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Abstract

Background: Strength deficits, muscle imbalances, and quadriceps inhibition are common after the total knee arthroplasty
(TKA). It was suggested that theoretically single radius (SR) femoral protheses could provide longer extensor moment arm
compared to the multiple radius (MR) design. However, quantitative evidence has not yet been reported. Thus, the aim of
the study was to investigate the differences in isokinetic data and to compare the patient-reported outcome scores between
TKA SR and MR design.

Method: The present retrospective study included 36 TKA involving 16 knees (9 patients) using SR design implant and 20
knees (11 patients) using MR design implant. The mean follow-up time was longer than 1 year. Isokinetic knee flexion and
extension torques of the operated leg were evaluated at 60°/s and 180°%s. Quadriceps and hamstring torques and ratios,
work and power were recorded. Angle-specific torques were also collected at different extension or flexion angles.

Results: Both groups showed improvement in knee society scores (KSS) and knee injury, and osteoarthritis outcome score
(KOOS) after operation. Patients in SR group had significantly higher scores in KSS-knee, symptoms and activities of daily
living KOOS sub-score than those in the MR group at the end of the follow-up. The peak knee flexion torque, peak knee
extension torque and maximum knee flexion work were greater in SR group at 180°%s and 60%s. At 60°/s, and SR group had
higher average knee flexion power and average knee extension power than MR group. In the isometric contraction test, the
knee extension torque was higher in SR group than in MR group. At 180%s, SR group showed higher flexion torques at 30°,
40°, 50°, 60° compared with MR group. At 60°/s, SR group showed higher flexion torques at 30°, 40°, 50°, 60°, 80° when
compared with MR group. Additionally, SR group also provided higher extension torques at 40°, 50°, 60° than the MR group.
There were no differences in other isokinetic and isometric parameters between the two groups.

Conclusion: Femoral design exerted an influence on quadriceps and hamstring strength after TKA, and SR design shows
advantages, in terms of higher extension and flexion strength, over MR design.
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Introduction

Total knee arthroplasty (TKA) is highly effective in redu-
cing pain and enhancing function in those suffering from
advanced osteoarthritis and rheumatoid arthritis [1-4].
Adequate function of the extensor mechanism after TKA
is essential for a satisfactory clinical outcome and for daily
living activities [5]. Although most patients do well, some
report a less satisfactory outcome and moderate rates of
dissatisfaction are consistently reported in around 20% of
patients [6]. The possible reasons included anterior knee
pain, instability, limited range of motion, and extensor in-
sufficiency, which are probably related to the kinematics
of the knee prostheses [1-4, 7]. Single radius (SR) and
multi-radius (MR) femoral designs are believed to impact,
to different degrees, on the biomechanism of the knee [8,
9]. First of all, with SR strategy, the femoral-tibial contact
point is more posterior, and, hence, the SR implant
improves the mechanical efficiency by providing a longer
extensor moment arm and reducing the pressure on the
patellofemoral joint [10, 11]. Secondly, the SR configur-
ation maintains the collateral ligaments in an isometric
form during knee movement, thereby providing sustained
stability. Conversely, prostheses with MR design lead to
mid-flexion instability and femoral paradoxical anterior
movement because of the laxity of the collateral ligaments
due to the change in condylar radius [12, 13].

Clinical studies that compared the SR and MR femoral
design vyielded contradictory results [14—19]. Liu et al.
conducted a meta-analysis in order to find the difference
in clinical outcomes between the SR and MR femoral
design. However, it failed to show any theoretical advan-
tages of SR design over its MR counterpart [20]. Some
studies compared the strength of lower limb between SR
and MR TKA, but these qualitative researches used sim-
ple physical examinations, such as sit-to-stand test, or
measured the strength on a static basis [14, 18], and the
results were not conclusive.

Isokinetic analysis can measure the kinetic parame-
ters of muscles at a specific velocity, which allows the
comprehensive evaluation of function of the muscles
around the joint. Up till now, few comparative trials
reported the isokinetic characteristics of SR and MR
designs [21]. The purpose of the current study was to
investigate the differences in isokinetic data and to
compare the patient-reported outcomes between TKA
SR and MR design.

