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Abstract
Purpose The aim of this study was to compare the intraoperative kinematics of medial and lateral unicompartmental knee 
arthroplasty (UKA) with those of the native knee using a navigation system.
Methods Six fresh-frozen cadaveric knees were included in the study. Medial UKA was performed in all right knees and 
lateral UKA was performed in all left knees. All UKA procedures were performed with a computerised navigation system. 
The tibial internal rotation angle and coronal alignment of the mechanical axis during passive knee flexion were assessed as 
rotational and varus/valgus kinematics before and after surgery using the navigation system.
Results The rotation angles of the tibia in the early flexion phase of medial UKA were significantly larger than those of 
native knees (p = 0.008 at minimum knee flexion, p = 0.008 at 0° knee flexion). The rotational kinematics of lateral UKA 
was similar to those of the native knees throughout knee flexion. There were no significant differences in varus/valgus kin-
ematics between native and UKA knees.
Conclusion The rotational kinematics of the native knee was not restored after medial UKA but was preserved after lateral 
UKA. There were no significant differences in the varus/valgus kinematics after either medial or lateral UKA when com-
pared with those of the native knees. Thus, the geometry of the medial tibial articular surface is a determinant of the ability 
to restore the rotational kinematics of the native knee. Surgeons and implant designers should be aware that the anatomical 
medial articular geometry is an important factor in restoration of the native knee kinematics after knee arthroplasty.

Keywords Navigation system · Partial knee arthroplasty · Unicompartmental knee arthroplasty · Intraoperative kinematics · 
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Introduction

Unicompartmental knee arthroplasty (UKA) is a surgical 
alternative for patients with osteoarthritis and osteonecrosis 
in only one compartment of the knee [22]. Recent studies have 
reported that the long-term survival of UKA is similar to that 
of total knee arthroplasty (TKA) [5, 11, 17, 20]. There are 
also several reports of better functional outcomes after UKA 
than after TKA [2, 7, 9, 16, 28]. In particular, a recent report 
suggested that patients who undergo UKA are more likely to 
forget that they have an artificial joint in daily life than patients 
who undergo TKA [30]. This could be partly explained by the 
closer similarity in kinematics between the native knee and 
UKA, compared with TKA, because UKA enables preserva-
tion of the knee ligaments. In other words, this preservation 
might be a key factor in restoring the kinematics of the native 
knee after UKA. However, this remains controversial [14, 
19, 23], and there have been a few reports on the kinemat-
ics of lateral UKA. A kinematic study of medial and lateral 
UKA would provide important information to address this 
controversy.

In addition, from another perspective, tibial surface geom-
etry is reported to have considerable impact on rotational knee 
kinematics [25, 31]. Therefore, the hypothesis tested in this 
study was that the kinematics would be affected by isolated 
replacement of either the medial or lateral articular surface 
by UKA. To test this, a navigation system was used to com-
pare the kinematics of the native knee with the kinematics of 
medial and lateral UKA knees in the same whole-body cadav-
eric specimen.

Materials and methods

Six fresh-frozen cadavers stored at − 20  °C (2 males, 4 
females; mean age at time of dissection 88.8 years, range 
79–100 years) were obtained for this study. All the cadaveric 
specimens were macroscopically intact without gross deform-
ity, arthritic change, contracture, or evidence of prior surgery. 
Preoperative computed tomography confirmed that none had 
osteoarthritis. The trial component was a flat-surfaced, fixed-
bearing cemented UKA prosthesis (Tribrid, Kyocera Medical, 
Osaka, Japan) that was implanted in each specimen using an 
image-free knee navigation system (Stryker Navigation ver-
sion 1.0, Stryker, Kalamazoo, MI, USA), infrared cameras, 
and light-emitting diodes. Medial UKA was performed in the 
right knee and lateral UKA in the left knee of each specimen.

Surgical procedure and evaluation of intraoperative 
kinematics

Each surgery was performed using the standard medial para-
patellar approach. Soft-tissue release was not performed 

except for portions that required osteotomy. The anterior 
and posterior cruciate ligaments were preserved. Registra-
tion of the navigation system was performed for each case 
following the manufacturer’s protocol. After registration, the 
kinematics of the native knee was evaluated with intraopera-
tive kinematic analysis.

