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Which design tolerates rotational mismatch better in unicompartmental
knee arthroplasty: fixed or mobile bearing?
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Unicompartmental knee arthroplasty is an effective
method for the treatment of medial compartment
osteoarthritis. However, appropriate surgical tech-
nique and optimum implant positioning are crucial
for a satisfactory outcome. This study aimed to
demonstrate the relation between the clinical scores
and the alignment of the components in UKA. A
total of 182 patients with medial compartment
osteoarthritis and treated by UKA between January
2012 and January 2017 were enrolled in this study.
Computed tomography (CT) was used to measure
the rotation of components. Patients were divided
into two groups according to the insert design. These
groups were divided into three subgroups according
to the angle of the tibia relative to the femur (TFRA)
(A): TFRA 0° to 5° either internal or external rotation;
(B): TFRA >5° internal rotation, and (C): TFRA >5°
external rotation. There was no significant difference
between the groups in terms of age, body mass index
(BMI) and follow-up period. KSS scores increased
as the tibial component rotation (TCR) external
rotation increased, but there was no correlation for
WOMAC score. (P: 0,039 r: 0,207; P:0,347 r:0,095,
respectively) Post-operative KSS and WOMAC scores
decreased as TFRA external rotation was increased.
(p: 0,001; p:0,001, respectively) No correlation has
been observed between femoral component rotation
(FCR) internal rotation and post-operative KSS and
WOMAC scores. (p: 0,261; p: 0,502, respectively) Any
mismatch between the components is better tolerated
by mobile-bearing designs compared to fixed-bearing
designs. Orthopedic surgeons should take care of
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rotational mismatch of components, not only the axial
alignment of the components.
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ponent rotation; tibiofemoral; rotational mismatch.

INTRODUCTION

Unicompartmental knee arthroplasty (UKA)
is an effective method for the treatment of medial
compartment osteoarthritis of the knee (7,2). How-

Fahri Emre!, MD,

Erden Kilig?, MD, Assoc Prof,

Ozgiir Kaya’, MD,

Ozgiir Selim Uysal*, MD,

Nurdan Cay?®, MD, Assoc Prof,

Omer Ersen’,

Murat Bozkurt’, MD, PhD, Prof.

'Gulhane Training and Research Hospital, Department of
Orthopedics and Traumatology, Ankara, Turkey.

‘Atilim University Faculty of Health Sciences, Department
of Physiotherapy and Rehabilitation, Ankara, Turkey.
‘Lokman Hekim Hospital, Department of Orthopedics and
Traumatology, Ankara, Turkey.

“Y1l Hospital Department of Orthopedics and Traumatology,
Ankara, Turkey.

‘Ankara Yildirim Beyazit University Ankara City Hospital
Department of Radiology, Ankara, Turkey.

Correspondence : Fahri Emre, MD, Gulhane Training
and Research Hospital, Deparment of Orthopedics and
Traumotology, Ankara, Turkey. Mobile: 05354095811.
Email : faemre@gmail.com

©2022, Acta Orthopadica Belgica.

Acta Orthopeedica Belgica, Vol. 88 - 4 - 2022



798 F. EMRE, E. KILIC, O. KAYA, O.S. UYSAL, N. CAY, O. ERSEN, M. BOZKURT

ever, appropriate surgical technique and optimum
implant positioning are crucial for a satisfactory
outcome (3,4). Negligence of technical steps may
end up in catastrophe. Particularly appropriate
rotational positioning of implants is required for
long-term survival and a mispositioned implant is a
risk factor for early failure (5,6). UKA has two basic
designs: fixed and mobile bearing. Each design has
its unique advantages and disadvantages (7,8).

Studies on tibial and femoral rotations in UKA
have demonstrated various results about the effect
of fixed or mobile bearing designs on clinical results
(9,10) The relation between tibiofemoral rotational
mismatch and clinical results of UKA has been less
studied. Inui et al. examined the correlation between
tibiofemoral rotational mismatch and clinical results
of UKA in mobile-bearing design and reported that
tibiofemoral rotational mismatch in flexion has a
considerable effect (11).

