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Abstract

Background—To compare sports-related hip injuries based on sex and age in a cohort of young
athletes.

Methods—5% random probability sample of all new patients’ charts over a ten-year time period
was selected for investigation. The most common hip injury diagnoses, sport at time of injury,
mechanism (acute/traumatic versus overuse), and types (bony versus soft tissue) were compared
by sex and age (pre-adolescent versus adolescent). Descriptive and chi-square analyzes were
performed. The interaction of sex and age with regard to hip injury over time was examined by a
two-way (sex, age) analysis of variance (ANOVA).

Results—2,133 charts were reviewed; N=87 hip injuries. Leading diagnoses for males included
labral tear (23.1%), avulsion fracture (11.5%), slipped capital femoral epiphysis (11.5%),
dislocation (7.7%) and tendonitis (7.7%). Leading diagnoses for females were labral tear (59.0%),
tendonitis (14.8%), snapping hip syndrome (6.6%), strain (4.9%) and bursitis (4.9%). Five most
common sports/activities at time of hip injury were dancing/ballet (23.0%), soccer (18.4%),
gymnastics (9.2%), ice hockey (8.1%), and track and fields (6.9%). Growth/maturation by sex
showed a greater proportion of the total hip injuries (38.5%) compared to females (8.2%) during
pre-adolescence (5-12 years). However, in adolescence (13-17 years), hip injury proportion was
significantly greater in females (91.8%), as compared to males (61.5%; ~£<0.001). Injury
mechanism and type differed by sex with females sustaining more chronic/overuse (95.1%) and
soft tissue type injuries (93.4%), as compared to males (50.0% and 53.8%, respectively; £<0.001).
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Females were found to have a sharper increase in hip injury proportion as they progress through
puberty as compared to males (ANOVA sex-by-age interaction; £<0.001).

Conclusions—Hip injury mechanism and type differed significantly between males and females
during growth. Notably, the proportion of hip injuries in the young female athletes showed a
significantly greater increase with advancing age as compared to males. Hip injuries in children
and the interplay with growth, as it relates to injury predisposition, requires further investigation in
order to facilitate efforts aimed at prevention.
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INTRODUCTION

The anatomic and biomechanical considerations for hip injuries in athletes are among the
most complex in the musculoskeletal system, making clinical decisions surrounding the
diagnosis and treatment of these injuries very challenging. Hip disorders in young athletes
are increasingly recognized as a cause of dysfunction and disability.1 Skeletally immature
and actively growing athletes present the clinician with an added layer of diagnostic
difficulty surrounding hip injuries. These athletes may be at increased risk of injury due to
imbalances among neuromuscular control, strength, and flexibility. Micheli originally
discussed this phenomenon, stating that children may be more susceptible to overuse injury
than adults due to ongoing bone development, the presence of growth cartilage and the
physical maturation process itself.>* Notably, between the ages of 6 and 14 years, the
increase in limb mass is double the increase in limb length, which may contribute to an
imbalance of forces resulting in decreased lower extremity control and function.>® Young,
actively growing female athletes, have additional biomechanical risk factors that set them
apart from males with regard to injury risk stratification. Several investigations have
demonstrated that post-pubertal female athletes exhibit different mechanics compared to
males during landing and pivoting movements that likely increase injury risk.>2% A working
knowledge of the injury spectrum of hip pathology afflicting young athletes, along with an
understanding of the biomechanical changes of the morphing body during puberty, is
required to accurately appreciate the injury profile and pathophysiology inherent to hip
injuries in youth sports.

Along with the developmental changes that occur during childhood, a potentially unsafe new
trend in the culture of youth sports is emerging which adds to injury risk. Young children are
playing sports with increased intensity and specialization, starting as early as age 6 to 8
years. In the United States, participation in organized sports has increased from
approximately 9% of children 6 years and younger in 1997, to 12% in 2008."® No evidence
currently exists in support of the notion that intense sports participation, specialization, and
practice before puberty are necessary to achieve elite staltus.20 Increased sports involvement
of children from an early age, particularly through the years of growth and development,
raises a concern about the risk and severity of injury during this formative period of time. A
new report has shown that early sport specialization of female adolescents is associated with
increased risk of anterior knee pain disorders, when compared to multi-sport athletes.”!
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Additionally, early sport specialization was found to be an independent factor for increased
L L 22 . S .
athletic injury risk in young athletes.” However, reliable epidemiological data focusing on

hip injuries in children is very sparse in the literature at this time.