Based on the theoretical advantage of the SR design
documented in literature, we came up with the following
hypotheses: (1) the patient-reported outcomes, in terms
of Knee Society Scores (KSS) and Knee Injury, and
Osteoarthritis Outcome Score (KOOS), differ between
the SR and MR knees; (2) the isokinetic torques, ham-
string/quadriceps (H/Q)-ratios, isokinetic work and
power are different between the SR and MR knees, and,
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furthermore, these differences vary with the knee flexion
angle and movement velocity.

Materials and methods

This retrospective, comparative study was approved by
the ethics committee of our medical university and was
performed in strict accordance with the ethical standards
stipulated in the 1964 Declaration of Helsinki and its
later amendments. Written informed consent was ob-
tained from all patients before enrollment.

Inclusion criteria were as follows: The subjects (1)
were diagnosed with primary symptomatic osteoarthritis
of the knee; (2) had a nonfixed varus or valgus deformity
of <10° (3) were 55 to 85 years old; (4) had a body mass
index (BMI) lower than 35kg/m? (5) satisfied the cri-
teria for class 1 or 2 of the American Society of Anesthe-
siologists (ASA); and (6) had provided informed consent.
Exclusion criteria included: (1) suffering from inflamma-
tory arthritis, including rheumatoid arthritis, suppurative
arthritis and gouty arthritis; (2) having previous history
of unicondylar or total knee replacement; (3) having past
history of tibial/femoral osteotomy; (4) flexion < 90°; (5)
flexion contracture/extension deficit >10°% (6) varus /
valgus malalignment >10°% or (7) concomitantly having
any other lower extremity diseases.

Surgery was performed by the same group of surgeons
(QJZ, YZM, JXL). All surgical procedures were done
under general or spinal anesthesia under tourniquet con-
trol and after standard antibiotic prophylaxis. The knee
was exposed with a straight anterior skin incision and a
straight medial parapatellar capsular incision was made
for the arthrotomy. The patella was everted and was not
resurfaced in all cases. Posterior cruciate ligament (PCL)-
substituting design was applied. The standard instrumen-
tation was employed, and measured resection technique
was utilized to achieve appropriate component alignment.
The Stryker Triathlon TKA system (Stryker Orthopaedics,
Mahwah, New Jersey) was used in SR group and either
PFC sigma (DePuy Orthopaedics, Inc. Warsaw, IN, USA)
was used in MR group. All patients were put on the same
standardized rehabilitation program. Patients were mobi-
lized from the second postoperative day under supervision
of our physiotherapists. Exercises included continuous
passive motion, assisted and unassisted knee extension,
walking and stair climbing with 2 crutches, and progres-
sion as tolerated.

The flexion and extension isokinetic strengths of knees
were measured in the seated position at an angular vel-
ocity of 180°/s using an isokinetic dynamometer (IsoMed
2000, D&R GmbH, Hemau, Germany) (Fig. 1). Six dupli-
cate leg extension and flexion measurements from a
resting knee joint angle of 10° were made with adequate
rest periods in between efforts. After a short period of
recovery, the muscle endurance of the knee extensors
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Fig. 1 Isokinetic torque measurement with the IsoMed 2000 dynamometer

was obtained by measuring the total work achieved dur-
ing another series of six consecutive repetitions, at an
angular velocity of 60°/s. Finally, knee flexion and exten-
sion isometric torques were recorded. The work, max-
imum extension and flexion torques, average extension
and flexion power, and the extension and flexion torques
at every 10° from 10° to 80° were recorded for further
analysis. Finally, the isometric extension and flexion tor-
ques were also measured. KSS and KOOS scores were
collected pre- and post-operatively.

The SPSS 22.0 software package (IBM Inc. USA) was
used for statistical analysis. Fisher’s exact test was used
for the categorical variables. Paired-samples T test was
used to compare the KSS, KOOS scores and isokinetic
parameters pre- and post-operatively. The subjective
scores and isokinetic parameters between SR and MR
group were compared using One-way ANOVA. A post-
hoc power calculation was determined by the statistical
power analyses (G Power 3.1) to eliminate type II error.
A level of P <0.05 was set for statistical significance.

Results

A total of 20 patients were included in this study, in-
cluding 9 (16 knees) and 11 patients (20 knees) in SR
and MR group, respectively. There were no differences
between the two groups in demographic data including
sex, age, height, weight and body mass index, and distri-
bution in receiving bilateral/unilateral TKA (P > 0.05).
The data of the two groups were homogeneous (Table 1).
Post-hoc power analysis showed a power >0.76 for de-
tecting a significant difference.

