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Effects of severity of osteoarthritis on the
temporospatial gait parameters in patients
with knee osteoarthritis
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Objective: The aim of this study was to investigate the differences in temporospatial parameters in
according to severity of knee osteoarthritis (OA).

Methods: The study included a total of 110 subjects with no orthopedic or neurologic disease that
might affect gait were divided into three study and one control groups. Eighty subjects (mean age:
53.13+6.78 years) were diagnosed with bilateral knee OA and divided into groups according to Kell-
gren-Lawrence radiologic scale: the Phase 1 group included 29 subjects, Phase 2, 28 subjects, and
Phase 3, 23 subjects. The control group was composed of 30 healthy subjects (25 females, 5 males;
mean age: 41.50+5.79 years). Temporospatial gait data were evaluated using a gait analysis system.

Methods: There were no significant differences in all temporospatial parameters between the control
group and the Phase 1 and 2 OA groups (p>0.05). There was a significant decrease in cadence, gait
velocity, stride length and step length (p<0.008) and a significant increase in stride time, double sup-
port time, step time, single support time and stance phase length in patients with Phase 3 knee OA
compared to the other groups (p<0.008).

Conclusion: Changes in temporospatial parameters of patients with Phase 3 knee OA may be cor-
related with loss of gait stabilization and increase in risk of falling. In subjects with knee OA, gait
stabilization and balance loss must be examined and evaluated in terms of risk of falling and necessary
precautions must be taken,
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Osteoarthritis (OA) is a degenerative disease character-
ized by the progressive destruction of joint cartilage and is
especially seen in weight-bearing joints such as the knee.
(1 The clinical symptoms of OA such as pain, joint stiff-
ness, lessening of joint movements and muscle strength
can lead to changes in kinetics, kinematics and tempo-
rospatial parameters of gait.>*) Due to improvements in

three-dimensional gait analysis technologies, studies in
the last 10 years have led to a greater understanding of
these changes. Many studies exhibit kinetic changes such
as an increase in peak knee adductor moment, decreases
in knee extensor moment, knee internal rotation mo-
ment and hip adductor moment and kinematic changes
such as decreases in knee and hip flexion.*”

Correspondence: Serkan Tag, PT. Hacettepe Universitesi Tip Fakiiltesi, Fiziksel Tip
ve Rehabilitasyon Anabilim Dali, Hacettepe Mh., 06230 Ankara, Turkey.

Tel: +90312 — 305 13 36 e-mail: serkan.tas@hacettepe.edu.tr
Submitted: September 14,2013 Accepted: June 18,2014
©2014 Turkish Association of Orthopaedics and Traumatology

Ofs

Available online at

WWW‘HOtt‘Org‘tr

doi: 10.3944/A0TT.2014.13.0071
QR (Quick Response) Code

i



636

Acta Orthop Traumatol Turc

Although detailed investigations on changes in kinet-
ic and kinematic values in subjects with knee OA have
been conducted by many researchers, changes in tempo-
rospatial parameters were investigated using only a few
parameters. In their study on subjects with knee OA,
Huang et al. reported no differences between the healthy
and knee OA groups in terms of velocity, cadence and
step length parameters.l” On the other hand, Kiss found
significant differences between the healthy and knee
OA groups in terms of cadence, velocity, double support
phase duration parameters, but stated that there were
no differences in terms of step width parameter.”) Simi-
larly, Kaufmann et al. reported a decrease in velocity in
subjects with knee OA."¥! In their study on subjects with
knee OA, Miindermann et al. ascertained that there was
an increase in velocity of subjects with knee OA com-
pared to healthy subjects.”) A review of the literature
showed the following; temporospatial values were inves-
tigated using very few parameters, there is no consensus
on changes in these parameters, current changes are not
discussed adequately, and there is insufficient data about
other changes in temporospatial parameters.

Changes that occur in temporospatial parameters
during the progression of knee OA may correlate with a
decrease in gait stabilization and inadequacy of daily ac-
tivities. Studies on geriatric subjects point to a decreasing
step length and velocity, increasing stance phase and step
width as signs of gait stabilization loss."*!") Gait stabiliza-
tion losses correlate with inadequacy of daily activities and
increase the risk of falling.!'>'? Therefore, understanding
the changes which occur in temporospatial parameters
during progression of knee OA might help in determining

a patient’s needs and deciding on treatment approaches.