In this study, we aimed to analyze the effect of
rotation of femoral and tibial components relative to
bony landmarks and mismatch of these components
on clinical scores. We also evaluated the effect of
the UKA insert design on clinical results in the
presence of a rotational mismatch.

MATERIALS AND METHODS

The patients with medial compartment osteo-
arthritis of the knee who were treated by UKA
between January 2012 and January 2017 were
retrospectively evaluated. The patients were divided
into two groups according to the insert design as
fixed-bearing (ZIMMER®, Warsaw, Indiana, USA)
and mobile-bearing (BIOMET®, Warsaw, Indiana,
USA). Patients with shorter than 3 years follow-
up period, patients who had wound problems
and bilateral UKA, patients who had incomplete
records, knees with fixed flexion of more than 15°,
active knee joint infection, and patients who needed
reinterventions due to complications or failure were
excluded from the study. All patients enrolled in
the study had varus knee alignment with medial
compartment osteoarthritis and intact anterior
cruciate ligament.

After exclusions, a total of 182 patients that met
the eligibility criteria have been called for the last
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follow-up and computed tomography (CT) of their
knees in full extension were obtained to measure the
rotation of femoral and tibial components. Group I
included 98 patients (70 female, 28 male) treated
with fixed-bearing design and followed for a mean
period of 4.3 years and Group Il included 84 patients
(58 female, 26 male) treated with mobile-bearing
and followed for a mean period of 4.2 years. Both
groups were divided into three subgroups according
to the optimal angle of the tibia relative to the
femur (TFRA) (A): TFRA 0° to 5° either internal or
external rotation; (B): TFRA >5° internal rotation,
and (C): TFRA >5° external rotation.

All patients were evaluated by KSS and WOMAC
score preoperatively and at the last follow-up. The
KSS and WOMAC questionnaires were applied by
the same physiotherapist. The clinical evaluations
were made at the preoperative period and the last
follow-up. Each variable was compared between
groups and subgroups. There were no selection
criteria or randomization for using either fixed or
mobile UKA.

All patients were operated by the same surgical
team with the same surgical technique. All com-
ponents were cemented for all knees. Patelloplasty
and patellar denervation was preferred for all
patients. No patellar implants were used for any of
the patients. We used first generation instrument
for mobile-bearing UKA. Firstly, a proximal tibial
cut perpendicular to the mechanical axis was
performed. Akagi line, tibial crest, and the midpoint
of the ankle were used as references for tibial
component rotation (72). For tibial sizing, the tibial
trial was placed against the osteotomized tibial
plane to visually determine the maximum coverage
of the osteotomized tibial plateau. Maximum
cortical contact was aimed at the anterior-posterior
and mediolateral planes when placing the tibial
component. Trial components were used to check
rotation. After the distal femoral cut was made,
chamber and posterior femoral cuts were performed
while the knee was in 90° of flexion.

All patients received identical rehabilitation
protocols. Drains were removed 24 hours after
the surgery. Range of motion (ROM) and walking
exercises were commenced on the first postoperative
day. Patients were followed for 3 months by phy-
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Figure 1. — The relative angle between the components; namely tibia-femur relative angle (TFRA)
(the angle between the line combining two femoral pegs and the line formed by the lateral wall of tibial tray).

siotherapists using standard rehabilitation proto-
col.

