur, and lateral radiographs were
reviewed by an independent surgeon.

Results: The aseptic survivorship was 99.6% (95% Cl: 1.004 to 0.988). There was one
case of peri-prosthetic femoral fracture at 5 weeks postoperative. The all-cause
survivorship was 98% (95% CI: 0.984 to 0.999). There were three cases of deep joint
infection at 2-weeks, 7-weeks, and 19-months postoperatively. The mean scores at
three years postoperative were the following: HHS, 91.0 points (33.0-100.0); SF-12
physical score, 47.02 points (20.46-61.36), SF-12 mental score, 56.52 (27.50-67.91);
LEAS,11 points (6.0-15.0), EQ-5D VAS score, 85 points (50-100), and the EQ-5D TTO,
0.90 points (0.71-1.00) (Table 1). There were five intraoperative complications, all
unrelated to the device, and a 3.9% readmission rate within the 90-day period.
Excluding patients who underwent revision, all implants were stable, and there were no
progressive radiolucencies, loosening, or shielding of acetabular component noted.
Furthermore, of the reviewed radiographs, there were no radiolucent line findings in all
three acetabular zones at the 3-year window for the same subjects where findings in all
three zones were prevalent at the 6-week and 1-year window (Figure 1).

Discussion: The highly porous acetabular shell investigated in this study demonstrated
excellent aseptic and overall survivorship along with satisfactory functional outcomes at
the minimum of 3 year follow-up after THA. Although five patients sustained
intraoperative complications, four of them were related to the femoral component and
were successfully treated intraoperatively. Radiographically, there were no failures,
deemed by migration greater than 5mm in any direction or 2mm radiolucent lines all
three acetabular zones. These results show promising results for this highly porous
acetabular shell in THA. Longer-term follow-up is necessary to confirm continued
excellent results of this implant.
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Introduction: Several studies before 1990 showed that total hip arthroplasty (THA) for
patients with osteonecrosis of the femoral head (ONFH) have poorer outcomes than for
patients with osteoarthritis (OA) because patients with ONFH tend to be younger and
more active, which are assumed to relate to higher dislocation and aseptic loosening
rates observed in patients with ONFH. However, there have been many technological
innovations in THA, including implant designs, liner materials, surgical techniques, and
computer-assisted surgeries, and recent studies after 2000 demonstrated good
outcomes of THA, even for patients with ONFH. Although several studies reported the
usefulness of the computed tomography (CT)-based navigation system in THA, there
have been no reports that compared the clinical and radiological outcomes of THA
performed with or without a CT-based navigation system in patients with ONFH.
Therefore, the purpose of this study is to investigate the clinical and radiological
outcomes following navigated or non-navigated THA in patients with ONFH.

Methods: Between January 1990 and December 2014, 271 hips from 192 consecutive
patients who underwent primary THA for ONFH with a follow-up period of longer than 2
years (mean, 10 years; range, 2—26 years) were included in this study. Of the 271 hips,
THA was performed without a CT-based navigation system in 110 hips between
January 1990 and February 2004 (non-navigation group), whereas 161 hips underwent
THA with a CT-based navigation system (CT-Hip System, Stryker) between March 2004
and December 2014 (navigation group). Twenty-eight hips underwent THA through an
anterolateral approach, 26 hips underwent THA on one side without CT-based
navigation system and on the other side with CT-based navigation system, 17 hips
underwent osteotomy before THA, and 13 hips underwent hip resurfacing or bipolar hip
arthroplasty on the other side were excluded. We performed propensity score matching
in relationship to sex, age at surgery, and body mass index in a 1:1 ratio for both groups
(Fig. 1). Finally, 160 hips from 121 patients (80 hips of each group) were selected for
this analysis (Table 1). We evaluated clinical and radiological outcomes, and also
calculated the cup alignment observed in the early postoperative, anteroposterior
radiographs.

Results: No significant difference was observed in clinical score between both groups.
Dislocation was significantly lower in the navigation group (0 hips, 0%) than in the non-
navigation group (eight hips, 10%; p = 0.003), whereas periprosthetic joint infection and
aseptic loosening did not differ between both groups. Variance of cup alignment was
lower in navigation group than in the navigation group (p < 0.001) (Fig. 2). Based on the
results from the Cox proportional hazard model, the use of the CT-based navigation
system (HR; 0.54, 95% Cl, 0.35-0.84; p = 0.007), and a femoral head diameter > 36
mm (HR; 0.47, 95% CI, 0.28-0.75; p = 0.002) turned out to be the predictors for
preventing dislocation.

Conclusion: Use of the CT-based navigation system and large femoral head diameter
are helpful for preventing dislocation in patients with ONFH.




Figures

Fig. 1 Flow disgrem ildswtratiag peocedure for patient mebasion.

/\

271 prmary THAS foe patients with ONFH
(January 1990 December 2014)

110 mon.navigated THAS
Umuary 1990-Febrwuy 2004)

161 navigated THAS
(March 2004-December 2014)

£4 Exchadad:

18 antcrosatoral appecach

26 cach peniod

17 aficr ostootomy

13 revsaacing o Bepolar hup artheopdasty on the other side

4

4

£6 now-avagiod THAS and 101 navigated THAs, thiough x posterolsteral appeoach
Propensaty sooee matchang 1 a 11 mabio (sex, age, and BMI)

l

80 poe-ravagaed THAS
(noa-navigation group)

l

50 savigated THAS
(navigation group)

Figure 1

Table 1 Charactenistacs of patients after propensity score matching
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Introduction: Hip implants with decreased distal widths relative to proximal widths,
ideally allows for maximum metaphyseal fit and as such can more closely match
patients' femoral neck geometry and length. The aim of this retrospective study was to
analyze the mid-term results of total hip arthroplasty (THA) utilizing a never before
reported on uncemented, flat, tapered stem with a reduced distal profile in patients who
had been followed for a minimum of five years.

Methods: Two hundred and twenty-eight consecutive THAs in 211 patients were
performed between 2007 and 2009, by a single surgeon, utilizing a stem with a reduced
distal profile (ANTHOLOGY, Smith&Nephew). Femoral and/or acetabular component
revision was determined for all hips. Kaplan Meier was used to analyze implant survival.

Results: At a median of 8.4 (7.1 — 9.3) years there was 92% follow-up with 16 patients
(18 hips) lost to follow-up. Six hips were revised, one femoral component revision for
aseptic loosening, and the others acetabular revisions for instability (n=3), dislocation
(n=1), squeaking (n=1). At 10.7 years Kaplan Meier curves were 96.3% for all-cause
revision and 99% for femoral component revision only. Of the 22 patients (22 hips) who
had died, all had retained their hips and died from co-morbidities.

Conclusions: Primary THA utilizing an uncemented, flat, tapered stem with a reduced
distal profile had high implant survivorship at a minimum follow-up of 5 years.

Figures
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[Introduction] We have investigated the long-term (minimum follow-up period; 10 years)
clinical results of the total hip arthroplasty (THA) using K-MAX HS-3 tapered stem.

[Materials and Methods] In K-MAX HS-3 THA (Kyocera Medical, Kyoto, Japan),
cemented titanium alloy stem and all polyethylene cemented socket are used. This stem
has the double tapered symmetrical stem design, allowing the rotational stability and
uniform stress distribution (Fig. 1). The features of this stem are; 1. Vanadium-free high-
strength titanium alloy (Ti-15Mo-5Zr-3Al), 2. Double-tapered design, 3. Smooth surface
(Ra 0.4pm), 4. Broad proximal profile, 5. Small collar. Previous type stem, which was
made of the same smooth-surface titanium alloy, has the design with cylindrical stem
tip, allowing the maximum filling of the femoral canal (Fig. 2). Osteolysis at the distal
end of the stem had been reported in a few cases in previous type with cylindrical stem
tip, probably due to the local stress concentration. Therefore the tapered stem was
designed, expecting better clinical results.

157 THAs using HS-3 taper type stem were performed at Kitano Hospital between
March 2004 and March 2008. And 101 THAs, followed for more than 10 years, were
investigated (follow-up rate; 64.3%). The average age of the patients followed at the
operation was 61.7 years and the average follow-up period was 10.9 years. The all-
polyethylene socket was fixed by bone cement, and the femoral head material was
CoCr (22mm; 5 hips, 26 mm; 96 hips).

[Results] Two hips were revised, one was due to late infection, and the other due to
breakage of the implant in trauma. Japanese orthopaedic association (JOA) score
improved from 40 to 86 points. Postoperative complication was three periprosthetic
fractures (one femoral shaft fracture and two greater trochanteric fractures) and femoral
shaft fracture case was operated. Dislocation was not observed. Socket loosening
(Hodgkinson, Type 3, 4) and stem loosening (Harris, definite and probable) were not
observed radiographically. Cortical hypertrophy was observed in 7.9%. The survival rate
of HS-3 tapered stem was 98% for revision due to any reason and 100% for revision
due to aseptic loosening.

