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Purpose: The purpose of this article is to describe the orthopedic problems known to be associated with being
overweight or obese during childhood to assist the clinician in the evaluation and management of these
patients. Summary of Key Points: Children who are overweight or obese are becoming an increasing concern
in our society; the number of children and teens described as overweight or obese tripled from 1980 to 2000.
Many problems have been associated with obesity and are well described in the literature, including cardio-
vascular problems, diabetes mellitus, liver complications, cholelithiasis, sleep apnea, and specific types of
cancer. Orthopedic complications are also related to being overweight or obese during childhood. Specifically,
the incidence of spinal complications, slipped capital femoral epiphysis, Blount disease, and acute fractures has
been related to being overweight or obese. Conclusions: Clinicians should be aware of the orthopedic prob-
lems related to obesity to better educate individuals as well as to better treat children with this condition.
(Pediatr Phys Ther 2004;16:230–235) Key words: obesity/complication, child, adolescent, musculoskeletal
abnormalities, epiphyses/slipped, joint deformities/acquired, physical therapy, review literature

INTRODUCTION

The number of people classified as overweight or
obese continues to rise throughout the world.1–3 This is
especially true in countries with established market econ-
omies, including the United States.1 In a survey conducted
in 1999 and 2000 as part of the National Health and Nutri-
tion Examination Survey (NHANES), 30.5% of the 4115
adults in the United States who were surveyed were de-
scribed as obese [body mass index (BMI) �30 kg/m2].4

This was an increase from the 22.9% found in NHANES III
conducted between 1988 and 1994.4 The prevalence of
overweight persons (BMI �25 kg/m2) also increased from
55.9% to 64.5% in this same time period.4

Although the use of a BMI of 30 kg/m2 is recognized
internationally as the cutoff point for adult obesity, there
have been varying definitions of childhood obesity, making
international comparisons difficult.5,6 In 2000, the Interna-
tional Obesity Task Force (IOTF) published the interna-
tional standards of BMI defining the conditions of over-

weight and obesity by gender between two and 18 years of
age, defined to reach a BMI of 25 and 30 kg/m2 at 18 years
of age.5 These standards were based on data obtained from
six large nationally representative cross-sectional surveys
on growth from Brazil, Great Britain, Hong Kong, the Neth-
erlands, Singapore, and the United States with more than
10,000 subjects in each survey.5 Reilly et al7 and Fu et al8

used these standards to compare BMI of 4175 seven year
olds and 623 Chinese children aged six to 11 years, respec-
tively, and concluded that the IOTF standards had low
sensitivity for detection of childhood obesity. Using popu-
lation-specific BMI-for-age charts, they found greater sen-
sitivity in determination of obesity when a BMI in the 95th
percentile was compared with body fat percentage.7,8 Also,
a committee of pediatric experts convened by the Depart-
ment of Health and Human Services9 and the American
Obesity Association (AOA)10 has recommended that chil-
dren with a BMI �85th percentile of a nationally represen-
tative survey be classified as overweight and those with a
BMI �95th percentile be described as obese. A comparison
of the standards established by each of these classification
systems is shown in Table 1. Although these standards
have similar figures, the IOTF generally has higher cutoff
points. For American youths, use of the growth charts de-
veloped by the Centers for Disease Control and Prevention
(CDC)11 and the AOA guidelines10 might be a more sensi-
tive way to detect overweight and obesity.

Regardless of the definition used, overweight and obe-
sity are problems in children and adolescents today. In the
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United Kingdom, childhood obesity has been described as
an epidemic with the frequency of overweight (BMI �85th
percentile) ranging from 22% at age six years and 31% at
age 15 years when data were reviewed from a nationally
representative sample of 2630 English children.12 Obesity
(BMI �95th percentile) ranged from 10% at age six years to
17% at age 15 years in this same sample.12 In the United
States, a survey of 4722 children from birth to 19 years of
age was performed as part of NHANES in 1999 and 2000.13

