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BACKGROUND This study investigated the adverse effects of childhood obesity 
on hip range of motion (ROM) and activity. We hypothesized that the presence of 
obesity at an earlier age, for greater duration, correlates with decreased hip ROM 
and activity compared to ideal weight controls.

METHODS A prospective cross-sectional study of 100 children was performed. 
We defined children as either ideal weight (BMI>5th percentile - <75th percentile) 
or obese (BMI≥95th percentile, >1 year). Children under 14 years of age without 
underlying lower extremity injury, musculoskeletal or systemic conditions were 
included. Standardized hip ROM measurements were recorded for each hip sep-
arately and all subjects completed a UCLA activity score at their ROM recording. 
Measurements were compared across stratified age and weight groups using un-
balanced two-way analysis of variance (ANOVA) via general linear modeling (GLM) 
with an interaction effect for age group * weight group. Pearson’s correlation anal-
ysis investigated the relationships between age, obesity, and ROM. 

RESULTS Two hundred hips in 100 patients (47 male and 53 female) were measured 
at a mean age of 9.1 years (range, 4.1 to 13.8 years). Fifty-nine ideal weight children 
(BMI 43% +20.3) and forty-one obese children (BMI 98.3% +1.1) were measured. 
Significant differences across weight groups were seen in all ROM measurements 
(p ≤ 0.001) except external rotation (in flexion and extension) and abduction in ex-
tension. Obese children were less active than ideal weight controls (UCLA score = 7 
versus 10, p < 0.001). Subgroup analysis in older subjects (>8 years) determined that 
internal rotation in flexion was significantly lower for obese subjects compared to 
the ideal weight group (30.4o ± 7.3 and 40.5o ± 8.8, respectively; p < 0.001).

CONCLUSION Obese children demonstrate significant differences in activity 
and hip range of motion compared to ideal weight children. A dose dependent 
effect may exist, where children who experience obesity at a young age experi-
ence the greatest deviation from normal.

LEVEL OF EVIDENCE Level II Prognostic

KEYWORDS Obesity, femoral retroversion, UCLA activity score, slipped capital 
femoral epiphysis

Over the past twenty years, childhood obesity has more than doubled in children and 
quadrupled in adolescents.1, 2 Obesity is a serious public health problem in children as well 
as adolescents and is the most prevalent nutritional problem for children in the United 
States.3 Some orthopaedic disorders that are unique to childhood also have been suggested 
to be weight related. Retrospective analyses of children with slipped capital femoral epiph-
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ysis (SCFE) and adolescent tibia vara (Blount’s disease) reveal 
overrepresentation of overweight individuals.4 Few prospective 
studies exist that quantify the prevalence and manifestations of 
potentially-weight related orthopaedic conditions in overweight 
children and adolescents.

SCFE is the most common hip disorder of adolescence, with 
prevalence as high as 10.08 per 100,000 observed in the northeast-
ern United States.5 The etiology of SCFE is thought to be multifac-
torial. As the incidence of childhood obesity has increased, so too 
has the incidence of SCFE. SCFE is occurring in greater overall 
numbers,6,7 in children at increasingly younger ages,7 and in the 
form of bilateral SCFE to a greater degree than previously report-
ed.8-10 Decreased femoral anteversion is another predisposing fac-
tor believed to be associated with SCFE and has also been reported 
in higher incidence in children with SCFE.11 Limited prospective 
studies, however, have investigated the changes in proximal fem-
oral anatomy in obese children and adolescents who are asymp-
tomatic in terms of hip symptoms and known pathology. 

The purpose of this study was to investigate the adverse effects 
of childhood obesity on hip range of motion and activity com-
pared to age-matched, ideal weight children. Our hypothesis was 
that the effect of obesity on hip range of motion and activity is dose 
and age dependent, such that obesity when present at an earlier 
age and for a greater duration correlates with a greater alteration 
in range of motion and activity compared to ideal weight controls.

METHODS

After institutional board review, we performed a single hos-
pital, prospective cross-sectional study examining hip range of 
motion and activity in children, divided into two groups based 
on body mass index (BMI, Ideal and Obese weight groups). Ideal 
weight children were defined as those children with a BMI be-
tween 5-75th percentile for the previous two years, while obese 
children had a documented BMI over the 95th percentile for 
greater than one year. Each group of children was further strat-

ified into two chronologic age groups (4-8 and 9-13 years), based 
on previous biomechanical studies on shear stress on the hip.12-14 

Children were recruited from the urgent orthopaedic and primary 
care clinics. Children with an underlying musculoskeletal condi-
tion, history of lower extremity injury (including previous slipped 
hip), or other systemic diagnoses capable of affecting lower ex-
tremity range of motion were excluded from the study. Informed 
consent was obtained for all included patients. 