Both groups showed an improvement in KSS and
KOOS score post-operatively when compared with the
pre-operative level. The SR group scored significantly
better for the KSS-knee, Symptom and Activities of daily
living KOOS sub-score post-operatively (P<0.05 for
each). There existed no significant differences in the
clinical outcome scores between the two groups in other
measures (Table 2).

There were no statistical differences between the SR
and MR group in peak knee flexion torque, peak knee
extension torque, H/Q ratio, maximum knee flexion
work, maximum knee extension work, average knee
flexion power, average knee extension power respectively
at the velocity of either 180°/s or 60°/s (P> 0.05 for all)
before TKA. After TKA, all the parameters improved
compared with the figures before TKA. When compar-
ing the SR and MR group, the peak knee flexion torque
and peak knee extension torque were higher in SR group
at 180°/s and 60°/s (P> 0.05 for both velocity). SR group

Table 1 Demographic and clinical data (mean + SD) of included
patients

SR group (n=9) MR group (n=11) P value
Sex, male:female, n 3/6 4/7 1.000
Age,y 62.6+48 64.7+53 0.853
Height, m 1.66 +0.09 1.55+0.06 0.159
Weight, kg 714441313 63.64+ 1631 0261
Body mass index 2355+693 2631+5.72 0.702
Unilateral/Bilateral TKA, n = 2/7 2/9 1.000

SD standard deviation, SR single radius, MR multiple radius, TKA total
knee arthroplasty
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Table 2 KSS and KOOS Scores (mean + SD) before and after TKA
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Preoperative Postoperative

MR group SR group P value MR group SR group P value
KSS-Knee 498 + 193 533+ 1478 0.524 711+ 206 839+ 136 0.049
KSS-Function 51.8 £ 150 56.2 £ 206 0.538 755 +£218 823+ 263 0.545
KOOS-Pain 515+ 101 486 £ 169 0.756 746 £ 144 765+ 193 0.746
KOOS-Symptom 536 = 147 49.7 £ 967 0673 721 £ 221 86.7 £ 16.0 0.043
KOOS-Activities of daily living 506+ 17.2 465 + 16.11 0.746 70.1 £18.1 872+ 158 0.008
KOOS-Sports/recreation 105+ 76 123+ 84 0.874 575+ 251 62.1 + 330 0.551
KOOS-Quality of life 247 £ 130 245 £ 143 0.995 575+ 197 665+ 21.2 0.212

KSS Knee Society Scores, KOOS Knee Injury, and Osteoarthritis Outcome Score, SD standard deviation, TKA total knee arthroplasty, SR single radius, MR

multiple radius

showed higher maximum knee flexion work at either
velocity (P < 0.05). At 60°/s, SR group had higher average
knee flexion power and average knee extension power
than MR group. Additionally, in the isometric contrac-
tion test, the knee extension torque was higher in SR
group than in MR group (Table 3).

The angle-specific extension, flexion torque values and
H/Q ratio are shown in Tables 4, 5, 6 and Fig. 2, 3. For
both velocities in knee flexion, significantly higher
torque could be seen at 30°, 40°, 50°, and 60° in SR group
(P<0.05), and, moreover, the flexion torque was higher
in SR group at 80°, 60°/s (P<0.05). During extension,
the torque value was higher at 40°, 50°, and 60° in SR
group only at 60°/s (P<0.05). Although the extension
torque value was higher in SR group at 180°/s, the differ-
ences were not statistically significant (P> 0.05). There

were no differences in H/Q ratio during the range of
motion (ROM) in both groups at both velocities.