The results showed the prevalence of overweight (defined
as �95th percentile) as 15.5% among 12 through 19 year
olds, 15.3% among six through 11 year olds, and
10.4% among two through 5 year olds, which compared
with 10.5%, 11.3%, and 7.2%, respectively, in 1988 –
1994 (NHANES III).13 This number tripled for children
and teens aged six to 19 years between 1980 and 2000.13

Among this same survey in 1999 and 2000, the preva-
lence of children at risk of being overweight (defined as
�85th percentile and �95th percentile) was 14.9% for
12 through 19 year olds, 15.1% for six through 11 year
olds, and 10.4% for two through five year olds.13

The multiple consequences related to overweight and
obesity in childhood have been well documented.2,3,14–17

Childhood obesity has been documented as a predictor of
many health problems in adulthood.3,14,15 The primary rea-
son for this association is that being overweight or obese in
adolescence has been associated with an increased risk of
being overweight or obese in adulthood.3,16,17 Obesity in
adulthood has been linked to an increased risk of cancer,2,14

cardiovascular diseases,2,3,14 type 2 diabetes mellitus,2,14

musculoskeletal disorders including osteoarthritis and
chronic back pain,2 and respiratory disorders such as
shortness of breath and sleep apnea.2

Being overweight or obese during childhood also has a
direct effect on health status during childhood.3,14 Some of
the most immediate consequences are psychosocial.14

Children who are overweight or obese are often targets of
discrimination at all ages and a negative self-image often
occurs in the adolescent years.14 Also, medical problems
including cardiovascular conditions,3,14 glucose intoler-
ance and non–insulin-dependent diabetes mellitus,14 liver
complications related to high concentrations of liver en-
zymes,14 cholelithiasis,14 sleep apnea,14 polycystic ovary
disease,14 and orthopedic complications14 have been docu-
mented in children who are obese.

The physical therapy professional who works with
children and adolescents must thoroughly understand the
orthopedic consequences of obesity and potential obesity.
Clinicians may have the opportunity to intervene to edu-
cate and treat children who present with orthopedic prob-
lems. Also, knowledge of problems related to obesity pro-
vides valuable information in the screening and evaluation
process. The purpose of this article is to describe the ortho-
pedic problems known to be associated with the conditions
of being overweight or obese during childhood to assist the
clinician in the evaluation and treatment of these patients.
These problems include spinal complications, slipped cap-
ital femoral epiphysis, Blount disease, and fracture risk.

SPINAL COMPLICATIONS

During growth, children who are overweight and
obese do not increase their spinal bone mineral content to
fully compensate for their excessive weight.18 Goulding et
al18 evaluated bone mineral content in 362 fracture-free
children between three and 19 years of age. They reported
that girls who were overweight had 8% less bone mineral in

TABLE 1
Comparison of Overweight and Obesity Standards as Set by IOTF5 and AOA10

Age
(y)

A B C D

Males BMI
(kg/m2)

Females BMI
(kg/m2)

Males BMI
(kg/m2)

Females BMI
(kg/m2)

Males BMI
(kg/m2)

Females BMI
(kg/m2)

Males BMI
(kg/m2)

Females BMI
(kg/m2)

2 18.4 18.0 18.2 18.0 20.1 20.1 19.3 19.1
3 17.9 17.6 17.4 17.2 19.6 19.4 18.3 18.3
4 17.6 17.3 16.9 16.8 19.3 19.1 17.8 18.0
5 17.4 17.1 16.8 16.8 19.3 19.2 17.9 18.2
6 17.6 17.3 17.0 17.1 19.8 19.7 18.4 18.8
7 17.9 17.8 17.4 17.6 20.6 20.5 19.1 19.6
8 18.4 18.3 17.9 18.3 21.6 21.6 20.0 20.6
9 19.1 19.1 18.6 19.0 22.8 22.8 21.0 21.7