The purpose of this study was to investigate the

changes in temporospatial parameters caused by knee
OA severity. An additional aim was to investigate the
potential differences between dominant and non-dom-
inant extremities of subjects with knee OA in terms of
temporospatial parameters.

Patients and Methods

The study group included 80 subjects (66 females, 14
males; mean age: 53.13+6.78, range: 40 to 65 years; 73
right-dominate and 7 left-dominate) diagnosed with bi-
lateral knee OA and a control group of 30 healthy sub-
jects (25 females, 5 males; mean age: 41.50+5.79, range:
28 to 50 years). Diagnosis of OA was made through
history, inspection and radiologic assessments conduct-
ed at the Hacettepe University Physical Medicine and
Rehabilitation Department. Subjects were classified ac-
cording to the Kellgren-Lawrence radiological classifica-
tion system into 3 subgroups; 29 subjects in the Phase
1 Group, 28 in the Phase 2 Group and 23 in the Phase
3 Group. Only patients diagnosed with OA of the same
stage according to the Kellgren-Lawrence radiologi-
cal classification system in both knees were included in
the study. Inclusion criteria were; no history of previous
lower extremity surgery, major trauma, tendinopathy,
bursitis, orthopedic knee injuries such as ligament and
meniscus injuries, neurological or cardiopulmonary dis-
eases which might affect the patient’s gait, serious hear-
ing, sight or speech defects, and rheumatic diseases such
as osteoarthritis, gout, rheumatoid arthritis involving
other joints in the lower extremities. The control group
was composed of 30 healthy subjects (25 females, 5
males; mean age: 41.50+5.79 years).

Approval was obtained from the Hacettepe Uni-

Table 1.  Demographic characteristic of subjects participated in study.
Control group (n=30) Knee OA group (n=80)
Phase 1 (n=29) Phase 2 (n=28) Phase 3 (n=23)
Mean+SD Mean+SD Mean+SD Mean+SD p*
Age (year) 41.50£5.79 53.34+6.64 52.75+7.27 53.34+6.60 0.003
Height (cm) 1.59+0.09 1.59+0.07 1.59+0.08 1.57+0.07 0.774
Weight (kg) 82.23+9.34 75.88+13.23 77.39+£11.96 80.38+11.97 0.153
BMI (kg/m?2) 32.65+4.43 29.83+5.05 30.62+5.01 32.54+4.86 0.079
Gender
Female 25 24 20
Male 5 4 3
Dominant extremity
Right (n=100) 27 25 21
Left (n=10) 3 3

*Kruskal-Wallis test.
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versity Non-Interventional Clinical Researches Ethics
Board. Informed consent forms provided by the same
board were obtained from all patients.

Gait analysis records were captured in the Hacettepe
University Physical Medicine and Rehabilitation De-
partment Gait Analysis Laboratory using 6 high-speed
50 Hz JAI (Java Advanced Imaging) infrared digital
cameras and 2 force plates (Bertec Force Plate; Bertec
Corp., Columbus, OH, USA) on a 8x4 m gait road. Gait
analysis on subjects with knee OA were assessed by the
same physical therapist.

Data analysis was carried out using the Vicon gait
analysis system (Workstation Version 4.0; Vicon, Ox-
ford, UK). Joint central points and segmental coordina-
tions were identified in accordance with the Davis’ an-
thropometrics model.l'”) Reflective indicators placed on
certain anatomical regions of the subjects were placed in
accordance with the Vicon Clinical Manager protocol.')
Temporospatial values of gait were calculated by taking
the arithmetic mean of 5 records captured on the same
day. When different values were taken for two lower
extremities in cadence, double step length, double step
time, double support time and step width parameters,
the mean of these two values were calculated as one.