Athletically related hip and groin injuries are not as common as other lower extremity
injuries, especially the knee and ankle joints.23 Epidemiological studies of high school
athletes have shown that hip injuries comprised approximately 5% to 9% of the total
athletically related injuries.zﬂ"25 Another recent study, which included 268 female middle
school athletes, showed that hip injures made up only 1% of the total injuries in this
particular cohort.26 Athletic injuries associated with the hip, especially in the pediatric
population, have not been studied in detail. Therefore, the primary purpose of this study is to
investigate the effect of gender and growth in a cohort of young athletes with hip injuries
abstracted from a larger data-base of athletes with all types of injuries presenting to a
pediatric based sports medicine clinic over a ten year time period.

MATERIALS AND METHODS

Participants

All 5 -17 year old patients who visited the Division of Sports Medicine between 2000 and
2010 (10 years; 1/1/00 -12/31/09) were initially identified. There were a total of 121,047
patient visits from which a 5% probability sample was randomly selected. To obtain the 5%
of probably random sample, “sample” command in Stata (StataCorp, College Station, Texas)
was used. Due to time and money constraints, roughly two-thirds of the 5% sample of charts
were reviewed and coded. Six research assistants performed a medical chart review from the
identified subjects. The inter-coder reliability was examined using Krippendorff o to ensure
quality of search and coding process, and the observed a value was 0.721, which was above
the level of a(:ceptability.27

Data Inclusion, Exclusion, and Extraction Process

For a patient's injury to be included, the injury had to be coded as “hip” for body part/
location and sustained during sports participation. The medical chart had to contain all
variables under study purposes: sex, age, diagnosis, sports, injury mechanism (acute/
traumatic versus overuse), and injury type (bony versus soft tissue). In cases when the final
diagnosis was questionable, medical records were further reviewed, and the final diagnosis
was confirmed by a primary care sports medicine physician. Exclusion criteria included all
injuries sustained as a result of accidents that occurred during activities of daily living (e.g.,
falling down the stairs or falling off a bike while riding recreationally), injuries for which the
activity at the time of injury was not specified, and cases where the patient had an
underlying congenital disorder (e.g., Osteogenesis Imperfecta or Sickle Cell Disease).
Injuries in this study cohort that were coded as “pelvis” were excluded from this analysis.
Based on the inclusion and exclusion described above, those eligible medical charts were
extracted for the data analysis.
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Data Reduction

Anthropometric measures such as age, height, and weight were also extracted from the
reviewed medical records, and body mass index (BMI) was calculated from the height and
weight recording in the medical record as weight in kg/height in m2. BMI categories were
created using cutoffs for children and teens provided by the Centers for Disease Control and
Prevention.28 To investigate growth by sex comparison of hip injuries, age was used to
characterize the patient as either 5-12 years or 13 -17 years. Age categories were selected
based upon national data on pubertal status in children and adolescents.zg,30 Additionally, to
examine mechanism and type of hip injury based on sex, mechanisms were categorized as
acute/traumatic versus overuse, and type of hip injury was stratified by bony versus soft
tissue.

Statistical Analysis

The frequency of common hip injuries and sport participated in at the time of injury were
analyzed by descriptive statistics. The top five diagnoses of hip injuries were reported for
males and females separately. To investigate the frequency of hip injuries based on defined
categorical variables including age group, mechanism of injury (acute/traumatic versus
overuse), and type of injury (bony versus soft tissue), chi-square (2) was used. Hip injuries
for children ages 5 -17 years were compared between females and males using a generalized
linear model (GLM) with a binomial distribution and logit link function. This model was
selected because the study cohort of hip injuries was abstracted from a larger data set of all
types of injuries sampled over a ten year time period from sports medicine clinic. Therefore,
data for this calculation represent counts of hip injuries to total sports injuries x 100%.31 A
two-way analysis of variance (ANOVA) was used to compare the proportion of hip injuries
to total injuries between males and females across the range of ages (sex, age), and the
interaction of sex and age with regard to hip injury over time was examined. Goodness-of-fit
of the two-way ANOVA model was judged by the Akaike information criterion and the
slope comparison was assessed by the sex-by-age interaction term using the Wald chi-square
test on one degree of freedom.g'2 Age was treated as a covariate in the model and 95%
confidence intervals were calculated for the proportion of hip injuries to total injuries based
on age for each sex. Statistical analysis was performed using IBM SPSS Statistics (version
21.0, IBM, Armonk, NY). Statistical significance was established using a priori criteria of
two-tailed A<0.05.