For each patient, hip range of motion (ROM) measurements 
were performed with a goniometer using a standard technique 
previously described by Sankar et al.15 by one of two authors (BJS, 
BA). Abduction, adduction, hip flexion, internal rotation in flex-
ion, and external rotation in flexion were all recorded in the supine 
position for both right and left hips. Extension, internal rotation, 
and external rotation were recorded in the prone position for both 
right and left hips. In addition, arcs of motion (combination of 
internal and external rotation) in both flexion and extension were 
calculated for each hip. Radiographic hip examination was not 
part of the clinical examination, and during the study period no 
patients experienced a SCFE. 

All patients completed a University of California at Los Ange-
les (UCLA) activity score at the time of ROM measurement, in 
children who were unable to complete the score it was completed 
by their parent (Table 1). The UCLA activity score is a 10-point 
clinician or self-reported questionnaire used to quantify activity 
and function. The UCLA score has been found to be an accurate 
assessment tool for global function and a reliable tool for moni-
toring physical activity and function in large populations.16 While 
initially developed as an adult assessment instrument, it has accu-
rately been applied in the pediatric population.17-19 

All ROM measurements, including arcs of motion, were sum-
marized across weight and age groups by means and standard de-
viations. Measurements were compared across stratified age and 
weight groups using generalized linear modeling (GLM) with a 
general estimating equations (GEE) approach. For each ROM 
measurement, an individual model including interaction effect for 
age group * weight group was developed and analyzed to assess the 

Score Description

1 Wholly inactive, dependent on others, and cannot leave residence

2 Mostly inactive or restricted to minimum activities of daily living

3 Sometimes participates in mild activities, such as walking, limited housework, and limited shopping

4 Regularly participates in mild activities

5 Sometimes participates in moderate activities, such as swimming, or could do unlimited housework or shopping

6 Regularly participates in moderate activities

7 Regularly participates in active events, such as bicycling

8 Regularly participates in active events, such as bowling or golf

9 Sometimes participates in impact sports, such as jogging, tennis, skiing, acrobatics, ballet, heavy labor, or backpacking

10 Regularly participates in impact sports

UCLA activity scaleTABLE 1
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effects of age and weight on each measurement. Recognizing the 
correlation between recording both the right and left hip ROM 
measurements for each subject, we employed the GEE approach 
to control for potential correlation between bilateral measure-
ments on the same subjects. ROM data were complete for all 
subjects and no deviations from normality nor GLM assump-
tions were detected. UCLA scores were summarized by median 
and interquartile range (25th to 75th percentile) due to devia-
tion from the normal distribution. UCLA scores were analyzed 
using a non-parametric Kruskal-Wallis test for age and weight 
group effects. Correlation between ROM measurements and pa-
tient age at time of study, age at onset of obesity, as well as dura-
tion of obesity was analyzed using Pearson’s correlation analysis. 
Duration of obesity was defined as the amount of time over the 
95th percentile limit based on existing hospital records. Sub-
group analysis was conducted to assess the effect of age on ROM 
measurements in the obese subgroup and to compare ROM in 
older subjects across weight groups. All tests were two-sided and 
p-values less than 0.05 were considered significant. 

A random sample of 25 patients from the original cohort was 
selected to test the reliability of the physical examination. Two of 
the authors (BJS, BA) performed independent recordings on these 
25 patients to test interrater reliability using Intraclass Correla-
tion Coefficients (ICC) with 95% confidence intervals. Strength 
of agreement was defined <0.4 as poor, 0.4-0.75 fair to good and 
>0.75 excellent.20 Raters demonstrated excellent agreement with 
the ICC ranging from 0.80-0.92 (Table 2). 

RESULTS

Two hundred hips were measured in 100 patients (47 male 
and 53 female). The mean age of study participants was 9.1 
years (range 4.1 to 13.8 years). The obese group contained 41 
children with a mean BMI percentile of 98.3 (+1.1) and the ide-
al weight group contained 59 children with a mean BMI per-
centile of 43.0 (+20.3). There were no significant differences 
between the two groups in terms of age or gender; however, the 
ideal weight group was composed predominantly of Caucasian 
subjects (73%), while the obese group was composed of pre-
dominantly African-American subjects (66%) (Table 3). No 
significant differences between right and left hips were detect-
ed for any measurement as a group or as individual patients. 
Mean and standard deviation of hip ROM measurements are 
reported for all 200 hips in Table 4. 