Statistical analyses were performed using SPSS for
Windows v.15. (SPSS Inc., Chicago, IL, USA) software.
Variables were investigated using visual (histograms,
probability plots) and analytical methods (Kolmogorov-
Smirnov or Shapiro-Wilk's test) to determine distribu-
tion. Demographic data and gait analysis parameters
were assessed with descriptive analysis and shown as

meantstandard deviation (SD). As the temporospatial
parameters and demographic data (age, height, weight
and BMI) measurements were not normally distributed,
the Kruskal-Wallis test was conducted to compare these
parameters and ordinal knee OA phase variables. The
Wilcoxon test was used when comparing non-normal-
ly distributed dominant and non-dominant extremity
data. Correlation coeflicients for relations between pa-
rameters and statistical significance were calculated us-
ing the Spearman test. An overall 5% Type 1 error level
was used for inter statistical significance.

When there was a difference between groups accord-
ing to the Kruskal-Wallis test, the Mann-Whitney U test
was used in all pair comparisons to determine which group
caused this difference. Statistical results were assessed us-
ing the Bonferroni correction. Statistical significance total

Type 1 percentage error was taken as 0.8% (5/6%).

Results

Mean age was 53.13+6.78 in subjects with knee OA and
41.50+5.79 for subjects in the control group. Comparison
of ages of subjects in the control group with other groups
revealed that they were statistically significantly lower
(p<0.008), and that there were no differences among
other groups in terms of age (p>0.05). There were no
significant differences in height, weight and BMI values
between groups (p>0.05). Demographic characteristics
of subjects included in this study are shown in Table 1.

There were no significant differences in the temporo-
spatial parameters of cadence, velocity, double step length,
double step time, double support time, step length and

Table 2. Comparison of temporospatial parameters among groups and paired comparison.
Cadence Velocity Double step Double step Double support Step width
(step/min) (m/sec) length (m) time (sec) time (sec) (m)
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Control Group 114+7.51 1.08+0.10 1.13+0.10 1.05+0.07 0.26+0.03 0.20+0.04
Phase 1 Knee OA 109+10.87 1.03+0.19 1.12+0.14 1.11+0.12 0.28+0.07 0.20+0.03
Phase 2 Knee OA 111+6.65 1.02+0.13 1.10+0.12 1.08+0.07 0.28+0.04 0.20+0.04
Phase 3 Knee OA 99+12.06 0.84+0.04 0.99+0.18 1.23+0.15 0.36+0.09 0.19+0.03
p! 70.001* 70.001* 0.008* 70.001* 70.001* 0.85
pZ
Control vs Phase 1 OA 0.027 0.246 0.785 0.029 0.335 -
Control vs Phase 2 OA 0.051 0.045 0.279 0.049 0.093 -
Control vs Phase 3 OA 70.0017 70.0017 0.001* 70.0017 70.0017 -
Phase 1 OA vs Phase 2 OA 0.666 0.626 0.346 0.666 0.604 -
Phase 1 OA vs Phase 3 OA 0.005" 0.001* 0.006" 0.004* 70.0017 -
Phase 2 OA vs Phase 3 OA 70.0017 0.001* 0.007* 70.0017 70.0017 -

p': Kruskal-Wallis test (comparison of 4 groups); p2: Mann-Whitney U test (paired comparison of groups). *p<0.05, Kruskal-Wallis test; 'p<0.008, Mann-Whitney
U test (assessed with Bonferroni correction and statistical significance level was accepted as p<0.008).
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single step time between the control group, Phase 1 and
Phase 2 knee OA groups (p>0.05). There was a significant
decrease in cadence, velocity, double step length and step
length (p<0.008) and a significant increase in double step
time, double support time and single step time (p<0.008)
in the Phase 3 knee OA group. While there was no sig-
nificant difference in stance phase length parameter in the
dominant extremity between groups (p>0.05), there was
a significant increase in the non-dominant extremity in

the Phase 3 knee OA group (p<0.008) (Tables 2 to 4).

Step width and contralateral foot contact were simi-
lar in all groups (p>0.05). There was a significant in-
crease in the single support time of the non-dominant
extremity in the Phase 3 knee OA group than the Phase
2 and control groups (p<0.008) and in the dominant ex-
tremity in the Phase 3 OA group compared to the con-
trol group (p<0.008) (Tables 2 to 4).

