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Abstract Obesity is closely associated with a multitude of
musculoskeletal conditions. Many musculoskeletal diseases,
including knee osteoarthritis and foot pain, are commonly
thought to be related to mechanical overload, and the link to
obesity intuitively supports such a notion. Walking is signif-
icantly changed in the presence of obesity—changes that are
similar to those associated with physical disability among
individuals in need of personal assistance in daily life.
However, although obesity, osteoarthritis, and other painful
musculoskeletal conditions exhibit similar changes in loco-
motion biomechanics, longitudinal data that confidently dem-
onstrate a causal biomechanical link between obesity and
osteoarthritis and plantar fasciitis do not exist and are needed
to design better and rational treatments of patients with coex-
istence of obesity and musculoskeletal disorders.
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Introduction

The global epidemic of obesity is well recognized with an
extreme proportion of the adult population being overweight
or clinically obese. In 2008 the World Health Organization
estimated that 1.5 billion people over the age of 20 years
were overweight, and by 2015, more than 700 million

individuals are expected to suffer from obesity. Obesity
has wide-ranging implications on many aspects of health,
including musculoskeletal health. Similar to many muscu-
loskeletal conditions, obesity affects mobility and physical
function, leading to disability and loss of independent life-
style. In this review, we focus on the biomechanical impacts
of obesity on gait and locomotion with special reference to
knee osteoarthritis (OA) and plantar fasciitis.

Obesity and Walking Biomechanics

Walking may seem a simple and easy task to perform but it
is an extraordinarily complex skill that takes years to devel-
op and mature. Biomechanically, walking is a multifaceted
bipedal movement produced by accelerating and decelerat-
ing body segments in a complex and highly organized
manner, resulting in efficient and automated movements of
the limbs.

Mechanically, locomotion is significantly affected by
higher body mass. According to the laws of Newton move-
ment of a greater mass requires generation of greater forces
and moments. Consequently, the metabolic costs of walking
are increased with higher bodymass as the forces and
moments are generated internally by muscle contractions.
Thus, one of the most intuitive gait changes that occur with
increasing body mass is reduced walking speed [1] as a
means to lower the metabolic costs. Both preferred self-
selected walking speed and maximal walking speed have
been reported as lower in obese subjects compared to their
nonobese counterparts and direct negative associations be-
tween body mass index (BMI) and walking performance are
reported [1, 2, 3••]. Lower habitual and maximal walking
speeds are well recognized signs of physical disablement
and the need of assistance in everyday living [4]. Other
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functional aspects of walking performance are also affected
by obesity and overweight. Step lengths, the number of
steps taken during a day together with the daily distance
covered on a day, are all negatively associated with increas-
ing BMI [2].

Besides being the largest joint in the body, the knee is
subjected to enormous forces and moments due to its place-
ment between the two longest bones in the body. The anatomy
of the knee is complex, which reflects the multifaceted me-
chanical demands the knee is exposed to during normal move-
ments and locomotion. Subtle changes in the external
environment or demands can cause dramatic changes in the
biomechanics of the knee during basic human movements,
such as walking. It is therefore no surprise that injuries or
disease to the knee have more profound effects on mobility
and independent locomotion when compared to the other
joints of the lower extremity. Because the articular surfaces
of the distal femur and proximal tibia are geometrically in-
congruent, the dynamic stability of the knee joint is to be
provided by forces from surrounding muscles and soft tissues.
When taking external forces from the ground into account
together with the tight control of body segment movements,
the neuromuscular system is certainly challenged during am-
bulation and with obesity this challenge is increased.

Perturbations (e.g. obesity and/or OA) of the neuromuscu-
lar system create susceptibility to joint dysfunction. For ex-
ample, a slightly more flexed knee when accepting the load
from increased body weight would augment the demand on
the knee extensors (i.e., the quadriceps muscle) to produce an
extensor moment to prevent the knee from collapsing. Being
the major determinant of joint stability and force magnitude
and distribution across the knee joint [5•], dysfunction of the
quadriceps is potentially dangerous [6]. This could create
abnormal joint loadings leading to traumatic structural dam-
age or cumulative tissue overloading.