Significant differences across weight groups were seen in 
all ROM measurements (p ≤ 0.001) except external rotation 
(in flexion and extension) and abduction in extension (Table 
4). Furthermore, the distribution of activity scores was signifi-
cantly lower in the obese weight group [median 7, IQR (4-10)] 
compared to the ideal weight group [10, (8-10)] based on the 
UCLA activity scores (p < 0.001) (Table 4). There was a signif-
icant difference in arc of motion across weight groups in exten-
sion (p < 0.001) and in flexion (p < 0.001) (Table 5). Age was 
negatively correlated with both the arc of motion in flexion (r = 
-0.30, p < 0.001) and extension (r = -0.32, p < 0.001). Looking 
at younger subjects, there was a significant difference in arc of 

ROM measurement ICC (95% CI)

Flexion 0.92 (0.83-0.93)

Internal rotation in flexion 0.80 (0.31-0.92)

External rotation in flexion 0.87 (0.73-0.94)

Extension 0.83 (0.57-0.92)

Internal rotation in extension 0.91 (0.68-0.97)

External rotation in extension 0.89 (0.76-0.95)

All subjects (N = 100)

Gender (% male) 47 (47%)

Age (years; mean ± SD) 9.1 ±  2.7 Range: 4.1 - 13.8 yrs

Race

Asian 3 (3%)

Black 36 (36%)

White 47 (47%)

Unknown/not reported 14 (14%)

By weight group

Obese subjects (n = 41)

Gender (% male) 21 (51%)

Age (years; mean ± SD) 9.1 ±  2.5 Range: 4.4 - 13.8 yrs

Race

Asian 0 (0%)

Black 27 (66%)

White 4 (10%)

Unknown/not reported 10 (24%)

BMI percentile (mean ± SD) 98.3 ±  1.1 Range: 95.0 - 99.8%

Ideal weight subjects (n = 59)

Gender (% male) 26 (44%)

Age (years; mean ± SD) 9.0 ±  2.8 Range: 4.1 - 13.6 yrs

Race

Asian 3 (5%)

Black 9 (15%)

White 43 (73%)

Unknown/not reported 4 (7%)

BMI percentile (mean ± SD) 43.0 ±  20.3 Range: 5.0 - 74.0%

SD, standard deviation

Intraclass correlation coefficients (ICC) and 95% 
confidence intervals (CI)

TABLE 3

Intraclass correlation coefficients (ICC) and 95% 
confidence intervals (CI)

TABLE 2
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motion in extension across weight groups (p = 0.02) 
but not in flexion (p = 0.13).  In the older age group, 
however, a significant difference in arc of motion was 
recorded for both flexion (p < 0.001) and extension 
(p = 0.01). There was no difference detected in activ-
ity level across age groups (p = 0.20). Multivariable 
analysis determined that the effect of weight group 
was independent of the effect of age group and vice 
versa for all ROM measurements. 

Although the differences in most ROM measure-
ments were negligible across age groups, there was a 
significant relationship between subject age and inter-
nal rotation in flexion. Age at the time of study was neg-
atively correlated with internal rotation in flexion (r = 
-0.24; p = 0.02). In addition, subgroup analysis looking 
at only older subjects determined that internal rotation 
in flexion was significantly lower for obese subjects 
compared to the ideal weight group (30.4o ± 7.2 and 
40.5o ± 8.8, respectively; p < 0.001). Not surprisingly, 
patient age at time of study was positively correlated 
with duration of obesity (r = 0.40; p = 0.009). However, 
duration of obesity as measured by the clinical record 
was not correlated with internal rotation in flexion (p = 
0.24), according to our sampling of the medical record 
to assess for duration of obesity.