Next, the proximal tibia was resected perpendicular to the 
mechanical axis on the coronal plane using an extramedul-
lary rod with the navigation system. Tibial rotational align-
ment was directed along a line from the medial border of 
the tibial tubercle to the middle of the posterior cruciate 
ligament [1]. On the sagittal plane, the posterior tibial slope 
were set as 5° with the navigation system. The amount of 
bone resection was set to the component thickness. Fol-
lowing the manufacturer’s protocol, the distal femur was 
resected to create a total component thickness gap both at 
full knee extension and 90° of knee flexion using a spacer 
block. The patella was not resurfaced. A 9-mm polyethylene 
insert was used in all knees. After the trial component was 
assembled, intraoperative kinematic analysis was performed 
to evaluate the knee kinematics after UKA.

During evaluation of the intraoperative kinematics, the 
dissected fascia was sutured with nylon thread. For each 
knee, kinematic analysis was performed once by the same 
examiner using the navigation system. The knee was flexed 
by placing the specimen’s heel in the examiner’s open palm 
to allow for freedom of tibial rotation, while the examiner’s 
other hand was placed beside the specimen’s knee for sup-
port. Care was taken to avoid intentional rotation of the knee 
throughout flexion. The navigation system automatically 
recorded the rotation angle of the tibia (internal rotation as 
positive) as rotational kinematics and the coronal alignment 
of the lower limb (valgus alignment as positive) as varus/
valgus kinematics at minimum flexion, at 10° intervals from 
0° to 130° flexion, and at maximum flexion during passive 
knee motion. The data for both the rotation angle of the tibia 
and the coronal alignment of the lower limb were collected 
by the navigation system with a measurement accuracy 
of 0.5°. Therefore, the results are reported to one decimal 
place. An earlier study demonstrated that the repeatability 
and reproducibility of this methodology was statistically suf-
ficient [26].

The institutional review board approved this prospective 
study (no. 2068-1). All procedures involving human partici-
pants were in accordance with the ethical standards of the 
institutional and/or national research committee and with 
the 1964 Declaration of Helsinki and its later amendments 
or comparable ethical standards.

Statistical analysis

The Mann–Whitney U test was used to evaluate differences 
in the rotation angle of the tibia and the coronal alignment 
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of the lower limb at each knee flexion angle between the 
native knee and the UKA knee. All statistical analyses were 
performed using IBM SPSS statistical software (SPSS v.21.0 
for Mac OS X; IBM Corp., Armonk, NY, USA). For all 
analyses, a p value < 0.05 was considered statistically sig-
nificant. The results are presented as the median and range. 
Given the small number of subjects, a post hoc calculation 
of effect size (Cohen’s d) and statistical power was per-
formed with G*power statistical software (version 3.1.9.2, 
Dusseldorf, Germany) [10]. The effect sizes were defined 
as small (d > 0.2), medium (d > 0.5), or large (d > 0.8), as 
described by Cohen’s d criteria [8, 18]. A sample size cal-
culation based on the calculated effect size demonstrated 
that six specimens would be sufficient to detect statistically 
significant kinematic differences with a power of 0.8. The 
probability of type I error associated with this test is 0.05.

Results

Figures 1, 2 show the axial rotation angle of the tibia at 
each angle of knee flexion for the native and UKA knees. 
For medial UKA (Fig. 1), both native and medial UKA 
knees showed continuous tibial internal rotation during 
knee flexion. In contrast, medial UKA knees showed sig-
nificantly larger tibial internal rotation angles during the 
early flexion phase (p = 0.008; effect size = 2.4 at minimum 
knee flexion, p = 0.008; effect size = 2.7 at 0° knee flexion) 
than native knees (with a statistical power of 0.9 at mini-
mum knee flexion and 0.9 at 0° knee flexion). For lateral 
UKA (Fig. 2), both native and lateral UKA knees showed 
tibial internal rotation during knee flexion, including tran-
sient tibial external rotation at mid-flexion. Interestingly, 

the rotational kinematics were similar between the lateral 
UKA and native knees throughout passive knee flexion.

Figures 3, 4 show the coronal angle of the mechani-
cal axis at each angle of knee flexion in native and UKA 
knees. The varus/valgus kinematics were similar between 
the lateral UKA and native knee throughout knee flexion 
(Fig. 4). In contrast, some kinematics differed between the 
medial UKA knees and the native knee as the flexion angle 
increased (Fig. 3), but the differences were not statistically 
significant.

