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ARTICLE INFO ABSTRACT

Keywords: Background: The aim of the present study is to compare sagittal gait kinematics of ankle, knee and hip joints
Gait analysis between subjects with unicondylar and total knee arthroplasty and age matched healthy controls. Since uni-
Kinematics

condylar knee replacement is a less invasive procedure, which more closely preserves knee joint anatomy, we
hypothesized that one year post unicondylar knee arthroplasty patients would demonstrate more normal gait
patterns than patients with total knee arthroplasty.

Research question: Do unicondylar and total knee arthroplasty patients display similar gait kinematics one year
after surgery?

Methods: Fourteen subjects (8 posterior stabilized and 6 medial unicondylar knee replacements) that were one
year post surgery, and 6 healthy control subjects underwent a 3D gait analysis and a physical examination (range
of motion, muscle strength). Statistical parametric mapping was used to compare gait kinematics of the lower
limbs between groups. Additionally, differences in peak angles and clinical outcomes were assessed using a one-
way ANOVA between subjects analysis.

Results: Both knee replacement groups showed reduced knee flexion range of motion and reduced muscle
strength at the operated leg compared to the control group. Subjects with TKA demonstrated reduced knee
flexion at loading response and midstance of the gait cycle. Both UKA and TKA demonstrated significantly less
knee flexion during swing.

Significance: The results of this study demonstrate arthroplasty-specific differences in muscle strength, range of
motion and gait kinematics of the lower limb one year after knee surgery. Future planning of post-surgery
follow-up should addresses these arthroplasty-specific weaknesses and gait deviations.

Knee replacement
Total knee arthroplasty
Unicondylar knee arthroplasty

1. Introduction

Knee replacement surgery is a commonly used treatment option for
the management of end-stage knee osteoarthritis. Although this pro-
cedure aims to improve functionality and mobility, its primary indica-
tion is pain [15,24]. Over the past decade, a strong increase in knee
replacement procedures has been observed in Western countries [3,43].
Additionally, epidemiological studies have reported that up to 30% of
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knee replacement patients present knee joint degeneration, which is
limited to the medial or lateral tibiofemoral compartment [27].
Therefore, implant designs have been developed and fine-tuned in
order to meet the mechanical and anatomical requirements of these
patients. For instance, unicondylar knee arthroplasty (UKA) only re-
places the compartment (medial or lateral) that demonstrates the most
degenerative lesions. Moreover, both cruciate ligaments are preserved
in a UKA procedure, which is believed to be beneficial for joint stability
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and proprioception [37]. The latter is in contrast with the majority of
total knee arthroplasty (TKA) implants (e.g. Posterior stabilized TKA),
which replace all articular surfaces at the knee joint and during which
the cruciate ligaments are removed. Furthermore, UKA has been asso-
ciated with less post-operative complications (blood loss, infection) and
a shorter hospital stay compared to TKA [7,44]. However, UKA im-
plants are more frequently revised then TKA. Nevertheless, UKA pro-
cedures are gaining popularity in the management of unicompart-
mental knee osteoarthrosis [17,35].

Based on patient-reported measurement outcomes and clinical
testing, good to excellent results have been reported for both the UKA
and TKA designs [15]. However, despite the well-documented success
of both implants, up to 30% of patients report difficulties when per-
forming activities of daily living (e.g. walking) after surgery [5]. Pre-
vious research has demonstrated that questionnaire-based assessments
lack sensitivity to capture the actual functional ability of patients,
which may be the origin for the conflicting results mentioned above
[21]. Furthermore, since younger patients typically have higher de-
mands regarding the functioning of their implant, a thorough motion
analysis may provide clinicians and researchers with valuable in-
formation that can potentially enhance rehabilitation and facilitate
recovery after a knee replacement surgery [41].