All hips
(N=200)

Ideal weight
(N=118)

Obese
(N=82)

Ages 4-8
(N=90)

Ages 9-14
(N=110)

Measure Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Flexion (degrees) 115.8 ± 11.2 120.8 ± 9.1** 108.7 ± 10.1** 123.8 ± 8.2† 118.2 ± 9.1†

Internal Rotation 38.1 ± 9.7 41.3 ± 8.4** 33.5 ± 9.6** 42.3 ± 7.9†† 40.5 ± 8.8††

External Rotation 37.6 ± 8.9 38.3 ± 7.9 36.5 ± 10 39.8 ± 7.9† 36.9 ± 7.8†

Abduction 42.6 ± 10.8 44.6 ± 9.9** 39.7 ± 11.3** 46.2 ± 9.9 43.3 ± 9.9

Adduction 17.8 ± 6.4 19.8 ± 5.8** 14.9 ± 6.1** 21.6 ± 6.6†† 18.2 ± 4.6††

Extension (degrees) -9.3 ± 5.1 -10.6 ± 4.9** -7.5 ± 5** -11 ± 4.2 -10.2 ± 5.3

Internal Rotation 40.4 ± 10.5 43.8 ± 9.9** 35.7 ± 9.5** 46.7 ± 9.5†† 41.4 ± 9.6††

External Rotation 39.9 ± 8.9 40.4 ± 7.8 39.3 ± 10.2 40.8 ± 8.9 40.1 ± 7

Abduction 38 ± 8.2 38.7 ± 7.2 37 ± 9.4 40.9 ± 5.8 36.9 ± 7.8

Adduction 18.8 ± 7.2 20.3 ± 6.7** 16.6 ± 7.5** 23 ± 7.1†† 18.1 ± 5.4††

Activity measurement

UCLA score; median (IQR) 9.5 (7, 10) 10 (8, 10)** 7 (4, 10)** 9 (8, 10) 10 (9.75, 10)

* significant difference across weight group at the 5% level; ** significant difference across weight groups at the 1% level

† significant difference across age groups at the 5% level; †† significant difference across age groups at the 1% level
SD, standard deviation; IQR, interquartile range (25th percentile, 75th percentile)

Range of motion measurements for all hips, by weight group, and by age groupTABLE 4

Arc of motion in Extension Arc of motion in Flexion

All subjects

Ideal weight 84.2 ± 13.5 79.2 ± 13.3

Obese 74.6 ± 15.4 70.0 ± 16.3

Mean difference 9.5** (3.89-15.17) 9.6** (3.82-15.46)

Age 4-8 83.3 ± 14.8 79.2 ± 15.4

Age 8-12 77.4 ± 15.0 72.6 ± 14.7

Mean difference 6.0* (0.26-11.66) 6.6* (0.83-12.31)

Older subjects only

Ideal weight 81.5 ± 13.3 77.5 ± 13.6

Obese 72.0 ± 15.5 65.8 ± 13.5

Mean difference 9.5** (2.04-16.98) 11.7** (4.76-18.64)

* Significant at the 5% level; ** significant at the 1% level

Arc of motion by weight and age groupsTABLE 5
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DISCUSSION

Obesity is a tremendous public health problem in the United 
States and the epidemic of childhood obesity has led to the rec-
ognition of obesity-related childhood and adolescent morbidities 
such as diabetes, hypertension, cardiovascular disease and muscu-
loskeletal comorbidities.21-27 This epidemic has led to a near-dou-
bling in hospitalizations with a diagnosis of obesity between 1999 
and 2005 and an increase in costs from $125.9 million to $237.6 
million between 2001 and 2005.28 Obese children report more 
frequent as well as more severe joint pain and lower extremity 
mal-alignment is more prevalent in obese children.1,29-33 Despite 
our understanding of the general risks associated with childhood 
obesity, there have been limited prospective studies in asymptom-
atic obese children. This study demonstrates that obese children 
experience significant alterations in hip range of motion and ac-
tivity level compared to ideal weight controls. Furthermore, pre-
liminary results suggest that a dose dependent effect may exist, 
where children who experience obesity at a younger age and for a 
longer duration may likely experience the greatest range of motion 
deviations from normal. 

Slipped capital femoral epiphysis (SCFE) is characterized 
by displacement of the capital femoral epiphysis from the me-
taphysis through the physis. While the exact etiology of SCFE 
is unknown, it is thought most commonly to be a combination 
of biomechanical and biochemical factors including obesity, in-
creased femoral retroversion, pituitary axis disorders, and en-
docrinopathies.34 It has been widely accepted to be a disease of 
the obese adolescent.35 The association of SCFE and obesity has 
been found in several countries, including the United States.36 
In 2005, Manoff investigated the correlation between BMI and 
SCFE and found that for those with SCFE, 81% had a BMI per-
centile over 95%.35 Benson et al.37 reported a doubling of the rate 
of SCFE in New Mexico between 1960 and 2008 and noted that 
the rate of obesity in their area had tripled since 1971. A simi-
lar trend was demonstrated in Scotland, where the incidence of 
SCFE increased from 3.78 per 100,000 children in 1981 to 9.66 
per 100,000 children in 2000, representing a 2.5 increase over 2 
decades.7 More recently, Nasreddine et al.38 found that persistent 
obesity after initial slip increased the chances of contralateral 
slippage by 3.5 times compared to children who were able to ob-
tain and maintain a normal BMI. However, the mechanism of 
this increased risk of SCFE among obese children and adoles-
cents has not been clarified prospectively.