[Discussion] The long-term clinical results of K-MAX HS-3 tapered stem were excellent.
The osteolysis at the stem tip was not observed in this type, which was observed in a
few cases in previous type. From the X-ray finding, it was suggested that this taperd
stem had more uniform stress distribution to the femoral bone than previous type.
Moreover, the problems associated with titanium alloy usage were not observed.

From the present investigation, good farther long-term results of the tapered titanium
stem were expected.

Figures
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INTRODUCTION

Wedge femoral stems used in total hip arthroplasty (THA) have evolved with
modifications including shorter lengths, reduced distal geometries, and modular necks.
Unlike fit and fill stems which contact most of the metaphysis, tapered wedge femoral
stems are designed to achieve proximal medial/lateral fixation. These single taper,
wedge stems have demonstrated positive clinical outcomes. The tapered wedge stem
evaluated in this study has further reduced distal geometry to provide a wedge-fit within
the metaphysis of the proximal femoral canal for all femur types (Dorr A, B, C). The
objective of this study was to evaluate the early clinical outcomes, including femoral
stem subsidence, of a tapered wedge femoral stem (Figure 1).

METHODS

Fifty subjects (28 males, 22 females; mean age: 64.719.7 years; mean BMI: 29.6+4.6)
underwent primary THA with a tapered wedge femoral stem. IRB approval was received
prior to conducting the study and all participants signed the informed consent. Clinical
data outcomes for this study included the Harris Hip Score (HHS), the Oxford Hip Score
(OHS), revisions, and subsidence at the 6-week, 3-month, 1-year, and 2-year post-
operative time points. Femoral stem subsidence was measured by an independent third
party. Student t-tests were used to identify significant mean differences between
genders (p<0.05).

RESULTS

The means and standard deviations for the HHS and OHS are shown in Figure 2. For
patients returning for their 2-year post-operative visit (n=42), the HHS improved by 40.7
points to 91.9 from 51.2 and the OHS improved by 23.5 points to 44.6 from 21.1. There
was no significant difference between genders with regard to age, BMI, or HHS scores.
However, the males had significantly higher pre-operative OHS scores (23.4 vs. 18.2)
and 3-month post-operative OHS scores (43.7 vs. 40.3). There were no revisions. There
were no observations of femoral stem subsidence at 1 year (n=45) or 2 years (n=40).

DISCUSSION

The tapered wedge femoral stem exhibited positive early clinical results as
demonstrated by the significant improvement in functional outcome scores from the pre-
operative visit to 2-years post-operative. These 2-year improvements are better than
moderate clinically important improvements reported in the literature (40.1 points for
HHS)." Functional outcomes scores continued to improve at the 6-week, 3-month, and
1-year post-operative visits. The 1-year and 2-year outcomes were not significantly
different. Additionally, the implant was well fixated as there were no reports of femoral
stem subsidence 2 years post-operative.




SIGNIFICANCE

The tapered wedge femoral stem evaluated in this study demonstrated positive early
clinical performance with no reports of femoral stem subsidence or revisions. This
tapered wedge stem design is a promising alternative to conventional femoral stems.

REFERENCES
1. Singh, Schleck, Harmsen, & Lewallen. Clinically important improvement thresholds

for Harris Hip Score and its ability to predict revision risk after primary total hip
arthroplasty. BMC Musculoskelet. Disord. 17, (2016).

Figures

Figure 1. Tapered Wedge Femoral Stem.
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INTRODUCTION: Recently, short shaped stem becomes popular in total hip
arthroplasty (THA). Advantages of the short stem are preserving femoral bone stock,
thought to be less thigh pain, suitable for minimally invasive THA. However, bony
reaction around the short stem has not been well known. The purpose of this study was
to compare the two years difference of radiographic change around the standard
tapered round stem with the shorter tapered round stem.

MATERIALS AND METHODS: Evaluation was performed in 96 patients (100 joints)
who underwent primary THA. Standard tapered round stem (Bicontact D stem) was
used in 44 patients from January 2011 to May 2013. Shorter stem (Bicontact E stem)
was used in 56 patients from May 2015 to March 2016. The proximal shapes of these
two stems are almost the same curvature. The mean age at surgery was 64 years. The

mean BMI at surgery was 24.0 kg/m?. Eighty-six patients had osteoarthrosis and 10
patients had osteonecrosis. Evaluation was performed 2 years after surgery with
standard AP radiographs. The OrthoPilot imageless navigation system was used during
surgery. Evaluation of the stem fixation, stress shielding, and cortical hypertrophy were
carried out.

RESULTS: There were no differences of patient characteristics between the standard
D stem group and the shorter E stem group. All 100 stems showed bony stable fixation
two years after surgery. No subsidence was observed in both groups. No clear zone
was observed around the stems in both groups. Cortical hypertrophy was observed 19
patients (43.2%) with the standard D stem group and 13 patients (23.2%) with the
shorter E stem group. The standard D stem group showed higher incidence of cortical
hypertrophy. Stress shielding was observed 35 patients (80%) with the standard D stem
group and 42 patients (75%) with the shorter E stem group. The number of grade 1 and
grade 2 stress shielding cases were 13 and 22 with the standard D stem group and 10
and 32 with the shorter E stem group, respectively. There were no grade 3 stress
shielding case in both groups. Regarding the incidence of stress shielding, there was no
difference between the two groups.

DISCUSSION: This study demonstrated that the shorter stem showed less incidence of
cortical hypertrophy compared to the standard stem. With radiographic evaluation, both
standard and shorter stem showed good fixation. The meaning of cortical hypertrophy,
whether it is a good reaction for the femur or not, has not been clarified yet. Less bony
reaction around the shorter stem may suggest the potential for better clinical
performance of the shorter stem compare to the standard stem.
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INTRODUCTION

The direct anterior approach (DAA) for total hip arthroplasty has become a popular
technique. Proponents of the anterior approach cite advantages such as less muscle
damage, lower dislocation risk, faster recovery, and more accurate implant placement
for the approach. However, there is a steep, complex learning curve associated with the
technique. The present study seeks to define the learning curve based on individual
surgical and outcome variables for a high-volume surgeon.

METHODS

300 consecutive patients were retrospectively analyzed. Intraoperative outcomes
measured include surgery time and estimated blood loss (EBL). Complications include
intraoperative fracture, post-operative fracture, infection, dislocation, leg length
discrepancy, loosening, and medical complications such as deep vein thrombosis (DVT)
and pulmonary embolism (PE). Segmented regression models were used to elucidate
the presence of a learning curve and mastery of the procedure with regard to each
individual variable.

RESULTS

The mean operative time was 77.1 minutes (range 40-213). Operative time improved at
a rate of 6.6 minutes per case for the first 15 cases then by an average of 5 seconds per
subsequent case. The mean EBL for the series was 288.6 mL. Segmented regression
shows EBL decreased at a rapid rate until case 52, followed by a more gradual decline.
Complications were higher in the first 7 surgeries, with a 48% decrease in the likelihood
of complication with each subsequent surgery. The improvement continued through the
rest of the series with a 0.5% decrease in likelihood with each surgery.

DISCUSSION

Our data contributes to the current body of literature by defining the learning curve with
what we consider the most pertinent outcomes. First, we show that operative efficiency
can be gained quite quickly (15 cases) while the slower improvement in EBL
demonstrates continued learning about the anatomy. Our data is consistent with
previous published reports regarding complication improvement. The present study will
provide surgeons considering DAA useful information regarding what to expect during
their learning curve. Furthermore, the data can be useful for surgeons charged with
teaching the technique to critically evaluate what learning curve variables can be
improved to hasten the learning curve.
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Early Outcomes of Obese Patients Undergoing Total Hip
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ABSTRACT
BACKGROUND

The obesity crisis in the United States has caused a significant increase of hip arthritis.
Surgical complication rates are higher in this population and guidelines are being used
to select patients who are acceptable candidates for surgical intervention. This
retrospective study evaluated the complication rates for obese patients undergoing total
hip replacement compared to non-obese patients as defined by the World Health
Organization (WHO). Additionally, we compared complication rates of the direct anterior
approach (ATHA) versus the posterior approach (PTHA) in a consecutive group of
patients using similar protocols.

METHODS

This study is an IRB approved retrospective review of 210 patients undergoing ATHA
and 201 patients undergoing PTHA during the same time period by 2 experienced, high-
volume total joint surgeons. Non-obese patients were compared to obese patients using
WHO body mass index (BMI) classification. Minor and major complications were
reviewed as well as surgical time, length of stay, disposition, and short-term outcome
measures (including pain scores, narcotic use, and assistive device use).

