Distal-to-proximal progression of apophyseal injuries
with age in male youth academy footballers: a two-
season prospective cohort study of 16,024 player-
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ABSTRACT

Objectives Youth football players are vulnerable

to apophyseal injuries, which can have long-term
consequences for health and performance. The objective
was to assess the incidence, severity and burden of
apophyseal injuries among U9—U21 academy football
players over two seasons.

Methods Time-loss injuries and match/training
exposure were tracked in male academy football players
(U9-U21) from Premier League and Category One
Academies. Apophyseal injuries were identified in a
cohort of 16024 player-seasons using Orchard Sports
Injury Classification System (OSICS) codes, and their
incidence, severity and burden were analysed.

Results A total of 10589 injuries were reported,
including 603 apophyseal injuries. These injuries followed
a distal-to-proximal progression with age, occurring
most frequently in the ankle/foot in younger players (U9,
U10 and U11), followed by the knee (U12) and hip/
groin in older players (U15, U16 and U18). Across all
player phases (U9—U21), injury burden (days/1000 hours)
was higher in the hip/groin (3.5) and knee (3.4),
compared with the ankle/foot (2.2) and pelvis/sacrum
(1.4), with the highest apophyseal incidence (~0.4
injuries/1000 hours) and burden (~20 days/1000 hours)
observed in the U12-U16 group, regardless of injury
location. A significant trend of increasing injury severity
(median days) was observed with age: U9-U11 (20),
U12-U14(29), U15-U16 (38) and U18-U21 (35).
Conclusions Apophyseal injuries exhibit a distal-to-
proximal progression with age, with the highest injury
burden observed at the hip/groin and knee regions and
in the U12-U16 group. These findings can help inform
injury mitigation strategies adopted in youth academy
football.

INTRODUCTION

The Elite Player Performance Plan (EPPP), intro-
duced in 2012, is a long-term strategy to develop
more talented homegrown players.” In the 2021/22
season, around 14200 youth football players
were registered in academies across England and
Wales,! participating in both training and compet-
itive matches. These youth players are required
to perform numerous high-intensity movements,
including rapid changes of direction, accelera-
tions, decelerations, jumping, landing and football-
specific actions.”? Despite improvements in the

2 Matthew Green,? Keith Stokes,' Sean Cumming,’
1

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Apophyseal injuries account for a considerable
portion of all musculoskeletal injuries in male
academy football.

= The severity of apophyseal injuries varies based
on their type and location, with hip and groin
injuries being the most severe.

WHAT THIS STUDY ADDS

= This study reaffirms the distal-to-proximal
progression of apophyseal injury location with
age in a large academy cohort and highlights
the increasing severity of these injuries with
age.

= Across player phases, the hip/groin and knee
regions had the highest injury burden, with hip/
groin apophyseal injuries resulting in nearly
twice the number of days missed compared
with ankle/foot apophyseal injuries.

= Apophyseal injuries to the ankle/foot and knee
carry the second-highest injury burden among
all musculoskeletal injuries in the U9-U11 and
U12-U14 groups, respectively.

= The burden of apophyseal injuries was highest
in the U12-U16 groups and comparable
between the U9-U11 and U18-U21 groups.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This applied study provides comprehensive data
on apophyseal injuries across all development
phases in academy football, providing valuable
insights to inform stakeholder education on the
topic.

= The findings can guide the development of
targeted strategies to mitigate growth-related
injuries, emphasising the need for age and
location-specific approaches implemented
across all player development phases.

physical fitness of youth football players over the
past decade,’ the sport poses an injury risk, with an
overall incidence of six injuries per 1000 hours in
youth football.*® Injury incidence tends to rise with
chronological age as players mature from child-
hood to adulthood,® with some injuries linked to
the rapid and uneven growth phases during adoles-
cence. During peak-height velocity, athletes are at a
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greater risk for bone and growth plate injuries,” contributing to
a higher overall injury burden in academy players,® while muscle
injuries are more common after the adolescent growth spurt.®

Apophyses are secondary bone growth centres serving as
attachment sites for tendons or ligaments.” These areas are partic-
ularly vulnerable to injury in developing youth athletes,'® ! typi-
cally caused by repetitive loading'? and exposure to forces that
their still-maturing skeletal structures cannot handle. In youth
football, apophyseal injuries account for 5-15% of all musculo-
skeletal injuries,”®™"* with injuries at the ankle (Sever’s disease)
and knee (Osgood-Schlatter disease) accounting for~14% of
all musculoskeletal injuries sustained between the ages of 11
and 13." Notably, apophyseal injuries represent 30% of all
severe injuries, defined as those causing more than 4 weeks of
absence from matches or training,'* and can lead to an average
of 55-60days of time loss."®'” These injuries can cause pain,
weakness, disability and limitations in sports participation,
significantly impacting both player development and long-term
health."!