Three-dimensional motion analysis provides an in depth evaluation
of joint kinematics during dynamic tasks and can be related to the ac-
tual functioning of patients [4,33]. Knee kinematics during gait have
been studied widely in patients with TKA and UKA [29,30]. However,
since gait is a complex motor task that requires coordinated motion of
the entire lower limb [22], one would expect previous authors to have
investigated ankle, knee and hip joint kinematics. Remarkably, only
few studies included a multi-joint approach, also called a lower limb
kinematic chain approach, as they only focused on knee joint kine-
matics or peak knee joint angles [20,25]. Yet, a peak angle analysis does
not yield any information regarding the resulting kinematical curve.
Therefore, statistical parametric mapping (SPM) was used in the pre-
sent study as a time series analysis tool, which made it possible to
identify significant differences between kinematical curves produced by
the different groups [36]. Besides kinematics, the spatiotemporal gait
parameters also yield important clinical information, as they have been
related to several functional conditions (e.g. risk of falling and frailty
syndrome) [10,38]. Again, few studies have compared spatiotemporal
variables between UKA, TKA and healthy control subjects [26]. Finally,
it is of interest to assess patients at least one year after their knee re-
placement, as it has been demonstrated in severe knee pathology that
significant progress can still be made up to this point [21]. However, no
evidence comparing the aforementioned variables between UKA, TKA
and healthy controls at one year post knee replacement surgery could
be found.

Therefore, the general aim of this study is to gain more insight into
the gait kinematics of the entire lower limb, one year after UKA or TKA
surgery. A first specific aim is to compare the kinematics and spatio-
temporal parameters of gait between UKA, TKA and healthy subjects. A
second specific aim is to compare the clinical outcome after UKA or
TKA with a healthy control group.

2. Methods
2.1. Subjects

Twenty subjects (6 UKA, 8 TKA and 6 Healthy) were recruited to
participate in this study. Participants’ demographics can be found in
Table 1. All subjects were recruited at the orthopedic ward of the AZ
Sint-Lucas hospital in Bruges. Subjects were excluded if they had any
comorbidity affecting gait such as orthopedic surgery, previous trauma
to the lower limbs or a history of neurologic or systemic disease. A
written informed consent was obtained from all individual participants.
All procedures were in accordance with the ethical standards of the
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Table 1
Participants’ demographics.
UKA (n = 6) TKA (n = 8) Healthy (n=6) P
Mean ( + SD) Mean ( = SD) Mean ( + SD)
Gender M=4/F=2 M=2/F=6 M=5/F=1
Age (years) 66.50 (9.71) 64.50 (3.85) 63.33 (3.61) ns.
Weight (kg) 86.50 (18.85) 89.00 (17.74) 73.80 (5.88) n.s.
Height (m) 1.69 (0.14) 1.65 (0.06) 1.68 (0.06) n.s.
BMI (kg/m?) 30.08 (4.33) 32.99 (7.14) 26.03 (1.55) ns.
OKS-score 44.00 (2.76) 41.50 (6.19) NA mns.
Age of the 452.17 (90.47) 465.13 (94.97) NA n.s.
arthroplasty
(days)

UKA: Unicondylar Knee Arthroplasty; TKA: Total Knee Arthroplasty; M: male; F:
Female; SD: Standard Deviation; OKS: Oxford Knee Score.

institutional research committee of KU Leuven and with the Helsinki
declaration.

2.2. Clinical examination

An experienced physiotherapist performed a clinical examination.
Active sagittal range of motion (RoM) of the knee and ankle joint was
evaluated using a standard goniometer [6]. Measurements of the ankle
joint were completed with the knee in an extended position. Muscle
strength was evaluated by means of a break test [32], using a hand-held
dynamometer (MicroFET2, Hoggan Health Industries, Salt Lake City,
US). Subjects performed hip abduction, knee extension, knee flexion
and hip extension against manual resistance of the researcher to assess
the gluteus medius, quadriceps, hamstrings and gluteus maximus re-
spectively. Muscle force values were corrected for height and weight of
the subjects based on the formula described by Krause et al. [23]:

Corrected muscle strength value
Actual muscle strength (N/m)

p— *

" [subject height (cm)*subject mass (Kg)]

100

Perceived functionality was investigated with the Oxford 12-item
Knee Score (OKS) questionnaire [12].