10 19.8 19.9 19.3 19.9 24.0 24.1 22.1 22.9
11 20.6 20.7 20.1 20.8 25.1 25.4 23.1 24.0
12 21.2 21.7 20.9 21.7 26.0 26.7 24.1 25.2
13 21.9 22.6 21.8 22.5 26.8 27.8 25.1 26.2
14 22.6 23.3 22.6 23.3 27.6 28.6 26.0 27.2
15 23.3 23.9 23.4 24.0 28.3 29.1 26.8 28.1
16 23.9 24.4 24.1 24.6 28.9 29.4 27.5 28.8
17 24.5 24.7 24.9 25.2 29.4 29.7 28.2 29.6
18 25.0 25.0 25.6 25.6 30.0 30.0 28.9 30.3

A � IOTF5 BMI cutoff points for overweight at BMI for 2 to 18 year olds defined to pass through BMI of 25 kg/m2 at age 18; B � AOA10 cutoff points
for overweight at BMI at 85th percentile according to CDC growth charts11; C � IOTF5 BMI cutoff points for obesity at BMI for 2 to 18 year olds defined
to pass through BMI of 30 kg/m2 at age 18; ; D � AOA10 cutoff points for obesity at BMI at 95th percentile according to CDC growth charts.11
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their lumbar spine for their bone area, height, weight, and
pubertal development than gender-matched children of
healthy body weight. Girls and boys who were obese had
12% less and 13% less bone mineral, respectively.18

Since the bone mineral content in the vertebrae has
been shown to adapt to increased stress,19,20 these results
require further explanation. One explanation is the me-
chanical properties of the developing spine as compared
with the mature adult spine.21 Growth of the vertebral
bodies occurs from the osseous surface of the cartilagi-
nous epiphyseal plates that cover both the upper and
lower end plates of the vertebra.22 These growth plates
are not protected by epiphyseal bone plates as are the
growth plates of long bones.21 Instead, the vertebral ring
apophyses lie outside the epiphyseal plates and calcify at
about six years of age, begin to ossify at about 13 years of
age, and begin to fuse with the vertebral body mass at
about 17 years of age.23 The children in the study per-
formed by Goulding et al18 had a mean age of 11 years, an
age at which ossification might not have begun,23 ex-
plaining the lack of an increase in bone mineral content
in the vertebrae of children who were heavier and pos-
sible the resulting spinal complications.

Karlsson et al21 concluded that the compressive
strength of the spine and the vertebral bone mineral con-
tent have a close linear relationship. They also noted that
the weakest part of the spinal segment in adolescents is the
growth plate. Although this study was performed by com-
pression of functional spinal units of cadavers (mean age of
16.3 years), these results are important as adolescents have
experienced avulsion injuries of the vertebral end plate,
while adults have more frequently experienced a rupture of
a disc or a vertebral fracture in spinal injuries related to
accidents.24

The developing spine might be more flexible than the
mature spine due to the lack of ossification, but overload
and resultant pain would still seem to be a plausible con-
cern. One consideration in the etiology of low back pain
may be the geometry of bone. The geometry of bone affects
bone strength; wide bones are stronger than narrow
bones.18 In the study of 362 children by Goulding et al,18

both genders showed some adaptive increases in bone min-
eral accrual, while only boys accommodated for their ex-
cessive weight by enlarging projected vertebral bone area.18

Overall, males have wider and larger vertebrae than fe-
males,25 and low back pain is reported less frequently by
adolescent boys than girls.26

Kujala et al27 documented more frequent reports of
low back pain and spinal abnormalities shown on mag-
netic resonance imaging during the adolescent growth
spurt when the dissociations between body weight and
bone mineral content are the greatest. In a group of 1171
children and adolescents, Taimela et al28 reported 10.1%
of the boys and 9.4% of the girls reported low back pain
that interfered with school or leisure activities in the
preceding 12 months. Body weight was not considered
in this study.28 But a review of 65 epidemiologic studies
of low back pain did report that 32% of the 65 reviewed

studies showed a statistically positive link between
weight and low back pain.29 Since obesity is an external
factor that may be controlled, the clinicians should be
active in primary prevention strategies. Limiting exces-
sive adiposity in childhood and adolescence could avoid
excessive loads and stresses on the lumbar spine and
therefore the related complications.