Fig. 1  Internal rotation of the tibia during right knee flexion. The 
angle of the tibia at extension in the normal knee was set as 0°. Error 
bars indicate the range. *p = 0.008, **p = 0.008. UKA unicompart-
mental knee arthroplasty

Fig. 2  Internal rotation of the tibia during left knee flexion. The angle 
of the tibia at extension in the normal knee was set as 0°. Error bars 
indicate the range. UKA unicompartmental knee arthroplasty

Fig. 3  Coronal alignment of the lower limb during right knee flexion. 
The alignment of the lower limb at extension in the normal knee was 
set as 0°. Error bars indicate the range. UKA unicompartmental knee 
arthroplasty
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Discussion

The most important finding in this study was that the inter-
nal rotation angles of the tibia in the early flexion phase 
of medial UKA were significantly larger than those of the 
native knee. The results indicate that the rotational kinemat-
ics of the native knee was not restored after medial UKA but 
was preserved after lateral UKA. There were no significant 
differences in varus/valgus kinematics before or after medial 
or lateral UKA. To the authors’ knowledge, this study is 
the first to evaluate the intraoperative kinematics of both 
medial and lateral UKA in the same whole-body cadaveric 
specimen.

The classic “screw-home” mechanism was reported as a 
sharp internal rotation near extension [12], and other studies 
have shown that the screw-home mechanism is coupled to 
internal tibial rotation as the femur flexes and to external tib-
ial rotation as it extends [6, 27]. The proximal tibia normally 
rotates externally on the distal femur by about 15° during 
the final 20° of extension, with the screw-home mechanism 
serving to lock the knee in extension and limit anterolat-
eral rotatory movement [4, 15, 29]. In the present study, the 
internal rotation angles of the tibia in the early flexion phase 
of medial UKA were significantly larger than those of the 
native knee, indicating that the screw-home mechanism of 
the native knee was not restored after medial UKA but was 
preserved after lateral UKA.

Whether UKA can restore the kinematics of the native 
knee has been the subject of some controversy. Patil et al. 
[23] studied six cadaveric human knees using a kinematic 
rig before and after medial UKA and reported no signifi-
cant difference in axial tibial rotation between the native 
knee and the flat-surfaced, fixed-bearing UKA knee. 

However, they found that the tibia rotated internally dur-
ing knee extension in both native and UKA knees. From 
the viewpoint of the screw-home mechanism, that find-
ing indicates that the native knee kinematics was not pre-
served after UKA. Argenson et al. [3] evaluated the in vivo 
kinematics of 20 UKA knees and reported that 12 of 17 
subjects who underwent medial UKA maintained normal 
axial rotation. Nevertheless, their results for the average 
axial rotation pattern suggested less than 3° of axial rota-
tion angle in the early flexion phase. Although they did 
not evaluate the native knee, their finding that the angle 
of rotation was small is similar to the results for medial 
UKA in the present study. Thus, it seems that the screw-
home mechanism of the native knee is not maintained after 
UKA. Heyse et al. [14] compared the difference between 
the native knee kinematics and the kinematics after medial 
flat-surfaced, fixed-bearing UKA using a kinematic rig in 
six cadaveric knees and concluded that the native knee 
kinematics was restored after medial UKA. However, they 
also reported that the internal rotation angle of the tibia 
after UKA tended to be larger than that of the native knee, 
especially in the early phase of knee flexion. That finding 
indicates that the screw-home mechanism of the native 
knee might not be preserved after UKA. In contrast with 
these reports, Mochizuki et al. [19] reported that the pat-
tern of motion of 17 osteoarthritic knees before medial 
UKA was similar to that afterwards, but that both motion 
patterns were markedly different from those of the native 
knee. Their results are similar to the results of the present 
study in that the size of the angle of axial rotation near 
extension decreases after UKA to a greater extent than that 
found in the native knee, indicating that the screw-home 
mechanism was lost. These findings suggest that medial 
UKA influences the rotational kinematics of the native 
knee, especially in the early flexion phase.

The screw-home mechanism has been attributed to the 
function of the anterior cruciate ligament and asymmetry 
between the medial and lateral femoral condyles. However, 
in the present study, the mechanism was not restored after 
medial UKA despite preservation of the anterior cruciate 
ligament, but was restored after lateral UKA. Rajendran 
et al. [24] suggested that the workings of the screw-home 
mechanism involved the medial femoral condyle slipping or 
sliding against the upslope of the tibia as the knee extends, 
while the lateral femoral condyle suffers little or no interfer-
ence as a result of flattening of the downward sloping ante-
rior part of the lateral tibial condyle. The findings presented 
here indicate that changes in the articular surface geometry 
of the tibia in the medial compartment of the knee have 
a more significant impact on the screw-home mechanism 
than changes in the lateral compartment. In terms of the 
articular surface, the loss of the upslope of the tibia when 
a flat-surfaced, fixed-bearing type of UKA prosthesis was 

Fig. 4  Coronal alignment of the lower limb during left knee flexion. 
The alignment of the lower limb at extension in the normal knee was 
set as 0°. Error bars indicate the range. UKA unicompartmental knee 
arthroplasty



3442 Knee Surgery, Sports Traumatology, Arthroscopy (2018) 26:3438–3443

1 3

applied caused the changes in rotational kinematics after 
medial UKA, especially in the early flexion phase.

