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Abstract

Purpose To evaluate the kinematics/kinetics of the ankle, knee, hip in the sagittal plane in adolescents with recurrent patellar
dislocation in comparison to a healthy control.

Methods Case—control study. Eighty-eight knees (67 patients) with recurrent patellar dislocation (mean age 14.8 years +2.8
SD) were compared to 54 healthy knees (27 individuals, 14.9 years +2.4 SD). Kinematics/kinetics of ankle, knee, hip, and
pelvis were captured using 3D-gait analysis (VICON, 12 cameras, 200 Hz, Plug-in-Gait, two force plates). One cycle (100%)
consisted of 51 data-points. The mean of six trials was computed.

Results The loading-response increased by 0.02 s +0.01SE (10.8%) with dislocations (0.98% of total gait, P <0.01). The
mid-stance-phase decreased equally (P <0.01). Dislocation decreased knee flexion during the entire gait cycle (P <0.01),
with the largest difference during mid-stance (9.0° +7.2 SD vs. 18.5°+ 6.7 SD). Dislocation increased plantar-flexion dur-
ing loading response 4.1° +0.4 SE with (P <0.01), afterward, the dorsal-extension decreased 3.2°+0.3 SE, (P <0.01).
Dislocation decreased hip flexion during all phases (P <0.01). Maximal difference: 7.5°+0.5 SE during mid-stance. 80%
of all patients developed this gait pattern.

Internal moments of the ankle increased, of the knee and hip decreased during the first part of stance.

Conclusion Recurrent patellar dislocation decreases knee flexion during the loading-response and mid-stance phase. A
decreased hip flexion and increased plantar-flexion, while adjusting internal moments, indicate a compensation mechanism.
Level of evidence III.

Keywords Patella dislocation - Patellar dislocation - Recurrent dislocation - Knee - Kinematics - Kinetics - Gait analysis -
Quadriceps avoidance - Adolescents - Trochlear dysplasia

Introduction

Patellar dislocation is a frequent problem in adolescents [10,
18, 32]. After the first event, as many as 15-44% experience
another dislocation [13, 18, 21]. In between dislocations
there are intervals of full, pain-free knee function and sub-
jective patella stabilisation of considerable duration. None-
theless, patients tend to reduce their level of sports partici-
pation, or even fear rough terrain. This behavioural change
might reflect a coping mechanism for patellar instability.
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Surgically, risk factors for patella dislocation can be miti-
gated. Anatomical abnormalities, such as trochlear or patel-
lar dysplasia, patella alta, can be corrected [2, 5, 9, 10, 12,
14, 15, 23]. Ligamentous insufficiency can be reconstructed
[34, 39, 40, 44]. However, a patient has limited ways to
adapt to the fear of recurrent patellar dislocation; by work-
ing on the imbalanced muscles or changing gait patterns.
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The former is typically done consciously while the latter is
mostly unconsciously developed.

In a normal gait pattern, the knee flexes during the load-
ing response and mid-stance phase to almost 30°. However,
the most vulnerable point for a patella dislocation is right
around this level of knee flexion, as the primary restraint of
the patella switches from the MPFL to the trochlea [3, 15,
17, 20, 40]. This conflict raises the question, if patients with
recurrent patellar dislocations avoid, i.e., fear, this critical
range and, therefore, adapt their gait. Given this question, we
conducted a case—control study with the purpose to evaluate
the flexion/extension kinematics and kinetics in the sagittal
plane of the ankle, knee, hip and pelvis in adolescents with
recurrent patellar dislocation in comparison to a healthy con-
trol group. The hypothesis was that adolescents with recur-
rent patellar dislocations decrease their knee flexion, notably
during the critical phase of weight take over in comparison
to a control group.

So far, research was focused on different clinical aspects
rather than on the dynamic function. To our knowledge,
patients with patellar instability have never been investigated
in terms of how their gait is affected.

Materials and methods

The responsible IRB (University of Basel, No. 2013/104)
approved the study protocol.

This study was conducted at a tertiary care paediatric
orthopaedic hospital as a case—control study. Within a time-
frame of four years, the patients were collected.