RESULTS

The non-obese cohort (BMI < 30) had lower complication rates (2.8% major, 4.4%
minor) when compared to the obese cohort (8.7% major, 9.9% minor). Major
complications by obese class were as follows: Class | 8.6%, Class Il 7.1% and Class llI
11.5%. The non-obese ATHA cohort had lower complication rates (0.8% major, 5.0%
minor) compared to the PTHA cohort (5.0% major, 6.7% minor). Obese patients had
6.3% major and 9.9% minor complication rates in ATHA, compared to 11.1% major and
10.0% minor complication rates in PTHA. Lastly, the evaluation of short term outcomes
showed more favorable results for ATHA compared to PTHA for both obese and non-
obese patients.

CONCLUSION

Obesity was associated with an increased risk of complications and less favorable short-
term outcomes following THA. Direct anterior THA was also associated with lower
complication rates and more favorable short-term outcomes.
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Aims

Accurate and precise acetabular reaming is a requirement for the press-fit stability of
cementless acetabular hip replacement components. The accuracy of reaming depends
on the reamer, the reaming technique and the bone quality. Conventional reamers wear
with use resulting in inaccurate reaming diameters, whilst the theoretical beneficial effect
of ‘whirlwind’ reaming over straight reaming has not previously been documented. Our
aim was to compare the accuracy and precision of single use additively-manufactured
reamers with new conventional reamers and to compare the effect of different
acetabular reaming techniques.

Materials and Methods

Forty composite bone models, half high-density and half low-density, were reamed with
a new 61 mm conventional acetabular reamer using either straight or ‘whirlwind’
reaming techniques. This was repeated with a 61 mm single use additively-
manufactured reamer. Reamed cavities were scanned using a 3D laser scanner with
mean diameters of reamed cavities compared using the Mann-Whitney U test to
determine any statistically significant differences between groups (p<0.05) [Fig. 1).

Results

Reaming errors were significantly higher in low-density bone compared to high-density
bone for both reamer types and reaming techniques tested (61.9 mm (SD 0.7) vs 61.4
mm (SD 0.4), respectively; p=0.0045). Whirlwind reaming was significantly more
accurate and precise than straight reaming using both conventional (61.3 mm (SD 0.1)
vs 62.3 mm (SD 0.4), respectively; p<0.0001) and single use reamers (61.1 mm (SD
0.3) vs 61.7 mm (SD 0.7), respectively; p=0.0058) [Fig. 2]. The novel single use reamer
was significantly more accurate than the unused conventional reamer, using both the
straight (61.7 mm (SD 0.7) vs 62.4 mm (SD 0.4), respectively; p=0.0011) and whirlwind
techniques (61.2 mm (SD 0.3) vs 61.3 mm (SD 0.1), respectively; p=0.0002) [Fig. 3].

Conclusion

This is the first study to our knowledge that has assessed acetabular reaming technique
in both low and high density saw bones. Improved reaming accuracy and precision was
seen in both devices tested when using the ‘whirlwind’ technique in both high-density
and low-density bone models when compared to a straight reaming technique. The
single use device assessed reamed a cavity size closer to its stated size (61mm)
compared to conventional reamers. Based on this study we suggest using a careful
“whirlwind” technique when performing acetabular reaming, and for the surgeon to pay
particular attention when performing joint replacement in patients with reduced bone
quality as there is likely to be more variability in acetabular reaming accuracy in these
patients.




Figures

Fig 1. Example of a laser scanned reamed foam block cawity used to determine mean diameter of
reamed cavity
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Introduction: Computer navigation is a highly sophisticated tool in orthopedic surgery
for component placement in total hip arthroplasty (THA). A number of recommendations
have been published. Although Lewinnek’s safe-zone is the best-known among these
its significance is questioned in recent years since it addresses the acetabular socket
only and ignores the femoral stem. Modern target definitions consider both socket and
stem and provide well-defined recommendations for complementary component
positioning. We present a new small-sized hand-held imageless navigation system that
implies these targets and supports the surgeon in realizing the concept of combined
anteversion and combined Safe-Zone (cSafe-Zone) in THA and to control leg length and
offset without altering the standard surgical work-flow and we report initial results.
Methods: The targets for positioning the components of a total hip as expressed by cup
inclination (cIncl) and anteversion (CAV), stem antetorsion (sAT) and neck-to-shaft
angle (sNSA) are determined for a specific prosthesis system using a computerized 3D-
model. The optimizing goal in this concept is maximizing the size of the cSafe-Zone
providing the largest target zone for an impingement-free prosthetic range of motion
(ROM) in order to minimize the risk for dislocation for movements in physiologic planes
and combined movements. Independent parameters like head size, head-to-neck ration
and also component orientations like cIncl, cAV, sAT and sNSA were varied
systematically and the optimal cSafe-Zone was computed in semi-automated batch
runs. These optimized prosthesis-specific results were introduced into the software of
the hand-held navigation system. Additionally, the system measures leg length, offset,
acetabular and femoral head centers pre- and postoperatively. Results: The outline of
the cSafe-Zone is not rectangular like Lewinnek’s recommendation but polygonal and its
size shows prosthesis-specific maxima. The largest zones are found for optimal SNSA
values at 126° +/-4°, optimal ranges for cIncl depend on head size and range from 44°
to 36°, best sAT range from 10° to 16°, cAV from 18° to 25°. There is a prosthesis-
specific linear correlation between sAT and cAV that denotes the combined anteversion
and also its target value. The target value for combined anteversion is not dependent on
pelvic inclination. The hand-held navigation system displays all these orienting
parameters as well as leg-length and offsets. Furthermore, it supports a virtual reduction
work-flow thus accelerating surgery. All these information provide important decision-
making details for the surgeon intraoperatively in real-time for augmented quality.

Conclusion: The combined Safe-Zone provides the basis for patient- and implant-
specific control of prosthesis implantation. It includes all important positioning
parameters of both total hip components and such gives well-defined individual
recommendations for the targets. The new hand-held navigation system provides a
smart way to direct and control the total hip implantation according to the best
combined orientation considering also the concept of combined Safe-Zone. Such it
prevents outliers, provides better safety and documents the surgical workflow and the
final result of the surgery.

Figures
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Objectives:

Robotic assisted surgery aims to reduce surgical errors in implant positioning and better
restore native hip biomechanics compared to conventional techniques for total hip
arthroplasty (THA). The primary objective of this study was to compare accuracy in
restoring the native centre of hip rotation in patients undergoing conventional manual
THA versus robotic-arm assisted THA. Secondary objectives were to determine
differences between these treatment techniques for THA in achieving the planned
combined offset, cup inclination, cup version, and leg-length correction.

Methods:

This prospective cohort study included 50 patients undergoing conventional manual
THA and 25 patients receiving robotic-arm assisted THA. All operative procedures were
undertaken by a single surgeon using the minimally-invasive posterior approach. Two
independent blinded observers recoded all radiological outcomes of interest using plain
radiographs. Patients in both treatment groups were well-matched for age, gender, body
mass index, laterality of surgery, and ASA scores.

Results:

Interclass correlation coefficient was 0.92 (95% CI: 0.84 - 0.95) for intra-observer
agreement and 0.88 (95% Cl: 0.82-0.94) for inter-observer agreement in all study
outcomes. Robotic THA was associated with improved accuracy in restoring the native
horizontal (p<0.001) and vertical (p<0.001) centres of rotation, and improved
preservation of the patient’s native combined offset (P<0.001) compared to
conventional THA. Robotic THA improved accuracy in positioning of the acetabular cup
within the combined safe zones of inclination and anteversion described by Lewinnek et
al (p=0.02) and Callanan et al (p=0.01) compared to conventional THA (figures 1-2).
There was no difference between the two treatment groups in achieving the planned
leg-length correction (p=0.10).

Conclusion:

Robotic-arm assisted THA was associated with improved accuracy in restoring the
native centre of rotation, better preservation of the combined offset, and more precise
acetabular cup positioning within the safe zones of inclination and anteversion
compared to conventional manual THA.

Clinical relevance:




Robotic-arm assisted THA enables improved preservation of native hip biomechanics
compared to conventional manual THA.

Figures

Figure 1: Accuracy of cup positioning within Lewinnck's (A + B) and Callanan’s (A) safe zones in paticnts
undergoing conventional manual THA
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Figure 2: Accuracy of cup positioning within Lewinnek's (A+B) and Callanan's (A) safe zones in paticnts
dergoi botic-arm assisted THA
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Using an Active Robotic System for THA - a Benefit or Only Cost
Intensive Technology ?
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BACKGROUND:

The most important precondition for the durability of an implant is a primary stability.
The surgical technique is a major factor for long-lasting stability. Conventional
techniques show possible intra- and postoperative problems. Using an Active Robotic
System can reduce/avoid these problems.

Manual technique shows following problems: No (or bad) preoperative planning,
malposition of the stem (varus/valgus/rotation) and cup (anteversion/inclination),
incorrect implant size, intraoperative fracture/fissure, dislocation/luxation, subsidence of
the implant after weightbearing or leg length difference (LLD). To avoid or reduce these
complications we used in more than 6500 cases such an Active Robotic System instead
of conventional (manual) methos.