In addition to spinal complications, risks of disease or
injury in the extremities of children with obesity are of
interest to the practicing physical therapist. These include
slipped capital femoral epiphysis, Blount disease, and an
increased risk of fracture.

SLIPPED CAPITAL FEMORAL EPIPHYSIS (SCFE)

SCFE is a change in the anatomic relationship of the
femoral head with its neck and shaft due to an epiphyseal
plate disruption.30 This can occur one of two ways: 1) the
shear force of the capital femoral growth plate increases to
a critical value quickly so the femoral head suddenly sepa-
rates with an epiphyseal cartilage crack or 2) increased
shear force, exerted chronically, causes a gradual slip. Gen-
erally, the direction of the slippage of the femoral head is
inferior and posterior in relationship to the femoral neck;
the femoral head remains in the acetabulum and the entire
limb externally rotates.30 By definition, this disruption oc-
curs before growth plate closure.30

Loder et al31 reviewed the cases of 1630 children
with 1993 SCFE. This was a worldwide collection of data
consisting of 47.5% white, 24.8% black, 16.9% Amerin-
dian, 7.4% Indonesian-Malay, 2.1% Native American/
Pacific Islands, and 1.3% Indo-Mediterranean children.31 The
relative racial frequency of SCFE compared with the white
population (reference of 1.0) was 4.5 for the Polynesian, 2.2
for the black, 1.05 for the Amerindian, 0.5 for the Indonesian-
Malay, and 0.1 for the Indo-Mediterranean children.31 Of the
1630 participants, 671 were girls (41.2%) and 959 were boys
(58.8%).31 The average age for the girls and boys was 12 and
13.5 years, respectively, with the age at diagnosis decreasing
with increasing obesity.31 The child’s weight status (at the
time of the first slip) was known for 1337 children.31 Of these,
51.5% were obese (body weight �95th percentile), 11.7%
were overweight (body weight in 90th to 95th percentile),
8.6% were below average weight (body weight in 10th to
48th percentile), and 4% were underweight (body weight
�10th percentile.)31

As these numbers indicate, body weight may be
strongly associated with the occurrence of SCFE.30–33

Other studies have shown half of the participants with
SCFE were in or above the 95th percentile,32 while Chung30

described a 72% rate of obesity in children with SCFE.
The mechanism of the relationship of obesity and

SCFE is not defined simply by the increased force on the
femoral head secondary to the increased load from an in-
creased body mass.30 Hip abduction increases in those who
are obese; hence, the shear component applied to the cap-
ital femoral growth plate is also increased, resulting in a
higher risk of SCFE.30 Increased body mass exerted on the
epiphysis increases both compressive and shear forces.30
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Another contributing factor is the decreased femoral ante-
version in children who are obese34 as femoral retroversion
is associated with SCFE.35

Obesity may further exacerbate problems in those
with slow skeletal maturation because increased stress is
exerted on a wide growth plate for a longer than the normal
period.30 Loder et al33 also reported that obese children
experience SCFE on average one year earlier than nono-
bese children due to the threshold stress on the proximal
femur physis.

Of those who experience SCFE, bilateral involvement
has been reported as 22.3% by Loder31 in the review of
1630 children worldwide. Of the bilateral cases of sequen-
tial presentation, an average of one year lapsed between the
initial occurrence and the second SCFE.31 During this time,
79 of the 89 children remained at the same weight, five
increased in weight, and four decreased in weight.31

Knowledge of the demographics associated with
SCFE may be helpful to the clinician working with the
pediatric population. The severity of the problems related
to SCFE might be more manageable with weight control as
Chung30 described that 34% of children with slight slip-
page are obese while 72% of children with bilateral slips are
obese. Clinicians should use this information to further
educate patients on the importance of weight management
to help prevent the occurrence of as well as limit the sever-
ity of SCFE.

