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Abstract
OBJECTIVE—Few studies have quantified the prevalence of weight-related orthopedic conditions
in otherwise healthy overweight children. The goal of the present investigation was to describe the
musculoskeletal consequences of pediatric overweight in a large pediatric cohort of children that
included severely overweight children.

METHODS—Medical charts from 227 overweight and 128 nonoverweight children and adolescents
who were enrolled in pediatric clinical studies at the National Institutes of Health from 1996 to 2004
were reviewed to record pertinent orthopedic medical history and musculoskeletal complaints.
Questionnaire data from 183 enrollees (146 overweight) documented difficulties with mobility. In
250, lower extremity alignment was determined by bilateral metaphyseal-diaphyseal and anatomic
tibiofemoral angle measurements made from whole-body dual-energy x-ray absorptiometry scans.

RESULTS—Compared with nonoverweight children, overweight children reported a greater
prevalence of fractures and musculoskeletal discomfort. The most common self-reported joint
complaint among those who were questioned directly was knee pain (21.4% overweight vs 16.7%
nonoverweight). Overweight children reported greater impairment in mobility than did
nonoverweight children (mobility score: 17.0 ± 6.8 vs 11.6 ± 2.8). Both metaphyseal-diaphyseal and
anatomic tibiofemoral angle measurements showed greater malalignment in overweight compared
with nonoverweight children.

CONCLUSIONS—Reported fractures, musculoskeletal discomfort, impaired mobility, and lower
extremity malalignment are more prevalent in overweight than nonoverweight children and
adolescents. Because they affect the likelihood that children will engage in physical activity,
orthopedic difficulties may be part of the cycle that perpetuates the accumulation of excess weight
in children.
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According to the Centers for Disease Control and Prevention 1999–2002 statistics, almost 16%
of children and adolescents have a BMI (kg/m2) ≥95th percentile for age and gender and are
classified as overweight.1 The prevalence of overweight has more than tripled in the past 3
decades;2 concomitantly, the prevalence has increased for many obesity-related comorbid
conditions.3

Orthopedic complications of excess weight in adults include progression of degenerative
osteoarthritis and articular cartilage breakdown,4,5 a decline in physical functioning,6 and
poorer outcomes after orthopedic surgery for obesity-related disorders.7,8 Some orthopedic
disorders that are unique to childhood also have been suggested to be weight related. For
example, retrospective analyses of children and adolescents with slipped capital femoral
epiphysis and adolescent tibia vara (Blount’s disease) reveal overrepresentation of overweight
individuals.9–11 However, few prospective data that quantify the prevalence and
manifestations of potentially weight-related orthopedic conditions in overweight children and
adolescents who are not referred for orthopedic concerns are available. Furthermore, the impact
of such conditions on mobility in overweight children has not previously been examined.

The goal of the present investigation was to describe the musculoskeletal consequences of
pediatric overweight in a large cohort of children who ranged in BMI from normal to severely
overweight. We hypothesized that, compared with nonoverweight children and adolescents,
those who were overweight would experience a significantly greater prevalence of orthopedic
complications, including musculoskeletal pain, fractures, slipped capital femoral epiphysis,
tibia vara, and both valgus and varus lower extremity misalignment. We also hypothesized that
the orthopedic comorbidities that are found in children and adolescents with significant
overweight would hinder their mobility and tolerance for physical activity.

METHODS
Subjects

We studied 355 black and white children and adolescents (198 girls and 157 boys) who were
recruited between 1996 and 2004 either for weight-reduction trials (n = 135) or nonintervention
studies of metabolism and body composition (n = 220) at the National Institutes of Health.
Youth were recruited through notices that were mailed to school children in the Washington,
DC, metropolitan area requesting healthy volunteers; by advertisements in local newspapers;
and, in the case of overweight children who were seeking weight-reduction treatment, by
referral from local physicians. There was no mention of musculoskeletal disorders in any
advertisement. The study was approved by the Intramural National Institute of Child Health
and Human Development Institutional Review Board. Each child gave written assent and a
parent gave written consent for protocol participation.