In 1953, Dunlap et al.39 suggested that reduced femoral 
anteversion might increase the stress on the epiphyseal plate and 
lead to a SCFE. Although conceptually sound, there has been 
limited further research to support this assertion. Gelberman et 
al.40 examined 25 patients with SCFE and determined the degree 
of anteversion in 39 hips via computed tomography. Only 13 of 
these patients had their examination at the time of presentation, 
the remaining had their examination between one and seven 
years post SCFE. The authors found a mean anteversion for all 
SCFE hips of 1.0° +8° compared to 6.3° +8.2° for the unaffected 
side. While it is clear that femoral retroversion may be associated 
with SCFE, there is no evidence to suggest a cause and effect. 

Studying a small sample of 25 children, Galbraith et al.41 found 
an average angle of femoral anteversion of 10.6° (SD of 8.6°) in 
ideal weight children and 0.40° (SD of 13.0°) in obese children. 
To our knowledge, our study is the first prospective investigation 
in asymptomatic patients with obesity, attempting to measure 
and compare femoral rotation. 

A variety of assessment techniques have been described for 
the measurement of femoral rotation including physical exam 
maneuvers, static biplanar radiography, fluoroscopy, two and 
three-dimensional computed tomography (CT)/ Magnetic Res-
onance Imaging (MRI) and ultrasound.42 Cross-sectional im-
aging scanning is widely considered the most accurate meth-
od for the quantitative assessment of femoral anteversion in 
children.42 However, there is less consensus for measurement 
of femoral retroversion. Botser et al.43 compared the correlation 
between CT, MRI and physical examination measurements for 
femoral anteversion. The authors found a significant correla-
tion between internal rotation determined by clinical exam and 
anteversion calculated by CT scan (r=0.36, P < 0.001). In our 
study, we found that obese children experienced significant 
differences in all ranges of hip motion except external rotation. 
If we extrapolate what we know from the correlation between 
internal rotation and anteversion, one can assume that this 
preservation of hip external rotation correlates with increased 
femoral retroversion in the obese group or a loss of femoral 
anteversion. However, further three-dimensional imaging 
studies on this population are needed to establish the proposed 
correlations between obesity and femoral retroversion.

Biomechanical forces have been shown to contribute spe-
cifically to the regression of femoral anteversion associated 
with normal growth. Growing bone is a dynamic tissue that 
responds to the mechanical stresses and loads placed on it. 
The Hueter-Volkman law states that bone growth is suppressed 
by an additional compressive loading through the immature 
growth plate and that growth is accelerated by tensile forces 
across the growth plate.44 In unaffected gait, the resultant force 
across the femoral head is 6.5 times body weight,13 while in 
obese children every kilogram of weight gained magnifies the 
shear force acting on the femoral head by a factor of 4 to 10, 
depending on activity.45,46 Cadaveric studies have demonstrated 
that the forces necessary to cause displacement of the epiphysis 
in the immature human skeleton are within the range of the 
force that can be generated in overweight children.13 Therefore, 
mild malalignments in the lower extremity coupled with ad-
ditional forces caused by excessive weight secondary to obe-
sity have the potential to cause proximal femoral deformity at 
the physis. This repetitive microtrauma leads to progressive 
growth plate dysfunction that exacerbates the deformity and 
establishes a vicious cycle for the development of SCFE.47,48 Al-
though identifying a relationship between SCFE and obesity 
is beyond the scope of this prospective study, we have demon-
strated that in asymptomatic obese children there is an increase 
in hip external rotation and a decrease in hip internal rotation, 
which appears to be age and duration/dose dependent. We be-
lieve this is the first project to prospectively quantify changes 
in hip motion related to age of onset of obesity. 
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This study is not without limitations. There were higher 
proportions of Caucasian and African-American children in 
the ideal and obese weight groups, respectively. This inequal-
ity represents the challenges associated with prospectively re-
cruiting obese children. We have not been able to identify any 
studies that highlight significant differences in lower extremity 
range-of-motion among races. Our inclusion criteria required 
documented obesity for greater than one year or ideal weight 
for greater than two years, which made it challenging to recruit 
subjects due to sparse medical records for otherwise qualified 
participants, which may have introduced some degree of se-
lection bias. Furthermore, we relied on the medical record to 
determine the duration of obesity. While we recognize that the 
duration of obesity may be underestimated by using the medi-
cal record, all included obese patients had been longitudinally 
followed in our primary care clinic, we believe that the cal-
culated duration of obesity was accurate to within 12 months. 
Despite this limitation, we believe the duration of obesity in-
formation that we have collected in this study is of clinical val-
ue to the reader. While we have demonstrated a negative asso-
ciation between obesity and hip range of motion, it is possible 
that the observed decrease arc of motion could be as a result of 
a protuberant abdomen or pannus rather than a true alteration 
in proximal hip morphology. Finally, as with any range-of-mo-
tion study, there is no ability to differentiate the effects of bony 
versus soft tissue limits on hip range of motion and obesity and 
size of the abdomen could have impacted on our clinical mea-
surements. Without three-dimensional imaging, we can only 
make assumptions about the bone structure, which is why fur-
ther imaging studies on this population are needed.  