BLOUNT DISEASE

Blount disease is a skeletal disorder affecting the me-
dial side of the proximal tibial epiphysis and causing a
varus deformity of the tibia.36–38 This developmental con-
dition is characterized by bowed legs and tibial torsion.38

Blount disease is a mechanical response to unequal or
early weight-bearing when physiologic genu varum is at its
peak, causing undue stress on the medial tibial condyle.37,38

In accordance with the Heuter-Volkman principle that in-
creased pressure on a physis inhibits growth, the abnormal
medial weight-bearing force is transmitted across the tib-
iofemoral component and slows the growth of the medial
tibial physis.39 Both infantile and adolescent versions of
Blount disease occur.

Infantile Blount disease affects children between the
ages of one and three years.37 It is bilateral in 60% to 80% of
cases and is characterized by progressive tibial bowing.37

The incidence of infantile Blount disease has not been
widely reported, although a review of 5000 cases of bowleg
by Smith40 found only 37 of these to have Blount disease for
an incidence of �1%. Infantile Blount disease can be easily
differentiated from physiologic bowleg in which the varus
deformity resolves with growth.37 Additionally, the tibia
and femur are both angulated in physiologic bowleg, while
only the tibia is involved in Blount disease.37 The infantile
form affects boys and girls equally, but blacks are more
commonly affected than whites.39,41 Some anecdotal re-
ports of hereditary involvement have been reported42–44

and Meade et al45 noted a positive family history for 14 of 33

patients. This small sample would suggest a genetic cause,
although no hereditary factors have been determined.39

Obesity has been linked with the prevalence and de-
gree of angulation of the deformity in infantile Blount dis-
ease.37,38 Dietz et al38 reviewed 18 cases of children with
Blount disease. Of these, 16 had infantile Blount disease,
and all the patients described as obese (�120% of ideal
body weight) had infantile Blount disease.38 This was a
retrospective study, and therefore the relationship of the
onset of obesity and the onset of the Blount disease could
not be determined, although activity levels of all the chil-
dren were reported to be comparable.38 Dietz et al38 also
noted a correlation between the percentage of ideal body
weight and the angle of the femoral condyles to the tibial
shafts (r � 0.75 among 15 patients who were a mixture of
obese and nonobese and r � 0.90 among nine patients who
were obese). Due to this severity, 12 patients defined as
obese had a total of 26 osteotomies, while the six patients
who were not obese had a total of eight osteotomies.38 The
researchers also noted that no further surgery was needed
in one patient who lost weight after the initial osteotomy,
while others who remained obese had a recurrence of the
deformity leading to further surgeries.38 Aside from this
risk, clinical recovery from surgery would predictably be
simpler in a patient without the added complication of
obesity.

Adolescent Blount disease is less common than the
infantile form.37 It has been linked to occult trauma, infec-
tion, formation of a bony bar, and slowly progressive in-
fantile disease that does not become apparent until adoles-
cence.37 More than 90% of the reported cases have been in
black males who are morbidly obese.36 To determine the
prevalence of adolescent Blount disease, Henderson et al46

selected all the boys on area high-school football teams
who weighed �210 lb. The weight of 210 lb was selected
by researchers because it was the 95th percentile for 18-
year-old males according to National Center for Health
Statistics.46 Of the 1117 boys, 140 boys (80 black and 60
white) met the weight criteria.46 Radiographs of the seven
boys who clinically screened positive showed that two boys
had adolescent Blount disease.46 The resulting prevalence
was 2.5% (two of 80 boys) in the adolescent black male
population described as obese.46

This epidemiology would support the theory that
massive weight gain in adolescents with underlying varus
alignment at the knee could lead to excessive medial com-
partment loading and altered physeal growth.36 However,
Henderson and Greene47 did not find a correlation between
varus static alignment and the development of adolescent
tibia vara. Davids et al36 pursued the hypothesis that an
adolescent who is obese with a normal, neutral static stand-
ing mechanical axis (center of hip joint to center of knee
joint to center of ankle joint) would have dynamic gait
deviations to compensate for increased thigh girth that re-
sulted in increased loading of the medial compartment of
the knee.36 Gait deviations found by three-dimensional
motion analysis included dynamic stance-limb knee varus,
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increased stance-limb knee rotation, and swing-limb cir-
cumduction.36 Pathologic compressive forces were then re-
produced in an anthropometric model by using these gait
deviations and clinically appropriate excessive body
weight.36 The compressive forces generated at the medial
compartment of the knee were considered of sufficient
magnitude to alter physeal growth.36 Although a study us-
ing anthropometric models may have some limitation in
clinical application, the biomechanical theory that the in-
creased dynamic-loading conditions related to the gait
changes, in conjunction with excessive body weight, can
result in forces of sufficient magnitude to alter physeal
growth and lead to tibia vara is plausible. Clinical notice
should also be given to gait patterns in the adolescent pa-
tient, especially those of excessive weight. Attention to BMI
in children and adolescents can serve in primary, second-
ary, and tertiary prevention for those at risk of and those
with Blount disease.