Eighty-eight knees (45 left) in 67 patients (21 patients
with bilateral dislocations, 42 females, mean age 14.8
years +2.8 standard deviation SD) with recurrent patellar
dislocation (dislocation group) were compared to a control
group of 54 healthy knees (27 left) in 27 healthy volun-
teers (14 females, mean age 14.9 years +2.4 SD). Only

one knee per volunteer in the healthy group was assessed.
Randomisation within the statistical programme picked 27
knees out of 27 volunteers. The control group did not differ
in age, sex, weight, height, and Body Mass Index (BMI) to
the patient group (Table 1). All included patients reported a
history of at least three or more patellar dislocations in the
affected knee. Patients were excluded in case of previous
lower limb surgeries, systemic diseases, other ligamentous
traumas than the medial patella-femoral ligament (MPFL),
permanent knee pain after patellar dislocation, or pain as the
leading symptom, abnormal femoral torsion > 25° (assessed
with radiographs according to Dunn [16]), abnormal tibial
torsion > 25° (assessed clinically), valgus or varus of the
knee (deviation of mechanical axis > 1 cm from midline as
evaluated on a standing whole-leg radiograph), leg length
discrepancy of more than 0.5 cm, cerebral palsy, infection
in the knee.

3-Dimensional gait analysis

A standardised 3D-gait analysis was performed in both
groups (dislocation group and control) the same way. Reflec-
tive markers (14-mm diameter) were attached bilaterally on
the skin of bony landmarks on legs and pelvis. The partici-
pants were walking barefoot on level ground on a 10 m walk-
way at a self-selected speed. The movements of the ankle,
knee, hip, and pelvis were captured with a VICON motion
analysis system (Oxford Metrics Ltd, Oxford, UK), includ-
ing 12 infrared cameras (recording at 200 Hz), and trans-
formed the data into a Plug-in-Gait model [24]. 3D ground
reaction forces (kinetic data) were assessed with two force
plates (Kistler Instrumente AG, Winterthur, Switzerland,
recording at 2400 Hz). Values were normalised to kg body-
weight and moments were calculated as internal moments
of the knee, hip, and ankle.

Within the VICON software (Nexus and Polygon) a gait
cycle was defined visually as the time between two foot

Table 1 Comparison of the

. . Age (years) Weight (kg) Height (cm) BMI (kg/cm?) Sex (f:m)
baseline characteristics between
the dislocation and the control Mean+SD Mean+SD Mean+SD Mean+SD Rate
SE SE SE SE
group
Range Range Range Range
Dislocation (n=67) 14.8+2.8 58.4+14.5 164.4+11.0 21.3+3.8 42: 25
0.3 1.8 1.4 0.5
8.2-25.2 29.7-112.4 129.5-191.5 14.7-37.1
Control (n=27) 149+2.4 5244132 164.6+12.3 19.6+2.9 14: 13
0.5 33 3.1 0.6
10.0-25.0 25.7-75.0 135.5-188.0 13.7-24.6
Difference + SE 0.1+0.6 6.0+3.7 02+34 1.8+0.8
P value ns ns ns ns ns

BMI body mass index, SD standard deviation, SE standard error
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strikes of the same leg, corresponding 100% of a gait cycle.
This gait circle consisted of 51 data points. Also, toe-off
during the gait cycle was set visually to distinguish between
stance and swing phase, according to the force plate meas-
urements. All measured joints were normalised to this 100%
gait cycle. All participants completed six trials. Out of these
six trials, an average gait cycle per participant was computed
with all appending variables like joint angles, moments, or
temporospatial values. The average gait cycles were com-
pared from the dislocation group to the control group.

Variables

Temporospatial values were compared: walking speed (m/s),
cadence (steps/min), step time (s), stride length (m). The
duration of the stance phase (the time of the toe-off of index
leg), the time of the opposite toe-off and the time of the
opposite foot-contact were recorded in the percentage of the
gait cycle. The 100% of the gait cycle of the index leg were
divided into smaller sub-phases according to the definitions
followed (Fig. 1). The “initial contact” was defined as the
first contact of the index foot to the floor, corresponding
to the first data point (out of 51) during the gait cycle. The

“loading-response” was defined as the time (in % of one gait
cycle) between the initial contact of the index leg and the
toe-off of the opposite side. This portion of the gait cycle
corresponds to the first part of the double support time when
both feet are on the ground. The “mid-stance phase” was
defined as the time (in % of one gait cycle) between the toe-
off of the opposite side and initial contact on the opposite
side. This portion corresponds to the single-support time
when only the index leg is on the ground. The mid-stance
phase was divided equally into two halves, namely “initial
mid-stance phase” for the first, and “terminal mid-stance
phase” for the second part. This step indicates an arbitrary
partition of the stance phase.