While some studies have explored the proportion and inci-
dence of apophyseal injuries in youth football,"® 5 1¢ 18 few
studies have examined the burden of apophyseal injuries,'* 7 ' 2
and these data are typically drawn from a single academy.'* ' %
Injury burden better reflects the impact of injuries compared
with incidence or severity alone?! and has been negatively asso-
ciated with player progression in academy football.”” The impact
of apophyseal injuries therefore remains limited and warrants
further investigation to aid the development of effective mitiga-
tion strategies. Few studies have also explored which apophy-
seal sites are most vulnerable, relative to player age. Specifically,
while the mean age of 12 years for ankle apophyseal injuries'®
aligns with the more frequent foot, ankle and knee apophyseal
injuries in 10-12-year-olds,"” and the higher occurrence of hip
apophyseal injuries in 12-14-year-olds," these findings are based
on data from single academies. More comprehensive studies of
apophyseal injuries in youth football are needed to establish
consistent epidemiological data'! and guide the development
and implementation of targeted injury mitigation strategies.?
Therefore, the aim of this study was to describe the incidence,
severity, and burden of apophyseal injuries among U9-U21 male
academy football players over two seasons, and to analyse the
location and type of injuries relative to chronological age.

METHOD
Study design and population
This study utilised a prospective cohort study design, focusing on
elite male youth academy football players from Premier League
and Category One Academies, the highest tier of academy foot-
ball in England and Wales. The study sample included 7927
players across 29 academies during the 2021/22 season and
8097 players across 31 academies in the 2022/23 season. Data
were collected over two seasons, from July 2021 to June 2023,
spanning 10 age groups (U9, U10, U11, U12, U13, Ul4, U1S,
U16, U18 and U21) and four player development phases: Foun-
dation Development Phase for U9-U11, Early Youth Develop-
ment Phase for U12-U14, Late Youth Development Phase for
U15-U16 and Professional Development Phase for U18-U21.
Player injury data were routinely collected as part of the
Premier League injury audit process, in accordance with the
Premier League’s Player and Related Persons Privacy Policy, to
which players and parents provide assent and consent during
academy registration. The policy permits the sharing of data
with academic institutions for research and analysis. Ethical

approval for this study was granted by the University of Bath
Research Ethics Approval Committee for Health (Ref: 5028-
5186), allowing the use of de-identified data.

Patient and public involvement

Football academy staff contributed to the study’s concep-
tion. Discussions at the Premier League Academy Injury and
Illness Surveillance Project Steering Group identified the need
for focused research on growth-related injuries. However, no
players or parents were directly involved in the research.

Equity, diversity and inclusion statement

The author group included two women and four men and
consisted of junior, mid-career and senior researchers from
different disciplines; however, all authors are from one country.
Our study population included male athletes from different
socioeconomic backgrounds participating in elite football acad-
emies; thus, findings may not be generalisable to female athletes
or settings with fewer resources.

Data collection

All musculoskeletal injuries sustained by academy players were
recorded by a medical staff member at each academy using the
Premier League’s online Performance Management Application
(the Sports Office, UK). Each academy employed three full-time
physiotherapists, all registered with the Health and Care Profes-
sions Council and holding an advanced trauma qualification, as a
minimum requirement. A doctor, physiotherapist or sports ther-
apist with a current advanced trauma qualification was present at
all matches, while a physiotherapist or sports therapist with the
same qualification was present at all training sessions. All acad-
emies operated within a centralised injury surveillance system,
with clear guidance provided regarding injury definitions and
classification procedures.

Injuries were recorded in a standardised format, following
procedures for injury surveillance in football.* Each injury was
classified according to the Orchard Sports Injury Classification
System (OSICS v10.1).** Data collected included the date of
injury, return date, injury location, type, cause and onset, as well
as the event and activity during which the injury occurred (ie,
match or training). For injuries without a recorded return date,
an estimated date of return was used when players were still
injured. Injuries were defined as time-loss injuries, adapted from

the work of Fuller e al,* in line with recent recommendations®:

‘Any physical complaint sustained by a player that results in the
player being unable to take a full part in future normal training
activities and/or match play for one or more days following the
day of injury’.