FRACTURE RISK

In a study of girls, aged three to 15 years, a group of
100 who had each recently traumatically fractured a fore-
arm was compared with a group of 100 who were fracture
free.48 The purpose was to determine factors that influence
fracture risk in young girls.48 Results showed that previous
fractures, low total body areal bone mineral density (g/
cm2), and high body weight each independently increased
the risk of new fractures in growing children.48 Also, spinal
volumetric bone mineral apparent density (g/cm3) was a
predictor of new fractures.48 The fracture group had also
previously been shown to be heavier than the control
group with the eight to 19 year olds being 4.7 kg heavier.49

Peak fracture incidence in children coincides with the
growth spurt.50 During this growth period, the metaphyse-
al/diaphyseal density ratio is lowest, and dissociation be-
tween longitudinal growth and mineral accrual increases
bone fragility and alters bone quality and microarchitec-
ture.50 Obesity during this time period may increase the
likelihood of fractures during falls as bone development
does not adequately cope with excess weight.51 This
weight/bone mass imbalance will also place high levels of
stress on growing bones and joints that may result in joint
damage and may contribute to osteoarthritis in later
years.51

Although bone mass is also related to activity, activity
level was no different in the study comparing girls who
were obese with forearm fractures to a control group.49

Lack of exercise may be a factor in the pathogenesis of
obesity, further contributing to a risk of fracture. Also,
children who are overweight or obese may fall with more
force and in a more awkward manner than children who
are of normal weight.48 This has been supported by a study
by Petti et al52 involving 938 six- to 11-year-old children.
Of this group, 21.3% had experienced traumatic dental
injuries from falling; 30.8% of the children who were obese
had experienced a dental injury compared with 20.0% of
the children of normal weight.52 They also found that the

children described as obese were much less physically ac-
tive and almost 40% of the injuries occurred indoors.52

Since reduced physical activity is a large contributing
factor in obesity and adversely affects bone mineral accru-
al,53 promoting exercise is clinically important in the ado-
lescent. By augmenting bone mineral content and reducing
body fat through regular activity, the risk of fracture will
decline.

In addition to these factors, postural stability and bal-
ance have been documented as possible problems in pre-
pubertal boys54 and adolescents.55 McGraw et al54 found
that boys aged eight to 10 years who were obese spent a
greater percentage of the gait cycle in dual stance and had
diminished dynamic stability. Furthermore, a study of 93
boys aged 10 to 21 years supported that adolescents who
are overweight have poorer balance than those of healthy
weight when results of the Bruninks-Osteretsky balance
test and computerized posturography tests were com-
pared.55 These results would again suggest the need to re-
duce obesity to prevent falls and injuries.

SUMMARY

Orthopedic complications related to obesity in adoles-
cents are of interest to the practicing clinician. Both pre-
vention and treatment of these problems need to be ad-
dressed among the pediatric population in the clinic and in
the community.

Although observation in the clinic would seem to in-
dicate that other orthopedic injuries or problems are re-
lated to obesity, no current studies indicate an increased
incidence of lower extremity injuries. Further study in this
area would provide clinicians with a more comprehensive
view of the scope of the problem.

As childhood obesity continues to be a growing prob-
lem, active efforts should be made by physical therapists to
educate children and those providing for them. Clinicians
should participate in controlling obesity and its many com-
plications. The musculoskeletal problems associated with
obesity should be addressed along with the many systemic
problems.
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