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Structured training volume in early adolescence:
a risk factor for femoroacetabular impingement?
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Introduction: To determine whether athletes undergoing surgical intervention for FAI completed
more hours of structured training in adolescence
than matched healthy athletes.
Methods: Sixty-seven athletes (25.53 ± 4.8 years)
undergoing surgical intervention for symptomatic
FAI were asked to recall the number of hours engaged in structured training between the ages of
10-12 and 13-15 years old (FAI group). Results
were compared to an age (24.56 ± 4.5 years), gender and activity level matched control group
(n=71) with no history of chronic hip/groin pain or
hip stiffness and who were currently engaged in
similar levels of training and competition.
Results: The FAI group reported significantly
more structured training hours between the ages
of 10-12 years than controls (6.55 ± 3.1 versus
5.69 ± 3.7 hrs/week, p=0.02) but no differences
were observed for training volume between the
ages of 13-15 years (8.45 ± 3.4 vs 8.03 ± 3.7
hrs/week, p=.397).
Conclusion: Higher volumes of structured training in early adolescence are a potential risk factor
for the development of symptomatic FAI later in
the player pathway.
Level of evidence: IV.
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Femoroacetabular impingement (FAI) is a cause for
major concern among young male athletes, caused
by excessive bone growth on the femoral head-neck
junction and/or the acetabulum of the pelvis. FAI is
characterised by insidious anterior groin pain with
gradual loss of hip motion and function1,2, often exacerbated by bouts of physical activity3. FAI has been
previously identified as a risk factor for the early development of osteoarthritis of the hip 4-6 . Surgical
treatment to remove the impinging bone (Fig. 1) and
repair underlying tissue has been reported as a successful treatment option1,2,7-9. While the research regarding diagnosis and treatment has grown substantially over the past 15 years, the aetiology of the condition remains unclear. However, a limited amount of
research has explored the concept of increased physical activity during bone growth as a risk factor for the
development of a bony deformity which later becomes symptomatic as physical activity intensifies.
Two retrospective10,11 and two prospective12,13 studies have been carried out and a common theme
emerging from the research shows athletes of 12
years of age or younger appear to be particularly at
risk of developing an abnormal bony morphology. Differences in mechanical function among adolescent
athletes, compared to non-athletic controls have been
reported, with reductions in internal rotation evident
as young as 13, which gradually worsened as the
athletes increased in age13. This highlights the potential risk for further loss of function and gradual progression to symptomatic FAI later in the player pathway.
One key limitation with existing research is that the
linkage between symptomatic FAI and volume of
training during adolescence using athletes requiring
treatment has not been assessed. This may be of
greater practical significance as individuals solely
presenting with radiological cam impingement can often present with no symptoms 14. Existing research
has examined the influence of physical activity on development of abnormal bony morphology in asymptomatic cohorts; no research has previously identified
the effect of intensity of physical activity on development of symptomatic FAI requiring surgery. The aim
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Figure 1 a. Alpha angle with bony deformities prior to surgery. b. Alpha angle following surgery with deformities removed.

of this study was, therefore, to examine the volume of
structured training volumes undertaken during adolescence in a group of athletes who developed symptomatic FAI and compare this to a matched athletic
control group.

Materials and methods
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Recruitment
Ethical approval for the research was granted by the
WIT Research Ethics Committee and adhered to the
standard principles of clinical based research15. Sixty
seven male athletes between the ages of 18-35 undergoing surgical intervention for symptomatic FAI by
an experienced orthopaedic surgeon (PC) were recruited. Exclusion criteria included those with a pres-

ence of osteoarthritis (OA) on radiograph, a secondary injury other than FAI and prior surgical treatment for the condition (Fig. 2). An age, gender and
activity matched control group (n=71) was recruited
from local sporting clubs, following the exclusion of
those with a history of hip or groin pain/stiffness exacerbated by physical activity, or previous treatment
for FAI. Patients presented to the surgeon with symptoms in keeping with FAI; a history of activity-related
anterior groin pain/stiffness, a positive FADIR test
(flexion, adduction and internal rotation) and decreased levels of adduction and internal rotation (at
90o flexion). Confirmation of the FAI was determined
using standardised X-ray evaluation including AP
Pelvis, 90 o Dunn and false profile views. Cam impingement was defined by an alpha angle >55o (Dunn
view) or >65o (AP view). Pincer lesions were defined

Figure 2. Recruitment of patients and controls.
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A total of 67 patients and 71 controls were recruited
for the study (Tab. I) with no significant differences
between the groups with regard to age, body mass or
height. The different sports engaged in by both
groups at the time of the study are listed in Figure 3.
Thirty-six of the patients were diagnosed with unilateral impingement with the remaining 31 having bilateral impingement. There were three cases of isolated
cam impingement, 13 patients with pincer impingement only and the remaining patients had combined
impingement (n=51). A significant difference
(p=0.020, effect size = 0.25) was found between the
patients and controls for the average structured
weekly training/competition hours reported in the 1012 age range (6.55 ± 3.1 and 5.69 ± 3.7 hrs/week for
patients and controls, respectively) (Fig. 4). However,
there was no significant difference (p=.397, effect
size = 0.12) observed for training/competition hours
between groups for the 13-15 years age range (8.45
± 3.4 vs 8.03 ± 3.7 hrs/week). Both groups reported a
significant increase in training hours from the 10-12
to the 13-15 age range (p<0.001). Finally, the patient
group had significantly lower levels of flexion (4%),
abduction (25%) and internal rotation (38%) compared to the control group (Tab. II).

