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Walking Barefoot Decreases Loading on the
Lower Extremity Joints in Knee Osteoarthritis

Najia Shakoor and Joel A. Block

Objective. To evaluate the effects that modern
shoes have on gait and lower extremity joint loads in
osteoarthritis (OA).

Methods. Gait analyses were performed on 75
subjects with knee OA while they were wearing their
everyday walking shoes and while they were walking
barefoot. The trials involved optoelectronic detection of
external markers during ambulation over a multicom-
ponent force plate, and were matched for speed. Com-
parisons were made of gait parameters and joint load-
ing during trials in which the subjects walked while
wearing shoes and while barefoot.

Results. Peak joint loads at the hips and knees
significantly decreased during barefoot walking, with an
11.9% reduction noted in the knee adduction moment.
Stride, cadence, and range of motion at the lower
extremity joints also changed significantly, but these
changes could not explain the reduction in the peak
joint loads.

Conclusion. Shoes may detrimentally increase
loads on the lower extremity joints. Once factors re-
sponsible for the differences in loads between with-shoe
and barefoot walking are better delineated, modern
shoes and walking practices may need to be reevaluated
with regard to their effects on the prevalence and
progression of OA in our society.

Osteoarthritis (OA) of the lower extremity is
largely mediated by aberrant biomechanical forces. In
knee OA, the most well-studied form, there is evidence

that patients with abnormally high dynamic loading of
the knees are at greater risk of incident and progressive
disease (1,2). Consequently, strategies that effectively
reduce loads on the knee during gait would be of great
interest.

One standard parameter assessed as a marker of
knee loading is the external knee adduction moment, a
varus torque on the knee that reflects the magnitude of
medial compartment joint loading. The peak adduction
moment has been shown to correlate with both the
severity (1) and the progression of radiographic knee
OA (2), as well as with the severity of pain (3). Hence,
biomechanical interventions aimed at reducing medial
compartment loading, such as lateral wedge shoe orthot-
ics, are under evaluation as potential adjuncts to therapy
(4,5). However, the observation that inserts in normal
shoes may affect gait mechanics and knee loading sug-
gests that modern shoes may influence loading patterns
in the knees of patients with OA. Further, since the
lower extremity joints are interrelated, alterations of
mechanics of the foot may not only affect knee loads but
may have consequences at the other lower extremity
joints. Therefore, the primary aim of this investigation
was to evaluate the impact of modern shoes on gait
mechanics and joint loads in a controlled population of
subjects with medial compartment knee OA, with the
primary hypothesis being that these subjects would
demonstrate significant differences in gait mechanics
and joint loads when walking barefoot compared with
when walking in their normal shoes.

SUBJECTS AND METHODS

Subjects in this study were participants in an ongoing
double-blind randomized controlled trial of the efficacy of
lateral wedge orthotics for the treatment of knee OA (NLM
Identifier: NCT00078453, at www.clinicaltrials.gov). The study
was approved by the Institutional Review Board, Rush Medi-
cal College, for studies involving human subjects, and informed
consent was obtained from all subjects. Inclusion criteria
included the presence of symptomatic OA of the knee, as
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defined by the American College of Rheumatology’s (for-
merly, the American Rheumatism Association) criteria (6),
and by the presence of a pain rating of at least 20 (on a 100-mm
visual analog scale) while walking (corresponding to question 1
of the visual analog format of the knee-directed Western
Ontario and McMaster Universities Osteoarthritis Index) (7).

Although all subjects had bilateral knee OA, the most
symptomatic knee on the day of the initial study visit was
considered the index knee. Subjects had OA of the index knee
documented by weight-bearing full-extension anteroposterior
knee radiographs showing grade 2 or 3 OA, as defined by the
Kellgren/Lawrence (K/L) grading scale, as modified by Felson
et al (8). The contralateral knee also had a radiographic OA of
K/L grade 1–3. Subjects had medial compartment OA, defined
as medial joint space narrowing (JSN) grade of �1, as well as
medial JSN greater than lateral JSN by a grade of �1 (9).
Major exclusion criteria were flexion contracture of �15° at
either knee, clinical OA in the ankle or the hip, significant
intrinsic foot disease as determined by a podiatric examination,
and a body mass index �35.