METHOD:

To avoid/reduce these surgical problems and get more accuracy and precision we used
over 10 years an Active Robotic System (ROBOC/Think Surgical solution one).

The system consists of 2 innovative technologies:
1. T-PLAN: a 3 D preoperative planning workstation
2. T-CAT: an active computer assisted tool - Robot

First step is a patient's CT scan of femur and pelvis. This information will be loaded into
the T-PLAN. Using the workstation tool for all legally marketed implants (open platform),
enables to explore several plan options, move and rotate implant's position (stem and
cup), change size and even type of prostheses. Than the planned datas will be loaded
into T-CAT. Cadaver tests complete clinical results.

FINDINGS:

During 10 years we used such a computer assisted active robot for more than 6500
cases. We compairedthe intra- and postoperative complications of 5000 (robotic) with
500 conventional treated patients. After a training curve we used this technology for all
cementless impacted prosthesis with better results in comparison to manual method.
E.g. reduction of luxation/dislocation (from 2.9% to 1.2%), postoperative subsidence
(5.1% to 0.7%), fracture/fissure intraoperative (3.6% to 0.0%), malposition(14.6% to
0.2%), LLD (15.3% to 3.7%).

Cadaver tests showed a bone/implant contact of 95% using this new technology in
comparison to manual reaming of only 35%. In all the years the further developments
of the system showedgreat improvements. Regular incision and the operation time is
not more than 15-20 minutes including system fixation, registration and cutting time.
Multiple cadaver tests for cup position (inclination/anteversion) showed an extreme high
accuracy to the preoperative planning (difference less than 3 degree).

CONCLUSION:

To reduce/avoid intra- and postoperative complications we used an Active Computer




Assisted Tool (active robotic system). After a training curve the results showed great
benefits for patients, surgeons and hospitals.We used long and short stems and
widened the applications for trauma and revision cases. The cost for investment is not
low and there are also costs per case (disposables). But nevertheless of all different
obstacles: There is a great benefit using an Active Computer Assisted Tool as a
Surgical Robot!
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Introduction: Malpositioning of the acetabular cup component during total hip
arthroplasty (THA) can be associated with significant post-operative complications
including dislocation, impingement, increased wear rates. Computer-assisted navigation
has the potential to improve the accuracy of cup positioning during THA. The purpose of
this study was to compare acetabular cup position and post-operative leg length
discrepancy (LLD) in patients who underwent primary THA using posterior approach.

Methods: Between August 2016 to October 2017, all THA with (n=79) or without (n=93)
the assistance of an imageless navigation device (Intellijoint HIP®) were

analyzed. Post-operative weight-bearing radiographs were analyzed using TraumaCad
(version 2.5) for anteversion, inclination and LLD. Goal for cup placement was functional
40° inclination and 20° anteversion. Functional LLD was measured as compared to
pre-operative radiographs and compared to contralateral side. Proportion of cups within
Lewinnek’s safe zone, proximity to a pre-operative target of and the LLD >5 mm was
assessed.

Results: The mean age was 54.9 £9.6 years (30 — 72) and 57.6 £12.5 years (20 — 85) in
control and navigated groups, respectively. Mean orientation in the navigated group was
20.6°% 3.3° (17 - 25) of anteversion and 41.9°+ 4.8° (30 - 51) of inclination, vs.

25.0°+ 11.1° (10 - 31) and 45.7°+ 8.7° (29 — 55) in control group, where were
statistically significant (p=0.005 and p=0.0), respectively. In the navigated group,
significantly more acetabular cups were placed within Lewinnek’s safe zone
(anteversion: 78% vs. 47%, p=0.005; inclination: 92% vs. 67%, p=0.002). There was no
significant difference in mean LLD in navigation and control groups (3.1 £ 1.5 mm vs.
4.6 £ 3.4mm, p=0.36), although fewer LLDs >5 mm was reported in the navigated group
(7.1%) than in controls (31.4%, p=0.09).

Conclusion: The use of image-less computer-assisted navigation improved the accuracy
of functional acetabular cup components were placed and may represent an important
method for limiting post-operative complications related to cup malpositioning.
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INTRODUCTION

Total knee arthroplasty (TKA) is a highly successful procedure. Restoring the limb
alignment with an optimal ligament balance is considered critical, but to achieve both
goals by cases with severe coronal deformation may be challenging. Various methods
have been described to treat major varus deformities, but there has so far been no
consensus on the type of prosthesis to use, or the preferred ligament balancing
technique. Computer navigation for TKA may help improving prosthesis alignment
especially in cases with severe coronal deformation.

The primary hypothesis of this study was that the 10 year survival rate of navigated
TKAs for severe coronal deformation will be improved in comparison to conventional
TKAs.

METHODS

All patients operated on between 2001 and 2004 in all participating centers for
implantation of a TKA (whatever design used) were eligible for this study. Usual
demographic and peri-operative items have been recorded. All patients were contacted
after the 10 year follow-up for repeat clinical and radiological examination. Patients who
did not return were interviewed by phone call. For patients lost of follow-up, family or
general practitioner was contacted to obtain relevant information about prosthesis
survival. Conventional and navigated TKAs were paired according to age, gender, body
mass index and severity of the coronal deformation (with steps of 5°). Survival curve
was plotted according to the actuarial technique, using the revision for mechanical
reason as end-point. The influence of the implantation technique was assessed with a
logrank test at a 0.05 level of significance.

RESULTS

1,604 TKAs were implanted during the study time-frame. 658 cases could be paired in
conventional (329 cases) and navigated (329 cases) groups: in each group, 277 cases
with a coronal deformation less than 10° and 52 cases with a coronal deformation over
10°. There was no difference in any baseline criteria between conventional and
navigated TKAs. 118 patients deceased before the 10 year follow up (18%). Final
follow-up was obtained for 382 cases (58%). 15 prosthetic revisions were performed for
mechanical reasons during the follow-up time (2%). The global survival rate after 13
years was 97%. There was no significant difference between the 12 year survival rates
of conventional (97%) and navigated (98%) TKAs in cases without severe coronal
deformation. There was a significant difference between the survival rates of
conventional (93%) and navigated (98%) TKAs in cases with severe coronal
deformation.

DISCUSSION




This study confirms our initial hypothesis: navigated TKAs experienced a small but
significant better long term survival after 12 years in comparison to conventional TKAs
when a severe pre-operative coronal deformation was present, while no difference was
observed in the opposite situation. A more consistent anatomical reconstruction and
ligamentous balance of the knee with severe coronal deformation might be the
explanation for this more consistent survival of the TKA in these challenging cases,
while an optimal reconstruction is more consistently obtained with conventional
implantation technique for less severe deformation.

This study suggests that navigation implantation should be the default technique for pre-
operative coronal deformation greater than 10°.
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Introduction and Aims: Sensor technology is seeing increased utility in joint
arthroplasty, guiding surgeons in assessing the soft tissue envelope intra-operatively
(OrthoSensor, FL, USA). Meanwhile, surgical navigation systems are also transforming,
with the recent introduction of inertial measurement unit (IMU) based systems no longer
requiring optical trackers and infrared camera systems in the operating room (i.e.
OrthAlign, CA, USA). Both approaches have now been combined by embedding an IMU
into an intercompartmental load sensor. As a result, the alignment of the tibial
varus/valgus cut is now measured concurrently with the mediolateral tibiofemoral
contact load magnitudes and locations. The wireless sensor is geometrically identical to
the tibial insert trial and is placed on the tibial cutting plane after completing the proximal
tibial cut. Subsequently, the knee is moved through a simple calibration maneuver,
rotating the tibia around the heel. As a result, the sensor provides a direct assessment
of the obtained tibial varus/valgus alignment. This study presents the validation of this
measurement.

Method: In an in-vitro setting, sensor-based alignment measurements were repeated
for several simulated conditions. First, the tibia was cut in near-neutral alignment as
guided by a traditional, marker-based surgical navigation system (Stryker, MI, USA).
Subsequently, the sensor was inserted and a minimum of five repeated sensor
measurements were performed. Following these measurements, a 3D printed shim was
inserted between the sensor and the tibial cutting plane, introducing an additional 2 or 4
degrees of varus or valgus, with the measurements then being repeated. Again, for
each condition, a minimum of five sensor measurements were performed. Following
completion of the tests, a computed tomography (CT) scan of the tibia was obtained
and reconstructed using open source software (3DSlicer).

Results: By identifying anatomic landmarks on the 3D reconstructed tibia and fibula, the
actual tibial coronal alignment of 0.43° valgus was obtained (Figure 1a), in close
agreement with the one degree valgus alignment reported by the optical navigation
system. Both reference values match well with the 1.16° valgus (SD: 0.91 °) calculated
by the IMU- based sensor system. When introducing the shims, the sensor consistently
predicts the relative angular changes, with a maximum relative difference between the
expected and measured condition of 1.29°. For each condition, the standard deviation
remained small, with values ranging from 0.27° to 0.60° based on at least five repeated
measures (Figure 1b).