io
ni
In
te
r

Measures
To increase the accuracy of recall, both groups were
first asked to list the different sports played which required structured, organised training between the
years of 10-15. They were then asked to quantify the
average weekly hours spent engaged in structured
training (“structured training” includes both training
and competitive matches) for the sports listed at the
latter stages of primary school (10-12 age category)
and during the early stages of secondary school (1315 age category). This allowed athletes to associate
participation with two distinct phases of development
and aimed to increase the accuracy of the hours reported. Hip movements were assessed utilising a
standardised method to measure the range of passive hip flexion, abduction and internal rotation (at 90
degrees hip flexion). Both hips of each participant
were assessed in the supine position with a single
operator, using a hand-held goniometer. Two measurements were taken and a mean score was determined for each assessment. The symptomatic limb
was utilised in the unilateral patient group and an average score of both asymptomatic limbs was taken
for controls and both symptomatic limbs for bilateral
patients.

Results
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with a lateral centre edge angle >35o, a clear crossover sign on AP view or in the presence of an evident
anterolateral rim deformity on false profile view. Combined impingement was diagnosed in the case of a
cam lesion on either AP or Dunn view in association
with a Pincer lesion on either AP or false profile view.
The extent of chondrolabral pathology was determined using MRA scanning and aided in the overall
diagnosis of FAI.
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Data analysis
SPSS version 22 was used for all analysis. All data
was firstly assessed for normality using a ShapiroWilk test, an independent samples t-test or MannWhitney U test was then used to determine differences in the average weekly training hours between
groups for both age categories. Differences in training volumes between both age categories was assessed using a paired samples t-test. Effect sizes
were determined using Cohen’s d, using the pooled
standard deviation of both groups at each time point.
Differences between the groups for ROM was determined using an independent samples t-test or MannWhitney U test. In all cases, p<0.05 was considered
significant.

Discussion

Femoroacetabular impingement is a chronic, debilitating structural deformity of the hip joint characterised
by progressive stiffness, pain and loss of function3,6,14. This includes progressive loss of hip ROM
as demonstrated in this report, with patients displaying significantly lower levels of hip ROM compared to
controls. FAI has been found to be a common issue
in young males and females, with those engaged in
regular vigorous sporting activity particularly at
risk1,2,10-13. Previous literature has alluded to heavy
involvement in physical activity during skeletal development as a potential risk factor for the development
of bony morphologies 10-13 in particular, cam morphologies. However, the research to date has focused on asymptomatic individuals with bony abnormalities rather than individuals displaying symptomatic FAI. This study is the first to the Author’s knowledge to assess the levels of physical activity during
adolescence, among athletes who required surgical
treatment for FAI, and compare these to a matched

Table I. Participant demographics.
Group

Age (yrs)

Body mass (kg)

Height (cm)

Patients

25.53 ± 4.8

81.5 ± 9.2

179.3 ± 5.7

Controls

24.56 ± 4.5

82.9 ± 7.5

180.2 ± 6.5
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Figure 3. Sports engaged in by patients and controls.

Figure 4. Differences in weekly training hours between groups (including SE bars). *Significance p<0.05.

athletic control group with no history of hip complaints.
The results of this study found that patients completed more hours of structured training between the
ages of 10-12 years than the control group; no differences in training hours between the ages of 13-15
were reported between the groups. However, both
patients and controls reported an increase in training
hours during the ages of 13-15 compared to the 10-
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12 age bracket. Mackelvie et al.16 describe the two
year time frame of 13-15 years as the critical timeframe for peak bone velocity among adolescent boys,
therefore a bony abnormality that develops prior to
the age of 13 could then be amplified as training intensifies later in adolescence. Previous investigations
in the area are limited although Johnson et al.10 reported on the incidences of cam deformity in former
high-level youth soccer players (n=50, 25 males) and
Muscles, Ligaments and Tendons Journal 2018;8 (4):495-501
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Table II. Differences in Hip ROM between patients and controls.
Patients (Deg.± SD)