Discussion

Strength deficits, muscle imbalances, and quadriceps in-
hibition are common after the total knee arthroplasty
(TKA). It was suggested that theoretically single radius
(SR) femoral protheses could provide longer extensor
moment arm and maintain the collateral ligaments in an
isometric form during knee movement, which could im-
prove the outcome of TKA. Our current retrospective
study was designed to investigate the potential theoret-
ical advantages of SR femoral design. In addition to bet-
ter clinical scores in SR groups, the main finding was
that femoral design affects both Quadriceps and Ham-
string strength after TKA, and SR design showed higher

Table 3 Isokinetic and isometric parameters (mean + SD) between groups before and after TKA

velocity parameters Preoperative Postoperative
MR group SR group Pvalue MR group SR group P value
180°/s Peak knee flexion torque (N.m) 1745 + 835 1913 £ 567 0.498 2525 +997 3950+ 1920 0014
Peak knee extension torque (N.m) 2360 £ 1595 2694 + 834 0454 3805+ 1707 54838 +2829 0034
H/Q ratio 081+ 020 073 £0.16 0.177 0.77 £ 042 0.74 £ 0.15 0.809
Maximum knee flexion work (J) 1530 + 3.16 1744 + 746 0.018 19.95 + 861 3075 +14.72 0016
Maximum knee extension work (J) 19.60 + 6.83 23.63 £ 863 0.127 3680 £ 1933 5025 + 2666 0.088
Average knee flexion power (W) 2075 £ 1004 2663+ 1218 0122 2895 + 1760 4438 +£33.07 0.106
Average knee extension power (W) 3245+ 11.14 3588 £13.15 0403 5540 +£3196 7013 £5231 0305
60°/s Peak knee flexion torque (N.m) 3290 + 9.61 3631 £ 11.61 0.802 3270 £11.04 493 £ 2366 0.017
Peak knee extension torque (N.m) 4740 + 2138 5969 + 1966  0.085 5275+ 2505 7631 +3496 0032
H/Q ratio 0.60 + 0.25 063 + 034 0.689 0.76 + 046 067 £0.17 0421
Maximum knee flexion work (J) 34.95 + 899 3419 £1093 0468 2815+ 1001 4238 £1655  0.006
Maximum knee extension work (J) 4645 + 21.85 60.38 + 18.95 0.052 52.05 + 2848 70.50 + 28.89 0.063
Average knee flexion power (W) 1535+ 5.89 17.56 £ 6.02 0.275 18.75 + 8.68 3631 +£2585 0018
Average knee extension power (W) 31.70 £ 568 3319+ 9.79 0.728 3515+ 2486 6081 + 4246 0.043
Isometric contraction Knee flexion torque (N.m) 3675+ 1267 4081 +£ 1280 0348 51.00 £ 19.74 7038 £ 37.76 0.077
Knee extension torque (N.m) 4900 + 1895 5262 + 1807 0.036 5790 + 2869 9469 + 4638 0011

SD standard deviation, TKA total knee arthroplasty, SR single radius, MR multiple radius, H/Q hamstring/Quadriceps



Li et al. Arthroplasty (2020) 2:5

Table 4 Angle-specific extension torque (mean + SD) at 180°/s
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Table 6 Angle-specific H/Q ratio (mean + SD) at 180°/s and 60°/

and 60°/s S

velocity angle MR group SR group Pvalue  velocity angle MR group SR group P value

180°/s 20° 1385+ 11.14 2038 + 14.26 0.132 180°/s 20° 135+ 0.80 1.12+£0.70 0.976
30° 2855+ 17.76 4081 £ 22.25 0.075 30° 0.74 £ 0.62 0.89 £ 0.95 0.834
40° 33.25 £ 19.85 46.69 + 26.86 0.093 40° 0.65 £ 046 067 £ 061 0.899
50° 3580 £ 19.70 46.31 £ 30.53 0.244 50° 050 + 044 061 £ 053 0.782
60° 3450 + 1752 50.06 + 27.94 0.064 60° 042 + 038 045 £ 045 0816
70° 31.95 + 16.29 4513 £3230 0.152 70° 035+033 0.39 £ 041 0917
80° 2490 £ 1262 27.94 £ 20.79 0.592 80° 021 £ 0.56 021 £ 024 0.798

60°/s 20° 2910+ 1731 35.00 £ 1857 0332 60°/s 20° 096 + 0.63 0.87 £ 0.85 0.838
30° 4150 +22.86 55.69 + 23.06 0.074 30° 0.76 £ 049 083 £ 1.03 0.830
40° 4525 £ 25.73 67.50 = 29.19 0.021 40° 0.66 = 041 068 £ 048 0.791
50° 45.10 + 28.83 7163 £+ 33.00 0.015 50° 055+ 032 060 + 0.64 0.886
60° 47.70 + 2645 71.56 £ 3446 0.025 60° 043 £ 031 043 £035 0.893
70° 4280 + 27.66 59.63 + 3641 0.124 70° 035+ 0.26 032+ 040 0.758
80° 3579 £ 2031 31.50 £+ 25.60 0.584 80° 020+ 033 049 £ 048 0.095

SD standard deviation, SR single radius, MR multiple radius

extension and flexion strength, especially in the middle
of ROM.