2.3. Gait analysis

Data were collected from each subject as they walked barefoot in a
straight line along a 6 m long walk way. Each subject performed three
walking trials at a self-selected speed. Marker data were gathered at a
sampling frequency of 120 Hz using an Optitrack flex 13 (six cameras)
system (Naturalpoint, Corvalis, US). Reflective markers (44) were
placed according to the lower limb and trunk model described by
Vanrenterghem et al. [42]. Anatomical markers were rigidly secured at
the following locations: cervical vertebra C7, sternum, xiphoid process,
thoracic vertebraT8, both posterior superior iliac spines, both anterior
superior iliac spines, both iliac crests, both acromions, both greater
trochanter, the medial and lateral knee epicondyle, the medial and
lateral malleolus, metatarsal head 1 and 5 and both heels. Tracking
markers clusters were firmly secured to the anterolateral aspect of both
thighs (8) and shanks (8). All trials were visually inspected using Vi-
sual3D v5 software (C-Motion, Germantown, Canada). Kinematic data
were filtered using a lowpass Butterworth filter with a cutoff frequency
set at 6 Hz. Gait events such as toe off (TO) and initial contact (IC) were
detected using previously validated coordinate- and marker-based al-
gorithms respectively [11,13]. Sagittal and kinematics of the hip, knee
and ankle joint were time normalized and averaged across trials for
each subject, with a gait cycle starting and ending at initial contact of
the observed side. Additionally, the following spatiotemporal variables
were computed for each subject separately: speed, stride length, ca-
dence, swing time, stance time and cycle time.
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2.4. Statistical analysis

A one-way ANOVA between-subjects analysis was used to identify
statistically significant differences between groups for knee range of
motion and corrected muscle strength values. Similarly, peak angles
and time at which the peak angle occurred for hip, knee and ankle joint
during stance and swing were compared between groups. All statistical
tests were conducted in SPSS (version 24, IBM corp, Armonk, NY).

Statistical parametric mapping (SPM) [16] was used to assess sta-
tistically significant differences between groups for gait kinematics.
Specifically, a one-way between subjects ANOVA was used to compare
sagittal plane kinematics of the hip, knee and ankle joint in the three
groups (both arthroplasty groups and the control group). The scalar
output SPM (F) was calculated for each time node separately and in
order to test the null hypothesis, a critical threshold was calculated at
which only a = 0.05 of smooth random curves would be expected to
traverse. This threshold was based upon estimates of trajectory
smoothness via temporal gradients [16], and Random Field Theory
expectations regarding the field wide maximum [1]. Adjacent points
exceeding this threshold are called “supra-threshold clusters” for which
specific p-values were calculated using Random Field Theory, in-
dicating the probability with which the supra-threshold clusters would
be produced by a random field process with the same temporal
smoothness. All SPM analyses were implemented using open-source
spmld code in Matlab (R2016b, 8.6.0, Matworks Inc, Natick, MA).

3. Results
3.1. Clinical examination

Findings from the clinical examination are presented in Table 2. No
significant differences could be demonstrated when comparing knee
flexion RoM between the operated leg (OPL) of UKA and TKA subjects.
However, both UKA and TKA showed significantly less knee flexion at
the OPL than the control group. UKA subjects also showed significantly
less knee extension compared to the healthy control group. Knee re-
placement subjects showed significantly less strength of the gluteus
medius at the OPL and at the non-operated leg (NOPL) compared to
control subjects. Furthermore, TKA subjects also demonstrated weaker
quadriceps and hamstrings strength at both legs compared to healthy
controls, whereas UKA subjects only displayed bilateral weakness of the
hamstrings compared to the control group. Patients with TKA showed
less strength of the gluteus maximus at the OPL compared to healthy
subjects. No differences in muscle strength and knee range of motion
could be demonstrated between UKA and TKA subjects.
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3.2. Gait analysis

3.2.1. SPM-analysis

The results from the SPM analysis are presented in Fig. 1. Statisti-
cally significant differences were found for the sagittal knee joint ki-
nematics. Hip flexion and extension profiles were similar in the three
groups. Identically smooth random 1D data would produce a cluster of
this breath with a probability of P = 0.042. Furthermore, UKA subjects
showed significantly more everted ankle than healthy and TKA subjects
at "30-50% of the gait cycle. Ankle dorsi- and plantarflexion were si-
milar in the three groups. Identically smooth random 1D data would
produce a cluster of this breath with a probability of P=0.002. Both
TKA and UKA subjects showed significantly less knee flexion at 59-70%
of the gait cycle compared to healthy controls.