There was a statistically significant increase in non-
dominant extremity contralateral foot-off parameter
values of Phase 3 knee OA group compared to the other
groups (p<0.008). Dominant extremity values in this
parameter were similar for all groups (p>0.05).

There were no statistically significant differences be-
tween the dominant and non-dominant extremity single
step time and contralateral foot-off parameters in all
groups (p>0.05). When the dominant and non-domi-
nant extremities of the control group and Phase 1 knee
OA group were compared, a statistically significant in-
crease was determined in step length and a significant de-
crease in contralateral foot contact parameters (p<0.05).
There were no differences between the dominant and
non-dominant extremity’s single support time and stance
phase length parameters of the control, Phase 1 and
Phase 2 knee OA groups (p>0.05). Single support time
and stance phase length parameters were higher in the
non-dominant extremity than the dominant extremity in

the Phase 3 knee OA group (p<0.05) (Tables 3 and 4).

There was a strong relation between velocity and dou-
ble step length (r=0.85, p<0.001). A strong negative cot-
relation was found between velocity and double support
and double step times (r=-0.74, p<0.001) and between
velocity and single step time (r=-0.71, p<0.001). A mod-
erate negative correlation was found between velocity
and single support time (r=-0.44, p<0.001). While there
was a very strong relation between double step time and
double support time (r=0.84, p<0.001), the correlation
between double step time and single support time was
weak (r=0.39, p<0.001). In addition, there was a strong
negative correlation between double support time and
cadence (r=-0.89, p<0.001) and between double sup-
port time and stance phase length (r=0.82, p<0.001).

Discussion

This study reported changes in temporospatial param-
eters of subjects with knee OA and determined a signifi-
cant decrease in velocity in subjects with Phase 3 knee
OA. Similarly, double step length and step length param-
eters were significantly decreased in the Phase 3 group,
while there were no significant differences between other
groups. Our results were in line with most studies in the
literature.>”*>'¢ In contrast, Huang et al. reported de-
creased velocity and double step length in subjects with
mild and severe knee OA compared to healthy subjects,
although this difference was not significant.”’ Miinder-
mann et al. reported a statistically insignificant increase
in velocity in subjects with knee OA subjects compared
to healthy subjects.l”) In a study by Kiligoglu et al., ve-
locity was found lower in knee OA patients than in the
healthy group, while step length was similar."”! The dif-
ferent results in the literature may be caused by the low
number of subjects evaluated in those studies!®” and the
lack of a healthy control group from the study.!'”)

The most important kinetic change seen in knee
OA is the increase in peak knee adductor moment.[>*>
%1 The relation between the decrease in velocity and the
decrease in knee adductor moment has been presented
in the literature.’'®! A decrease in velocity and double
step length may be the compensatory mechanism to the
decrease in peak knee adductor moment. Many studies
have shown a correlation between decreasing velocity
and moments in the sagittal plane and in knee and hip
flexion angles.l"*?? Such changes might be an important
factor increasing the risk of falling in older patients with

knee OA.

There were no significant differences in the tem-
porospatial parameter of step width parameter among
groups. Similar to results reported in the literature, (7]
this result shows that, despite biomechanical changes
such as varus deformity frequently seen in knee OA, no
changes in step width and normal step width persisted.

A significant increase was determined in double step
time, single step time, double support time, cadence and
stance phase length of the non-dominant extremity in
the Phase 3 group as compared to other groups. Similar-
ly, Kiss reported increased double support time in paral-
lel with OA severity.” Astephen et al. found that stance
phase length and double step time increased in moderate
(Phase 2) and severe (Phase 3-4) knee OA groups com-
pared to the healthy group.””) Harding et al. ascertained
that stance phase length and double step time increased
in knee OA subjects.””) Kiligoglu et al. determined an
increase in double support time and stance phase length
of knee OA subjects.'”) Correlation analysis showed
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that the increase in double support time might be an im-
portant reason for the decrease in velocity and increase
in double step time and stance phase length. These re-
sults lead us to believe that the increase in double sup-
port time is a compensatory mechanism which decreases
joint loading by transferring dynamic joint loading to
both lower extremities during gait.