Gait analysis. All subjects underwent baseline gait
analysis (before the use of orthotics). Motion during gait was
measured by a multicamera optoelectronic system (Comput-
erized Functional Testing Corporation, Chicago, IL), and force
was measured by a multicomponent force plate (Bertec, Co-
lumbus, OH) (10). The walking surface consisted of a 2-inch–
thick wooden pressboard covered with linoleum. Reflective
markers were placed on the lower extremity, including the iliac
crest, greater trochanter, lateral joint line of the knee, lateral
malleolus, calcaneus, and the base of the fifth metatarsal bone,
and joint centers were estimated on the basis of anatomic
measurements of each subject. Subjects were instructed to
walk at a range of speeds from slow to fast, and data on 6 stride
lengths on each side were collected.

These position and force data were then used to assess
range of motion (ROM) at the joints and to calculate
3-dimensional external moments, using inverse dynamics. The
external moments that act on a joint during gait are, according
to Newton’s second law, equal and opposite to the net internal
moments produced primarily by the muscles, soft tissues, and
joint contact forces. To allow for comparisons between sub-
jects, the external moments were normalized to the subject’s
body weight multiplied by height (100 � [weight � height])
(11).

Analyses of with-shoe and barefoot walking. All sub-
jects were asked to wear their own comfortable walking shoes.
Gait analyses were performed when the subjects were wearing
these shoes. The shoes were then removed. Subjects walked for
several minutes on the gait analysis platform while barefoot,
and after the subjects felt comfortable, gait analyses were
repeated when barefoot. Subjects were instructed to walk at
their normal walking speed during the barefoot analyses.
With-shoe and barefoot trials where chosen for comparison of
the index knee limb and similarly for the contralateral limb.
Normal-speed barefoot walking trials were matched for speed
with normal-speed with-shoe walking trials for analysis.

Statistical analysis. Student’s paired t-tests were used
to compare moments and gait parameters between with-shoe
and barefoot walking. Relationships between differences in
gait parameters and differences in joint moments during
with-shoe and barefoot walking were evaluated using linear

regression. All analyses were performed using SPSS software
(SPSS, Chicago, IL). P values less than 0.05 were considered
significant.

RESULTS

Eighty-six subjects met the eligibility criteria and
underwent gait analyses while walking barefoot and in
shoes. Eleven were excluded because their data could
not be appropriately matched for speed, leaving 75
subjects for whom speed-matched gait data were avail-
able on the index knee. Of these, 40 subjects also had
gait data (with and without shoes) available on the
contralateral knee. Table 1 summarizes the demograph-
ics of the study population. The distribution of radio-
graphic severity of OA was as follows: in index knees, 57
K/L grade 2 and 18 K/L grade 3; in contralateral knees,
2 K/L grade 1, 35 K/L grade 2, and 3 K/L grade 3.

Gait parameters. Walking speed did not change
between the trials in which the subjects walked while
wearing shoes and while barefoot (Table 2); however,
stride length significantly decreased during barefoot
walking. Meanwhile, cadence significantly increased
during barefoot walking, suggesting that although sub-
jects were taking shorter steps, they were taking more
steps per unit of time. ROM at the major lower extremity
joints, as well as the toeout angle, were significantly re-
duced during barefoot walking.

Dynamic loads. Barefoot walking significantly
decreased dynamic loads at the knees (Table 3). There
was an 11.9% reduction in the peak knee adduction

Table 1. Demographic data on the study subjects

Age, mean � SD (range) years 59 � 10 (35–83)
Sex, no. men/no. women 16/59
Weight, mean � SD kg 78.9 � 14.4
Height, mean � SD meters 1.7 � 0.1
Body mass index, mean � SD kg/m2 28.4 � 4.1

Table 2. Gait parameters during with-shoe and barefoot walking
analyses

With shoes Barefoot

Speed, mean � SD meters/second 1.17 � 0.21 1.16 � 0.21
Stride, mean � SD meters/height 0.78 � 0.08 0.73 � 0.07*
Cadence, mean � SD steps/minute 107 � 9 114 � 11*
Range of motion, mean � SD degrees

Knee 63 � 5 57 � 5*
Hip 30 � 5 29 � 5*
Ankle 30 � 5 26 � 5*

Toeout angle, mean � SD degrees 18 � 6 15 � 7*

* P � 0.05 versus with shoes, by paired t-test.
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moment while walking barefoot compared with walking
in shoes (P � 0.001). There was also a significant
decrease in the peak knee extension moment (P �
0.006), while the peak knee flexion moment did not
significantly change (P � 0.435) between the with-shoe
and barefoot walking trials.