3.2.2. Peak angles and timing analysis

The results from the peak angle analysis are presented in Tables 3
and 4 and demonstrate additional results to the SPM-analysis. For in-
stance, TKA subjects demonstrated significantly less peak knee flexion
than healthy controls during the loading phase and midstance
(P < 0.001). During swing, both UKA and TKA subjects demonstrated
less peak ankle plantarflexion than the healthy control group
(P = 0.03). The timing upon which maximal and minimal joint angles
were reached during stance and swing was found to be significantly
different between groups. UKA subjects reached maximal hip extension
at 46.2% of the gait cycle whereas subjects with TKA only reached it at
50.5% of the gait cycle. Similarly to the hip joint, TKA subjects reached
a maximal ankle plantarflexion during stance sooner than healthy
controls, at 24.4% of the gait cycle, vs. 59.90% of the gait cycle in
healthy controls.

3.2.3. Spatiotemporal analysis

The spatiotemporal gait parameters of the three groups are pre-
sented in Table 5. No differences were demonstrated between groups
for stance, swing and cycle time duration. However, TKA subjects de-
monstrated a significantly shorter stride length (P = 0.05) and slower
speed (P = 0.04) than healthy controls.

4. Discussion

To our knowledge, this is the first study reporting arthroplasty-
specific differences between patients with UKA and TKA regarding sa-
gittal plane kinematics of the entire lower limb at the OPL during gait.

Patients with UKA and TKA showed significantly less knee flexion
during the swing phase. Additionally, peak knee flexion angles at dif-
ferent time points revealed that TKA subjects walked with reduced knee
flexion angles during loading response and midstance. Although this
finding was not supported by an SPM analysis, similar findings have

Table 2
Physical examination.
UKA TKA Healthy P
Mean SD Mean SD Mean SD
Knee flexion OPL (°) 122.67 5.24 127.13 7.92 140.67 5.65 < 0.01"*
Knee extension OPL () -2.83 2.79 —0.50 1.41 0.00 0.00 0.03"
Gluteus Medius OPL (N/m) 151.65 37.58 153.65 27.93 272.56 32.14 <0.01"2
Gluteus Medius NOPL (N/m) 165.53 52.95 148.48 32.33 283.09 28.29 0.01%2
Gluteus Maximus OPL (N/m) 134.61 35.67 123.41 32.17 185.46 44.53 0.021
Gluteus Maximus NOPL (N/m) 139.51 52.63 122.01 55.49 171.72 42.33 ns.
Hamstrings OPL (N/m) 103.91 29.65 84.60 25.07 180.04 22.00 <0.01"2
Hamstrings NOPL (N/m) 98.00 20.10 89.55 30.43 187.67 22.85 <0.01?
Quadriceps OPL (N/m) 204.53 67.06 162.51 38.24 225.07 41.49 < 0.01!
Quadriceps NOPL (N/m) 197.20 73.11 186.22 48.37 275.63 32.92 0.02!

UKA: Unicondylar Knee Arthroplasty; TKA: Total Knee Arthroplasty; SD: Standard Deviation; OPL: Operated leg; NOPL: Non-operated leg; !: significant difference
between UKA and Healthy; : significant difference between TKA and Healthy, * significant difference between UKA and TKA.
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Fig. 1. Sagittal kinematics of the hip, knee and ankle joint with resulting statistical parametric output SPM {F}; Critical threshold; Statistically significant supra-

threshold cluster.

Table 3
Spatiotemporal gait parameters.
UKA TKA Healthy P
Mean ( = SD) Mean (= SD) Mean ( = SD)
Cycle time (s) 1.24 (0.15) 1.30 (0.11) 1.23 (0.16) n.s.
Stance time (s) 0.73 (0.08) 0.73 (0.07) 0.73 (0.09) n.s.
Swing time (s) 0.51 (0.90) 0.51 (0.04) 0.50 (0.07) n.s.
Cadans (steps/minute)  99.25 (12.59)  93.96 (9.47) 100.21 (15.78) n.s.
Speed (m/s) 0.90 (0.18) 0.75 (0.10) 0.96 (0.17) 0.042
Stride width (cm) 14.9 (3.53) 14.0 (2.30) 12.4 (3.12) n.s.
Stride length (cm) 1.09 (17.31) 0.98 (12.90) 1.16 (5.40) 0.052

UKA: Unicondylar Knee Arthroplasty; TKA: Total Knee Arthroplasty; SD:
Standard Deviation, ': significant difference between UKA and Healthy; *: sig-
nificant difference between TKA and Healthy, * significant difference between
UKA and TKA.

