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Patient with knee osteoarthritis demonstrates improved knee adduction
moment after knee joint distraction: a case report
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In this article we report a case of a 53-year-old patient diagnosed with end-stage osteoarthritis (OA) of the knee. The
patient underwent treatment with knee joint distraction (KJD) with the aim to postpone total knee arthroplasty and
prevent potential revision surgery. To assess the effect of KJD, a 3D gait analysis was performed preoperative and
one year postoperative. In this patient, preoperative 3D gait analysis revealed an increased knee adduction moment
(KAM) compared to healthy levels. Postoperative the KAM decreased, approaching healthy levels, suggesting potential
improvements in disease status or in gait. Consequently, further investigation into the effectiveness of Knee Joint
Distraction (KJD) as a treatment option for relatively young patients with knee OA is warranted. Gait analysis has
emerged as an effective tool for assessing treatment outcomes of innovative treatment such as KJD at the individual level.
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INTRODUCTION

Knee osteoarthritis (OA) is a high incident joint disease
with total knee arthroplasty (TKA) as final surgical
treatment option'. Although TKA is considered an
effective treatment, the prosthesis has a finite lifespan,
carrying the risk of revision surgery. Revision surgeries
are not only costly but also associated with elevated
morbidity and complications?3. Therefore, there is
a growing need for joint-preserving treatments for
relatively young patients with knee OA, with the aim
of postponing TKA and minimizing the chance of a
revision surgery®. Knee joint distraction (KJD) has
emerged as an innovative joint-preserving surgical
treatment for end-stage knee OA. During KJD, an
external fixation frame, affixed to the bone with bone
pins, gradually separated the distal femur and proximal
tibia. Successful KJD treatment could improve patients’
symptoms and functional limitations, while also,
reducing societal and healthcare costs*’. However,
further research with longer follow-up periods and
larger sample sizes are needed to substantiate the
effectiveness of KJD before its integration into the
routine clinical care.

Gait assessment is a commonly employed clinical
practice for evaluating patient functionality. Three

dimensional (3D) gait analysis provides an accurate,
reliable, and objective means of measuring spatio-
temporal, kinematic and kinetic parameters®’.
Several gait parameters, such as the knee adduction
moment (KAM), knee flexion (KF) angle and several
spatiotemporal parameters, have been recognized as
biomarkers of disease status and progression in knee
OA patients®. A biomarker is considered a biomarker
when it serves as an indicator of normal biological
processes, pathogenic processes, or responses to ex-
posure or intervention, including therapeutic inter-
ventions’. The KAM is associated with the distribution
of forces within the knee joint. An increase in KAM
corresponds with increased medial knee-joint forces.
Numerous studies have investigated KAM in patients
with knee OA!'*!3, demonstrating its relevance to the
onset and progression of the condition. Specifically,
the peak load during early stance and the cumulative
load throughout the gait cycle are strong predictors of
medial compartment knee OA presence, severity and
rate of progression'*'®. The KAM is calculated using
an inverse dynamics approach that applies Newton-
Euler equations. To estimate the KAM magnitude, 3D
kinematics and kinetics from both foot/ankle and shank/
knee, along with body segment inertial parameters, are
used as input'’.
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Figure 1. — Anterior Posterior (AP) weightbearing radiographic images from the right knee with a medical history
of anterior cruciate ligament replacement. Image (a) shows preoperative end-stage knee OA (a). Image (b) shows
increased joint space of the medial compartment direct postoperative after placement of the distraction frame. Image
(c) shows direct postoperative knee status after removal of the frame And knee status one and a half year after KJD is
showed in image (d).

Table 1. — Patient and healthy control person demographics.

Age (years) Gender Length (cm) | Weight (kg) BMI (kg/m?) Side
Patient 53 Male 186 88.0 25.4 Right
Control 53 Male 189 85.3 23.9 Right

To our knowledge, the use of 3D gait analysis in
knee OA patients before and after KJD has not been
previously documented. This case report presents the
case of a 53-year-old male diagnosed with unilateral
right knee OA, treated with KJD, subsequently com-
pared to a healthy control.

