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Abstract

Purpose: Single radius (SR) TKA implant designs are theoretically claimed to overcome “mid-flexion instability” and decrease
quadriceps loading encountered in multiple radii (MR) designs. However, limited /no data is available to support SR over MR designs
especially in Indian population.

Methods: The present study is a randomized controlled trial, comparing SR (n=17) and MR (n=13) knee kinematics based
on clinical scores (Knee Society Score; KSS), radiological (Lotke score), fluoroscopic, and electro-goniometric data in patients.
Fluoroscopic evaluation was done by contour based (2D/3D) registration technique.

Results: Patients demographics, KSS, radiological and electro-goniometric data were comparable between SR and MR TKA
groups. Anatomically, axial rotation and condylar lift-off data showed insignificant differences. However, MR TKA knees showed
higher (P < 0.05) antero-posterior translation compared to SR TKA knees. Similarly, electro-goniometry data has shown no statistical
significant difference between both the groups in terms of unloaded flexion-extension, internal-external rotations, walking, and sit-
to-stand flexion/rotation.

Conclusion: The study showed no statistical significant difference between the two knee implant designs based on clinical,
radiological and goniometric data except antero-posterior translation. Mid-flexion instability was not seen with MR TKA which was
projected as the major problem with these designs.
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Introduction

Total Knee Arthroplasty (TKA) is an established procedure for the concept has been challenged by recent studies which propose

. . . . . .. a constant centre of rotation, hence the basis of newly introduced
end-stage osteoarthritis of knee joint which relieves patients’ pain ol di SR) imol desi .91, An i ] ‘
and improves the quality of life [1-3]. A successful TKA demands Smg? r.a 1us _( .) implant designs [ I n_ important alm' ©
. . . . . . TKA is in replicating the normal knee kinematics [4,10,11], which
precise surgical technique, appropriate materials, sound implant o ] . ) )
helps in increasing the longevity of implant and eventually patient

design and kinematics, and patient compliance with rehabilitation
[4]. Implant design has undergone tremendous changes in the
past few years. Initially, multi radii (MR) TKA knee implant was
designed based on the hypothesis that normal knee joints have
multiple instantaneous centres of flexion-extension [5,6]. However,

satisfaction.

Mid-flexion instability and quadriceps loading were the
primary hurdles which were proposed to be averted with new SR
implants [11-13]. Other proposed biomechanical advantage with
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the SR design was that the knee flexion-extension axis is situated
more posteriorly in the SR design than the MR TKA design that
leads to longer quadriceps moment arm and hence making it
biomechanically more efficient [11]. The SR TKA has also been
reported to improve anterior knee function, stability, and flexion
with greater proprioception than MR implants [12,13]. However,
limited or no data is available on the head-on comparison of SR and
MR implant’s kinematics in TKA patients post-surgery especially
in Indian population. In the present randomized control trial, we
compared SR and MR implant designs using clinical, radiological
and goniometric analysis in Indian patients who were undergone
TKA. We used 2D fluoroscopy over implant 3D registration
technique (Mimics 17.0 software, Materialise NV, Leuvan, Belgium)
to visualize implants structures and relative position and electro-
goniometry to analysis functional parameters of knees.

Material and Methods

Patients

Patients (age 50-70 years) who were undergoing TKA due to
the primary osteoarthritis of the knee between October 2013 and
December 2014 were included in the trial. Patients were initially
randomized patient-wise to either SR or MR groups until each
group had at least 12 knees. If a patient was undergoing a bilateral
TKA, then both knees were implanted with same type of implant
(SR/MR) and counted as two individual knees. The key inclusion
criteria were patients with primary osteoarthritis of single or both
knee with Kellgren Lawrence classification grade = 3; at least 3 to
4 months follow-up post TKR; Knee Society Score (KSS) > 70 and
Lotke radiological score > 80, 3 months post TKR; at least 3 months
gap post TKA for sequential bilateral TKA. The key exclusion
criteria were patients with secondary osteoarthritis; hip arthritis
and previously operated hip conditions; any deformity of foot or
ankle; lost to follow-up; dementia; neuropathic joints; revision
knee Arthroplasty; and history of septic arthritis in the same knee.