Currently, some large-sized trials, irrespective of retro-
spective or randomized design, showed positive results
in favor of the SR design. Cook et al. [15] compared 426
cases of SR and 113 cases of MR designs in a follow-up
lasting 3.9-years on average and reported that the SR
group had a significantly better KSSs, flexion, stability,
pain, gait, and stair climbing. Palmer et al. [22] com-
pared 388 cases of SR and 674 cases of MR, and they
found a significantly better flexion and KSSs in the SR
group upon either 1- or 2-year follow-up than in the

Table 5 Angle-specific flexion torque (mean + SD) at 180°/s and

60°/s

velocity angle MR group SR group P value

180°%/s 20° 1875 + 8.84 23.00 + 9.95 0.184
30° 21.00 + 11.03 36.50 + 21.25 0.015
40° 2165 924 31.50 £ 1640 0.043
50° 18.05 + 858 2819 + 16.29 0.035
60° 1450 + 6.66 2238 + 1264 0.035
70° 1125 + 547 1756 £ 13.14 0.087
80° 525+ 717 588 + 492 0.769

60°/s 20° 2800 + 1091 3044 + 15.78 0.588
30° 3160 £ 11.21 46.25 + 23.88 0.035
40° 29.05 + 10.63 46.06 + 24.00 0.016
50° 25.00 +9.28 4294 + 2099 0.005
60° 20.70 £ 812 30.75 £ 11.96 0.005
70° 1495 + 7.08 1931 + 1446 0.282
80° 721 £ 671 1536 + 1230 0.037

SR single radius, MR multiple radius

SR single radius, MR multiple radius, H/Q hamstring/quadriceps

MR group, and 66.3% of their patients didn’t experience
any pain after 2 years against 54.4% of the patients with
MR knees. Collados-Maestre et al. [18] conducted the
largest-sized RCT comparing the clinical outcomes and
reported significant better KSSs, ROM, extension lag,
quadriceps strength, chair test, and WOMAC pain and a
higher satisfaction rate in the SR group. In our study,
there were no significant differences in KSS-knee,
function score and all the aspects of KOOS score,
which is coincident with the previously reported find-
ings [15, 18, 22].

The SR implant works better since it can optimize the
extensor’s function. D’Lima et al. [23] reported approxi-
mately 1 cm posterior of the femorotibial contact point
in SR design as compared to the MR design, which can
lower the quadriceps and patellofemoral forces that are
required in the knee extension. In a cadaveric study, the
SR knee required 57% less quadriceps force as compared
to the MR knee, and the author inferred that SR design
could reserve the strength of the extensor mechanism
substantially [24]. Collados-Maestre et al. [18] reported
that the SR group showed a significantly better quadri-
ceps strength than the MR group. Mahoney et al. [8]
found that 90% of the patients in the SR group, which
was significantly higher than the proportion in the MR
group, could rise from a folded chair independently at 2
years. Wang et al. [12] reported that a prolonged dur-
ation was required in patients undergoing the MR design
to perform the sit-to-stand test than those undergoing
the SR design as assessed by 3-dimensional kinematics.
Larsen et al. [17] and Kim et al. [19] reported higher ex-
tensor strength in SR knees than that in their MR coun-
terparts. Although SR protheses showed better results in
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Fig. 2 Comparison of angle specific torque at 180°/s: a extension; b flexion; ¢ H/Q ratio. * indicated P < 0.05 between groups. (SR: single radius,
MR: multiple radius, H/Q: hamstring/quadriceps)

the current literature, isokinetic strength test was not
often done in the context of SR or MR TKA. Gémez-
Barrena et al. [21] conducted an isokinetic study and ob-
served Dbetter extensor performance with decreased
flexion peak torque and increased extension peak torque
in patients with SR design than those with MR design.
In the present study, the isokinetic parameters of knee
extensor were higher in SR group that in MR group,
which was consistent with the results of previous study.
Therefore, the SR design may be advantageous to the ex-
tensor mechanism function.