Protocol
History and Physical Examination—Before initiating any study protocol, each youth
underwent a structured medical history and physical examination that included historical
review of joint-, bone-, and muscle-related complaints; height; weight; Tanner staging for
pubertal development; and a physical examination that included a brief musculoskeletal
examination. Youth were considered overweight when their BMI exceeded the 95th percentile
(as determined by National Health and Nutrition Examination Survey I age-, gender-, and race-
specific data).12 Youth were considered nonoverweight when their BMI was between the 5th
and 95th percentiles. A subset of adolescents (n = 154) also completed an extensive
musculoskeletal review of systems that originally was designed as part of an adverse drug
reaction detection questionnaire,13 which was administered by 2 of the authors (K.A.C. and
E.D.T.).
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Quality-of-Life Questionnaire—A subset of adolescents (n = 183) completed the Impact
of Weight on Quality-of-Life, adapted for use with adolescents (IWQOL-A) questionnaire.
14 The IWQOL-A is a 66-item, self-report, condition-specific instrument that was designed to
measure the perceived effect of weight on quality of life. The original IWQOL has
demonstrated good construct validity, test–retest reliability, and internal consistency.15 The
“mobility” domain of the IWQOL-A includes 10 specific questions regarding physical
limitations related to movement. Examples of questions that are scored under the mobility
domain include, “I have trouble with mobility,” “I have trouble using stairs,” “I feel clumsy
or awkward,” and, “I have difficulty getting up from chairs,” with the 5 possible responses
ranging from, “Always,” to, “Never true.” A higher IWQOL-A mobility subscale score
indicates a greater level of impairment.

Dual-Energy X-Ray Absorptiometry—Body composition was assessed by whole-body
dual energy x-ray absorptiometry (DXA) using the Hologic (Bedford, MA) QDR 2000 pencil
beam or 4500A fan-beam densitometer in 250 youth. Each youth was supine with his or her
feet stabilized in an inverted position. Images were analyzed using eFilm Lite DICOM image
viewer software (Milwaukee, WI). Using the skeletal images produced by the DXA scanner,
we evaluated axial alignment of the lower extremity by measuring the anatomic tibiofemoral
angle (A-TFA) and metaphyseal-diaphyseal angle (MDA) of each youth’s lower extremity to
the nearest degree (Fig 1). The A-TFA is created by lines that are drawn along the longitudinal
axes of the tibia and the femur. The MDA is produced by a line that is drawn perpendicular to
the longitudinal axis of the tibia and a second line that is drawn through 2 beaks of the tibial
metaphysis. Given the predetermined axis of reference, positive values of the MDA and A-
TFA represent degrees of varus alignment. Conversely, negative values indicate degrees of
valgus alignment. Using results from previous studies of standing radiographs,16–21 the
following cut points were used for the limits of normal alignment: MDA between +11 and −11
degrees and A-TFA between +5 and −15 degrees.

Statistical Analysis
Contingency table analyses, multiple regression, and mixed model analyses of covariance were
performed using StatView version 5.01 (SAS Institute, Inc Cary, NC). Results are presented
as mean ± SD unless otherwise specified, with statistical significance set at P ≤ .05. There were
3 primary research outcomes for this investigation: (1) the prevalence of specific orthopedic
conditions (slipped capital femoral epiphysis, tibia vara, gait abnormalities, and joint pain) as
determined by history obtained from overweight and normal-weight adolescents and their
parents; (2) the relationship between body weight and self-reported difficulties with mobility,
as measured by the mobility scale of the IWQOL-A; and (3) the relationship between body
weight and lower extremity alignment in adolescents as determined by DXA scan.

Intra- and interobserver variabilities for assessments of lower extremity alignment on DXA
scan images were determined through calculation of coefficients of variation for each of the
angles from repeated measurements that were obtained from 19 randomly selected youth. The
coefficient of variation measures variability relative to the magnitude of the data and is defined
as the ratio of sample SD to sample mean.

RESULTS
Participant Characteristics

A total of 355 youth, 227 overweight and 128 nonoverweight, were studied (Table 1).
Compared with nonoverweight participants, overweight youth were slightly but significantly
older (11.8 ± 2.9 vs 12.6 ± 2.7 years; P < .001), more likely to be female (P < .01), and more
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likely to be self-identified as black (P < .001). Age, gender, and race therefore were included
as covariates in subsequent analyses.