Ethics

The studies were conducted in accordance with Good Clinical
Practice, ISO 14155,
compliance with the approved protocol and applicable regulatory

Institutional Ethics Committee, and in

requirements. All patients provided written informed consent
before entering the study.

Study Design and Settings

The present study was a randomized controlled trial, comparing
in vivo SR and MR knee kinematics based on clinical score,
radiological scores, fluoroscopic, and electro-goniometric data. The
study was conducted in tertiary care orthopaedic centres in India.

Study Treatments

Radiographs of bilateral knee antero-posterior and lateral
views were taken for all the patients along with a standing
scanogram to calculate the mechanical and anatomical axes.
Grading of osteoarthritis was done according to Kellgren Lawrence

classification [14]. All the eligible patients were randomized in to
two groups, SR TKA and MR TKA. Knees in SR TKA group were
implanted with Scorpio Single Axis implants (Stryker, Orthopaedics,
USA), whereas knees in MR TKA group implanted with Genesis II
implants (Smith &Nephew, USA).

All patients were operated by the same surgeon using standard
medial parapatellar approach under tourniquet cover. On the day 1
of post-surgery, patients were mobilized with brace and knee range
of motion exercises (flexion-extension) and quadriceps exercises
were initiated. After 3 months of follow-up, post-TKA fresh
radiographs and scanogram of knee were taken and patient were
evaluated against the clinical (KSS) [15] and radiological score
(Lotke) [16]. All the eligible patients with clinical score of = 70 and
radiological score of = 80 were taken up for further assessments.

Study Assessments

We used earlier reported contour matching technique, also
known as 2D/3D registration technique, to analyze the position
of implants in vivo [17]. A library of computer aided design (CAD)
models of silhouette was built on 3D images of prostheses obtained
from digitized single-view fluorescence 2D images of prostheses
(MIMICS software, Materialise NV, Leuvan, Belgium). The CAD
generated silhouette images were superimposed on corresponding
fluoroscopic image extracted silhouette to evaluate relative motion
of femur and tibia as per the standard joint coordinate systems
(Grood and Suntay)[18].
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Figure 1: A representative lateral view fluoroscopic images
of patient’s knees at 90° (1A) and 0° (1B). A representative
knee implants lateral view (1C) and antero-posterior view
(1D) overlap images showing condylar lift-off.

Antero-Posterior Translation: Antero-posterior translation
of femoral component was evaluated by comparing the femoral
component movement using lateral fluoroscopic views (0° and 90°)
ata 90° flexion (Figures 1A & 1B). A circle was drawn to best fit the
femoral component and the centre of circle position was analyzed
in 0° and 90° with respect to the anterior margin of the tibial peg,
areference line.
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Femoral Component Lift-Off: The femoral component lift-off superimposed images were rotated by 90° to obtain the antero-
was calculated as the distance between medial and lateral condyles  posterior view (Figures 1C &1D), especially at 30° and 60° flexion
from tibial plateau in the superimposed image. For calculations, the  to evaluate mid-flexion instability.
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Figure 2: A representative image of femoral and tibial component 3D position at 0° (2A), 30° (2B), 45° (2C), 60° (2D), and 90° (2E).

Tibio-Femoral Rotation: The rotation of femoral and tibial 60° and 90° (Figures 2A-2E).

components along with internal-external rotation axis and varus/

. . . . Flexion-Extension Instability: Flexion-extension instability
valgus rotation axis was analyzed by calculating Tibio-femoral ) )
. . . ! was calculated on fluoroscopic antero-posterior valgus-varus stress
relation. The superimposed images were analyzed to find out . o
. . ) . . view images. To overcome the magnification errors, we calculated

the 3D position of implants in space. The final 3D position of the

.- . . the angular joint line opening on these views rather than the linear
femoral and tibial component were analyzed with respect to their

ts (Fi 3A & 3B).
base value and then finally with respect to each other at 0°,30°, 45°, measurements (Figures )
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Figure 3: Fluoroscopic images showing valgus stress or medial joint line opening (3A) and varus stress view or lateral joint line
opening (3B). Representative images showing condylar lift-off at 30° (3C) and 60° (3D).
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Statistical analysis

All the data was validated and checked for its veracity; including
the outliers. All measurement data (discrete and continuous)
was reported in terms of mean and standard deviation. All the
categorical data was reported as frequency. The significance
analysis was performed with a paired t-test between the arms.