Increasing BMI in adults leads to major spatiotemporal
modifications in the gait pattern, such as shorter stride
length, lower cadence, increased double support phase,
and greater toe-out angle—all associated with a lower walk-
ing velocity [3••, 7–9, 10•, 11–13]. Such spatiotemporal
modifications allow for longer initial joint rotations, which
may reduce the rate of joint and soft tissue loading [3••].
Obese people also adapt functionally to higher body weight
by lowering the demands of the quadriceps by walking with
less knee flexion during stance [3••]. In obese subjects a
higher BMI was associated with more extended legs [14].
By lowering the sagittal moment arm of the knee, such
kinematic strategy may be adopted to reduce pain and lessen
demands to the antigravity muscles of the legs, while over
time it may lead to muscular dysfunction. Walking with
reduced demands to the quadriceps is a well-known phe-
nomenon in anterior cruciate ligament–deficient knees (a
known risk factor for knee OA) and is termed quadriceps

avoidance gait [15]. The reduced demand on the quadriceps
renders the hamstrings and the lateral ligaments to provide
more dynamic sagittal and frontal knee stability during
walking, challenging the homeostasis in the knee.

DeVita et al. [14] demonstrated that morbidly obese sub-
jects (average BMI 42.3 kg/m2) walk with similar demands
to their quadriceps muscle compared to lean (average BMI
20.8 kg/m2) subjects. Other data point toward greater knee
joint loads in obese compared with normal weight adults
[16], and these higher joint loads can be attributed to the
larger body mass and ground reaction forces. Patients with
knee OA often adopt such quadriceps avoidance gait [17,
18] in an attempt to decrease the forces through the knee
joint—presumably to alleviate pain [19]. Muscular activity
and the proper coordination hereof have been shown to
affect the stability in the frontal plane [20–22] and alter
the load distribution between medial and lateral compart-
ments of the knee [23]. Because obesity and knee OA often
develop together and lead to very similar changes in the
biomechanics of the knee it is difficult to ascertain the causal
relationship between obesity-related mechanical overload
and development of knee OA.

Obesity and Knee OA

OA, the most common form of arthritis [24], affects a large
part of the population, and is a major cause of disability
[25–27]. Objectively, OA is defined as a progressive disor-
der of the joints primarily characterized by gradual loss of
cartilage with concurrent development of bony spurs and
cysts. The diagnosis is clinical—mainly by the presence of
pain—and is most often confirmed by radiography.
Symptomatic OA is defined as the presence of the radio-
graphic features of OA in combination with symptoms
attributable to OA. Among joints affected by OA, the knee
joint is particularly significant, with its importance for am-
bulation and thereby social function of the individual. The
burden of morbidity, primary care visits, and health care
costs associated with knee OA are even higher than more
high-profile diseases such as diabetes, cancer, and cardio-
vascular diseases [28]. In addition, the age-related preva-
lence of knee OA is expected to increase in the future as the
large group of baby boomers gets older.

Obesity and knee OA share pathogenetic phenotypes and
the development of one disease increases the risk of the
other and may trigger the onset of a vicious cycle [29].
Obesity has long been recognized as a risk factor for knee
OA and the relationship was documented for the first time in
the middle of last century [30]. Now, more than 60 years
later we are facing immense and increasing socioeconomic
costs due to the complications associated with OA and the
obesity pandemic.

Curr Obes Rep (2012) 1:160–165 161



Both excess body weight and biomechanics are sug-
gested to play an increasingly important part in both knee
OA initiation and progression. In particular, the pathome-
chanical effects of abnormal joint loadings during walking
have been in focus because of the repetitive high joint
loadings walking creates daily. Obesity and knee OA are
primarily thought to be linked due to excess joint loads that
are thought to be pathogenic and leading to knee OA
[31–33]. Yet, not all obese patients develop knee OA, nor
are all patients with knee OA obese; some obese patients
seem to adapt functionally and/or metabolically and avoid
development of symptomatic knee OA. Thus, the relation-
ships between knee OA, obesity, and biomechanical factors
are complex. Both obesity and knee OA are years in devel-
opment, encumbering research to identify causal relation-
ships between the two. Obesity significantly affects mobility
and walking biomechanics—as does knee OA. Thus, abnor-
mal biomechanics may be both a precursor and a result of
obesity in patients with knee OA.