been reported in previous studies performed on TKA subjects
[14,26,34]. Noteworthy is that the reduced knee flexion angles during
stance could not be related to a reduced knee flexion RoM, as TKA
subjects showed significantly higher knee flexion at the OPL. Further-
more, a decrease in knee flexion angles during stance was identified as a
crucial contributor in unloading the quadriceps, as it reduces the ex-
ternal knee flexion moment [28]. Berchuck et al. described this gait

pattern as “quadriceps avoidance gait”. Several factors such as pain,
abnormal knee joint function, quadriceps weakness and proprioceptive
impairments have been associated with a reduced knee range of motion
during stance [34]. In the present study, TKA patients showed sig-
nificantly less quadriceps strength at the OPL compared to healthy
subjects, which in turn can be related to the observed quadriceps
avoidance gait even though no significant differences in quadriceps
strength or pain scores could be observed between UKA and TKA sub-
jects. Remarkably, UKA patients did not display any kinematical
adaptation that might relate to quadriceps avoidance, on the contrary,
normal peak knee flexion values were observed during the loading re-
sponse. These findings might indicate that quadriceps weakness is not
the main contributor to quadriceps avoidance gait in the knee ar-
throplasty population. Noteworthy is that muscle force was assessed by
means of a break test, which evaluates a subjects’ maximal voluntary
isometric contraction in a predefined and standardized position. The
execution of a dynamic task such as gait will require, besides sufficient
muscle force, an optimal neuromuscular control. Possibly a much more
important contributing factor might be the altered proprioceptive in-
formation arising from the knee joint, due to absence of the cruciate
ligaments [28,40]. However, further research is necessary is to support
this statement. Additionally, previous researchers demonstrated that
due to a quadriceps avoidance gait pattern, TKA patients showed an

Table 4
Sagittal peak angles and timing of sagittal peak angles during stance.
HIP KNEE ANKLE
UKA TKA Healthy P UKA TKA Healthy P UKA TKA Healthy P

Loading response

Peak ext/plflex () Mean 16.20 15.04 17.37 ns. 6.08 2.88 2.58 ns. —6.59 —-8.13 —-6.71 ns.
SD 4.36 2.88 3.60 4.36 2.88 3.60 1.93 5.88 2.54

Peak flex/dorsiflex (°) Mean 21.18 19.51 22.50 ns. 10.98 6.86 13.43 0.001% —-2.73 —-3.93 —-2.30 ns.
SD 4.05 4.69 3.39 4.05 4.69 3.39 2.74 5.63 2.78

Midstance

Peak ext/plflex (°) Mean -1.20 -2.37 1.23 ns. 8.18 5.09 6.48 n.s. -2.79 —0.87 —2.24 n.s.
SD 4.17 4.91 2.90 4.17 4.91 2.90 2.25 3.47 3.10

Peak flex/dorsiflex (°) Mean 15.41 14.30 16.59 n.s. 10.94 6.76 13.19 0.00172 5.58 4.20 4.26 n.s.
SD 4.47 3.08 3.69 4.47 3.08 3.69 2.02 3.98 1.58

Terminal stance

Peak ext/Plflex (°) Mean —-7.00 —7.86 —8.72 ns. 7.63 5.31 6.12 n.s. 491 4.63 3.45 n.s.
SD 1.53 4.56 2.67 1.53 4.56 2.67 2.97 3.28 1.63

Peak flex/dorsiflex (°) Mean 2.83 1.45 0.56 ns. 15.63 11.68 17.84 n.s. 11.01 9.97 9.76 n.s.
SD 4.15 4.90 2.82 4.15 4.90 2.82 3.34 3.13 1.45

Timing

Time Peak ext/plflex Mean 46.16 50.50 49.27 0.047° 6.83 4.75 18.36 n.s. 43.71 24.38 59.90 0.006°

angle (%) SD 6.08 0.53 1.42 16.74 13.04 16.16 27.81 29.54 0.31
Time Peak flex/dorsiflex Mean 86.83 82.75 84.91 ns. 59.00 59.00 59.00 / 45.00 45.25 42.20 0.013%
angle (%) SD 1.63 1.06 2.37 0.00 0.00 0.00 3.42 2.38 1.55