Medical Chart Review
The medical charts of all 355 participants were reviewed. The prevalence of documented
skeletal fractures was significantly greater in overweight than in nonoverweight children and
adolescents (odds ratio [OR]: 4.54; 95% confidence interval [CI]: 1.6–13.2; P = .0053; Fig
2A). The prevalence of any recorded musculoskeletal pain, including back, hip, leg, knee,
ankle, or foot pain, also was significantly greater in overweight than in nonoverweight
participants (OR: 4.04; 95% CI: 1.5–10.6; P = .0073). The most common documented
musculoskeletal joint complaint, knee pain, was noted in the medical charts of 6.6% of
overweight and 2.3% of nonoverweight youth (OR: 2.95; 95% CI: 0.8–10.4; P = .079). Eighty
percent of the musculoskeletal complaints reported were described by the 242 adolescents,
aged 12 to 18 years, who were taking part (overweight versus nonoverweight: 14.4 ± 1.5 vs
14.4 ± 1.5 years; P = .50); when these adolescents were evaluated separately, the prevalence
of musculoskeletal complaints was significantly greater for the overweight group (18.3% vs
4.8%; OR: 4.41; 95% CI: 1.3–15.0; P = .0096).

There were 3 (1.3%) documented cases of slipped capital femoral epiphysis and 3 (1.3%)
documented cases of Blount’s disease among overweight black male adolescents; the
prevalence of these disorders was similar to that of past reports.9–11 Although none of the
nonoverweight participants had a history of either condition, there were no significant
differences in the chart-documented prevalence of any joint abnormality.

Musculoskeletal Review of Systems
Starting in 1999, a structured musculoskeletal review of systems was conducted with 154
overweight adolescents (mean age: 14.39 ± 1.48 years) and 31 age-matched nonoverweight
adolescents (mean age: 14.64 ± 1.99 years) who were studied under 1 protocol. Consistent with
the medical chart review findings, the most common site of musculoskeletal pain in the
overweight group was the knee, with 21.4% endorsing knee pain as an active problem when
asked directly. Although there were no significant differences in musculoskeletal disorder
prevalence between overweight and nonoverweight adolescents who completed the structured
review of systems, the prevalence of self-reported musculoskeletal complaints tended to be
greater at all anatomic locations in overweight adolescents (Fig 2B).

Quality-of-Life Questionnaire
The IWQOL-A questionnaire was completed by 146 overweight and 37 nonoverweight
participants (mean age: 14.4 ± 1.5 vs 14.1 ± 1.9 years; P = .35). Overweight youth reported
poorer quality of life on the mobility subscale compared with their nonoverweight counterparts
(16.9 ± 6.8 vs 11.6 ± 2.8; P < .001).

Lower Extremity Alignment by DXA
To validate the use of DXA scans for study of lower extremity alignment, we examined
interobserver and intraobserver variability. Nineteen DXA images were randomly selected for
blinded replicate measurements by 2 of the authors (E.D.T. and D.A.W.). Replicate
measurements were significantly correlated both within and between observers (Table 2).
Coefficients of variation for the 2 measures of lower extremity alignment also are given in
Table 2. There was somewhat greater interobserver and intraobserver variability for the MDA
measurements than for those of the A-TFA.
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Lower extremity alignment was studied in 250 youth (91 nonoverweight and 159 overweight)
whose scans were available for radiographic analysis. Scans were not available either because
study participants exceeded the weight limit of the DXA machine (>136.4 kg; n = 58) or
because their scans could not be retrieved from the computerized radiology archive (n = 47).
Youth who were known to have documented Blount’s disease by medical history also were
excluded. Among youth with assessable DXA scans, overweight youth were slightly but
significantly older than nonoverweight participants (12.7 ± 2.6 vs 12.0 ± 2.7 years; P = .045).
Bilateral measurement of the MDAs demonstrated significantly greater degrees of valgus
alignment in overweight children, demonstrated both by a significant negative correlation
between MDA and BMI z score (Fig 3A) and a significantly greater mean angle value in the
overweight compared with the nonoverweight group (mean right MDA: −6.5 ± 4.6 vs −5.2 ±
3.9 degrees [P < .05]; left MDA: −7.2 ± 5.5 vs −4.8 ± 4.0 degrees [P < .05]). The correlation
between A-TFA and BMI z score was not significant (Fig 3B), and mean A-TFAs were not
significantly different between the overweight and nonoverweight groups (right A-TFA: −10.5
± 5.5 vs −9.2 ± 6.0 degrees [P = NS]; left A-TFA: −9.1 ± 6.6 vs −9.2 ± 5.4 degrees [P = NS]).
For both angle measurements, a significantly greater proportion of overweight children had
angles classified as abnormal (Fig 3C); >11% of both MDA and A-TFA measurements were
abnormal in overweight children, whereas <3.2% of each set of angle measurements were
abnormal among children in the nonoverweight group.