The “pre-swing phase” was defined as the time (in % of
the gait cycle) between the initial contact of the opposite
foot and the toe-off of the index side. This portion of the gait
cycle corresponds to the terminal part of the double-support
time when both feet are on the ground.

Swing-phase was defined as the time (in % of the gait
cycle) between the toe-off and initial contact on the index
side. The index foot is in the air. The swing phase was
divided equally into three sub-phases: initial, mid and ter-
minal swing. This step indicates an arbitrary partition of the
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Fig. 1 Gait cycle with different sub-phases. Sub phases are defined
as followed: red indicates the index foot, blue indicates the opposite
foot. Initial contact: index foot touches the ground (red). Loading-
response: time between initial contact of the index foot (red) and the
toe off of the opposite foot (blue). This part corresponds to the first
part of the double-support. Mid-stance phase: time between the toe
off of the opposite foot (blue) and the initial contact of the opposite
foot (blue). For the kinematics the mid-stance phase was divided

equally in two additional sub phases. This part corresponds to the sin-
gle-support. Pre-swing phase: time between the initial contact of the
opposite foot (blue) and the toe off of the index foot (red). This part
corresponds to the second part of the double-support. Swing phase:
time between the toe off of the index foot (red) and the initial con-
tact of the index foot (red). For the kinematics the swing phase was
divided equally in three additional sub phases. One stride corresponds
to one gait cycle of 100%
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swing phase. The 51 data points were distributed according
to the percentage of the particular phases, resulting in a dif-
ferent amount of data points per sub-phase. In each sub-
phase, the maximum and minimum, as well as the mean of
the data points were calculated. Kinematic (angles in °) and
kinetic values (Nm/kg) were compared to the control group
for the hip, knee, ankle, and the anterior tilt of the pelvis in
the sagittal plane. Gait analysis has a good test—retest reli-
ability for lower limb kinematics and kinetics [25, 30, 41].

The responsible IRB (University of Basel, No. 2013/104)
approved the study protocol.

Statistical analysis

Data were analysed using a standard statistical software
package (JMP version 10, SAS Institute, Cary, USA). A Sha-
piro—Wilk normality test was performed to verify whether
data met the assumption of a parametric test. Normally and
not normally distributed continuous data were compared
using ¢ test and Wilcoxon signed-rank test, respectively.
Ordinal and nominal data were analysed using Wilcoxon
signed-rank test and Chi>-Test, correspondingly.

The measured knee flexion and the amount plantar-flexion
as well the hip flexion were correlated in each sub-phase. To
measure the correlation (linear dependence) between these
variables, we used the Pearson correlation coefficient for
normally distributed data and Spearman’s rho coefficient for
not normally distributed data. A multiple regression model
for the knee flexion was computed using the ankle and hip
flexion as variables. A P value of less than 0.05 was con-
sidered to be statistically significant. Tukey HSD correction
for multiple comparisons was applied. Additionally, based
on a standard deviation of the normal population (control
group) a power analysis to detect a difference of minimum
5° in kinematic between the preoperative and postoperative
values was performed. With an a of 0.05, a # of 0.8 and we
calculated an effect size of 0.5 resulting in a total sample size
of 134 (asymmetrical calculation with 80 pathological knees
and 54 healthy knees).

Results

The groups did not differ in age, weight, height, BMI, or
sex (Table 1).

Temporospatial parameters

Patients with dislocations decreased their walking speed and
stride length (Table 2).

The loading response in the dislocation group increased.
The midstance phase (initial and terminal together) decreased
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its duration, consecutively. Consequently, the time for double
support increased (Table 2).

Kinematics
Knee

The dislocation group decreased flexion during the entire gait
cycle compared to the control (P <0.01). The most substantial
difference of 9.5°+0.4 SE occurred during the initial mid-
stance phase. The knee flexed maximally during the initial
mid-stance phase in both groups.

Likewise, the minimal peak occurred during the same phase
in both groups, but significantly lower and earlier in the dis-
location group Patients reduced their flexion under 15° dur-
ing loading-response and initial mid-stance in over 80% of all
cases, under 10° in 49% and 54%, respectively. Three knees
(outliers) in three patients increased their flexion significantly
28° during the loading-response and to 32° during initial mid-
stance phase (P <0.01) (Fig. 2b, Table 3).