Results

Patient Demographics

Twenty three patients were evaluated for eligibility criteria,
and all the patients met the criteria. Randomly, 15 patients were
randomized into SR group and 7 patients were randomized into MR
group to make sure an equal number of knees were allocated to
each group. MR group had lesser patients compared to SR because

most of MR group patients were undergoing bilateral TKA hence
the double the number of knees. Four patients were excluded from
the study; 3 patients did not meet criteria and 1patient did not meet
KSS score (Figure 4). Three months post TKA follow-up, 19 eligible
patients (8 male, 11 female) were included in the present study. Of
these patients, 11patients had bilateral and 8 patients had single
knee TK Aculminating to a total of 30 knee replacements. Seventeen
knees were treated with SR implants (5 male, 7 female patients)
and rest of the 13 knees were treated with MR implants (3 male, 4
female patients), and none of the bilateral patients had both kinds
(SR and MR) of implants. The study included 14 male (9 SR TKA, 5
MR TKA) and 16 female knees (8 SR TKA, 8 MR TKA).There were
8 left and 9 right knees in SR TKA group, whereas 7 left and 6 right
knees in MR TKA group. Both the patients groups were similar in
demographics and diagnosis (Table 1).

N

Assessed for eligibility (n=23)

v

> None of them excluded

Randomized (n=23)

' (
L

} v

Allocation
SR implants (15 patients) MR implants (7 patients)
Intervention received (13 patients) Intervention received (7 patients)
Intervention not received (3) Intervention not received (0)
Reason: ITT criteria did not meet
hd ‘[ Follow up ] l
Lost to follow up (1)
Reason: KSS score not met (1) Lost to follow up (0)
v [ Analysis ] l
Analyzed: 12 patients/17 knees Analyzed: 7 patients/13 knees
(5 bilateral + 7 single knee) (6 bilateral + 1 single knee)

Figure 4: Consort chart of patient’s randomization, allocation, and analysis.

Table 1: Patients Demographics.

Parameter SR TKA MR TKA P value
Male 5 3
Female 7 4
Age (mean * SD) 62.29 + 8.48 62.53 + 8.38
Male knees 9 5
Female knees 8 8
Left TKA 8 7
Right TKA 9 6
Pre-TKA KSS (mean + SD) 95.18 £ 23.81 66.31 £ 25.18
Post-TKA KSS (mean + SD) 146.24 +14.03 152.77 +19.73 >0.05
Lotke Score (mean SD) 83.18 +1.96 83 +1.87 >0.05

KSS-Knee Society Score; MR -Multi radii implant; SD -Standard deviation; SR -Single radius implant; TKA-Total Knee Arthroplasty.
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KSS and Lotke Scores: The mean post-operative KSS was
improved to 146.24 + 14.03 and 152.77 + 19.73 from mean baseline
pre-operative score 95.18 + 23.81 and 66.31 + 25.18 (P > 0.05) for
SR and MR TKA, respectively. The post-operative radiological Lotke
Score was 83.18 £ 1.96 and 83 * 1.87 (P > 0.05) in SR and MR TKA
knees, respectively (Table 1).

Anatomical Assessments: The mean antero-posterior
translation of SR and MR TKA knees was 6.77 + 2.34 mm and
9.00 £ 2.95mm (P > 0.05), respectively, at a knee flexion of 90°.
Overall, about 36% TKA knees (7 SR and 4 MR TKA) showed medial
condylar lift-off, whereas about 53% TKA knees (10 SR and 6 MR
TKA) showed lateral condylar lift-off at 30° (Figure 3C); 10% TKA
knees did not show any lift-off and all are from MR TKA knee group.
At 60°, about 36% TKA knees (6 SR and 5 MR TKA) showed medial
condylar lift-off, whereas about 53% TKA knees (10 SR TKA, 7 MR
TKA) showed lateral condylar lift-off (Figure 3D); 2 TKA knees