Rotation of the tibial and femoral components
was digitally measured from the images retrieved
from CT scans obtained at the last follow-up and
recorded as degrees. The slice thickness of CT scans
was 0.6 mm, and a metal artifact removal software
was utilized (256 slices multidetector scanner:
Siemens®, Erlangen, Germany). Each CT image
was evaluated by a radiologist specialized in the
musculoskeletal system using Leonardo Dr/Dsa
Va30a software (Siemens®, Erlangen, Germany).
All images were also evaluated by double-blinded
two orthopedic surgeons to decrease inter-observer
and intra-observer errors. The femoral component
rotation (FCR) angle was defined as the angle
between the line combining two femoral pegs and
the perpendicular line to the epicondylar axis (7/).
Tibial component rotation (TCR) angle was defined
as the angle between the line combining the medial
border of the patellar tendon to posterior cruciate
ligament (PCL) footprint (Akagi axis) and the lateral
wall of the tibial tray (72). The relative angle between
the components; namely tibia-femur relative angle
(TFRA) (the angle between the line combining two
femoral pegs and the line formed by the lateral wall
of the tibial tray (Fig. 1). TFRA >5° either internal
or external rotation was accepted as a tibiofemoral
mismatch. Positive values represented external rota-
tion whereas negative values represented internal
rotation.

Data were analyzed by SPSS 21.0 software.
Percentiles with mean + standard deviation were
used for descriptive statistics. Student t-test was
used for comparison of independent variables and
paired t-test was used for comparison of dependent
variables between the groups. A Chi-square test was
used for the comparison of categorical variables.
Pearson correlation test was used to evaluate the
correlation of two continuous numeric variables
p<0,05 was set for the level of statistical significance.

RESULTS

No significant difference was observed between
the groups for age, body mass index (BMI), and
follow-up period (Table I). There was no significant
difference in gender distribution in the groups. (p=
0.726). A comparison of preoperative scores is
given in Table II.

KSS scores increased as the TCR external
rotation increased, but there is no correlation for
WOMAC score. (p: 0,0391:0,207; p: 0,347 : 0,095,
respectively). Post-operative KSS and WOMAC
scores are decreased as TFRA external rotation
is increased (r: -0,815 p: 0,001; r:-0,667 p: 0,001,
respectively) (Fig. 2). The best clinical results are
observed in Subgroup A and worst clinical results in
Subgroup B when compared to TFRA values (Table
II). Subgroup 2b showed significantly higher
clinical scores compared to that of subgroup 1b. (p:
0,001)
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Table I. — Comparison of the groups in terms of age, body mass index (BMI) and follow up time

Group N Mean Standard. Deviation Pvalue

Group 1 98 64,5306 5,28800

Age 0,632
Group 2 84 64,1548 5,24460
Group 1 98 26,0622 1,75126

BMI 0,639
Group 2 84 25,9488 1,51001
. Group 1 98 4,3265 0,91691

Follow up time 0,418
Group 2 84 4,2262 0,75012

Table II. — Comparison of the groups in terms of functional scores

Group 1 (n=98) Group 2 (n=84) Pvalue
Preoperative WOMAC score 30,9449 31,1702 0,743
Preoperative KSS score 32,1633 34,5238 0,002
Final control WOMAC score 86,4714 89,3357 0,001
Final control KSS score 84,9898 87,5119 0,015

Table III. — Comparison of the subgroups in terms of functional scores

WOMAC SCORE KSS SCORE
Group 1 Group 2 P Value Group 1 Group 2 P Value
Subgroup A 91,2212 91,9404 0,168 90,6346 92,2128 0,001
Subgroup B 78,3765 83,2188 0,001 71,2353 78,1250 0,001
Subgroup C 82,7000 88,1667 0,001 82,9310 84,1429 0,127

Table IV. — Correlation of internal and external rotation of the femoral component with the KSS score

Femur Rotation | Postoperative KSS score
Pearson Correlation 1 0,004
Femur Rotation Sig. (2-tailed) 0,960
. N 141 141
External Rotation .
Pearson Correlation 0,004 1
Postoperative KSS score Sig. (2-tailed) 0,960
N 141 141
Pearson Correlation 1 -0,180
Femur Rotation Sig. (2-tailed) 0,261
. . N 41 41
Internal Rotation .
Pearson Correlation -0,180 1
Postoperative KSS score Sig. (2-tailed) 0,261
N 41 41

Post-operative WOMA CandKSSscoresimpro-ved post-operative WOMAC and KSS scores decreased
as TCR internal rotation decreased (Fig. 3) (p: 0,001 as TFRA internal rotation is increased. (r: 0,918 p:
r: 0,566; p: 0,001 r: 0,631, respectively). Similarly, 0,001; r: 0,847 p:0,001, respectively) (Fig. 2).