Ankle

The plantar-flexion increased during initial contact and load-
ing-response with dislocations, and likewise, the dorsal-exten-
sion decreased during the initial and terminal midstance phase
(Fig. 2a, Table 3).

Hip

The hip flexion decreased significantly with dislocations dur-
ing all eight sub-phases with a maximal difference during mid-
stance phase (Fig. 2c, Table 3).

Pelvis

The pelvis’ anterior tilt did not vary between the groups dur-
ing all phases.

Kinetics
Knee

The dislocation group decreased internal moments during the
initial midstance phase. Highest moments were noted during
the same phase in both groups. Likewise, the minimal peak
occurred during the midstance phase in both groups, but with-
out a significant difference (Fig. 2e, Table 4).
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Table 2 Corpparison of Dislocation Control Difference disloca- P value
temporospatial parameters tion/ control
Mean+SD Mean +SD Mean +SE
SE SE
CI CI
Range Range
Loading-response 10.1+1.6 9.1+1.1 +1.0+0.2 <0.01
% 0.2 0.1
9.7-10.4 8.8-9.4
7.6-16.5 6.4-11.8
Mid-stance phase 39.8+2.0 40.9+1.09 -1.1+03 <0.01
% 0.2 0.15
39.4-40.3 40.6-41.23
31.5-44.0 38.6-43.95
Loading-response + 499+1.2 50.0+0.56 —-0.1+0.15 ns
Mid-stance phase 0.1 0.56
% 49.7-50.2 49.8-50.15
45.9-53.9 48.4-51.32
Pre-swing 9.6+1.5 9.3+1.05 +0.4+0.2 ns
% 0.2 0.14
9.3-10.0 9.0-9.54
6.7-15.2 6.4-12.13
Stance phase 59.6+1.5 59.3+1.05 +03+0.2 ns
% 0.2 0.14
59.3-59.9 59.0-59.53
56.4-66.5 56.8-62.16
Swing phase 404+1.5 40.8+1.05 -03+0.2 ns
% 0.2 0.14
40.1-40.8 40.5-41.03
33.5-43.6 37.8-43.24
Time loading- 0.105+0.023 0.092+0.0123 +0.013 £0.003 <0.01
response 0.002 0.0017
S 0.100-0.110 0.089-0.0955
0.073-0.182 0.066-0.1184
Time mid-stance 0.413+0.029 0.416+0.0222 —0.002+0.004 ns
S 0.003 0.0030
0.407-0.420 0.410-0.4217
0.339-0.503 0.374-0.4669
Time pre-swing 0.101+0.020 0.094+0.0126 +0.006+0.003 ns
s 0.002 0.0017
0.096-0.105 0.091-0.976
0.064-0.168 0.067-0.1207
Time stance 0.619+0.055 0.602+0.0344 +0.016+0.008 ns
S 0.006 0.0047
0.607-0.630 0.524-0.6112
0.518-0.783 0.535-0.6651
Time swing 0.4120+0.032 0.414+0.0226 +0.005 +0.005 n.s
S 0.003 0.0031
0.413-0.423 0.408-0.4200
0.348-0.527 0.373-0.4653
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Table 2 (continued)

Dislocation Control Difference disloca- P value
tion/ control
Mean =+ SD Mean+SD Mean =+ SE
SE SE
CI CI
Range Range
Single support 0.4+0.0 0.4+0.02 0.0+0.0 ns
s 0.0 0.00
0.4-0.4 0.4-042
0.3-0.5 0.4-0.47
Double support 0.2+0.0 0.2+0.02 0.0+0.0 <0.01
s 0.0 0.00
0.2-0.2 0.2-0.19
0.1-0.4 0.2-0.23
Walking speed 1.3+0.2 1.4+0.11 0.1+0.0 <0.01
m/min 0.0 0.02
1.2-1.3 1.3-1.38
0.9-1.6 1.1-1.61
Cadence 116.4+8.9 118.6 +6.27 22+13 ns
(steps/min) 1.0 0.85
114.5-118.2 116.9-120.30
93.3-136.4 108.8-132.25
Step time 0.5+0.0 0.5+£0.03 0.0£0.0 ns
s 0.0 0.00
0.5-0.5 0.1-0.51
0.5-0.7 0.5-0.56
Stride length 1.3+0.1 1.7+0.11 0.06+0.0 <0.01
m 0.0 0.01
1.3-1.3 1.3-1.39
1.0-1.6 1.2-1.60
Stride time 1.0+0.1 1.0+0.05 0.0+0.0 ns
s 0.0 0.01
1.0-1.1 1.0-1.03
0.9-1.3 0.9-1.10

Data in percentage (%) refers to the endpoint of the particular phase in context of the entire gait cycle3

100% correspond to one stride, or one gait cycle
SD standard deviation, SE standard error, CI confidence interval (95%)

Ankle

The plantar-flexion moments increased in the dislocation
group during initial contact and loading-response, respec-
tively (P <0.001) (Fig. 2d, Table 4).