UKA: Unicondylar Knee Arthroplasty; TKA: Total Knee Arthroplasty; SD: Standard Deviation; ext: exten.s.ion; flex: flexion; plflex: plantarflexion; dorsiflex: dorsi-

flexion; abd: abduction; add: adduction; valg: valgus; var: varus; ev: eversion; inv: inversion;

!: significant difference between UKA and Healthy; % significant

difference between TKA and Healthy, ® significant difference between UKA and TKA.
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Table 5
Sagittal peak angles and timing of peak sagittal angles during swing.
HIP KNEE ANKLE
UKA TKA Healthy P UKA TKA Healthy P UKA TKA Healthy P
Swing
Peak ext/plflex () Mean —-0.38 —3.42 1.75 n.s. 2.17 0.13 -2.19 ns. —11.41 —10.26 —16.28 0.032
SD 2.06 3.77 3.73 2.58 3.91 3.41 4.90 5.00 5.06
Peak flex/dorsiflex (°) Mean 22.26 17.31 21.99 ns. 49.82 47.56 59.87 0.001%2 2.19 2.00 1.59 ns.
SD 4.78 5.36 3.14 6.72 6.24 3.78 3.40 5.46 3.69
Timing
Time Peak ext/plflex Mean 60.00 60.00 60.00 / 92.33 94.00 93.00 n.s. 73.14 72.75 61.20 n.s.
angle (%) SD 0.00 0.00 0.00 3.14 3.34 2.68 18.41 16.61 0.79
Time Peak flex/dorsiflex Mean 0.67 0.38 1.27 ns. 67.83 69.00 67.45 n.s. 79.29 81.13 80.60 n.s.
angle (%) SD 5.69 2.38 6.38 2.79 2.14 2.07 4.96 3.04 4.40

increased hip extensor demand in order to have a functional locomotion
[31]. In order to cope with this increased demand, one would expect
higher gluteus maximus and hamstrings strength values [2]. However,
in the present study, significantly lower gluteus maximus and ham-
strings strength values were observed in the TKA group compared to
healthy control subjects. Furthermore, recruiting the gluteus maximus
to create a forward momentum will not result in an efficient locomotion
as the primary role of this muscle is to provide support to the center of
mass and breaking during gait, rather than propulsion [39]. Based on
the findings presented in this study and evidence reported for other
severe knee pathologies (e.g. anterior cruciate ligament injury) [18],
one may suggest that knee replacement patients will benefit from a
specific gait-retraining protocol which also includes an exercise pro-
gram addressing muscles (including the hip) of the entire lower limb.

When interpreting the results of this study, some limitations should
be acknowledged. Most importantly, the small sample size as a con-
sequence of the strict inclusion and exclusion criteria makes that cau-
tion should be taken to generalizing the results. The present dataset is
nonetheless unique, as it contains data from highly matched subjects. A
significantly lower body mass index was observed among subjects in the
control group compared to those with a knee replacement. Sagittal
plane kinematics should therefore also be interpreted with caution,
since a higher body mass index could cause soft tissue artefacts [9].
Nevertheless, an increased BMI is a very common problem among pa-
tients with a knee replacement [19]. Yet, at this point there are no non-
invasive alternatives to 3D gait analysis as far as we know. Finally, the
male/female distribution might also have affected the resulting sagittal
kinematics [8]. Unfortunately, the male/female distribution and high
BMI are inherent characteristics in the knee replacement population,
and would therefore be difficult limitations to overcome even in future
studies with larger population samples.

5. Conclusion

Both TKA and UKA patients showed arthroplasty-specific gait
adaptations in the sagittal plane and muscle weakness of the quadriceps
and hip stabilizers one year post knee replacement surgery. Yet, kine-
matical patterns of a quadriceps avoidance gait were only observed in
the TKA group. These arthroplasty specific adaptations after knee re-
placement surgery should be taken into account when planning post-
surgery follow-up and rehabilitation.

UKA: Unicondylar Knee Arthroplasty; TKA: Total Knee Arthroplasty;
SD: Standard Deviation; ext: extension; flex: flexion; plflex: plantar-
flexion; dorsiflex: dorsiflexion; abd: abduction; add: adduction; valg:
valgus; var: varus; ev: eversion; inv: inversion; L significant difference
between UKA and Healthy; 2: significant difference between TKA and
Healthy, ® significant difference between UKA and TKA
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