did not show lateral condylar lift-off, one from each group (Table
2).The average lift-off values in SR and MR TKA knees were 3.20 *
2.19mm and 2.16 * 2.41mm at 30° and 3.10 * 1.69mm and 3.68 *
2.63mm at 60°, respectively. In Valgus-varus stress test, SR and MR
TKA knees showed medial joint line opening of 1.84° + 1.14° and
2.42° + 1.38° and lateral joint opening of 2.12° + 1.42° and 1.90°
+ 1.31°, respectively. The Axial rotation of all the patients were
evaluated after simulation/superimposition at 30°, 45°,60° and 90°
and compared with the position at 0° (Figure 5A-5E). The average
axial rotation was 3.63° in SR TKA group and 1.51° in MR TKA
group. Ten TKA knees each from SR and MR TKA knees followed
normal internal rotation of tibia at 0-90°, whereas 7 of 17 SR TKA
knees and 3 of 13 MR TKA knees had external rotation of tibia in
flexion (reverse rotation). The range of rotation varied from 23.31°
to -27.40° and 15.76° to -15.5° for SR TKA and MR TKA knees,
respectively, across all degrees of flexion (Table 2).
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Figure 5: A representative images of axial rotation at 0° (5A), 30° (5B), 45° (5C), 60° (5D), and 90° (5E).

Table 2: Fluoroscopic Assessments.

Parameter SR TKA MR TKA P value
AP translation(mean * SD) 6.77 £2.34° 9.00 +£2.95° <0.05
Lift-off at 30° Medial (#knees) 7 4
Lift-off at 30° Lateral (#knees) 10 6
No lift-off at 30° (#knees) 0 3
Lift-off at 60° Medial (#knees) 6 5
Lift-off at 60° Lateral (#knees) 10 7
No lateral condylar lift-off at 60°(#knees) 1 1
Average lift-off at 30°, mm 3.20+2.19 216 +£2.41 >0.05
Average lift-off at 60°, mm 3.10 £1.69 3.68+2.63 >0.05
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Valgus Instability(mean + SD) 1.84 £1.14° 242 +1.38° >0.05
Varus instability (mean + SD) 212 +1.42° 1.9+1.31° >0.05
Average rotation 3.63° 1.51°
Normal rotation of tibia (0-90°) (#knees) 10 10
External rotation of tibia (0-90°) (#knees) 7 3
*Average max normal rotation, any 10.98° 8.44°
increment
**Average max reverse rotation, any 7910 _4.98°
increment
Maximum normal rotation, any increment 23.31° 15.76°
Maximum reverse rotation, any increment -27.4° -15.5°

MR -Multi radii implant; SD -Standard deviation; SR -Single radius implant; TKA -Total Knee Arthroplasty

* Internal rotation of tibia with flexion (normal rotation)
**External rotation of tibia with flexion (reverse rotation).

Functional Assessments: In unloaded flexion-extension, SR
TKA knees had an active and passive range of motion (ROM) of
107 + 20.36° and 115.27 * 21.34 compared to 120.47 + 17.93°
and 126.93 * 23.14° for MR TKA knees, respectively. In unloaded
internal-external rotations, the mean axial rotations in SR TKA
knees while performing active and passive ROM was 29.78 + 16.19°
and 32.82+10.92° compared to 21.32+6.67° and 26.65+7.94°

Table 3: Electrogionometry Assessments.

for MR TKA knees, respectively (Table 3). While walking on a flat
surface, SR TKA knees had 60.35+9.46° flexion with a mean axial
rotation of 31.05+8.13°, whereas MR TKA knees had 63.83+15.20°
flexion and axial rotation of 30.05+12.32°. During sitting to standing
movements, SR TKA knees had a flexion of 77.8 + 9.44° with an axial
rotation of 28.03 + 13.74°, whereas MR TKA knees had a flexion of
84.18 + 13.35° with an axial rotation of 34.96 + 6.31° (Table 3).