Hip

Hip flexion moments decreased significantly from initial
contact to terminal midstance phase with dislocations.
(Fig. 2f, Table 4).

The correlation between knee flexion and plantar-flex-
ion was high and statistically significant, in particular dur-
ing the initial midstance phase. Likewise, the relationship
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between knee flexion and hip flexion was also strong and
statistically significant, most substantially during initial
midstance phase (Table 5).

The multiple regression revealed a robust model for the
loading response and initial mid-stance phase to predict
the knee flexion with the variables ankle flexion and hip
flexion.

Prediction expression for loading-response:

e Khnee angle®°=1.82+0.96 X Ankle angle®+0.47 X Hip
angle®

e (R*=0.65, Mallow’s Cp=3, P<0.0001)

Prediction expression for initial mid-stance phase:
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using a 95% confidence interval of the mean
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e Knee angle®=1.52+1.22 X Ankle angle®+0.48 x Hi
g g p
£ 3 angle®
< v e (R*=0.77, Mallow’s Cp=3, P <0.0001)
. The residuals were normally distributed.
55w Y .
E ERRl = All other phases expressed regressions below an
23 E g 3 R*=0.55.
= O (=]
0 (=)} . .
a 3 © Discussion
- H J
S +H ~ 30}
E = ) )
5 3 < <
SET The most important findings in this study were:
P g y
First, knee flexion decreased during the entire gait cycle
o — compared to a control group. Over 80% of our patients
£n g o p group |y
B by hil developed a gait pattern with less than 15° of knee flex-
‘E é 5 g 2 ion during loading-response or initial mid-stance phase;
55% were under 10° of flexion. In addition, the time for
9 the loading-response extended, a part of the double support,
E what shortened the following mid-stance phase for the same
a 2 J p
amount.
% = Second, the ankle’s plantar-flexion increased during
it E @ Y loading-response, and dorsal-extension decreased after-
(=N . . . .
St @ ward, whereas the hip flexion decreased during the entire
=2 g .
- 3 gait cycle.
é Third, internal moments of the ankle and the hip changed
= predominately during the first part of the stance phase (ankle
a © w | E . X .
=% ’i | E increased, hip decreased), whereas in the knee moments
g g _ pe g‘ q;’ decreased only in the initial midstance phase.
= - o é Evidence of a possible linkage between a decreased knee
4 flexion during the stance phase and pathology of the knee
5] . . .
£a b < | = comes from different studies dealing with anterior cruciate
= — 9 < . . . .
3 g g ;g Tl E ligament deficiencies (ACL) or a patellofemoral pain syn-
Z|AEoD @ a é drome (PFPS) [6, 7, 19, 22, 27, 31, 37, 45, 46]. Berchuck
= et al. describes this decrease as a quadriceps avoidance gait
& q P g
2 _ e seen in 75% of all ACL knees. It is thought that a quadriceps
< 3 g avoidance protects the knee against the anterior drawer of
° B the tibia, i.e., an instability or a pivoting, as the quadriceps
z El « E tends to displace the tibia between 0° and 45° of flexion [7].
858 S % While this principle is controversially discussed [35, 36], it
52+ | 8 p P y
£ 8 g S| E can be used to identify copers or non-copers in a conserva-
A8 E 3 tive treatment, whereas copers do not develop a quadriceps
= P paq P
Ej avoidance [1, 11, 28, 37, 43]. PFPS, as well as osteoarthritis,
a % can have an identical effect [29]. However, patients of this
A fl S| E study did not complain of any pain or other discomforts dur-
£ S . . . . . .
SET " O ing level walking; thus it is highly unlikely that PFPS or OA
= g g ghly y
S had precipitated the changes observed. Furthermore, patients
; : with recurrent patellar dislocations have a more pronounced
= g % P = decrease of knee flexion than in an ACL or PFPS [7, 11, 28,
Q 8 i Y S . . .
E % 2§ H M E 31, 37, 42, 46]. This reduced flexion could be an effective
g <18 EC 13 factor avoiding the patella to enter the trochlear groove and,
= =g —§ therefore, creating instability.
< = . . . . .
o g é RS £ In this patient series, instead of reducing, three
o) g g 8% p g
© - R 8 cases (3.4%) increased their flexion over 28° during the
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Table 5 Correlations between
ankle, knee, and hip