CASE REPORT

We present a case involving a 53-year-old male
diagnosed with end-stage knee OA, classified as
Kellgren Lawrence grade 3. Based on clinical and
radiographic examination (Fig. la) an indication for
TKA exists. The patient’s medical history included
a prior anterior cruciate ligament reconstruction and
psoriatic arthritis. Patient demographics are shown in
Table 1. Given the patient’s relatively young age, KID
was proposed as an experimental alternative.

An external fixation frame was utilized to bridge
the knee joint. The frame consisted of 2 monotubes
(Saturn Aluminium Stryker Mono Tube Fixator
(Red), both fixed with two bone-pins in both the
distal femur and proximal tibia. Tension was applied
until a 5 mm distraction was achieved, as confirmed
by radiography (Fig. 1b). The patient was encouraged
to load the distracted joint to enhance synovial fluid
dynamics, facilitating cartilage nourishment. Six
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weeks after initial placement, the external fixation
frame was removed under anesthesia. Following frame
removal a complication emerged: a limitation in range
of motion, which was addressed with manipulation
under anesthesia. The patient was discharged from the
hospital with a prescribed six-week period of enforced
rest of the knee joint.

3D gait analysis was conducted using the Computer
Assisted Rehabilitation Environment (CAREN)
system both preoperative and one year postoperative.
The CAREN system (Motek Medical, Amsterdam,
the Netherlands) consists of an instrumented dual
belt (force plates 1000Hz) treadmill mounted on a
movable platform. This setup is complemented by
twelve infrared camera’s (100Hz, Bonita, Vicon
Motion Systems, Oxford, UK) and three 2D cameras
for motion capturing. The treadmill is surrounded
by a 180° semi-cylindric screen, projecting a speed-
matched virtual environment. In total, twenty-six
reflective markers were attached to the patient at
specific bony landmarks according to the Human Body
Lower Limb Model (HBM-II)"®. Custom algorithms
programmed in Matlab' were used to compute gait
parameters, including spatiotemporal parameters, as
well ass joint kinematics and kinetics in sagittal, frontal
and transversal planes. During gait analysis, data of
250 consecutive steps were registered. Mean and
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Table 2. — Spatiotemporal parameters presented as means (standard deviation) for the knee
osteoarthritis patient pre- and 1 year postoperative and the healthy control. Aside from comfortable
speed, spatiotemporal parameters were measured at equal walking speed of 1.65 m/s.

Spatiotemporal parameters | Preoperative R | 1 year postoperative R Control R
Comfortable speed [m/s] 1.65 1.62 1.47
Walking speed [m/s] 1.65 1.65 1.47
Step time [s] 0.45 (0.01) 0.46 (0.01) 0.52 (0.01)
Stance time [s] 0.57 (0.01) 0.56 (0.01) 0.61 (0.01)
Swing time [s] 0.36 (0.01) 0.38 (0.01) 0.43 (0.01)
Step length [m] 0.76 (0.02) 0.77 (0.02) 0.76 (0.01)
Step width [m] 0.19 (0.03) 0.24 (0.03) 0.17 (0.03)
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Figure 2. — (a) Knee Adduction Moment (KAM) during one gait cycle. The blue line corresponds with the patient with end-stage osteoarthritis of
the right knee (preoperative) and the orange line corresponds with the healthy control. (b) KAM during one gait cycle at one year postoperative (blue)

compared to the healthy control (orange).

standard deviation were calculated for spatiotemporal
parameters, while for kinetics and kinematics, joint
angles were calculated per cycle, with time normalized
0-100%.

The gait of the knee OA patient was compared with
that of an age and gender-matched healthy individual
who had no complaints that could affect gait. The
demographics of both individuals are presented in
Table 1.

Preoperatively, a comfortable self-selected walking
speed was established for both the patient and the
healthy individual, from now on referred to as control.
Postoperatively, gait analysis was conducted at this
preoperative selected speed to eliminate the influence
of walking speed on gait parameters.

The spatiotemporal parameters are summarized
in Table 2. Minimal changes in spatiotemporal para-
meters of the affected side were observed one year

postoperative compared to the preoperative assessment.
Furthermore, the patient’s preferred comfortable speed
remained nearly identical, 1.66 m/s postoperatively
compared to 1.65 m/s preoperatively. Additionally,
step width increased from 0.19 preoperatively to 0.24
postoperatively.