Similar reductions in dynamic loads were ob-
served at the hips during barefoot walking (Table 3).
The peak hip adduction moment decreased by 4.3%
(P � 0.001). The peak hip internal and external rotation
moments decreased by 11.1% and 10.2%, respectively
(P � 0.001).

Evaluation of gait parameters and peak moments
among the contralateral knees yielded comparable re-
sults. There were notable reductions in stride length,
increases in cadence, and reductions in hip, knee, and
ankle ROM during barefoot walking (P � 0.05). There
were also significant reductions in peak knee adduction
moment, knee extension, hip internal rotation, and hip
external rotation moments during barefoot walking (P �
0.05). The only differences in the results for the con-
tralateral knee were that the toeout angle and hip
adduction moment did not significantly change.

To assess whether the reduced loading at the
knees and hips while barefoot could be explained by gait
alterations alone, stepwise linear regression was used to
evaluate the influence of the change in cadence, stride,
toeout angle, and hip, knee, and ankle ROM (indepen-
dent variables) on the reduction in peak joint moments
during barefoot walking (dependent variables). There
were no significant relationships noted among any of
these variables singly or collectively. This was further
confirmed using backward linear regression, in which all

the independent variables were eliminated as having a
significant influence on the change in peak moments.
Therefore, although the character of the gait was some-
what altered, none of these measurable aspects of gait
could explain the significant reductions in peak joint
moments during barefoot walking trials.

DISCUSSION

It has long been appreciated that excessive load-
ing of the lower extremities is associated with the onset
and progression of knee OA; however, no attention has
been given to the role that modern shoes may play in
potentiating these aberrant loads. In the present study,
we formally evaluated the differences in gait and joint
loads that occur when patients with knee OA walk
barefoot compared with when they walk in shoes. This
study demonstrated that such patients undergo a signif-
icant reduction in their joint loads at both the knees and
the hips while walking barefoot compared with when
walking in their normal shoes. Moreover, whereas sig-
nificant changes in several gait parameters were ob-
served during barefoot walking, including changes in
stride, cadence, joint ROM, and toeout angle, these
changes in gait could not explain the significant reduc-
tion in loads at the joints. This suggests that the design
of modern shoes may intrinsically predispose such pa-
tients to excessive loading of their lower extremities.

Previous studies of the effects of shoes on joint
loading have been restricted to normal subjects without
OA, and have demonstrated that even shoes with mod-
erately high heels increase peak knee torques (12). In
addition, results of one study suggested that shoes may
result in elevations of knee loads in normal individuals,
but these effects were attributed to differences in walk-
ing speeds while wearing shoes (13); in our study,
comparisons were made using matched normal walking
speed trials. Interestingly, Bergmann et al (14) evaluated
hip loads in a patient who had an instrumented prosthe-
sis that functioned as a force transducer inserted at the
time of joint replacement for hip OA. By obtaining
direct force measurements from the transducer, the
investigators were able to demonstrate that there were
no differences in hip loads among nearly 15 different
types of shoes, but the hip loads were lower when the
subject was barefoot than when wearing any of the shoes
(14). These results are consistent with our data; how-
ever, they represent only a single case report of hip loads
in a subject who had undergone joint replacement.

Although the effects of shoes on OA onset or
exacerbation have not been carefully studied, there is

Table 3. Peak dynamic joint loads (moments) during with-shoe and
barefoot walking analyses*

With
shoes Barefoot

Change,
%† P

Knee
Adduction 2.94 � 0.77 2.59 � 0.75 �11.9 �0.001
Abduction 0.66 � 0.34 0.69 � 0.30 4.5 0.356
Flexion 1.83 � 1.22 1.77 � 1.14 �3.3 0.435
Extension 3.51 � 0.93 3.25 � 0.87 �7.4 0.006

Hip
Adduction 4.00 � 0.84 3.83 � 0.86 �4.3 0.001
Abduction 1.91 � 0.93 1.92 � 0.84 0.5 0.930
Flexion 6.08 � 1.90 6.22 � 1.85 2.3 0.472
Extension 2.34 � 1.00 2.26 � 0.99 �3.4 0.395
Internal rotation 0.63 � 0.23 0.56 � 0.20 �11.1 �0.001
External rotation 0.59 � 0.28 0.53 � 0.24 �10.2 0.001

* Moments are the mean � SD weight � height (� 100).
† Percentage change in load when walking barefoot as compared with
when walking in shoes.