DISCUSSION
This cross-sectional study investigated the association between overweight and orthopedic
complications in children and adolescents. We found documented fractures and
musculoskeletal pain to be more prevalent in the overweight pediatric sample compared with
their nonoverweight counterparts by chart review, with similar trends found in a subset of
adolescents who completed a structured musculoskeletal review of systems. Furthermore,
overweight adolescents reported a greater impairment in mobility, and the results of DXA scan
analyses suggested that the overweight group had a greater prevalence of abnormal lower
extremity alignment.

Bone fractures are a frequent problem for children, and their incidence seems to be increasing
in the United States.22 Although overweight in adults23,24 and children25–27 is associated
with greater bone mineral density that might be expected to protect against fracture, the
prevalence of fractures in children who are significantly overweight does not suggest a
protective effect. Leonard et al27 proposed that the observed increase in bone mineral that is
seen in overweight children is not sufficient to overcome the significantly greater forces that
are generated when an overweight child falls on an out-stretched arm. A biomechanical analysis
also has determined that overweight boys fall with much greater force than do nonoverweight
boys and are at a relatively greater risk for fracture at low-fall heights. This finding is significant
because exposure to falls at lower fall heights is most common among the most overweight,
least active children, who do not tend to climb high on play equipment.28

Our finding that overweight children report a significant impairment in mobility compared
with their nonoverweight counterparts may contribute further to their risk for fracture.
Goulding et al29 reported that overweight male adolescents had poorer balance than healthy-
weight adolescents and suggested that the poorer balance of boys with high adiposity may
increase their risk for falling during daily activities, impede their ability to halt their forward
progress once they begin to fall, and subsequently raise their risk for sustaining fractures.29
Therefore, because of their difficulties with mobility and balance, overweight children are at
greater risk for falling from low heights, and because of the weight-related increase in force
that is applied to their bones during such falls, they seem to be more likely to sustain a fracture.
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Using DXA, we also detected a greater prevalence of lower extremity misalignment, mostly
valgus deformity, in overweight children. Although we found statistically significant
differences, it is unclear whether these findings are of clinical significance. However, we
hypothesize that the combination of even a mild malalignment with excess weight loaded
across the joints may be sufficient to contribute to the increased prevalence of musculoskeletal
discomfort that is found in significantly overweight children. Children who are experiencing
musculoskeletal pain and discomfort may be less likely to enjoy and therefore participate in
many modes of physical activity, perpetuating the accumulation of excess weight over time.

This study has a number of strengths because of its prospective design. Whereas some
published investigations have identified retrospectively obesity as a prevalent patient
characteristic in conditions such as Blount’s disease,9,10 our study is one of the few cross-
sectional analyses to explore a large population of overweight children who were not referred
primarily for evaluation of orthopedic concerns.30 The use of multiple modalities to assess the
musculoskeletal status of our youth provided confirmatory evidence for the greater
musculoskeletal difficulties that overweight youth encounter. In addition, a novel technique
using skeletal images that were derived from densitometry scans was used to examine lower
extremity alignment in children without known skeletal or joint abnormalities. Interobserver
and intraobserver correlations and variability coefficients were calculated to validate this
procedure. The high correlation coefficients and general similarity between the inter- and
intraobserver coefficients of variability illustrate that the systematic difference between
observers was comparable to the intrinsic error of a single observer in reproducing these
measures.