Etiologically, two main pathways are suggested to lead to
knee OA; a biochemical pathway and a biomechanical path-
way. While this review targets the biomechanical effects of
obesity, the biochemical processes are integrated parts of the
obesity-related knee OA pathology. Although the pathway
by which obesity is primarily thought to cause knee OA is
through excess or abnormal joint loading [32, 34–36], a
causal relationship between obesity-related joint loads and
knee OA development and progression has not been dem-
onstrated. The association between obesity and joint loads
during walking seems mechanically intuitive (ie, higher
body mass results in higher joint loadings) and it is gener-
ally accepted that knee OA is, at least partly, biomechani-
cally driven [36, 37]. However, obesity is also associated
with hand OA in spite of the lacking intuitive link between
excess joint loads and OA in non-weight–bearing joints
[38]. Longitudinal studies that relate knee OA development
and progression to mechanical loading (including those of
overweight and obesity) are very sparse [35, 39], and it is
not possible to confidently link OA to mechanical overload.

Weight Loss in Obese Patients with Knee OA

Theoretically, weight loss could improve dysfunction of the
knee related to OA by virtue of the pain reduction reported
as a concomitant result of weight loss [40]. Recent studies of
weight loss show that the peak knee compressive force can
be reduced more than what can be accounted for by the
weight loss alone [41••, 42]. The study by Messier et al. [42]
showed a 1:4 association between weight loss and reduction
in peak joint load even though the weight loss was moderate
in magnitude (<5 %). In Aaboe et al. [41••], these results
were confirmed reporting a large weight loss (>10 %) and a

1:2 association between weight loss and peak joint load
reduction. Thus, biomechanical adaptations that “off-load”
the knee occur to a higher extent than what can be accounted
for by the mere weight loss, indicating changes in the
neuromuscular coordination strategies used during walking.

Aaboe et al. [41] also reported that the axial knee load
impulse was significantly reduced by 13 % after weight loss.
The axial impulse represents the total or cumulative mechan-
ical load on the knee during one step cycle. These results may
have important implications in that not only the peak knee
loading but also the total cumulative amount of joint loading
exposed to the knee is reduced. However, the clinical rele-
vance of a reduced peak load and axial impulse is currently
unknown as no studies have addressed the long-term conse-
quences of weight loss on knee OA progression.

Weight loss significantly reduces knee OA pain [40, 43],
supporting previous findings that load-reducing interven-
tions attenuate clinical OA symptoms [44–46]. Conversely,
pain relief has been shown to increase knee joint loading
during walking and stair climbing [47–50], which raises
concerns about a counteraction to the joint load reduction.
However, the 2- to 4-unit load reduction with every unit of
weight loss [41••, 42] presumably prevail over any increase
in joint loads due to reduced pain—in particular because the
weight loss studies also encompass changes in symptoms.

Given adequate time, musculoskeletal tissues including
cartilage and bone adapt their properties to gradual changes
in loads [51]. Likewise, in obese people, body weight gen-
erally increases relatively slowly leaving sufficient time for
adaptations in walking strategy to accommodate the addi-
tional loading. Similarly, during a weight loss intervention
body weight decreases gradually over time and the walking
strategy adapts to a lower load.

Thorp et al. showed that bone mineral density in the
proximal tibia varies as a function of joint loading [52,
53]. Moreover, in areas of increased bone mass, density
magnetic resonance imaging reveals bone marrow lesions
in support of the hypothesis that the local density of bone
reflects loading within the knee [54]. Knee loadings in the
medial compartment are also associated with cartilage
defects and larger tibial subchondral bone area, supporting
a biomechanical explanation of the relationship between
morphological changes of bone and knee OA [55]. This is
important because increasing the subchondral bone density
(as in sclerosis) reduces the viscoelastic properties of the
bone and may thereby influence force transmission ability
causing aberrant knee joint loadings.

Obesity and Plantar Fasciitis

The plantar aponeurosis (PA) is a fibrous structure of trian-
gular shape that arises from the medial process of the
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calcaneal tuberosity. From this point it fans out into five
slips that attach to the plantar side of the proximal phalanx
of each toe [56, 57]. During toe extension the PA wraps
around the heads of the metatarsals, thereby pulling the heel
and creating a windlass mechanism that is responsible for
raising the arch of the foot [56, 57].