WALKING BAREFOOT DECREASES LOADING ON LOWER EXTREMITY JOINTS 2925



substantial precedent for the concept that subtle alter-
ations at the foot may have effects on loading of the
knees. For example, it is well established that the
insertion of lateral wedge orthotics into regular shoes
can induce significant decreases in knee torques (by up
to 5–7%) in subjects with medial compartment knee OA,
and such inserts have been evaluated for potential
therapeutic effects in knee OA (4,5). It is of interest that
in our study, we observed relative load reductions of
nearly 12% at the knee and 4–11% at the hip merely by
walking barefoot, which appears to be substantially
greater than the previous experience with lateral wedge
inserts.

It has yet to be determined what factors or
biomechanical alterations are responsible for the signif-
icant reduction in joint loads during barefoot walking.
Indeed, walking speed has been shown to affect loads at
the joints (15). Subjects in this study maintained equal
speeds during both the with-shoe and barefoot walking
trials. Although stride, cadence, and ROM at the joints
changed, these factors could not explain the observed
reduction in joint loads. There may be several other
differences between with-shoe and barefoot walking that
could account for the noted differences. For example,
previous investigators have suggested that heels on shoes
can increase peak knee torques (12). Most commercial
walking shoes have a partial lift at the heel; thus, the
complete lack of a “heel” during barefoot walking may
be effective at reducing peak torques at the knee.

Another factor is the stiffness imposed by the sole
of most shoes; for example, in examining several differ-
ent types of shoes in a single subject, Bergmann et al
suggested that hard soles may disadvantageously affect
loads at the hip (14). Thus, it is possible that soles of
modern shoes may increase joint torques compared with
the flexible movement of a bare foot. A final explanation
of the biomechanical advantages of barefoot walking
may be attributed to increased proprioceptive input
from skin contact with the ground compared with an
insulated foot contacting the ground. Each of these
possibilities warrants further investigation.

Although the findings in this study are intriguing,
there are limitations that should be recognized. First, the
reductions in joint loads were observed soon after
removing the shoes. Although an attempt was made to
ensure that the subjects had accommodated to the
barefoot conditions and that their gait parameters had
equilibrated prior to the gait analyses, it is possible that
the observed load reductions might not be fully main-
tained after extended periods of barefoot walking. Sim-
ilarly, this study does not account for cultural popula-

tions that may be used to long-term barefoot walking.
Second, it is possible that in OA, disease-specific char-
acteristics, such as greater baseline knee torques, ana-
tomic alterations of the lower extremity (mechanical
axis), or the presence of knee pain, may contribute to
greater sensitivity for the joint loads to be influenced by
walking in shoes. Thus, it is not clear that the loading
changes observed in this population would apply univer-
sally to normal subjects. Finally, the potential clinical
significance of the observed reductions in joint loads,
such as improvement in pain and function with barefoot
walking, would need to be evaluated in a formal inter-
vention trial. Conversely, the contributions, if any, of
modern shoes to OA progression will need to be con-
firmed prospectively.

In summary, this study identified substantial dif-
ferences in gait biomechanics and joint loads during
barefoot walking and walking in shoes in a group of
subjects with symptomatic knee OA. It appears that
patients with medial knee OA undergo significant reduc-
tions in joint loads at their knees and hips when walking
barefoot compared with when walking in their normal
shoes. Since knee OA is mediated in part by aberrant
loading, and since excess loading has been shown to be
associated with pain and disease progression, these data
suggest that modern shoes may exacerbate the abnormal
biomechanics of lower extremity OA. Although further
investigation is necessary to delineate the biomechanical
factors responsible for the notable reductions in joint
loads during barefoot walking, this study suggests that
modern shoes, and perhaps our daily walking practices,
may need to be reevaluated with regard to their effects
on the prevalence and progression of OA.