RESULTS

From the 121,047 total patient visits over the study time period, a total of 2,133 charts were
reviewed from which 87 hip injuries were aggregated and analyzed (Figure 1). Mean and
standard deviation by sex were calculated for anthropometric information including age,
height, weight, and BMI (Table 1). The leading hip injury diagnosis for both the females and
males in this study cohort of young athletes was acetabular labral tear. Fifty-nine percent of
the injuries in female athletes were labral tears as compared to 23% in male athletes. Other
leading diagnoses for the females included tendonitis (15%), snapping hip syndrome (6%),
muscle strain (5%), and bursitis (5%) (Figure 2). The other leading diagnoses for the males
were bony in nature including avulsion fracture (11%), slipped capital femoral epiphysis
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(11%), hip dislocation (8%) and tendonitis (8%) (Figure 3). The top five hip injuries in both
females and males are labral tear (48%), tendonitis (12%), snapping hip syndrome (6%),
strain (6%), and bursitis (5%) (Figure 4). The five most common sports participated in at the
time of hip injury for males and females were dance/ballet (23.0%), soccer (18.4%),
gymnastics (9.2%), ice hockey (8.1%), and track and field (6.9%).

Growth by sex comparison revealed that males showed a greater proportion of the total hip
injuries during the younger 5-12 year range. However, during adolescence females sustained
a significantly greater proportion of the hip injuries (Table 2). Injury mechanism and type
differed by sex with females sustaining more overuse and soft tissue type injuries, as
compared to males (Table 2).

The GLM model indicated an interaction between sex and age. Although the proportion of
hip injuries (hip injury / total injury ratio) in males ranged from 2-4% over the years, hip
injuries in females showed a steady increase as they become older. (Wald chi-square = 10.94
on one degree of freedom, A<0.001). The change in the slope of hip injury / total injury ratio
as age advances through puberty into adolescence shows that females have a steeper increase
over this time period when compared to the males with hip injuries (Figure 5).

The correlation coefficient analysis between BMI and number of hip injuries showed a weak
correlation (r=0.43 and r2:0.19)33 and no statistical significance (£=0.33).

DISCUSSION

The current literature is sparse in regards to reliable epidemiologic studies on hip injuries in
skeletally immature athletes. The current study of a cohort of young athletes aged 5-17 years
with sports related hip injuries, supports the notion that injury patterns are sex specific
throughout growth and maturation.

Hip injuries sustained by the males in this study cohort tended to be more bony and acute in
nature when compared to the females (Figure 2, 3). Avulsion fractures and slipped capital
femoral epiphysis were the second and third leading diagnoses for the males respectively
(Figure 3). These bone related diagnoses for females, in comparison, did not make the list of
leading hip injuries (Figure 2). Avulsion fractures are a common injury type in skeletally
immature athletes and are most common in the pelvis and lower extremities.>* The classic
injury pattern in adolescents results from a sudden forceful contraction of the
musculotendinous unit during sport when kicking, running, or changing direction.
Consistently, approximately one third of all hip injuries in this cohort were from
participation in soccer, ice hockey, or track and field, sports that require rapid starts and
stops. Within these three sports, the majority of hip injuries sustained were by the males.
This injury profile in young males is likely reflective of the strength and flexibility
imbalances that develop during the pubertal growth spurt.

In comparison to the males, the females sustained hip injuries from activities that fall within
the performing arts category, such as dance/ballet and gymnastics. Approximately one third
of the total hip injuries in this cohort were a result of participation in these two activities.
The interplay between activities that use extreme ranges of motion of the hip and require
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exceptional flexibility, with regards to the injury profile in females, has yet to be investigated
in great detail. The results of this study found that roughly 1/5 of the young females
sustained injuries classified as tendonitis or snapping hip. The anterior and or lateral
snapping hip of the dancer is an extremely common overuse injury in this population. This
clinical sign of iliopsoas snapping is often painless, and viewed as harmless in nature, by
most athletes. However, this ‘audible alert’ too often precedes a significant overuse injury,
resulting in marked time loss from sports participation and competition.35