Chronic plantar heel pain (CPHP) is a generalized term
for a broad spectrum of conditions affecting the heel or the
plantar part of the foot. CPHP includes subcalcaneal bursi-
tis, neuritis, subcalcaneal spur, peripheral nerve entrapment,
fat pad degeneration, and plantar fasciitis [58–60]. It is
estimated that 1 in 10 people will develop CPHP during
their lifetime [60]. The most common cause of CPHP is
plantar fasciitis, which is generally observed in people over
40 years of age and appears to be equally common in both
sexes [61, 62]. The condition is usually diagnosed based on
clinical criteria alone, but can also be detected with the use
of ultrasonography [62, 63]. The most common clinical
feature is pain localized to the medial tubercle of calcaneus,
usually worst in the first few steps in the morning or after
longer periods of rest [59, 63]. The pain is described as
throbbing and often decreases after further ambulatory to
return again with continued weight bearing. Up to 50% of
the patients diagnosed with plantar fasciitis, also have heel
spurs, but these findings seem incidental and does not cor-
relate well with the patients symptoms [59].

The etiology of plantar fasciitis is poorly understood, but
it is believed to have a multifactorial origin, primarily due to
mechanical overload of the PA [56, 63]. This overload and
excessive strain is believed to lead to microscopic tears
within the fascia, provoking an inflammatory repair process
[63, 64]. Studies of histopathological findings have failed to
show evidence of inflammatory infiltrate being present in
chronic forms of plantar fasciitis [63].

Several intrinsic and extrinsic factors have been proposed
to have an effect on the development of the condition. Age,
body weight, BMI, pes planus (low arch), pes cavus (high
arch), subtalar joint pronation, unequal limb length, tibial
and subtalar varum, femoral/tibial torsion, reduced ankle
dorsiflexion/tight Achilles tendon, increased ankle plantar
flexion, weak plantar flexors, and heel pad characteristics
have all been suggested as intrinsic factors. Foot wear,
surface properties, trauma and activity type, level, frequen-
cy, intensity, or duration have all been suggested as extrinsic
factors [63, 65].

In 2006 Irving et al. [61] conducted a systematic review
of the literature that identified associations between intrinsic
or extrinsic factors and the development of plantar fasciitis.
The strongest association was found with BMI greater than
25 kg/m² or presence of subcalcaneal spur. Increased
weight, increased age, decreased ankle dorsiflexion, de-
creased first metatarsophalangeal joint extension, and pro-
longed standing all showed weak associations [61]. More

recent studies [58, 65, 66, 67•] have found similar results. In
a case–control study with 80 participants suffering from
CPHP, Irving et al. [58] found significantly higher BMI in
the case than in the control group (BMI 29.8±5.4 kg/m2 vs
27.5±4.9 kg/m2), and that individuals with CPHP were
more likely to be obese (BMI>30 kg/m2). In a cross-
sectional study of 1411 patients attending an orthopedic foot
and ankle specialist, Frey and Zamora [66] demonstrated a 1.4
times increased probability of being diagnosed with plantar
fasciitis if patients were overweight (BMI>25 kg/m2) or obese
(BMI>30 kg/m2).

The evidence should still be interpreted with caution,
since the association has only been studied in a limited
number of studies thus far, and with a case–control, cross-
sectional, or case-series design.

The establishment of causality is not possible due to the
fact that it is unclear whether increased BMI was present
prior to the development of plantar fasciitis in the studied
populations. To be able to determine a causal effect of
obesity, studies with prospective designs are warranted.
However, it is still plausible that being overweight or obese
might be a risk factor for plantar fasciitis, and it is even
plausible that this association is mediated by mechanical
stress. However, indications of such association have only
been found in a few studies [68, 69], and further research in
this area is needed.

Conclusions

Obesity causes significant changes in the biomechanics
of walking—changes that are very similar to common
changes associated with impaired mobility as a conse-
quence of musculoskeletal diseases. There is no doubt
that obesity is related to a multitude of musculoskeletal
disorders, of which this review has focused on knee OA
and plantar fasciitis. While the epidemiological data
clearly show associations, the causal mechanisms are
very poorly described. Many musculoskeletal diseases
(including knee OA and foot pain) are commonly
thought to be related to mechanical overload, and the
link to obesity intuitively supports such a notion.
However, longitudinal data that confidently support such
mechanistic causalities do not exist and are needed to
design better and rational treatments of patients with
coexistence of obesity and musculoskeletal disorders.
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