Conclusion: In conclusion, this paper demonstrates that sensor technology can be used
to evaluate tibial coronal alignment, with an accuracy in line with available 3D
measurement systems. The authors recognize however the need for further validation,
currently being undertaken.

Figures
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BACKGROUND:

We conducted this study to determine if the pre-surgical patient specific instrumented
planning based on Computed tomography scans can accurately predict each of the
femoral and tibial resections. The technique helps in optimization of component
positioning and hence overall alignment thereby reducing errors. This makes it less
invasive, more efficient and cost effective. The surgical plan in combination with the
cutting guides determine the resection thickness, component size, femoral rotation and
femoral and tibial component alignment. Several clinical studies have shown that PSl is
safe, accurate and reproducible in primary TKA. Accurate preparation of the femoral
and tibial surfaces will determine alignment and component positioning and this in turn
reflects on function and longevity

METHODS:

The study was conducted prospectively between May 2016 and December 2017 in our
institution. Patients admitted over a period of these twenty months were included in the
study. Patients with primary or secondary osteoarthritis OA and inflammatory arthritis
who were suitable to undergo patient-specific TKA were included in the study. Patients
with conventional instrumented TKR and those with significant deformities requiring
constrain including valgus or varus of greater than 20 degrees with incompetent lateral
or medial collateral ligaments were excluded from the study along with revisions of
partial knee to TKA using PSI blocks.

Prophecy evolution medial pivot patient specific instrumented knee replacement system
were used in all cases. The operating surgeon measured all the resections made (4
femoral and 2 tibial) using vernier calipers intraoperatively. These measurements were
then compared with the preoperative CT predicted bone resection surgical planning.

The senior author (IN) also designed markings on the tibial cutting blocks to improve
accurate placement on the tibia and further markings on the femoral cutting blocks to
ensure accurate positioning and rotational alignment improving accuracy of the cuts and
femoral rotation (Fig. 1). Further markings by senior surgeon (IN) on the pre-operative
plans included tibial rotational plans in relation to the tibial tubercle (Fig. 2).

RESULTS:

A total of 3618 readings were calculated from 201 knees (105 right and 96 left). There
were 112 females and 76 males, and the average age was 67.72 years (44 to 90 years)
and average BMI 32.3 (25.1 to 42.3). The surgical time ranged from 46 to 102 minutes
with a mean operating time of 62 minutes. All Femoral and Tibial blocks sat accurately
on the bony surfaces before being pinned (Figs 3-5). 90% showed resection error
<1mm (73% had resection error <0.5mm). Mean error of different resections <0.60 mm
(P £0.0001) - Fig 7 and Fig 8.




CONCLUSION:

The 3D printed cutting blocks with slots for jigs accurately predict bone resections in PSI
total knee arthroplasty which would directly affect component positioning and hence
longevity and function.
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Figure 3: The PSI cutting block placed accurately on the femoral surface and pinned.

Figure 3
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Figure 4: Measurement of Medial and Lateral Distal Femoral Condyle and Posterior
Condylar cuts

Figure 4
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Figure 6: Tibial cut measured from the corresponding points of the plan and recorded

for medial and lateral surfaces of tibial plateau.

Figure 5
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Figure 1: Company manufactured patient specific femur cutting block placed
on the respective model on the distal femur.

Femoral Guide Placement

Figure 6
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A previous randomised controlled trial (RCT) by our group found that a semi-active
robot (Acrobot®) was significantly more accurate than conventional instrumentation in

performing unicompartmental knee arthroplasty (UKA). However, robots are also
expensive, and time inefficient. The aim of this clinical study was to determine whether a
next generation low-cost PSI design (Embody, London, UK), which uses local and
distant bony landmarks, could deliver the same level of accuracy as the robot, whilst
also being quicker.

Any patient suitable for a medial UKA was eligible for inclusion. The experimental
conditions were identical to the previous RCT: the same validated UKA planning
software was used to plan tibial component position using a CT scan derived 3D bone
model, Oxford medial UKA prostheses (Zimmer Biomet, Bridgend, UK) were used, and
all operations were performed by the same expert surgeon. A day one postoperative CT
scan was used in both studies to measure the difference between planned and
achieved tibial component position. Operative time was recorded from skin incision to
closure. For the PSI group, Oxford knee scores (OKS) and EQ-5D-5L were collected
pre-operatively and at 12 months post-operatively.

Thirty patients took part in the study and PSI was used successfully in all cases. The
mean absolute difference between planned and achieved tibial implant position was 2°
(sd 1) in the coronal plane, 1.8° (sd 1.5) in the sagittal plane, and 45 (sd 3.3) in the
axial plane. These results were not significantly different to the coronal, sagittal and
axial plane accuracy previously observed in thirteen robotic cases (mean difference
0.5, 0.5, and 1.7°, p=0.1907, 0.2867 and 0.1049 respectively). Mean operating time (42
min, sd 6) was on average 62 min shorter than the robotic group (p<0.0001). There was
a significant increase in mean OKS from 28 (range 16-40) pre-operatively to 43 (range
29-48) post-operatively (p<0.0001), and in the overall weighted EQ-5D-5L index from
0.5754 (range 0.16-0.77) pre-operatively to 0.8485 (range 0.44-1.00) post-operatively
(p<0.0001). No complications were reported.

This clinical trial has demonstrated that for tibial component positioning in UKA, a novel
design PSI guide in the hands of an expert surgeon, can safely deliver comparable
accuracy to a robotic system, whilst being significantly faster and potentially cheaper.

1. Cobb JP et al Hands-on robotic unicompartmental knee replacement:A
Prospective,Randomised Controlled Study of the ACROBOT System.
JBoneJtSurgery.2006;88-B(2):188-197.
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Purpose: We sought to determine whether there was a difference in the posterior
condylar offset (PCO), posterior condylar offset ratio (PCOR) following total knee
arthroplasty (TKA) with anterior referencing (AR) or posterior referencing (PR) systems.
We also assessed whether the PCO and PCOR changes, as well as patient factors
were related to range of motion (ROM) in each referencing system. In addition, we
examined whether the improvements in clinical outcomes differed between the two
referencing systems.

Methods: This retrospective study included 130 consecutive patients (184 knees) with
osteoarthritis who underwent primary posterior cruciate ligament (PCL)-substituting
fixed-bearing TKA. All patients were categorized into the AR or PR group according to
the referencing system used. Radiographic parameters, including PCO and PCOR,
were measured using true lateral radiographs. The difference between preoperative and
postoperative PCO and PCOR values were calculated. Clinical outcomes including
ROM and Western Ontario and McMaster University (WOMAC) scores were evaluated
preoperatively and at 2 years after TKA. The PCO, PCOR values, and clinical outcomes
were compared between the two groups. Furthermore, multiple linear regression
analysis was performed to determine the factors related to postoperative ROM in each
referencing system.

Results: The postoperative PCO was greater in the AR group (28.4 mm) than in the PR
group (27.4 mm), whereas the PCO was more consistently preserved in the PR group.
In contrast, there was no difference in the mean postoperative PCOR between the two
groups. The mean postoperative ROM after TKA was greater in the AR group (129°)
than in the PR group (122°), whereas improvement in WOMAC score did not differ
between the two groups. Preoperative ROM was the only factor related to postoperative
ROM in both groups.

Conclusions: The postoperative PCO was greater in the AR group, whereas the PCO
was more consistently preserved after surgery in the PR group. The postoperative PCO
and PCOR changes did not affect the postoperative ROM, regardless of the referencing
system used after PCL-substituting fixed-bearing TKA. Furthermore, similar clinical
outcomes were achieved in the AR and PR groups.
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Background

Accurate implant positioning is of supreme importance in total knee replacement (TKR).
The rotational profile of the femoral and tibial components can affect outcomes, and the
aim is to achieve coronal conformity with parallelism between the medio-lateral axes of
the femur and tibia.

Aims

The aim of this study is to determine the accuracy of implant rotation in total knee
replacement.

Methods

Intra-operatively, the trans-epicondylar axis of the femur (TEA) and Whiteside’s line
were used as the reference points, aiming to externally rotate the femoral component by
1 degree. The medial third of the tibial tuberosity was used as the anatomical reference
point, aiming to reproduce the rotation of the native tibia.

Pre-and post-operative CT scans were reviewed. The difference in femoral rotation was
calculated by determining the femoral posterior condylar axis (PCA) of the native femur
pre-operatively and the implant post-operatively. Tibial rotational difference was
calculated between the native tibial posterior condylar axis and tibial baseplate.

Results

Pre and post-operative CT scans of 41 knees in 31 patients were analysed. All surgeries
were carried out by a single surgeon using the same implant.