There also are limitations to this study. First, because youth did not routinely undergo standing
radiographs, we could not determine conclusively how supine pediatric DXA alignment
measures, although standardized among subjects, would correspond to those of a standing
radiograph, the method typically used for such assessments. However, previous studies (in
nonoverweight individuals) suggest that both lying and standing radiographs can be used to
identify significant misalignments and differ by an average of only 2 degrees.31 It is unknown
whether there are systematic biases in positioning that are caused by overweight; therefore,
additional studies are needed to validate DXA for assessment of lower extremity alignment.
DXA also has limitations in resolution that make it impossible to measure some of the standard
angles that are used for assessment of alignment, including the mechanical axis. Second, our
study did not implement a method to inquire about fracture history details, such as the precise
mechanism of injury. Such data would have been useful in qualifying the correlation between
fracture incidence and daily activities in overweight children. Similarly, additional inquiries
into the severity of musculoskeletal pain and aggravating factors would have been useful in
determining the relationship among joint pain, adiposity, and valgus lower extremity
alignment. Third, although children with a wide range of BMIs were included, the group that
was studied at the National Institutes of Health may not be fully representative of all overweight
children in the United States. Fourth, because the heaviest children (>300 lb) could not be
scanned by DXA, this study may underestimate the prevalence of lower limb deformity that
is present among the heaviest children. Finally, the lack of significant findings from the
musculoskeletal review of systems data may have been attributable to the small sample size
of nonoverweight participants who completed this particular assessment.

CONCLUSION
Our results support the suggestion that fracture risk, musculoskeletal discomfort, and
impairments in mobility may be health hazards of significant overweight in children and
adolescents. Efforts should be made to encourage health care providers’ recognition of the
orthopedic complications of excess weight so that interventions can be initiated. Future studies
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should investigate the biomechanical principles that underlie the increased prevalence of
musculoskeletal pain in obesity. Finally, significantly overweight children and adolescents
should be encouraged to engage in alternative modes of physical activity, such as bicycle riding
or swimming, that potentially could alleviate the severity of lower extremity joint loading and
discomfort.
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Impact of Weight on Quality-of-Life—adapted for use with adolescents

DXA  
dual-energy x-ray absorptiometry

A-TFA  
anatomic tibiofemoral angle

MDA  
metaphyseal-diaphyseal angle

OR  
odds ratio
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CI  
confidence interval
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FIGURE 1.
Measurement of lower extremity alignment. Whole-body DXA scans were used to measure
lower extremity alignment. The MDA was defined as the angle between a line through the
metaphyseal beaks (dashed line) and a line perpendicular to the tibial shaft (A). The A-TFA
was defined as the angle formed by lines through the tibial and femoral shafts (B). In these
sample images, the lower extremities demonstrate a bilateral valgus alignment of 20 degrees
in the left leg and 20 degrees in the right leg, according to MDA measurements.
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FIGURE 2.
Prevalence of fractures and musculoskeletal pain. The prevalence of chart-review documented
fractures and complaints of musculoskeletal (MSK) pain at any anatomic location was
significantly greater in overweight than in nonoverweight youth. aP < .01 (A). The prevalence
of self-reported MSK complaints by a structured symptom questionnaire (B) also tended to be
greater in the overweight group. Fracture history and history of leg pain were not assessed in
the symptom questionnaire. Upper 95% CIs are shown.
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FIGURE 3.
Lower extremity alignment measurements in overweight and nonoverweight children. Linear
correlations between BMI SD score for age and gender (BMI z score) and MDA (A) and A-
TFA (B) as determined using DXA. (C) A significantly greater proportion of overweight
children (□) had abnormal MDA and A-TFA angles compared with nonoverweight children
(■). aP <.01; bP <.05. Upper 95% CIs are shown.
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Taylor et al. Page 13

TABLE 1
Participant Demographics

Nonoverweight (BMI <95th Percentile; N
=128)

Overweight (BMI ≥ 95th Percentile; N
=227)

Gender, %
 Male 54 39
 Female 46 61
Age, y 11.8 ± 2.9 12.6 ± 2.7
Race, %
 Black 27.3 52.9
 White 67.4 46.3
 Other 5.3 0.8
BMI, kg/m2 (range) 19.6 ± 3.5 (12.9–28.3) 36.4 ± 8.9 (19.0–69.0)
 BMI-SD score for age and gender
(range)

0.42 ± 0.85 (−2.29 to 1.63) 2.45 ± 0.36 (1.64–3.41)

Data are mean ± SD unless otherwise indicated. Compared with nonoverweight participants, overweight participants were significantly older (P <.001),
more likely to be female (P <.01), and more likely to be self-identified as black (P <.001).
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