While previous authors have demonstrated a correlation with 
femoral anteversion and hip internal rotation,43,49 this has yet to 
be proven for femoral retroversion. Therefore, the second stage of 
this study will be to correlate the degree of rotation observed in 
our typical and obese cohorts with three-dimensional MRI of the 
proximal and distal femur to calculate true femoral retroversion 
angles. We recognize that a lack of three-dimensional imaging is 
a weakness of this study, but to justify this expensive imaging mo-
dality in asymptomatic children we felt necessary to first demon-
strate that a true difference in hip motion and activity existed be-
tween these two cohorts to justify further study. 

In conclusion, this prospective cross-sectional study has 
demonstrated several important findings. Children with doc-
umented obesity (BMI>95% for over 1 year) demonstrate sig-
nificant alterations in activity levels and hip range of motion 
compared to unaffected ideal weight children. These changes in 
activity and range of motion appear to be related to age of onset of 
obesity and duration of obesity, suggesting that early recognition 
of an “at-risk” child is paramount. Further prospective studies in-
vestigating the three-dimensional changes occurring at the prox-
imal femur in obese asymptomatic children will aide physicians 
in stratifying children at risk for slipped capital femoral epiphysis 
and other orthopaedic conditions.

REFERENCES

1. Taylor ED, Theim KR, Mirch MC, Ghorbani S, Tanofsky-Kraff 
M, Adler-Wailes DC, et al. Orthopedic complications of overweight 
in children and adolescents. Pediatrics. 2006 Jun;117(6):2167-74.

2. Krebs NF, Jacobson MS, American Academy of Pediatrics Com-
mittee on N. Prevention of pediatric overweight and obesity. Pedi-
atrics. 2003 Aug;112(2):424-30.

3. Esposito PW, Caskey P, Heaton LE, Otsuka N. Childhood obesi-
ty case statement. Orthop Nurs. 2014 Jan-Feb;33(1):8-13.

4. Neef M, Weise S, Adler M, Sergeyev E, Dittrich K, Korner A, 
et al. Health Impact in Children and Adolescents. Best Practice & 
Research Clinical Endocrinology & Metabolism. 2013;27:229-38.

5. Kelsey JL, Keggi KJ, Southwick WO. The incidence and dis-
trubition of slipped capital femoral epiphysis in Connecticut 
and Southwestern United States. J Bone Joint Surg Am. 1970 
Sep;52(6):1203-16.

6. Lehmann CL, Arons RR, Loder RT, Vitale MG. The epidemiol-
ogy of slipped capital femoral epiphysis: an update. J Pediatr Or-
thop. 2006 May-Jun;26(3):286-90.

7. Murray AW, Wilson NI. Changing incidence of slipped capital 
femoral epiphysis: a relationship with obesity? J Bone Joint Surg 
Br. 2008 Jan;90(1):92-4.

8. Larson AN, Yu EM, Melton LJ, 3rd, Peterson HA, Stans AA. 
Incidence of slipped capital femoral epiphysis: a population-based 
study. J Pediatr Orthop B. 2010 Jan;19(1):9-12.

9. Koczewski P. [An epidemiological analysis of bilateral slipped 
capital femoral epiphysis in children]. Chir Narzadow Ruchu Or-
top Pol. 2001;66(4):357-64.

10. Loder RT, Aronson DD, Greenfield ML. The epidemiology of 
bilateral slipped capital femoral epiphysis. A study of children in 
Michigan. J Bone Joint Surg Am. 1993 Aug;75(8):1141-7.