Some studies in the literature reported that tempo-
rospatial parameter changes might affect gait stabiliza-
tion or be a sign of gait stabilization loses.'"*") In their
study, Hamacher et al. found a decrease in step length
and velocity and an increase in stance phase and step
width in subjects who had a falling history compared to
those that did not.'”’ The decrease in step length and
velocity and the increase in stance phase might be con-
sidered a sign of increasing falling risk in Phase 3 knee
OA. McAndrew Young et al. determined that decreases
in step width result in a decrease in mediolateral and an-
teroposterior stabilization and decreases in step length
cause a decrease in anteroposterior stability.*” The de-
crease in step length might be another factor causing an
increase in anterior falling tendency by decreasing an-
teroposterior stabilization in Phase 3 knee OA.

Additionally, there was a significant increase in single
support time and stance phase length of the non-domi-
nant extremity compared to the dominant extremity in
Phase 3 OA. These subjects prefer loading on the non-
dominant extremity rather than loading on the domi-
nant one. Many studies indicated a weak correlation be-
tween clinical and radiological findings.*>*® Therefore,
we believe that the dominant extremity might have more
clinical affections such as pain, instability and joint stiff-
ness compared to non-dominant extremity, despite the

presence of radiographical bilateral Phase 3 knee OA.

Our results suggest that the severity of OA affects
temporospatial parameters as there were significant dif-
ferences in the Phase 3 group but none in the Phase 1
and 2 OA groups when compared to the healthy group.
Studies in the literature show that increased OA severity
results in greater differences in temporospatial param-
eters and other gait parameters.>”?*?) Kiss reported
that cadence, velocity and kinematics decreased, while
the severity of OA increased.l”) In similar studies com-
paring severe knee OA to mild knee OA, knee adductor
moment was reported to be higher in subjects with se-
vere knee OA, which has been shown to result from the
distortion of mechanic joint arrangement.**?”) Nagano
et al.?®) reported grater decreases in knee flexion angle
and changes in knee adductor angle during gait with
increasing knee OA severity. The authors claimed that
these changes were caused by increasing pain and de-

creasing gait stabilization and knee extension strength.
Some studies in the literature have shown a positive cor-
relation between decreasing knee flexion and increasing
severity of knee OA. Studies in the literature and our
results show greater presence of compensatory mecha-
nisms which emerge due to the various distortions of
gait caused by increasing pain and disability and the
decreasing neuromuscular control and deterioration of
biomechanics arrangement due to increasing OA sever-
ity of OA.

The difference in mean age of subjects in the control
group from the OA groups can be considered a limita-
tion of this study. However, as there were no significant
differences in all parameters when comparing the control
group with the Phase 1 and 2 groups, the mean age did
not affect the results of the study or had only limited ef-
fects. In addition, the study included only Phase 1, 2 and
3 knee OA. The addition of a Phase 4 knee group might
have revealed more information on changes in temporo-
spatial parameters in patients with knee OA. The results
of this study showed that differences in temporospatial
parameters may be correlated with gait stabilization and
balance loss. Further studies including Phase 4 knee OA
subjects investigating gait stabilization and balance loss
and correlating findings with differences in temporospa-
tial parameters are needed.

In conclusion, while there were no significant dif-
ferences in all temporospatial parameters between the
healthy group and the Phase 1 and 2 knee OA groups, ca-
dence, velocity, double step length, single step length pa-
rameters were significantly lower in subjects with Phase
3 OA. Additionally, there was a significant increase in
double step time, double support time, single step time,
single support time, and stance phase duration in the
Phase 3 group compared to the other groups. In this
group of patients, the decrease in double step length and
the increases in double support time, double step time,
single step time and single support time were correlated
with the decrease in velocity. Although subjects younger
than 65 of age were included in the study, the decrease
in velocity and step length and increase in stance phase
duration in the Phase 3 OA group suggest important
proofs regarding gait stabilization and balance affection
in this patient group. Thus, gait stabilization and balance
loss must be examined in subjects with knee OA. Neces-
sary measures such as living space arrangement and exer-
cises to increase balance and stabilization must be taken
in order to decrease the risk of falling.