Loading-response

Initial mid-stance Terminal mid-stance

Correlation r P Correlation r P Correlation r P
Knee—Ankle 0.63 <0.01* 0.75 <0.01* 0.45% <0.01*
Knee-Hip 0.54 <0.01* 0.61 <0.01* 0.63% <0.01*
Hip—Ankle 0.07 ns 0.22 ns 0.19 ns

*Using Spearman’s rho coefficient for not normally distributed data

loading-response and even over 31° during the midstance
phase. These outliers drew our attention, explaining a pos-
sible second compensation mechanism. The trochlear groove
normalises its shape during flexion and the patella has more
contact pressure in it. These patients could as well avoid the
least stable area, making a dislocation less probable [39].
After all, this gait pattern is less energy preserving than the
quadriceps avoidance, a reason, why it could be rare. Cer-
tainly, it is debatable if a sample size of three is already
enough to announce a new compensatory mechanism.

Data on ankle plantar-flexion revealed a significant
increase during the loading-response and decrease after-
ward compared to the control. The plantar-flexion correlated
strongly with the knee extension. At the same time, internal
moments for plantar flexors increased significantly. Plantar-
flexion straightens the knee during the loading-response and
mid-stance phase as the Soleus muscle pulls back the tibia
on a fixed foot. This principle is well established and called
the plantar-flexion/knee extension-couple [8, 26, 38]. This
might be a compensatory mechanism to control the knee.
However, the findings of the present study are not consist-
ent with previous studies regarding ACL or PFPS patients
with no changes in the ankle kinematic [31, 37]. Moreover,
from a geometrical point of view, a reduced knee flexion
always causes an increased plantar-flexion. Per contra, this
study’s patients extended their knees more than ACL or
PFPS patients, what makes a contribution of the plantar-
flexion/knee extension-couple more probable.

Regarding the hip flexion, the same issues can be dis-
cussed. Hip flexion decreased significantly during the
entire gait cycle and was correlated with the knee’s range
of motion. Likewise, hip flexion moments decreased sig-
nificantly. Our findings are consistent with Nadeau, which
reports a trend to reduced hip flexion in patients with PFPS
[31]. Like the plantar-flexion/knee extension-couple, hip
extensors can retract the femur during loading-response,
and, therefore, extend the knee [4, 33]. Again, it is debat-
able at this point, whether this is a compensatory mechanism
to control the knee or since knee and hip are correspond-
ing joints, they have to adjust each other geometrically. By
implication, the latter pushes the hip’s influence into a pas-
sive role.

However, the regression model emphasizes an active
influence of the ankle and hip to the knee. Consequently,

@ Springer

while postulating quadriceps avoidance, an alternative con-
trol for the knee must exist. The knee is not entirely con-
trolled by the plantar-flexion/knee extension couple and the
hip extensors; however, these mechanisms contribute sub-
stantially to compensate for the deficiency.

Facing such a deficiency, patients extended their load-
ing-response (double support). They shortened the follow-
ing mid-stance phase (single support) for the same amount.
These changes in the most sensitive part of the gait are inter-
preted as an attempt to reduce uncertainty with spending
more time on both feet.

There are several limitations to this study.

Only adolescents were included in the study. The findings
cannot be adopted for adults without reservation.

The participants walked barefoot on the level ground.
Therefore, the results cannot be generalised to footwear or
other activities. However, the laboratory conditions given in
our study allows us to compare data more reliably.

Furthermore, the gait analysis was performed at a self-
selected speed. Due to the consequent individual walking
velocities, we are not able to assure uniform stress to the
knee joint. In that way, however, differences can be detected
in the walking velocity between the two groups. Neverthe-
less, a significant difference in walking speed and stride
length was measured. However, this difference is clinically
not relevant.

Conclusion

Recurrent patellar dislocation decreases knee flexion during
the loading-response and mid-stance phase. A decreased hip
flexion and increased plantar-flexion, while adjusting inter-
nal moments, indicate a compensation mechanism.
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