The mean difference in rotation of the femur post-operatively was 1.2 degrees external
rotation (ER), range -4.7 to 6.9 degrees ER. 83% of femoral components were within 3
degrees of the target rotation.

Mean difference in tibial rotation was -3.8 degrees ER, range -11.1 to 12.4 ER. Only
39% of tibial components were within 3 degrees of the target rotation.

A line perpendicular to the midpoint of the tibial PCA was actually medial to the tibial
tubercle in 33 knees, and only corresponded to the medial 1/3 of the tibial tubercle in 8
of 41 knees.

Conclusions

Femoral component rotation is seen to be more accurate than tibial in this group. It may
be that the anatomical landmarks used intra-operatively to judge tibial rotation are more
difficult to accurately identify. Posterior landmarks are difficult to locate in vivo. This
study would suggest that using the anterior anatomical landmark of the medial 1/3 of
the tibial tubercle does not allow accurate reproduction of tibial rotation in total knee
replacement.
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Purpose: Robotic-arm assistance has recently been introduced into the technique of
Total Knee Arthroplasty (TKA). The surgeon can define the alignment of the lower limb
while dynamically adjusting implant position and bony cuts. There is a paucity in the
current literature concerning the advantages of utilizing robotic assistance over
conventional technique. The purpose of this study was to determine intraoperative
mechanical alignment accuracy compared with six-week postoperative standing long leg
X-rays.

Materials & Methods: A retrospective review of 75 (39 left, 36 right) consecutive robotic
assisted TKA procedures performed by a single surgeon was conducted. There were 35
male and 40 female robotic assisted TKAs with a mean age of 69.4 + 6.1 years.
Intraoperative mechanical alignment was determined with automated computed
tomography (CT) scan guided infrared navigational software. Postoperative mechanical
alignment was determined with standing dual long leg x-rays at the six week follow up
interval. Mechanical axis was calculated from these images by drawing a straight line
from the center of the femoral head to the intercondylar notch of the distal femur to the
center of the ankle. Statistical analysis was primarily descriptive.

Results: Our study found a mean intraoperative mechanical alignment of 1.6E$ + 1.2E8
(left: 1.5E8 + 1.2E$, right: 1.6 + 1.3E8) and a mean six-week postoperative mechanical
alignment of 1.6E8 + 1.3ES (left: 1.6E$ + 1.5ES, right: 1.6E$ + 1.1E8). We found an
overall average change in alignment of -0.2E$ (left: -0.2ES, right: -0.3E8) when
comparing intraoperative alignment to six-week postoperative alignment.

Conclusion: Robotic assisted TKA has a high degree of intraoperative alignment
accuracy when compared to postoperative alignment. Knee laterality, pre-operative
angular deformity of the index procedure did not affect alignment accuracy. Further
studies are necessary to assess the effects of alignment accuracy to postoperative
patient reported outcome measures in robotic assisted TKAs.
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Introduction

Cam-type femoroacetabular impingement (FAI) is characterized by an enlarged,
aspherical femoral head-neck morphology and is associated with early hip joint
degeneration, limited joint mobility, and adverse loading. While surgical management of
cam FAIl aims to preserve the native hip and restore joint function, it is unclear how the
capsulotomy, cam deformity, and capsular repair influence functional mobility. The
purpose was to examine the contributions of the capsule and cam deformity to FAI.
Using in vitro, cadaveric methods, we examined the individual effects of the surgical
capsulotomy, cam resection, and capsular repair towards functional range of motion and
torque resistance.

Methods

Twelve fresh, frozen cadaveric hips (n = 12 males, age = 45 £+ 9 years, BMI =24 + 3

kg/m?) were included in this study. Each hip was CT imaged to confirm cam
morphologies (as indicated by elevated alpha angles) and was then skeletonized to the
capsule and mounted onto a robotic testing platform. The robot positioned each hip in
multiple positions: 1) Extension, 2) Neutral 0°, 3) Flexion 30°, 4) Flexion 90°, 5) flexion-
adduction and internal rotation (FADIR), 6) flexion-abduction and external rotation
(FABER); and performed internal and external rotations, recording the neutral path of
motion until a 5-Nm torque was reached in each direction. Each hip then underwent a
series of surgical stages (Figure 1; T-capsulotomy, cam resection, capsular repair) and
was retested to reach 5 Nm torque after each stage. In addition, during the capsulotomy
and cam resection stages, the initial intact hip’s recorded path of motion was replayed
to measure changes in resisted torque.

Results

Examining changes in motion, external rotation increased substantially after
capsulotomies (Figure 2), but internal rotation only increased at Flexion 90° (change =
+32%, p = 0.001, d = 0.58) and FADIR (change = +33%, p < 0.001, d = 0.51) after cam
resections. Capsular repair provided marginal internal rotation restraint, but restrained
the external rotation compared to the capsulotomy stage. Examining changes in torque,
both internal and external torques decreased after capsulotomy (Figure 3). Cam
resection further reduced internal torques during Flexion 90° (change = —45%, p <
0.001, d = 0.98) and FADIR (change = -37%, p = 0.003, d = 1.0), where the cam
deformity accounted for 21% in Flexion 90° and 27% in FADIR of the intact hip’s
torsional resistance.

Discussion




Although the capsule played a predominant role in joint constraint, the cam deformity
provided 25% of the intact hip’s resistance to torsional load in flexion and internal
rotation. This further contributes to the understanding of the cam morphology and the
role of surgical management in joint preservation strategies. Interestingly, the FABER
test may be more practical during clinical examinations to indicate capsule tightness or
soft tissue impingement, whereas FADIR can indicate bone-on-bone cam impingement.
These findings are the first to quantify the contribution of the cam deformity to resisting
hip joint torsional loads and thus quantify the reduced loading on the chondrolabral
complex that can be achieved after cam resection.
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Introduction: Knee osteoarthritis is the most common form of osteoarthritis and a major
cause of pain and disability. However, there remains a lack of treatments available that
have demonstrated effectiveness in stopping or reversing the degenerative

process. Joint distraction has emerged as a viable alternative in the treatment of knee
osteoarthritis to delay the need for knee arthroplasty. This systematic review aims to
assess the short- and long-term clinical and structural outcomes following knee joint
distraction (KJD).

Methods: MEDLINE and EMBASE databases were searched from the date of inception
to 24th January 2017. Clinical studies investigating joint distraction for knee
osteoarthritis, which reported outcomes such as 8" tWOMAC index, a"tVAS pain score
and &"tjoint space width were included. Quality assessment was performed using the
Modified Coleman Methodology Score (MCMS). The risk of bias was assessed using
the Newcastle-Ottawa Scale (NOS) for observational studies and Cochrane
Collaboration tool for randomised controlled trials (RCTs).

Results: Six studies comprising a total of 367 patients were included. Three open
prospective cohort studies evaluated the effects of KJD at 1-, 2- and 5-years,
respectively. One open prospective cohort study compared the outcomes following six-
versus eight-weeks of KJD at 1 year. There were two RCTs involving KJD with a follow-
up of 1 year; one which compared KJD with high tibial osteotomy (HTO) and another
with total knee arthroplasty (TKA). Overall, there were significant improvements in
WOMAC index, VAS pain score and joint space width following KJD, which persisted up
till five years. KJD also demonstrated comparable clinical outcomes with HTO and TKA.
The mean MCMS score was 84.2 out of 100, with all studies scoring at least 80. Three
studies scored 8/9 on the NOS while one study scored 9/9. Both RCTs were found to be
at high risk of performance and detector bias.

Conclusion: There is moderate quality evidence supporting the beneficial outcomes of
joint distraction for knee osteoarthritis. Larger RCTs with longer follow-up (>1 year) are
necessary to establish the true effect size of this procedure.
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Introduction: Osteoporosis is a metabolic bone disorder characterized by the loss of
bone mass and consequently, increased risk of fracture. This condition affects 200
million individuals worldwide, with a high prevalence in the elderly. Bisphosphonates are
potent anti-resorptive agents used as the first-line treatment of this condtion. The
present study aims to investigate and compare the mechanical behaviour of the
collagen-mineral matrix under tensile loading between bisphosphonate-treated,
osteoporotic and healthy bone, using synchrotron small angle X-ray scattering (SAXS)
and wide angle X-ray diffraction (WAXD) techniques.

Method: Trabecular bone samples were obtained from the femoral heads of
bisphosphonate-treated, osteoporotic (fracture control group) and healthy ageing (non-
fracture control group) individuals. Samples underwent tensile testing, during which
SAXS and WAXD spectra were obtained. Tensile testing was displacement-controlled,
with a strain rate of 0.001 s™!, with an average time of 2 minutes per sample. Samples
were scanned (X-ray exposure time of 0.5 s) in real-time during testing at 2.5 second
intervals. All tests were conducted at room temperature and the specimens were kept
hydrated throughout testing.