In comparison to the control, the patient walked at a
faster pace (1.65 m/s vs 1.47 m/s), maintained a similar
step length, but demonstrated a reduced step time (Table
2). Moreover, the patient’s step width was slightly
lower. Apart from the step width, no noticeable changes
in spatiotemporal were observed. This may be due to
the identical walking speed. The only notable alteration
observed was a larger step width postoperatively.

Knee adduction moments compared to the control,
for both the pre- and one-year postoperative condition,
are shown in Fig. 2a and 2b, respectively. Preoperative,
the patient showed increased KAM peaks compared
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Figure 3. — (a) Knee flexion (KF) angels during one gait cycle. The blue line corresponds with the patient with osteoarthritis of the knee
(preoperative) and the orange line corresponds with the healthy control. (b) The KF during one gait cycle at one year postoperative (blue)
compared to the healthy control (orange). One year postoperative, KF angles did not seem to change substantially after Knee Joint Distraction.

Table 3. — Knee Injury and Osteoarthritis Outcome Score (KOOS), Visual Analogue Scale of pain (VAS pain) and Intermittent
and Constant Osteoarthritis Pain (ICOAP). ADL, activities of daily living, QOL, quality of life knee-related.

KOOS VAS ICOAP
Pain Symptoms ADL Sports QOL
Preoperative 41.67 32.14 48.53 30.00 25.00 70.00 56.82
3 months postoperative 52.78 35.17 69.12 30.00 56.25 70.00 38.64
1 year postoperative 55.56 35.71 69.12 30.00 56.25 55.00 47.73

to the control. After surgery, the two peaks decreased,
approaching healthy levels, however, they remained
slightly higher than the peaks observed in the control
group.

KAM peaks are shown in figure 2a and 2b, for the
pre- and postoperative condition and compared to the
control. The first and second KAM peak decreased
postoperative (0.34 Nm/kg (95% CI 0.29; 0.40)
and 0.41 Nm/kg (95% CI 0.39; 0.43), compared to
preoperative (0.61 Nm/kg (95% CI1 0.59; 0.63) and 0.47
Nm/kg (95% CI1 0.46; 0.47), respectively), approaching
healthy levels.

KF angles are shown in Fig. 3a and 3b, for the
pre- and postoperative condition and compared to the
control. Compared to preoperative, the postoperative
results showed a small increase in peak knee flexion
(27.1° (95% CI 25.74; 28.55) vs. 22.6° (95% C1 22.17,
22.93)) during stance phase and is followed by a small
reduction in knee extension (9.83° (95% CI 9.41°;
10.24°) vs. 13.72 (95% CI 13.03; 14.42). In addition,
the knee flexion angles from the control, 22.8° (95% CI
22.64; 22.93) and 65.5° (95% CI 65.39; 65.65), were
exceeded postoperatively.
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In this study two treatment related complications
occurred. First, a limitation in range of motion after
frame removal was experienced 3 months postoperative.
The limitation in range of motion was treated with
manipulation under anesthesia. One year postoperative
a good range of motion was achieved. Second, the knee
OA patient in this study experienced a pin tract infection
during KJD which was treated with oral antibiotics for
2 weeks until the frame was removed.

To assess changes in pain, function, and quality
of life perception, we utilized the Knee Injury and
Osteoarthritis Outcome Score (KOOS) on a scale of 0
to 100, where 100 represents no complaints or excellent
function, the Visual Analogue Scale for pain (VAS pain
during activity) on a scale of 0 to 100, with 0 indicating
no pain, and the Intermittent and Constant Osteoarthritis
Pain (ICOAP) questionnaire, also on a scale of 0 to
100, with O representing the best possible outcome.
These assessments were conducted preoperatively,
at 3 months, and 1 year postoperatively. It is worth
noting that the minimal clinically important difference
(MCID) for KOOS subscales are, as defined by Lyman
et al., are 7 for KOOS symptoms, 18 for KOOS pain,
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16 for KOOS ADL, 17 KOOS QOL*. The KOOS
sport subscale has negligible value for evaluating KJD
outcomes in this setting, as most patients are not
normally engaging in activities measured by this
subscale?!.