Any injuries resulting in partial time loss were not included in
the analysis. The definition of a recurrent injury was based on
previous literature” and aligned with the recent IOC consensus
statement™:

‘An injury of the same type and at the same site as an index injury
and which occurs after a player’s return to full participation from
the index injury’.

An injury recurrence field was included and recorded as a binary
variable (yes/no) to indicate whether an injury was classified as
recurrent. Injury severity was defined as the number of days lost
per injury event. The severity data were then aggregated across
injury types and player groups to calculate median severity or
average severity.
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In addition, match and training exposure time, measured in
minutes for each academy, was recorded in the Player Manage-
ment Application. The total match and training minutes were
calculated for each age group and player phase by aggregating
the summed player exposure for each match and training session
(i.e., session duration x number of players in attendance), across
all academies over the seasons. This exposure was converted
into hours and subsequently used to determine injury incidence
and burden. In cases where injuries occurred outside of a play-
er’s chronological age group (e.g., a U12 player participating
in a U13 match), the injury data were attributed to the play-
er’s chronological age group to ensure consistency with their
age-specific exposure data. All injury and exposure data were
de-identified and exported by a third-party company and shared
with the researchers. The total number of players registered for
each academy was also exported to calculate injury prevalence.
Four academies used a different electronic platform to record
injuries, with their data anonymously provided directly to the
researchers. Initially, the data were ‘cleaned’ using a custom-built
script in R studio to standardise formatting. Researchers then
verified the data by checking for compliance in injury and expo-
sure fields, and any discrepancies were clarified through direct
contact with the respective academies.

Data analysis

Apophyseal injuries were identified using the OSICS code by
selecting all injury codes that began with the prefix JT°, corre-
sponding to traction injuries and apophysitis/avulsion fractures,
for further analysis. Each apophyseal injury was linked to a
specific injury location in the exported dataset, categorised as
ankle/foot, knee, hip/groin or pelvis/sacrum. Injuries involving
the iliac crest, ischial tuberosity and pelvis were classified as
pelvis/sacrum, while those involving the AIIS, ASIS and hip/groin
region were classified as hip/groin. The cumulative prevalence
of apophyseal injuries was calculated by dividing the number
of apophyseal injuries by the total number of player-seasons.
The proportion of total apophyseal injuries was also calculated,
and a x> test of independence was conducted to examine the
association between age group and injury location on injury
counts. Post hoc standardised adjusted residuals greater than
|1.96| were used to identify significant differences. Cumula-
tive prevalence and the proportion of apophyseal injuries were
presented relative to age group (e.g., U9), while all subsequent
analyses were presented relative to player development phase
(e.g., U9-U11).

Apophyseal injuries resulting in the highest injury burden were
ranked based on the first two/three letters of the OSICS code
and the total days lost. The incidence (injuries / 1000 hours),
median severity and burden (days lost / 1000 hours) of match and
training-related apophyseal injuries only were calculated relative
to player developmental phase and lower limb body location.?* #’
Incidence and burden values were reported with 95% Cls using
the Poisson method,*® while the IQR was calculated for injury
severity. Differences in incidence and burden were determined
by non-overlapping 95% Cls. A Jonckheere-Terpstra test was
used to assess statistical trends in severity across ordinal player
phases, followed by post hoc pairwise multiple comparisons.
The alpha level for statistical significance was set at 0.05, and a
Bonferroni correction was applied to post hoc multiple compar-
isons, where appropriate. Analysis and reporting of results are
consistent with procedures for injury surveillance in football®
and the CHecklist for statistical Assessment of Medical Papers.”
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Figure 1 (A) The proportion of apophyseal injuries relative to total
injuries for each age group during the 2021-22 and 2022-23 seasons is
presented, along with the distribution of apophyseal injuries by location.
(B) The cumulative prevalence (number of apophyseal injuries / number
of player-seasons) of apophyseal injuries for each age group.