Acta Orthopeedica Belgica, Vol. 88 - 4 - 2022



WHICH DESIGN TOLERATES ROTATIONAL MISMATCH BETTER IN UNICOMPARTMENTAL KNEE ARTHROPLASTY 801

100,004

90,00+ oo

20,00+ o

70.00 g o o

i

Final control KSS score

T T T T T T
1250 <1000 750 -5.00 250 00 |

Angle of the tibial component relative to the femoral component

100,00
g oo 8 &
g 9500
2
Q an
o o
s o oo
e o of o
2 w00 @0
3 o o0 00 ©
S o
c
8
- o
T a0 S =)
= )
o L) o
°
- ° o o
8000 o o o
O, o
s o o o
© o o o
o
75,00
T T T T T T
1250 1000 75 -5.00 250 00

Angle of the tibial component relative to the femoral component

100,00
)
o
[} o
o
95,00 o o
E o o
g @ 0o
OWQ_ DA
5 000 B oo
<5 9000 000 o® W
I @ o o
=
§ o o
" )
£ 85,00 o @ o
b o cap oo o o
@O O @0 o
o o
80,00 00 o
o
75,00
T T T T T T T
00 200 400 600 800 10,00 12,00
Angle of the tibial component relative to the femoral component
100,00
o
o
e
8 o™ -] oo
g 9500 oo
[¥]
<
2
s
S 5000
s
c
]
o
"
£
[
85,00
80,00

T T T T T T
00 2,00 400 6,00 8,00 10,00 12,00

Angle of the tibial component relative to the femoral component

Figure 2. — The correlation between the angle of tibia relative to femur (TFRA) and clinical scores.

No correlation has been observed between
FCR internal rotation and post-operative KSS and
WOMAUC scores. (p: 0,261 r: -0,180; p: 0,502 r:
-0,108, respectively) There has been no correlation
with FCR external rotation and post-operative KSS
scores either. (p:0,960 1:0,004) (Table 1V)

DISCUSSION

The most remarkable finding of our study was
the improvement of clinical scores by the increase
of rotational tibiofemoral congruency. Clinical
scores were improved in patients with external
rotation of the tibial component relative to the
Akagi line. When there was a mismatch between
the components clinical scores decreased even if
the tibial component in external rotation. The worst

scenario is the internal rotation of the tibia relative
to the femoral component. This mismatch is better
tolerated by mobile inserts compared to fixed-
bearing tibial components.

The rotational mismatch between femoral and
tibial components has been reported as one of the
causes for poor outcomes in total knee arthroplasty
(13). However, there are few studies in the literature
focused on the relative rotation of components
in UKA (11,14). We have evaluated the rotation
of femoral and tibial components both relative to
bony landmarks and each other and observed that
tibiofemoral rotational mismatch has affected
clinical scores.