The results are presented in Table 3. The KOOS (sub)
scores exhibited an increase postoperatively compared
to the preoperative values, with the exception of the
sports subscore, which remained unchanged. The
subscores KOOS ADL and KOOS QOL exceeded
the MCID. Both the VAS pain score and ICOAP
demonstrated a decrease postoperatively in comparison
to the preoperative scores. Despite improvements
observed in the self-assessment questionnaires, the
knee OA patient expressed dissatisfaction after KJD.

DISCUSSION

In this case report, we observe a decrease in first and
second KAM peak at one year postoperative. These
postoperative KAM peaks are more consistent with
the KAM peaks from the control. The KAM peaks are
indicative for disease status and progression of knee
OA!'*%2, This postoperative decrease may potentially
correlate with the increased step width, pain relieve
or joint repair??. Notably, there was no significant
difference between the pre- and postoperative walking
speed, thereby walking speed did not affect the results.
The remaining postoperative difference between
patient and control might be attributed to the higher
walking speed of the patient, compared to the control,
during gait analysis. Increased walking speed generates
greater energy, resulting in higher ground reaction
forces and increased KAM peaks”. These findings
suggest an improved disease status or reduced disease
progression one year after KJD.

Knee OA often leads to decreased knee flexion
or extension during gait®. If KJD were to improve
disease status, one would expect no further decrease in
knee flexion or extension. The one year postoperative
results from this study reveal only minor differences in
knee flexion and extension compared to preoperative
state. When compared to the control, knee flexion
and extension in the knee OA are almost equivalent.
The minor changes observed fall within the system
error range and, therefore, cannot be considered
clinically relevant. The limitation in range of motion
observed after frame removal, which was treated with
manipulation under anesthesia, does not appear to
effect the range of motion at one year postoperative.
Due to a potential role of limited flexion 3 months post-
operative, we did not examine the gait 3 months post-
operative and only show the PROMS.

Spatiotemporal parameters serve as indicators for
knee OA severity”. The knee OA patient exhibited
reduced step-, stance- and swing time compared to the
control, which can be attributed to the higher walking
speed of the knee OA patient. Typically, step length
decreases when walking speed increases®, but this
trend was not observed in this study. Surprisingly, the
preferred comfortable walking speed did not increase
postoperatively and remained nearly equal to the
preoperative preferred walking speed. This lack of
improvement in walking speed may be explained by
the limitation in range of motion experienced directly
after frame removal. However, one year postoperative
full range of motion was achieved, eliminating this as a
factor limiting walking speed. Step width was larger in
preoperative knee OA patient compared to the control,
and it even further increased postoperative (table 2). As
step-width increases, peak medial ground reaction force
and therefore peak KAM decrease?!. This suggest that
increasing step-width may be a strategy for reducing
KAM, however the mechanism behind this strategy
remains unknown. Aside from step width, only few
differences in spatiotemporal parameters are evident.
This might be explained by the fixed walking speed.

Since walking speed affects all gait parameters,
a limitation of this study is the difference in walking
speed between the knee OA patient and the control
group. Future research should conduct gait analysis
at matched walking speed for patients and controls.
Additionally, a larger sample size and longer follow-up
period is recommended. Gait analysis appears to be an
effective tool for objectively evaluating the effects of
innovative treatments at individual level. Therefore, it
is recommended to ex-pand the implementation of gait
analysis to assess the outcome of treatments such as
KJD.

Previous studies have reported clinical improvements
following Knee Joint Distraction (KJD)?. In this study,
we observed clinical improvements as measured by
self-reported questionnaires for activities of daily
living and knee-related quality of life. Despite the
improved outcomes indicated by these self-assessment
questionnaires, the patient was not satisfied. It is
important to recognize that KJD should not be perceived
as a straightforward or uncomplicated treatment
option for patients. Enhancing patient education and
promoting awareness regarding expected outcomes
may contribute to improve patient satisfaction.

CONCLUSION

This case report demonstrates a notable decrease in
KAM peaks during gait in a patient with knee OA one
year after KJD. This decrease aligns the patient’s KAM
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peaks more closely with those observed in the healthy
control. Notably, KF angles did not exhibit significant
changes after KJD. These findings might correspond
with improved disease status and a deceleration in
disease progression. However, additional research
focusing on standardizing walking speed for both
patients and controls, extending the duration of follow-
up, and increasing the sample size is warranted.
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