Parameter SRTKA (mean *SD) MRTKA (mean * SD) P value
Unloaded Flexion-Extension
Active ROM 107.54 + 20.36° 120.47 +17.93° >0.05
Passive ROM 115.27 + 21.34° 126.93 + 23.14° >0.05
Unloaded Internal-External
Rotations
Rotations unloaded active ROM 29.78 +16.19° 21.31+6.67° >0.05
Rotations unloaded passive ROM 32.82+£10.92° 26.65 + 7.94° >0.05
Walking
Loaded walking (flexion) 60.35 £ 9.46° 63.83 £15.2° >0.05
Loaded walking (rotation) 31.05+£8.13° 30.05 £12.32° >0.05
Sit-to-stand (STS)
Loaded STS (flexion) 77.8 £ 9.44° 84.18 £ 13.35° >0.05
Loaded STS (rotation) 28.03 £13.74° 34.96 + 6.31° >0.05

MR -Multi radii implant; SD-Standard deviation; SR-Single radius implant; TKA-Total Knee Arthroplasty.

Discussion

The present was a randomized control trial compared the
anatomical and functional parameters of the single and multi-radii
TKA implants in Indian patients. Based on clinical, radiological,
and goniometric data our study showed no significant difference
between the SR and MR knee implant designs in terms of anatomical
and functional parameters, except antero-posterior translation. To
ensure similar knees were included in both the groups, patients who
met KSS and Lotke score, 3 months post-TKA, were included in the
study assessments. Patient’s KSS score was improved in the post-

TKA compared to pre-TKA but was comparable between the SR and
MR implant groups. Similarly, there was no statistical difference
in radiological Lotke score between the groups. Hence, both the
groups were adequately matched in postoperative conditions and
any further differences in anatomical and functional parameters of
the patient’s knees could be attributed to the implant design.

To investigate the anatomical differences between SR and MR
implants, we analyzed parameters like antero-posterior translation,
femoral component lift-off, valgus/varus instability, and Tibio-
femoral axial rotation in post-TKA knees. The MR implants had
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significantly higher (P>0.05) antero-posterior translation from
0-90° knee flexion than the SR implants and both groups antero-
posterior translation was within the range of earlier reported
studies [19-21]. Higher antero-posterior translation in MR knees
indicates better replication of normal knee kinematics and more
posterior roll back was possible with no instability compared to
SR knees. The present study’s valgus and varus instability (medial/
lateral joint line opening in extension) for SR and MR TKA knees
were closer to earlier reported values of 4° and 2° [22], respectively.
However, there was no statistically significant difference between
both the groups in either valgus or varus stress (P<0.05) test
indicating that both the groups were matched in their soft tissue
balancing.

Although implant design has limited role in femoral component
lift-offand primarily dependsonsofttissuebalancingand component
placement, knees from both the groups were showing either medial
or lateral condylar lift-off at both 30° and 60°. The average condylar
lift-off for both SR and MR implant was within the earlier reported
average range of <2mm to 8mm [23]. There was no statistically
significant difference between the groups in condylar lift-off. We
used electro-goniometry, a previously validated technique, to
compare SR and MR TKA knees functionality [24]. Although, MR
TKA knees average active and passive ROM was relatively higher
than the SR TKA knees, but there was no statistically significant
difference between SR and MR TKA knees in term of unloaded
flexion-extension active (P>0.05) or passive (P>0.05) ROM.
However, both SR and MR TKA knees ROM was similar to earlier
reported studies [25]. Similarly, there was no statistical difference
in the axial Tibio-femoral rotation during either active or passive
ROM (P>0.05 and P>0.05, respectively) between the SR and MR
TKA knee groups. Knee excursion while walking and sit-to-stand
were well within the earlier reported values [25-27], however there
was no statistically significant difference between SR and MR TKA
knee excursion.

Overall, our study corroborated earlier studies [28,29] and
showed no statistical difference between SR and MR implant in
terms of anatomical and functional parameters, however MR
implants had better antero-posterior translation than the SR
implants. In agreement with earlier reported studies [30], our
analysis did not find any mid-range instability of the knees and
could not demonstrate enhanced mid-range stability of the SR TKA
over the MR TKA.

Conclusion

The present randomized control trial did not show any
statistically significant difference between SR and MR implants in
terms of knee kinematics based on the fluoroscopic, radiological
and goniometrical data except antero-posterior translation.
However, conclusion should be interpreted carefully as study has a

limitation of fewer subjects.
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