Conflics of Interest: No conflicts declared.



Tas et al. Effects of severity of osteoarthritis on the temporospatial gait parameters in patients with knee osteoarthritis

641

References

1.

10.

11.

Felson DT, Lawrence RC, Hochberg MC, McAlindon
T, Dieppe PA, Minor MA, et al. Osteoarthritis: new in-
sights. Part 2: treatment approaches. Ann Intern Med
2000;133:726-37. CrossRef

Baliunas AJ, Hurwitz DE, Ryals AB, Karrar A, Case JP,
Block JA, et al. Increased knee joint loads during walking
are present in subjects with knee osteoarthritis. Osteoar-
thritis Cartilage 2002;10:573-9. Crosskef

Miindermann A, Dyrby CO, Hurwitz DE, Sharma L,
Andriacchi TP. Potential strategies to reduce medial com-
partment loading in patients with knee osteoarthritis of
varying severity: reduced walking speed. Arthritis Rheum
2004;50:1172-8. CrossRef

Henriksen M, Simonsen EB, Alkjaer T, Lund H, Graven-
Nielsen T, Danneskiold-Samsge B, et al. Increased joint
loads during walking--a consequence of pain relief in knee
osteoarthritis. Knee 2006;13:445-50. CrossRef

Astephen JL, Deluzio KJ, Caldwell GE, Dunbar M]J. Bio-
mechanical changes at the hip, knee, and ankle joints dur-
ing gait are associated with knee osteoarthritis severity. J
Orthop Res 2008;26:332-41. crosskef

Huang SC, Wei IP, Chien HL, Wang TM, Liu YH, Chen
HL, et al. Effects of severity of degeneration on gait pat-
terns in patients with medial knee osteoarthritis. Med Eng
Phys 2008;30:997-1003. Crosskef

Kiss RM. Effect of severity of knee osteoarthritis on the
variability of gait parameters. ] Electromyogr Kinesiol
2011;21:695-703. CrossRef

Kaufman KR, Hughes C, Morrey BE, Morrey M, An KN.
Gait characteristics of patients with knee osteoarthritis. ]
Biomech 2001;34:907-15. CrossRef

Miindermann A, Dyrby CO, Andriacchi TP. Secondary
gait changes in patients with medial compartment knee
osteoarthritis: increased load at the ankle, knee, and hip
during walking. Arthritis Rheum 2005;52:2835-44. Crosskef
Hamacher D, Singh NB, Van Dieén JH, Heller MO, Tay-
lor WR. Kinematic measures for assessing gait stability in
elderly individuals: a systematic review. ] R Soc Interface
2011;8:1682-98. CrossRef

Barrett RS, Mills PM, Begg RK. A systematic review of
the effect of ageing and falls history on minimum foot
clearance characteristics during level walking. Gait Posture
2010;32:429-35. CrossRef

12.Huang MH, Brown SH. Age differences in the control

13.

14.

of postural stability during reaching tasks. Gait Posture
2013;38:837-42. Crosskef

Davis RB, Ounpuu S, Tyburski DJ, Gage JR. A gait analy-
sis data collection and reduction technique. Hum Mov Sci
1991;10:575-87. CrossRef

Kirtley C. Three-dimensional Gait Analysis. Clinical Gait
Analysis: Theory and Practice. 1st edition. Edinburgh: El-
sevier Churchill Livingstone; 2006.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Harding GT, Hubley-Kozey CL, Dunbar M]J, Stanish
WD, Astephen Wilson JL. Body mass index affects knee
joint mechanics during gait differently with and without
moderate knee osteoarthritis. Osteoarthritis Cartilage
2012;20:1234-42. CrossRef

Solak AS, Kentel B, Ates Y. Does bilateral total knee ar-
throplasty affect gait in women?: comparison of gait analy-
ses before and after total knee arthroplasty compared with
normal knees. ] Arthroplasty 2005;20:745-50. crossret
Kiligoglu O, Dénmez A, Karagiille Z, Erdogan N, Akalan
E, Temelli Y. Effect of balneotherapy on temporospatial
gait characteristics of patients with osteoarthritis of the
knee. Rheumatol Int 2010;30:739-47. Crosskef