Results: The bisphosphonate therapy group exhibited the lowest yield stress point
across all groups, followed by the fracture control and non-fracture control groups. The
differences observed across the three groups were statistically significant.
Correspondingly, the bisphosphonate therapy group demonstrated the lowest fibril and
mineral strain, followed by the fracture and non-fracture control groups (Figure 1).
Similarly, a statistically significant difference was noted across all groups.

Discussion: In the present study, bisphosphonate-treated and osteoporotic bone
exhibited reduced elasticity and deformability in the collagen-mineral matrix. These
differences observed can be attributed to variability in the properties of collagen in
bisphosphonate-treated and osteoporotic bone compared to healthy bone, including
cracking of bone mineral crystallites, de-bonding at the mineral organic interface or
shear between and within collagen fibrils, all of which increase fracture risk.

Conclusion: The nanostructural changes occurring in bisphosphonate-treated and
osteoporotic bone are likely to play an important role in the pathophysiology of fractures
in these patients. Hence, the present findings will set the foundations for future work
investigating how alterations in collagen cross-links and mineralization occur within the
nanostructure, which will be essential in furthering our current understanding of
fractures.
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Introduction: Management of the hip capsule is a critical component of successful total
hip arthroplasty (THA). The hip capsule is comprised of the iliofemoral, ischiofemoral,
and pubofemoral ligaments, which form a continuous structure encapsulating the joint,
stabilizing the hip, and preventing dislocation. During THA, the capsule is sectioned
along either the anterior or posterior aspect, depending on the surgical approach.
Capsule repair after THA is both difficult and controversial. Many surgeons forgo repair
of the capsule and rely on scar tissue formation and muscle tension to stabilize the hip
after surgery. The hypothesis of this study was that disruption of the hip capsule during
THA increases hip laxity.

Methods: Capsular function was assessed in six intact cadaveric hips and six hips
implanted with THA through a posterior incision (Pinnacle™ cup and Summit™ stem,
DepuySynthes, Inc). After surgery, each specimen was dissected to expose the hip
capsule, sectioned above and below the joint, and cemented into custom fixtures. The
hip was mounted in an AMTI VIVO joint simulator such that the femoral head center
was aligned with the three rotational axes of the loading rig (Fig. 1). Rotational laxity
assessments were performed in 15° flexion increments from full extension to 90°
flexion. At each flexion angle, adduction-abduction (Ad-Ab) hip torque-rotation curves
were assessed at three internal-external (I-E) hip positions (neutral, internal, and
external limits). Likewise, |-E torque-rotation curves were assessed at three Ad-Ab hip
positions (neutral, adduction, and abduction limits, Fig. 1). Hip rotations were extracted
at +3N-m of I-E and Ad-Ab torques through the flexion range and averaged across
natural and implanted cohorts. The hip capsule in select specimens were stained with
Methyl Blue and misted with white paint to create a high-contrast stochastic pattern. A
digital image correlation (DIC) system (Aramis, GOM) was used to quantify strain
patterns in the iliofemoral ligament during the laxity assessments.

Results: THA reduced femoral adduction rotation through the flexion range and
external rotations in mid-flexion. Conversely, THA and incision of the posterior hip
capsule dramatically reduced resistance to internal femoral rotation. Natural hip
adduction in deeper flexion and THA hip internal rotations exceeded the limits of the
loading rig or impinged prior to reaching the target torques making statistical
comparisons difficult. Hip Ad-Ab and I-E rotations at neutral alignment through the
flexion range for the natural and THA cohorts are show in Fig. 2. Exemplary strain
patterns in the iliofemoral ligament during hip adduction are shown in Fig. 3.

Discussion: Reductions in femoral adduction and external rotations after THA likely
indicate that lateralization of the cup or increased femoral offset tensioned the anterior
and superior aspects of the capsule. Incision of the posterior hip capsule markedly
reduced resistance to internal hip rotation but did not increase laxity in the other
degrees of freedom. Ongoing work is focused on development of finite element
representations of the capsule to accurately predict coupled I-E and Ad-Ab hip laxity
through the flexion range, with model verification provided by these experimentally
measured hip capsule laxities and strain patterns.
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Introduction: Hip osteoarthritis (OA) results in reduced hip range of motion and
contracture, affecting sitting and standing posture. Spinal pathology such as fusion or
deformity may alter the ability to compensate for reduced joint mobility in sitting and
standing postures. The effects of postural spinal alignment change between sitting and
standing is not well understood.

Methods: A retrospective radiographic review was performed at a single academic
institution of patients with sitting and standing full-body radiographs between 2012 and
2017. Patients were excluded if they had transitional lumbosacral anatomy, prior spinal
fusion or hip prosthesis. Hip OA severity was graded by the Kellgren-Lawrence grades
and divided into two groups: low-grade OA (LOA; grade 0-2) and severe OA (SOA;
grade 3-4). Spinopelvic parameters (Pelvic Incidence (Pl), Pelvic Tilt (PT), Lumbar
Lordosis (LL), and PI-LL), Thoracic Kyphosis (TK; T4-T12), Global spinal alignment
(SVA and T1-Pelvic Angle; TPA; T10-L2) as well as proximal femoral shaft angle
(PFSA: as measured from the vertical), and hip flexion (difference between change in
PT and change in PFSA) were also measured. Changes in sit-stand radiographic
parameters were compared between the LOA and SOA groups with unpaired t-test.

Results: 548 patients were identified with sit-stand radiographs, of which there were
311 patients with LOA & 237 with SOA. After propensity score matching for Age, BMI,
and PI, 183 LOA & 183 SOA patients were analyzed.

Standing alignment analysis demonstrated that SOA patients had greater SVA (31.1 £
36.68 vs 21.7 + 38.83, p=0.02), and lower TK (-36.21 + 11.98 vs -41.09 £ 11.47,
p<0.001). SOA patients had lower PT, greater PI-LL, lower LL, lower T10-L2, and lower
TPA (p>0.05). PFSA (9.09 5.19 vs 7.41 4.48, p<0.001) was significantly different
compared to LOA while SOA KA was not significantly different compared to LOA.

Sitting alignment analysis demonstrated that SOA patients had higher PT (29.69 * 15.65
vs 23.32 £ 12.12, p<0.001), higher PI-LL (21.64 +17.86 vs 12.44 +14.84 p<0.001), lower
LL (31.67 £ 16.40 vs 41.58 £ 14.73, p<0.001), lower TK (-33.22 £ 15.76 vs -38.57 +
13.01, p=0.01), greater TPA (27.91 + 14.7 vs 22.55 £ 11.38 p=0.01). TK, SVA, and
PFSA were not significantly different compared to LOA

SOA and LOA groups demonstrated differences in standing and sitting spinopelvic
alignment for all global and regional parameters except Pl. When examining the postural
changes from standing to sitting, there was less hip ROM in SOA than LOA (71.45 +




18.55 vs 81.64 £ 12.57, p<0.001). As a result, SOA patients had more change in PT
(15.24 £ 16.32 vs 7.28 £ 10.19, p<0.001), PI-LL (20.62 £ 17.25 vs 13.74 + 11.16,
p<0.001), LL (-21.37 + 15.55 vs -13.09 + 12.34, p<0.001), and T10-L2 (-4.94 + 7.45 vs -
1.08 £ 5.19, p<0.001) to compensate. SOA had a greater improvement in TPA (15.06 vs
9.59, p<0.001), and less change in PFSA (86.65 vs 88.81, p<0.001) compared to LOA

Conclusions: Spinopelvic compensatory mechanisms are adapted for reduced joint
mobility associated with hip OA in standing and sitting.
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Introduction:

Hip arthroscopy is an increasingly popular procedure to treat various hip pathologies
with favorable outcomes. Several studies have stated that as patients age, the
likelihood of failure after hip arthroscopy increases, defined as subsequent total hip
arthroplasty THA. The aim of this study is to investigate the relationship between
patient reported outcome measures after hip arthroscopy and patient age.

Methods:

After IRB approval, all patients undergoing hip arthroscopy from 2008—-2016 were
reviewed. To be included patients must have had a minimum of 1-year follow-up.
Prospectively collected data included patient age at surgery, body mass index (BMI),
ethnicity, and outcome measures. The outcome measures investigated included the
Harris Hip Score (HHS), and both the physical (PSF) and mental (MSF) components of
the Short-Form-12 score. Data were collected preoperatively and at post-operative
intervals of 6-weeks, 3-months, 6-months, 1-year, 2-years, and 3-years. Patients were
stratified into cohorts based on age at time of surgery: <15, 16-25, 26-35, 36-45, 46-55,
and >55 years old (yo).