Rotational measurements on radiographs are
limited and less reliable compared to 2D-CT scans
(15). Shakespeare et al. have measured the rotation
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Figure 3. — The correlation between tibial component rotation and clinical scores.
of the tibial component indirectly from the position scores are observed when the tibial component was
of the femoral component in full extension using in excessive internal rotation relative to both the
simple radiographs (74). In our study, we have used Akagi line and femoral component. This mismatch
a CT scan with metal artifact removal software that is better tolerated by patients with mobile inserts
allows more reliable measurement of component compared to fixed inserts. However, in the study
rotation. The images were obtained in full exten- by Ozcan et al. fixed bearing design was reported
sion, and the rotational measurements were also to tolerate tibial rotation better (9). In their study,
performed in extension. In this study, clinical scores Park et al. reported that mobile inserts were better
improved as the congruency of the tibial component tolerated this malalignment compared to fixed-
relative to the femur has improved. The worst clinical bearing implants (76).
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Kamenaga et al. found that the Oxford Knee Score
showed a negative correlation with postoperative
higher angel of external rotation of the tibial
component (/7). Inui et al reported that FCR and
TCR do not affect clinical results in mobile-bearing
UKA and proposed that excessive rotational mis-
match between femoral and tibial components in
knee flexion has been related to poor clinical results
(11). In the same study, they recommended avoiding
excessive external rotation of the tibial tray in UKA.
Small et al. have shown that more than 10 degrees
of external rotation resulted in a high strain on the
tibia in their biomechanical study and suggested
that it may be related to poor results in excessive
external rotation (18). Iriberri and Aragon reported
a mean external rotation of 11.9° (-1° to 32°) tibial
component (79). They observed that a neutral or
slightly external rotated tibial component showed
better results compared to one in excessive external
rotation. The highest external rotation in our study
is 15,4°. As we did not observe further degrees of
external rotation, it is not possible to evaluate the
effect of excessive external rotation on clinical
results. However, we have found a negative effect
of external rotation on clinical results.

Rotation of the tibial component has been studied
in many studies (2,9,12,15,17) but there are few
studies on the femoral component rotation (70,20).
Shakespeare et al. have determined that rotation
of the femoral component has no effect on knee
function as the center of the spherical component
come closer to the center of rotation of medial
femoral condyle (74). In our study, we have evaluated
both the rotation of the femoral component and tibial
component, we found that rotation of the femoral
component does not affect clinical scores.

This study has some limitations. The retrospective
design of this study is the major limitation. Addi-
tionally, a relatively short follow-up period and
performing CT measurements only in full extension
are other limitations. Metal artifact reducing soft-
ware that helped better evaluation of rotation by CT
is the strength of this study.

CONCLUSION

Congruency between femoral and tibial com-
ponent rotation is also important for UKA as it is

in total knee arthroplasty. Any mismatch between
the components is better tolerated in mobile-
bearing designs compared to fixed-bearing designs.
Orthopedic surgeons should take care of rotational
mismatch of components, not only the axial
alignment of the components. The results are better
when the TFRA is between 5° internal rotation
and 5° external rotation. According to our results
external rotation of tibial component is suggestible.

REFERENCES

1. Kort NP, van Raay JJ, van Horn JJ. The Oxford phase
III unicompartmental knee replacement in patients less
than 60 years of age. Knee Surg Sports Traumatol Arthrosc.
2007;15(4):356-60.

2. Scott CEH, Wade FA, MacDonald D, Nutton RW. Ten-
year survival and patient-reported outcomes of a medial
unicompartmental knee arthroplasty incorporating an all-
polyethylene tibial component. Arch Orthop Trauma Surg.
2018;138(5):719-729.

3. Kaya Bicer E, Servien E, Lustig S, Demey G, Ait Si
Selmi T, Neyret P. Sagittal flexion angle of the femoral
component in unicompartmental knee arthroplasty: is it
same for both medial and lateral UKAs? Knee Surg Sports
Traumatol Arthrosc. 2010;18(7):928-33.

4. Kim JG, Kasat NS, Bae JH, Kim SJ, Oh SM, Lim
HC. The radiological parameters correlated with the
alignment of the femoral component after Oxford phase 3
unicompartmental knee replacement. J Bone Joint Surg Br.
2012;94(11):1499-505.

5. Cartier P,Sanouiller JL,Grelsamer RP. Unicompartmental
knee arthroplasty surgery. 10-year minimum follow-up
period. J Arthroplasty. 1996;11(7):782-8.