ACKNOWLEDGMENT

The authors thank Yan Li, PhD (Rush Institute for
Healthy Aging, Chicago), for assistance with statistical analy-
sis.

REFERENCES

1. Sharma L, Hurwitz DE, Thonar EJ, Sum JA, Lenz ME, Dunlop
DD, et al. Knee adduction moment, serum hyaluronan level, and
disease severity in medial tibiofemoral osteoarthritis. Arthritis
Rheum 1998;41:1233–40.

2. Miyazaki T, Wada M, Kawahara H, Sato M, Baba H, Shimada S.
Dynamic load at baseline can predict radiographic disease pro-
gression in medial compartment knee osteoarthritis. Ann Rheum
Dis 2002;61:617–22.

3. Hurwitz DE, Ryals AR, Block JA, Sharma L, Schnitzer TJ,
Andriacchi TP. Knee pain and joint loading in subjects with
osteoarthritis of the knee. J Orthop Res 2000;18:572–9.

4. Pham T, Maillefert JF, Hudry C, Kieffert P, Bourgeois P, Lech-

2926 SHAKOOR AND BLOCK



evalier D, et al. Laterally elevated wedged insoles in the treatment
of medial knee osteoarthritis: a two-year prospective randomized
controlled study. Osteoarthritis Cartilage 2004;12:46–55.

5. Kerrigan DC, Lelas JL, Goggins J, Merriman GJ, Kaplan RJ,
Felson DT. Effectiveness of a lateral-wedge insole on knee varus
torque in patients with knee osteoarthritis. Arch Phys Med Reha-
bil 2002;83:889–93.

6. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et
al. Development of criteria for the classification and reporting of
osteoarthritis: classification of osteoarthritis of the knee. Arthritis
Rheum 1986;29:1039–49.

7. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for
measuring clinically important patient relevant outcomes to anti-
rheumatic drug therapy in patients with osteoarthritis of the hip or
knee. J Rheumatol 1988;15:1833–40.

8. Felson DT, Zhang Y, Hannan MT, Naimark A, Weissman BN,
Aliabadi P, et al. The incidence and natural history of knee
osteoarthritis in the elderly: the Framingham Osteoarthritis Study.
Arthritis Rheum 1995;38:1500–5.

9. Altman RD, Hochberg M, Murphy WA, Jr., Wolfe F, Lequesne
M. Atlas of individual radiographic features in osteoarthritis.
Osteoarthritis Cartilage 1995;3 Suppl A:3–70.

10. Andriacchi TP, Natarajan RN, Hurwitz DE. Musculoskeletal
dynamics, locomotion, and clinical applications. In: Mow VC,
Wilson CH, editors. Basic orthopaedic biomechanics. Philadel-
phia: Lippincott-Raven; 1997. p. 37–68.

11. Moisio KC, Sumner DR, Shott S, Hurwitz DE. Normalization of
joint moments during gait: a comparison of two techniques.
J Biomech 2003;36:599–603.

12. Kerrigan DC, Johansson JL, Bryant MG, Boxer JA, Della Croce
U, Riley PO. Moderate-heeled shoes and knee joint torques
relevant to the development and progression of knee osteoarthri-
tis. Arch Phys Med Rehabil 2005;86:871–5.

13. Kerrigan DC, Karvosky ME, Lelas JL, Riley PO. Men’s shoes and
knee joint torques relevant to the development and progression of
knee osteoarthritis. J Rheumatol 2003;30:529–33.

14. Bergmann G, Kniggendorf H, Graichen F, Rohlmann A. Influence
of shoes and heel strike on the loading of the hip joint. J Biomech
1995;28:817–27.

15. Mundermann A, Dyrby CO, Hurwitz DE, Sharma L, Andriacchi
TP. Potential strategies to reduce medial compartment loading in
patients with knee osteoarthritis of varying severity: reduced
walking speed [published erratum appears in Arthritis Rheum
2004;50:4073]. Arthritis Rheum 2004;50:1172–8.

WALKING BAREFOOT DECREASES LOADING ON LOWER EXTREMITY JOINTS 2927