Results:

A total of 484 patients were included in this study. Overall there was improvement in
HHS, PSF, and MSF (p<0.0001, p<0.0001, and p=0.0425, respectively). At 1-year,
those <15yo had the greatest increase in HHS (increase of 25.64), however this
decreased by 3-years (increase of 19.92 from pre-operative), where those ages 46-55
continued to improve through 3-years (increase of 30.59). Those ages 46-55 saw the
greatest increase in PSF scores at 1-year (15.77) and at 3-years (18.33). MSF scores
increased for all age groups, though this increase was small it was significant.

Conclusion:

All patients, regardless of age, have improvement in outcome measures after hip
arthroscopy. This includes older patients, where this procedure may offer symptomatic
relief and delay the need for other procedures, including THA.
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Introduction

Cam-type femoroacetabular impingement (FAI) is a causative factor for hip pain and
early hip osteoarthritis. Although cam FAI can alter hip joint biomechanics, it is unclear
what role muscle forces play and how they affect the hip joint loading. Moreover, bone-
on-bone impingement is less likely to occur during level walking, given that the task
involves a less demanding range of motion. This suggests that there may be other
parameters, in addition to the bony deformity, that could alter walking biomechanics of
FAI participants. The purpose was to examine the muscle contributions and hip contact
forces in individuals with symptomatic cam FAI during level walking.

Methods

Eighteen patients with symptomatic cam FAI (n=p = 18) were age- and BMI-matched
with eighteen control participants (ncon = 18). At the motion capture laboratory (Figure
1), each participant’s walking kinematics and kinetics were recorded throughout a gait
cycle (ipsilateral foot-strike to ipsilateral foot-off), using a ten-camera motion capture
system (Vicon MX-13) and two fixed force plates (Bertec Corporation FP4060-08). Hip
muscle and joint contact forces were subsequently computed using a musculoskeletal
modelling program (OpenSim 3.1), by scaling the computational model and static
optimization, and were normalized by bodyweight. Hip contact forces were calculated as
three-dimensional vectors acting on the acetabulum and expressed in the pelvic
coordinate system.

Results

The FAI group walked slower and with shorter steps, demonstrating reduced joint
motions and moments during contralateral foot-strike, compared to the CON group. The
FAIl group also showed reduced psoas major (median = 1.1, interquartile range (IQR) =
1.0—-1.5 Newton/bodyweight (N/BW)) and iliacus forces (median = 1.2, IQR = 1.0-1.6
N/BW), during contralateral foot-strike, compared to the CON group (median = 1.6, IQR
=1.3-1.6 N/BW, p = 0.004; and median = 1.5, IQR = 1.3-1.6 N/BW, p = 0.03,
respectively; Figure 2). This resulted in lower hip contact forces for the FAI group, in the
anterior (p = 0.026), superior (p = 0.02), and medial directions (p = 0.038). The three
vectors produced a resultant peak force at the anterosuperior aspect of the acetabulum
for both groups; with the FAI group demonstrating a substantially lower magnitude
(Figure 3).

Discussion

FAI participants altered their walking kinematics and kinetics, especially during




contralateral foot-strike, which can be interpreted as a protective mechanism and
resulted in reduced psoas major and iliacus muscle force and anterosuperior hip contact
force estimations. These findings can provide guidance in optimizing non-surgical
management as well as postoperative protocols for the treatment of symptomatic FAI.
Limited hip mobility is not only attributed to bone-on-bone impingement, caused by the
cam morphology, but could be attributed to musculature as well. Not only would the
psoas major and iliacus be able to protect the hip joint during flexion-extension, athletic
conditioning could further strengthen core muscles for improved hip mobility and pelvic
balance.
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INTRODUCTION: Osteoarthritis (OA) of the hip can affect range of motion. In patients
with total hip arthroplasty (THA), the angles of the acetabular component change with
postural changes, affecting the stability and wear of the implants. Previous studies have
suggested that pelvic spatial position during postural change predisposes these patients
to risk of dislocation. The purpose of our study was to analyze segmental spinal
alignment between sitting and standing, and the effects of stiff and hypermobile pelvises
to determine the lumbopelvic mechanics affecting risk of dislocation.

METHODS: Segmental spinal alignment and lumbopelvic alignment (pelvic tilt (PT),
pelvic incidence (Pl), lumbar lordosis (LL), PI-LL, sacral slope) were analyzed. Patients
were classified based on spine and pelvis stiffness (change in PT from standing to
sitting) into three categories: STIFF (<20°), NORMAL (20°-35°), and hypermobile
(HYPER; >35°). Exclusion criteria included lumbar fusion/ankylosis, hip arthroplasty,
lumbar flatback deformity, and transitional lumbosacral anatomy. Independent samples
t-tests analyzed lumbopelvic and segmental alignment between sitting and standing
within groups. ANOVA assessed these differences between spine pathology groups.

RESULTS: There were 86 NORMAL, 297 STIFF and 16 HYPER patients with
significant differences BMI and hip OA grades. Significant differences were noted
between groups with regard to changes from standing to sitting alignment with regard to
STIFF vs NORMAL vs HYPER groups in PT (5.8° vs 25.7° vs 44.6°; p<0.001), LL (-
14.2° vs -33.8° vs -39.8°; p<0.001), PI-LL (13.1° vs 35.2° vs 46.3°; p<0.001),

STIFF patients had overall less mobility in the lumbar spine from standing to sitting
compared to NORMAL and HYPER patients, respectively, with regards to changes in
L1-L2 (-0.7° vs -2.0° and -2.7°, p<0.001), L2-L3 (-1.0° vs -3.7° vs -3.8°, p<0.001), L3-
L4 (-1.9° vs -5.7° vs -7.7°, p<0.001), L4-L5 (-4.0° vs -7.6° vs -7.7°, p<0.001) and L5-
S1(-3.7° vs -5.2° vs -5.8°, p<0.039).

CONCLUSION: In patients with severe hip OA, changes in hip range of motion from
standing to sitting do not occur at the hip, but rather the spine. We believe that severe
OA and limited preoperative hip range of motion are the main determinants controlling
postoperative risk of dislocation. As such, arthroplasty surgeons cannot assume that
joint range of motion will be the same after surgery and must avoid overcorrecting for
pelvic tilt to mitigate the risk of postoperative dislocation.
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Introduction:

Literature describes pelvic rotation on lateral X rays from standing to sitting position.
EOS full body lateral images provide additional information about the global posture.
The projection of the vertical line from C7 (C7 VL) is used to evaluate the spine balance.
C7 VL can also measure pelvic sagittal translation (PST) by its horizontal distance to the
hip center (HC). This study evaluates the impact of a THA implantation on pelvic
rotation and sagittal translation.

Material and Method:

Lumbo-pelvic parameters of 120 patients have been retrospectively assessed pre and
post-operatively on both standing and sitting acquisitions (primary unilateral THA without
complication). PST is zero when C7VL goes through the center of the femoral heads
and positive when C7VL is posterior to the hips’ center (negative if anterior). Three
subgroups were defined according to pelvic incidence (Pl): low Pl <45°, 45°<normal
PI<65° or high PI>65°.

Results:

Pre-operatively PST standing was -0.9 cm (SD 4.5; [-15.1 to 7.2]) and PST sitting was
1.3cm (SD 3.3; [-7.7 to 11.8]). The overall mean change from standing to sitting was 2.2
cm ([-7.2 to 17.4]) (p<0.05).

Post-operatively PST standing was 0.2 cm (SD 4.7; [-17 to 8.1]) and PST sitting was
1.4cm (SD 3.5; [-7.3 to 10.4]).The overall mean change from standing to sitting was 1.2
cm ([-14.2 to 22.4]) (p<0.05).

In low PI group pre and post-operatively, PST increased significantly from standing to
sitting (p<0.05; with HC going anterior to C7VL). When comparing pre and post
operative changes, standing PST significantly increased (p=0.001).Pre to postoperative
PST variation (sitting-standing) decreased significantly (p=0,01).

In normal Pl group pre-operatively, PST increased from standing to sitting (p=0.004).
When comparing pre and postoperative changes, PST increased (p=0.006). Pre to
postoperative PST variation (sitting-standing) decreased significantly (p=0,04).

In high PI group pre and post operatively, PST increased from standing to sitting




(p=0.034) while there are no significant changes from pre to post-operative status in
standing and in sitting.

Discussion:

Anteroposterior pelvic tilt is not the only adaptation strategy for postural changes from
standing to sitting positions. Anteroposterior pelvic translation (quantified by PST) is an
important adaptation mechanism for postural changes. Comparison of pre and post-
operative values of PST points out the importance of pelvic translation for low and
standard PI patients after THA (fig 1,2).

The anteroposterior translation appears to change significantly in different functional
positions pre and post operatively. This is an important variable to consider when
assessing the patients’ posture change or investigating the causes of the hip dislocation
after total hip arthroplasty or spinal fusion.

Conclusion:

Pelvic translation must be considered as a significant mechanism of adaptation after
THA. Further studies are needed to study the impact on subluxation or dislocation.

Figures

Figure 1
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