11. Kordelle J, Millis M, Jolesz FA, Kikinis R, Richolt JA. Three-di-
mensional analysis of the proximal femur in patients with slipped 
capital femoral epiphysis based on computed tomography. J Pedi-
atr Orthop. 2001 Mar-Apr;21(2):179-82.

12. Pritchett JW, Perdue KD. Mechanical factors in slipped capital 
femoral epiphysis. J Pediatr Orthop. 1988 Jul-Aug;8(4):385-8.

13. Chung SM, Batterman SC, Brighton CT. Shear strength of the 
human femoral capital epiphyseal plate. J Bone Joint Surg Am. 
1976 Jan;58(1):94-103.



THE ORTHOPAEDIC JOURNAL AT HARVARD MEDICAL SCHOOL30

Shore et al.

14. Litchman HM, Duffy J. Slipped capital femoral epiphysis: fac-
tors affecting shear forces on the epiphyseal plate. J Pediatr Or-
thop. 1984 Nov;4(6):745-8.

15. Sankar WN, Laird CT, Baldwin KD. Hip range of motion in chil-
dren: what is the norm? J Pediatr Orthop. 2012 Jun;32(4):399-405.

16. Terwee CB, Bouwmeester W, van Elsland SL, de Vet HC, Dek-
ker J. Instruments to assess physical activity in patients with osteo-
arthritis of the hip or knee: a systematic review of measurement 
properties. Osteoarthritis Cartilage. 2011 Jun;19(6):620-33.

17. Mahan ST, Spencer SA, Vezeridis PS, Kasser JR. Patient-re-
ported Outcomes of Tarsal Coalitions Treated with Surgical Exci-
sion. J Pediatr Orthop. 2015 Sep;35(6):583-8.

18. Escott BG, De La Rocha A, Jo CH, Sucato DJ, Karoll LA. Pa-
tient-Reported Outcomes After in Situ Percutaneous Fixation For 
Slipped Capital Femoral Epiphysis: An Average Twenty-Year Fol-
low-up Study. J Bone Joint Surg Am. 2015 Dec 2;97(23):1929-34.

19. Novais EN, Heyworth BE, Stamoulis C, Sullivan K, Millis 
MB, Kim YJ. Open surgical treatment of femoral acetabular 
impingement in adolescent athletes: preliminary report on 
improvement of physical activity. J Pediatr Orthop. 2014 Apr-
May;34(3):287-94.

20. Fleiss JL. Confidence intervals vs significance tests: quantita-
tive interpretation. Am J Public Health. 1986 May;76(5):587-8.

21. Biro FM, Wien M. Childhood obesity and adult morbidities. 
Am J Clin Nutr. 2010 May;91(5):1499S-1505S.

22. Daniels SR, Greer FR, Committee on N. Lipid screen-
ing and cardiovascular health in childhood. Pediatrics. 2008 
Jul;122(1):198-208.

23. Heo M, Allison DB, Faith MS, Zhu S, Fontaine KR. Obesity 
and quality of life: mediating effects of pain and comorbidities. 
Obes Res. 2003 Feb;11(2):209-16.

24. Janke EA, Collins A, Kozak AT. Overview of the relationship 
between pain and obesity: What do we know? Where do we go 
next? J Rehabil Res Dev. 2007;44(2):245-62.

25. McGill HC, Jr., McMahan CA, Herderick EE, Zieske AW, 
Malcom GT, Tracy RE, et al. Obesity accelerates the progres-
sion of coronary atherosclerosis in young men. Circulation. 
2002 Jun 11;105(23):2712-8.

26. Sharma L, Song J, Felson DT, Cahue S, Shamiyeh E, Dun-
lop DD. The role of knee alignment in disease progression 
and functional decline in knee osteoarthritis. JAMA. 2001 Jul 
11;286(2):188-95.

27. Sorof J, Daniels S. Obesity hypertension in children: a problem 
of epidemic proportions. Hypertension. 2002 Oct;40(4):441-7.

28. Trasande L, Liu Y, Fryer G, Weitzman M. Effects of childhood 
obesity on hospital care and costs, 1999-2005. Health Aff (Mill-
wood). 2009 Jul-Aug;28(4):w751-60.

29. de Sa Pinto AL, de Barros Holanda PM, Radu AS, Villares SM, 
Lima FR. Musculoskeletal findings in obese children. J Paediatr 
Child Health. 2006 Jun;42(6):341-4.