Andriacchi TP, Ogle JA, Galante JO. Walking speed as a
basis for normal and abnormal gait measurements. ] Bio-
mech 1977;10:261-8. CrossRef

Mobckel G, Perka C, Labs K, Duda G. The influence of
walking speed on kinetic and kinematic parameters in
patients with osteoarthritis of the hip using a force-in-
strumented treadmill and standardised gait speeds. Arch
Orthop Trauma Surg 2003;123:278-82. crosskef

Zeni JA Jr, Higginson JS. Differences in gait parameters
between healthy subjects and persons with moderate
and severe knee osteoarthritis: a result of altered walking
speed? Clin Biomech (Bristol, Avon) 2009;24:372-8.
Kirtley C, Whittle MW, Jefferson RJ. Influence of walking
speed on gait parameters. ] Biomed Eng 1985;7:282-8.
Lelas JL, Merriman GJ, Riley PO, Kerrigan DC. Pre-
dicting peak kinematic and kinetic parameters from gait
speed. Gait Posture 2003;17:106-12. crossref

Baert IA, Jonkers I, Staes F, Luyten FP, Truijen S, Ver-
schueren SM. Gait characteristics and lower limb muscle
strength in women with early and established knee osteo-
arthritis. Clin Biomech (Bristol, Avon) 2013;28(1):40-7.
McAndrew Young PM, Dingwell JB. Voluntary changes
in step width and step length during human walking affect
dynamic margins of stability. Gait Posture 2012;36:219-
24, CrossRef

Hannan MT, Felson DT, Pincus T. Analysis of the dis-
cordance between radiographic changes and knee pain in
osteoarthritis of the knee. ] Rheumatol 2000;27:1513-7.
Dieppe PA. Relationship between symptoms and struc-
tural change in osteoarthritis. what are the important
targets for osteoarthritis therapy? J Rheumatol Suppl
2004;70:50-3.

Henriksen M, Graven-Nielsen T, Aaboe ], Andriacchi TP,
Bliddal H. Gait changes in patients with knee osteoarthri-
tis are replicated by experimental knee pain. Arthritis Care
Res (Hoboken) 2010;62:501-9. crosskef

Nagano Y, Naito K, Saho Y, Torii S, Ogata T, Nakazawa
K, Akai M, Fukubayashi T. Association between in vivo
knee kinematics during gait and the severity of knee osteo-
arthritis, Knee 2012;19:628-32. CrossRef


http://dx.doi.org/10.7326/0003-4819-133-9-200011070-00015
http://dx.doi.org/10.1053/joca.2002.0797
http://dx.doi.org/10.1002/art.20132
http://dx.doi.org/10.1016/j.knee.2006.08.005
http://dx.doi.org/10.1002/jor.20496
http://dx.doi.org/10.1016/j.medengphy.2008.02.006
http://dx.doi.org/10.1016/j.jelekin.2011.07.011
http://dx.doi.org/10.1016/S0021-9290(01)00036-7
http://dx.doi.org/10.1002/art.21262
http://dx.doi.org/10.1098/rsif.2011.0416
http://dx.doi.org/10.1016/j.gaitpost.2010.07.010
http://dx.doi.org/10.1016/j.gaitpost.2013.04.004
http://dx.doi.org/10.1016/0167-9457(91)90046-Z
http://dx.doi.org/10.1016/j.joca.2012.08.004
http://dx.doi.org/10.1016/j.arth.2004.10.019
http://dx.doi.org/10.1007/s00296-009-1054-9
http://dx.doi.org/10.1016/0021-9290(77)90049-5
http://dx.doi.org/10.1007/s00402-003-0513-0
http://dx.doi.org/10.1016/j.clinbiomech.2009.02.001
http://dx.doi.org/10.1016/0141-5425(85)90055-X
http://dx.doi.org/10.1016/S0966-6362(02)00060-7
http://dx.doi.org/10.1016/j.clinbiomech.2012.10.007
http://dx.doi.org/10.1016/j.gaitpost.2012.02.020
http://dx.doi.org/10.1002/acr.20033
http://dx.doi.org/10.1016/j.knee.2011.11.002