Several previous reports have suggested that tibial sur-
face geometry has a considerable impact on the rotational 
kinematics of the knee. Using a knee simulator, Varadarajan 
et al. [25] demonstrated that a biomimetic implant with an 
anatomic articular geometry was able to mimic the activity-
dependent kinematics of the normal knee more closely than 
contemporary implants in cruciate-retaining TKA. A recent 
dynamic computer simulation study by Zumbrunn et al. 
[31] demonstrated that a bicruciate-retaining TKA implant 
designed with biomimetic inserts mimicking the native tibial 
surface geometry achieved more marked kinematic improve-
ment than cruciate-retaining TKA, contemporary bicruci-
ate TKA, or bi-UKA. A recent cadaveric study by Hamada 
et al. [13] showed that the normal rotational kinematics are 
lost after tibial replacement in bicruciate-retaining TKA, 
and suggested that the surface geometry of the polyethylene 
insert is an important factor in the restoration of normal 
rotational kinematics. The present study also confirms the 
importance of preserving native geometry for restoration of 
the kinematics of the native knee when using a navigation 
system. Specifically, the present results show that preserva-
tion of the native geometry of the medial compartment is 
more important than preservation of that of the lateral com-
partment. This important finding suggests that the articular 
surface in knee arthroplasty should be considered further. 
However, approximating the tibial insert geometry to the 
native joint surface in UKA leads to increased strain. There-
fore, further study is needed to evaluate the stress of the 
tibial component in the clinical setting.

This study had several limitations. First, it assessed 
only the internal rotation angle of the tibia and the cor-
onal alignment of the mechanical axis during flexion. 
There is a lack of kinematic data for the anteroposterior, 
mediolateral, and superoinferior dimensions, because 
the knee kinematics had six degrees of freedom. Specifi-
cally, anterior–posterior translation should be examined 
to evaluate the kinematics of knee flexion; unfortunately, 
this could not be done with the navigation system used in 
this study. Second, tibial internal rotation was not assessed 
under weight-bearing conditions. Many previous studies 
have suffered from the same limitation of evaluating non-
weight-bearing kinematics intraoperatively. However, a 
recent study reported that external femoral rotation with a 
medial pivot motion intraoperatively was associated with 
a deep knee flexion angle postoperatively [21]. Therefore, 
even in a non-weight-bearing situation, internal tibial 
rotation is an important parameter in terms of postop-
erative knee flexion. Although this study was performed 
using whole-body cadaveric specimens, the conditions 
were similar to those in clinical studies of patients under 

anaesthesia. Third, the reproducibility of the kinematic 
analysis was not evaluated; this may be problematic, 
because the analysis was performed manually. Neverthe-
less, a previous study found that intraoperative kinematic 
analysis had high reproducibility [26]. Therefore, the pre-
sent data, which were obtained using the same method, 
are believed to have adequate reproducibility. Fourth, 
both the rotational and varus/valgus kinematics of native 
knees differed between the right and left knees. A possible 
cause of this phenomenon is a registration setting error. 
In this study’s methodology, manually registered transepi-
condylar and tibial axes were used to evaluate rotational 
kinematics and manually registered mechanical axes were 
used to evaluate varus/valgus kinematics. Therefore, the 
kinematics of medial and lateral UKA could not be com-
pared directly. Thus, in the present study, the kinemat-
ics of the native knee were compared separately with the 
kinematics of the medial UKA knee and the lateral UKA 
knee. Finally, the sample size was small, because access to 
cadaveric specimens is limited and specimens with osteo-
arthritis were excluded. However, although only post hoc 
power analyses were performed, items with significant 
differences had adequate statistical power. Despite these 
limitations, the data generated in this study highlight the 
need to consider the articular surface to further improve 
the performance of UKA. These data also suggest that 
restoring the articular surface geometry leads to restora-
tion of the kinematics of the native knee, not only in UKA 
but also in TKA.

Conclusion

The rotational kinematics of the native knee were not 
restored after medial UKA but were preserved after lateral 
UKA. There were no significant differences in the varus/
valgus kinematics after either medial or lateral UKA when 
compared with those of the native knee. Thus, the geom-
etry of the medial tibial articular surface is a determinant 
of the ability to restore the rotational kinematics of the 
native knee. Surgeons and implant designers should be 
aware that the anatomical medial articular geometry is an 
important factor in restoration of the native knee kinemat-
ics after knee arthroplasty.
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