Acetabular labral tears were more common in females, as compared to males. This sex
difference in hip injury patterns may not be entirely unexpected. Males and females have
different hip anatomy, strength, movement and muscle activation patterns. Studies in healthy
subjects have demonstrated sex-specific differences in normal acetabular and femoral
structure.?ﬂ'39 These structural sex-specific differences may contribute to hip impingement
and subsequent labral pathology. In athletes with femoroacetabular impingement (FAI), cam
impingement is more common in young males, whereas pincer impingement is more
common in middle-aged females.40 Within the same category of FAI, Clohisy and
colleagues reported that male hips with pincer FAI have decreased head-neck offset, and an
aspherical femoral head, while female hips have increased acetabular inclination, and a
cross-over sign.41 Sports such as dance, cheerleading, figure skating, and gymnastics are
often female dominated, and consist of athletes who may have a mild amount of dysplasia
and/or soft-tissue laxity, and subject their hips to supra-physiological motions because of the
demands of their sports.42 Dynamic pincer impingement can occur in cases whereby the
osseous morphology of both the femoral head and acetabulum are normal but the demands
of motion are extreme, causing acetabular rim overload and labral injury.43v44

One of major findings of our analysis is that the proportion of hip injuries in the young
female athletes showed a significantly greater increase with advancing age as compared to
the males in this cohort. (Figure 5) The increased number of athletically related injuries in
the female population during pubescence has been reported in the knee.45 During
maturation, the females experience a series of anatomical and hormonal changes, and as a
result, body composition changes. Two studies that focused on identifying risk factors for
traumatic knee injury identified that BMI was a risk factor.*®*” Another study reported that
increased body fat from pre-pubescence to pubescence in female athletes is associated with
increased risk of future traumatic knee injury.48 However, there was no correlation between
BMI and hip injury that we found in this study. This may be related to the high number of
dancers who are habituated to maintain a low BMI to meet the demands of the discipline.

Differences in movement patterns between males and females may contribute to the different
injury rate in adolescence. In general, females demonstrate greater peak hip adduction and
internal rotation than males."®**->* These sex characteristics could stem from differences in
muscle strength or muscle activation patterns. Females tend to have weaker hip abductors
and external rotators™ indicating that they may be less able to control adduction and internal
rotation. Females also demonstrate different hip muscle activation patterns compared to
males.S?"55 Biomechanically, this injury pattern may be related to widening and increased
anterior tilt of the pelvis, weak abdominal musculature, and lengthening of the spine and

lower extremities during growth and maturation. Although the current evidence for these
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differences is primarily in post-adolescent athletes, similar movement pattern differences
may exist in adolescence.

Several limitations are inherent in the study design. The current data was obtained from a
division of a large, pediatric tertiary hospital. Thus, the results may not be generalizable for
other clinical settings. A fairly large proportion of charts were discarded due to incomplete
data (15.2%) and pre-and co-existing conditions (16.2%; Figure 1), limiting the extent of
data analysis that was initially intended. The incidence of hip injuries cannot be determined
due to the lack of athletic exposure data.

CONCLUSIONS

This project was designed to analyze a random sampling of pediatric hip injuries seen in a
tertiary level pediatric medical center over a 10 year time period. The young males tended to
sustain hip injuries that were bony in nature, in contrast to females whose injuries tended to
be more soft tissue. The young female athletes with hip injuries in this study were found to
have a propensity toward overuse hip injuries, as compared to the young males whose
injuries tended to be more acute/traumatic. Additionally, the proportion of hip injuries in the
young female athletes showed a significantly greater increase with advancing age as
compared to males. Future research is needed to characterize the osseous anatomy, and
investigate physical characteristics and biomechanical profiles in young athletes with hip
pathology. Hip injuries in children, and the interplay with growth and activity choice, require
further understanding in order to move prevention efforts forward.
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Table 1

Age, height, weight, and BMI of patients with hip injuries (N=87) by sex

Female(N=61) Male(N =26)

Age (years) 153+18 134+32
Height (cm) 1625+7.8 166.8 + 16.7
Weight (kg) 56.0 + 8.4 63.8 + 20.6
BMI 21.1+31 23841
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Table 2

Page 17

Comparison of hip injury age category and type (acute/traumatic versus overuse; bony versus soft tissue) by

sex

Age category (%)
5-12 years old
13-17 years old
Chi2(df), p-value
Injury type (%)
Acute/Traumatic
Overuse

Chi2(df), p-value
Bony/soft tissue (%)
Bony

Soft tissue

Other

Chi2(df), p-value
Total N

Female Male

5(8.2%) 10 (38.5%)
56 (91.8%) 16 (61.5%)
11.702(1), <.001

3(4.9%) 13 (50.0%)
58 (95.1%) 13 (50.0%)
24.686(1), <.001

4(6.6%) 10 (38.5%)
57 (93.4%) 14 (53.8%)
0(0.0%)  2(7.7%)
19.726(2), <.001
61 26
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