30. Stovitz SD, Pardee PE, Vazquez G, Duval S, Schwimmer JB. 
Musculoskeletal pain in obese children and adolescents. Acta Pae-
diatr. 2008 Apr;97(4):489-93.

31. McGraw B, McClenaghan BA, Williams HG, Dickerson J, 
Ward DS. Gait and postural stability in obese and nonobese pre-
pubertal boys. Arch Phys Med Rehabil. 2000 Apr;81(4):484-9.

32. McMillan AG, Phillips KA, Collier DN, Blaise Williams 
DS. Frontal and sagittal plane biomechanics during drop 
jump landing in boys who are obese. Pediatr Phys Ther. 2010 
Spring;22(1):34-41.

33. McMillan AG, Pulver AM, Collier DN, Williams DS. Sag-
ittal and frontal plane joint mechanics throughout the stance 
phase of walking in adolescents who are obese. Gait Posture. 2010 
Jun;32(2):263-8.

34. Weiner D. Pathogenesis of slipped capital femoral epiphysis: 
current concepts. J Pediatr Orthop B. 1996 Spring;5(2):67-73.

35. Manoff EM, Banffy MB, Winell JJ. Relationship between Body 
Mass Index and slipped capital femoral epiphysis. J Pediatr Orthop. 
2005 Nov-Dec;25(6):744-6.

36. Hell AK. [Slipped capital femoral epiphysis and overweight]. 
Orthopade. 2005 Jul;34(7):658-63.

37. Benson EC, Miller M, Bosch P, Szalay EA. A new look at the 
incidence of slipped capital femoral epiphysis in new Mexico. J Pe-
diatr Orthop. 2008 Jul-Aug;28(5):529-33.

38. Nasreddine AY, Heyworth BE, Zurakowski D, Kocher 
MS. A reduction in body mass index lowers risk for bilateral 
slipped capital femoral epiphysis. Clin Orthop Relat Res. 2013 
Jul;471(7):2137-44.

39. Dunlap K, Shands AR, Jr., Hollister LC, Jr., Gaul JS, Jr., Streit 
HA. A new method for determination of torsion of the femur. J 
Bone Joint Surg Am. 1953 Apr;35-A(2):289-311.



Volume 19 June 2018 31

Childhood Obesity: Adverse Effects on Activity and Hip Range of Motion

40. Gelberman RH, Cohen MS, Shaw BA, Kasser JR, Griffin PP, 
Wilkinson RH. The association of femoral retroversion with 
slipped capital femoral epiphysis. J Bone Joint Surg Am. 1986 
Sep;68(7):1000-7.

41. Galbraith RT, Gelberman RH, Hajek PC, Baker LA, Sartoris 
DJ, Rab GT, et al. Obesity and decreased femoral anteversion in 
adolescence. J Orthop Res. 1987;5(4):523-8.

42. Davids JR, Marshall AD, Blocker ER, Frick SL, Black-
hurst DW, Skewes E. Femoral anteversion in children with 
cerebral palsy. Assessment with two and three-dimensional 
computed tomography scans. J Bone Joint Surg Am. 2003 
Mar;85-A(3):481-8.

43. Botser IB, Ozoude GC, Martin DE, Siddiqi AJ, Kuppuswa-
mi S, Domb BG. Femoral anteversion in the hip: comparison 
of measurement by computed tomography, magnetic reso-
nance imaging, and physical examination. Arthroscopy. 2012 
May;28(5):619-27.

44. Arkin AM, Katz JF. The effects of pressure on epiphyseal 
growth; the mechanism of plasticity of growing bone. J Bone Joint 
Surg Am. 1956 Oct;38-A(5):1056-76

45. Bresler B, Frankel JP. The Forces and Moments in the Leg During 
Walking. Trans Am Soc Med Eng. 1950;72:27.

46. Williams JF, Svensson NL. A Force Analysis of the Hip Joint. 
Bio-Med Eng. 1968;3:365-70.

47. Gettys FK, Jackson JB, Frick SL. Obesity in pediatric orthopae-
dics. Orthop Clin North Am. 2011 Jan;42(1):95-105, vii.

48. Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP. Mus-
culoskeletal disorders associated with obesity: a biomechanical per-
spective. Obes Rev. 2006 Aug;7(3):239-50.

49. Ruwe PA, Gage JR, Ozonoff MB, DeLuca PA. Clinical deter-
mination of femoral anteversion. A comparison with established 
techniques. J Bone Joint Surg Am. 1992 Jul;74(6):820-30. 