The angle-specific analysis of isokinetic torque data
provided more details than conventional data analyses
based on single parameters. However, the characteristics
of angle-specific isokinetic torque have not yet been re-
ported in the current literature. In our study, we found
that in the middle of ROM, the angle-specific torques
were higher in SR group than in MR group. Additionally,
the angle-specific torque curves of the SR and MR group
had different shapes. In the curves of SR group, the lati-
tude of change in extension and flexion torque was more
significant. On the contrary, the change of torque was
smaller in the MR group at both 60°/s and 180°/s. Lower
strength in the middle of ROM in MR group might be
indicative of slight instability and femoral paradoxical
anterior movement due to the change in condylar radius
in the MR design during motion [25]. Hamstrings and

capsule contraction, to a significant extent, to compen-
sate for the laxity of knee, and excessive mechanical
stresses on the soft tissues stimulate fibrous hyperplasia
and knee joint synovitis with consequent knee stiffness.
We inferred that part of extensor mechanism fibers
might be recruited to compensate for this phenomenon,
leading to loss in actual extension strength. Therefore,
the SR protheses do provide better quadriceps functions
than MR design. Besides, it is worth noticing that al-
though the SR group showed better average knee exten-
sion power, mid-ROM torques and isometric knee
extension torque only at 60°/s, it failed to yield the simi-
lar results at 180°/s. Thus, SR knee showed better endur-
ance during the motion of knee. Nonetheless, the ability
to produce high-speed knee movement and the explosive
power of knee was impaired to some extent in TKA
knees regardless of prothesis designs.

Of note, the difference in the flexor torque in our
study might be conflicting. The decreased flexion torque
is a frequent finding in TKA isokinetic studies [26].
However, our study exhibited that the peak flexor pa-
rameters and mid-ROM flexion torques were higher in
scale with extensor figures in SR group, and thus there
was no substantial difference in the H/Q ratio. This last
parameter best describes the recovery of the muscular
function and has been proven to fall below normal values
in TKA patients with different designs even after long-

80 A * -~ MR 150+ B c
** - MR 2.04 -+ MR
60- = SR " s
* -&-
. . o 1007 1.5+ - SR
gE 3E
ga 40 4 5§z 1.0
= s04
201 0.5
0 T T T t v 0 T T T T v 0.0 y ——T—1 1
0 20 40 60 80 100 0 20 40 60 80 100 20 L 40 60 80 100
angle of flexion (°) angle of extension (*) -0.5- angle of knee ()
Fig. 3 Comparison of angle specific torque at 60°/s: a extension; b flexion; ¢ H/Q ratio. * indicated P < 0.05 between groups and ** indicated P < 0.01
between groups. (SR: single radius, MR: multiple radius, H/Q: hamstring/Quadriceps)
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term follow-up [27], with a normal value of 0.5-0.8 [28].
A more favorable H/Q ratio depends not only on the in-
crease of extensors but also on the decrease of flexors
[21]. These results implied that although the SR group
showed better recovery in extensor mechanism, it did not
recovered to the ideal level. That might be attributed to
persistent muscle weakness, surgical trauma during TKA,
and age-related muscle recovery dysfunction. Thus, min-
imally invasive surgery (MIS) and persistent rehabilitation
may be beneficial for longer-term recovery.

This study had some limitations. First, the sample size
was small and the follow-up time points were not con-
sistent. Despite this, the statistical analysis indicated the
results had reliable reproducibility. A larger-sized, multi-
center, long-term study is warranted in future. Second,
there was no specific post-operative rehabilitation proto-
col for the patients. Third, we only collected the isokin-
etic data as objective results, and it would be interesting
to analyze the gait characteristics to see further subtle
differences between the groups. Fourth, the potential
similar performance of bilateral knees in the same pa-
tient might decrease the validating power. Last but not
least, the study failed to randomize the surgical groups,
which made the patient selection a confounder.

Conclusion

Femoral design exerted an influence on quadriceps and
hamstring strength after TKA. SR design showed advan-
tages, in terms of higher extension and flexion strength,
over MR design, especially in the middle of ROM.
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