Controls (Deg.± SD)

p-value

Flexion

113 ± 7

117 ± 5

<0.001

Abduction

33 ± 5

44 ± 8

Internal rotation

31 ± 10

53 ± 10

<0.001

<0.001
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significantly higher mean alpha angles along the anterosuperior quadrant of the femoral head compared
to controls. The athlete group also had reduced internal rotation values at each age group compared to
controls indicating a progressive loss of mechanical
function over time among the athletic group. The 2225 years olds exhibited the greatest differences between the groups (12.4 degrees vs 27.8 degrees).
The Authors concluded that the formation of a cam
deformity is developmental, which may be exacerbated by high intensity loading of the proximal femur because of frequent exercise.
Although the difference in training volumes between
10-12 years of age was statistically significant between groups, the exact causative role of one additional hour of training/competition alone in the development of symptomatic FAI is not clear. Development
of symptomatic FAI is undoubtedly multifactorial 17,
however the fact that one group of otherwise healthy
athletes developed a chronic hip condition, while a
matched control group who reported less training volume than the patient group did not, is an important
finding of this study and warrants further investigation.
Previous research has identified sports such as soccer, baseball and ice hockey as sports commonly associated with FAI18-21. While the majority of sportsmen in both study groups included in this research
were athletes participating in the Irish national sports
of Hurling and Gaelic football; these sports are multidirectional, high intensity field sports22 similar to rugby, soccer and hockey (the other sports in this study)
in terms of distances covered and movement patterns
required 23-25 and therefore likely represent the risk
posed to other field sports athletes. Children may
participate in organised and structured training for the
Gaelic games as early as the “under-6” age category
with their club. It is common in Gaelic games to play
both Gaelic football and hurling concurrently (dual
players) and to also play for teams at more than one
age category in the same year leading to risks of
overtraining. This is often further compounded by also competing for school and inter-county teams.
There are no current regulations within the Gaelic
Games Association (GAA) which limits the amount of
weekly structured training a child can complete and
so the demand on children to train/play for each team
they are involved with can be substantial.
There are many benefits associated with participation
in structured sports during adolescence including the
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a control group (n=50, 25 males), using AP radiographs. High level soccer was defined as engaging in
three or more games or training sessions per week
for at least 36 weeks of the year between the ages of
8-12 for girls and 10-14 for boys. The study did not
show any evidence of greater incidence of cam deformity in males or females who had previously engaged
in high levels of soccer during adolescence than
those who did not. The differences in participant selection between that research and the current study
could account for the differences in reported results.
Recruiting asymptomatic individuals may underestimate the true nature of the problem.
The results of our study are in agreement with that of
Tak et al.11 who suggested that the activity levels prior to the age of 12 were an important determining
factor in the development of bony morphology in the
hip among professional soccer players. Tak reported
that the prevalence of pathological cam deformities
was significantly higher in those that had engaged in
training four or more times per week prior to the age
of 12 years compared to those training less than four
times per week before that age. In a prospective
study design, Agricola et al.12 also reported cam deformity developments in young soccer players, which
continued to develop until epiphyseal closure, following which the Authors observed a plateau in cam deformity development. The results of the current research indicate that bony deformities may begin prior
to the age of 12 (while the growth plates are open) as
result of heavy involvement in high impact sports.
However, Agricola’s findings would also point to the
importance of the 13-15 years age range when the
growth plates are still open, yet our results showed
no significant difference in training volumes during
these years. Agricola et al. report reduced internal rotation in athletes from the age of 13 with an alpha angle greater than 60o, which is consistent with our results showing not only reduced internal rotation in the
patient group, but also significantly lower levels of
flexion and abduction also. Reduced ROM observed
in both the current study and the study carried out by
Agricola et al. support the findings reported by
Siebenrock et al.13 who compared high level basketball players, aged 9-25 years currently engaged in
normal levels of training and competition to an age
and gender matched non athletic control group, subcategorised into four distinct age groups; 9-12, 13-15,
16-21 and 22-25 years old. MRI images in the
Siebenrock study indicated that overall athletes had
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development of motor skills 26, social and cognitive
developments27,28 as well as many increased health
benefits. However, with the possible increased risk of
hip injury further down the line, the balance between
injury risk and health benefits must be carefully investigated. Further research is needed to determine
which aspects of training and competition are most
associated with the development of bony morphologies and to examine how children can acquire the
skill sets and physical capacities required for sports
participation while minimising any negative long term
physical adaptations.
There are a number of limitations within the study design. Firstly, the control group was not clinically or radiographically assessed for FAI syndrome but was
merely free from groin/hip pain or stiffness at the time
of testing. However, we believe the fact that the control group, as well as being closely matched for age,
height, body mass and sport type, was actively engaged in equivalent levels of competitive sport with
no history or hip/groin pain or stiffness decreases the
likelihood of an underlying hip pathology being present. Hip ROM was also reduced in the patient group
compared to controls, demonstrating the distinct differences between groups with regard to mechanical
function. As pathological hip conditions do not manifest themselves until later in the player pathway, athlete recall (although perceived as a limitation) is a
methodological approach used within the subject
area10,11. An advantage of the current research in relation to previously published literature includes the
fact that the athletes included in the study were diagnosed with FAI which required treatment in comparison to previous research which included athletes with
a deformity and not necessarily a hip pathology which
effected participation or performance.

Significantly higher structured training and competition hours between the ages of 10 and 12 years were
reported in athletes with FAI than a group of healthy
matched controls. This study is the first to be conducted among athletes that required surgical intervention and highlights the need for extensive
prospective research which assesses the links between training volume, duration, intensity and type
with the development of bony morphologies which
are symptomatic. If such research supports the links
shown in this study it will serve to educate coaching
staff involved with younger athletes and measures
can be put in place to reduce risk.
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