6. Bert JM. 10-year survivorship of metal-backed, unicom-
partmental arthroplasty. J Arthroplasty. 1998;13(8):901-5.

7. Peersman G, Stuyts B, Vandenlangenbergh T, Cartier
P, Fennema P. Fixed- versus mobile-bearing UKA: a
systematic review and meta-analysis. Knee Surg Sports
Traumatol Arthrosc. 2015;23(11):3296-305.

8. Peersman G, Slane J, Vuylsteke P. e al. Kinematics
of mobile-bearing unicompartmental knee arthroplasty
compared to native: results from an in vitro study. Arch
Orthop Trauma Surg. 2017;137(11):1557-1563.

9. Ozcan C, Simsek ME, Tahta M, Akkaya M, Gursoy
S, Bozkurt M. Fixed-bearing unicompartmental knee
arthroplasty tolerates higher variance in tibial implant
rotation than mobile-bearing designs. Arch Orthop Trauma
Surg. 2018;138(10):1463-1469.

10. Khow YZ, Liow MHL, Lee M, Chen JY, Lo NN, Yeo SJ.
Coronal Alignment of Fixed-Bearing Unicompartmental
Knee Arthroplasty Femoral Component May Affect Long-
Term Clinical Outcomes. J Arthroplasty. 2021;36(2):478-
487.

Acta Orthopeedica Belgica, Vol. 88 - 4 - 2022



804

11.

12.

13.

14.

15.

Inui H, Taketomi S, Yamagami R. ef al. Femorotibial
rotational mismatch of the Oxford unicompartmental knee
in the flexion position is a risk for poor outcomes. Knee.
2020;27(3):1064-1070.

Akagi M, Mori S, Nishimura S, Nishimura A, Asano T,
Hamanishi C. Variability of extraarticular tibial rotation
references for total knee arthroplasty. Clin Orthop Relat
Res. 2005;(436):172-6.

Bell SW, Young P, Drury C. et al. Component rotational
alignment in unexplained painful primary total knee
arthroplasty. Knee. 2014;21(1):272-7.

Shakespeare D, Ledger M, Kinzel V. The influence of
the tibial sagittal cut on component position in the Oxford
knee. Knee. 2005;12(3):169-76.

De Valk EJ, Noorduyn JC, Mutsaerts EL. How
to assess femoral and tibial component rotation after
total knee arthroplasty with computed tomography: a
systematic review. Knee Surg Sports Traumatol Arthrosc.
2016;24(11):3517-3528.

Acta Orthopeedica Belgica, Vol. 88 - 4 - 2022

16.

17.

18.

19.

F. EMRE, E. KILIC, O. KAYA, O.S. UYSAL, N. CAY, O. ERSEN, M. BOZKURT

Park KK, Koh YG, Park KM, Park JH, Kang KT.
Biomechanical effect with respect to the sagittal positioning
of the femoral component in unicompartmental knee
arthroplasty. Biomed Mater Eng. 2019;30(2):171-182.
Kamenaga T, Hiranaka T, Kikuchi K, Hida Y, Fujishiro
T, Okamoto K. Influence of tibial component rotation on
short-term clinical outcomes in Oxford mobile bearing uni-
compartmental knee arthroplasty. Knee 2018;25:1222-30.
Small SR, Berend ME, Rogge RD, Archer DB, Kingman
AL, Ritter MA. Tibial loading after UKA: evaluation of
tibial slope, resection depth, medial shift and component
rotation. J Arthroplasty 2013;28(9 Suppl):179-83.

Iriberri I, Aragén JF. Alignment of the tibial component
of the unicompartmental knee arthroplasty, assessed in
the axial view by CT scan: does it influence the outcome?
Knee 2014;21:1269-74

. Kang KT, Son J, Baek C, Kwon OR, Koh YG.

Femoral component alignment in unicompartmental knee
arthroplasty leads to biomechanical change in contact
stress and collateral ligament force in knee joint. Arch
Orthop Trauma Surg. 2018;138(4):563-572.