RESULTS

A total of 10589 injuries, resulting in 379476 days lost, were
recorded over the 2021-22 and 2022-23 seasons, across a
sample of 16024 player-seasons. Of these, 603 were apophy-
seal injuries, representing 5.7% of all injuries and accounting for
26789 days lost (7.1%). The median number of apophyseal inju-
ries per academy per season was 8 (IQR 4-15), with a median
total of 459 days lost (IQR 174-713 days). A total of 195 apoph-
yseal injuries (329) became symptomatic during match sessions
and 262 (43%) became symptomatic during training sessions. An
additional 146 apophyseal injuries became symptomatic during
non-club-related activities (n=43, 7%), other club-related activ-
ities (n=12, 2%) or were reported with unspecified activity
types (n=91, 15%). Data on recurrent injuries were available
for 522 apophyseal injuries, of which 23 (4.4%) were reported
as recurrent.

All apophyseal injuries

The proportion of apophyseal injuries, relative to total injuries,
and the cumulative prevalence of apophyseal injuries across
each age group are presented in figure 1. The overall cumulative
prevalence of apophyseal injuries was 3.7%, with the U13 group
demonstrating the highest cumulative prevalence (8.4%) and
proportion of apophyseal injuries (13.6%). Of the 603 apoph-
yseal injuries recorded, the distribution by body location was as
follows: pelvis/sacrum 9%, hip/groin 31%, knee 30% and ankle/
foot 21%, with 9% classified as other/not applicable.

A y* test of independence indicated a significant association
between age and injury location (X*(36) = 163.21, p<0.001).
Specifically, ankle/foot apophyseal injuries were significantly
more frequent in the U9, U10 and U1l groups (SAR=3.2-
5.1) and less common in the U14, U15, U16 and U18 groups
(SAR=-2.1to —3.5) than expected. Knee apophyseal inju-
ries occurred more frequently than expected in U12 players
(SAR=2.6) and less frequently in U16 players (SAR=-2.4).
Hip/groin apophyseal injuries were less frequent in the U10,
Ul1 and U12 groups (SAR=-2.8to —4.0), but significantly
more frequent in the U15, U16 and U18 groups (SAR=2.8-4.7).
Additionally, pelvis/sacrum apophyseal injuries occurred more
frequently in U135 players (SAR=2.7) than expected.

Apophyseal injuries accounted for the highest sum of days
lost among all musculoskeletal injuries in the U9-U11 and U12-
U14 age groups, ranking first and contributing 11% and 16% of
total days lost, respectively, based on the first two letters of the
OSICS code. In the U15-U16 and U18-U21 groups, apophyseal
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Table 1 The location and type of the top two apophyseal injuries with the highest sum of days lost are ranked relative to all musculoskeletal
injuries for each player phase, based on the first three letters of the OSICS code

Number of injuries (%  Sum of days lost (% of Median time-loss

Player phase Injury rank Injury location and type of total for phase) total for phase) (IQR)

FDP 2nd Injury to apophysis at ankle/foot 48 (5) 1589 (6) 28 (13-48)
U9-um1 » Severs disease 48 (5) 1589 (6) 28 (13-48)
Injury rank is out of 185 9th Injury to apophysis at knee 27 (3) 810 (3) 23 (13-39)

» Sinding-Larsen-Johansson syndrome 20(2) 514 (2) 20 (13-35)
» 0Osgood-Schlatter disease 5(<0.5) 182 (1) 23 (22-34)
Early YDP 2nd Injury to apophysis at knee 114 (4) 4886 (5) 29 (17-65)
u12-U14 » 0Osgood-Schlatter disease 79 (3) 3715 (4) 29(13-72)
» Sinding-Larsen-Johansson syndrome 26 (1) 810 (1) 28 (20-49)
Injury rank is out of 281 5th Injury to apophysis at groin/hip 80 (3) 3580 (4) 30 (20-51)
» Apophysitis/avulsion fracture AllS 45 (2) 2060 (2) 29 (20-51)
» Apophysitis/avulsion fracture ASIS 16 (1) 673 (1) 33 (24-51)

Late YDP 7th Injury to apophysis at groin/hip 72 (3) 3204 (4) 33 (18-58)

u15-U16 » Apophysitis/avulsion fracture ASIS 30(1) 1332 (2) 38(23-73)
» Apophysitis/avulsion fracture AllS 28 (1) 1140 (1) 23 (9-35)

Injury rank is out of 280 11th Injury to apophysis at knee 28 (1) 1655 (2) 50 (27-88)
» Osgood-Schlatter disease 22 (1) 1312 (2) 49 (28-98)
» Sinding-Larsen-Johansson syndrome 6 (<0.5) 343 (<0.5) 66 (27-68)

PDP 30th Injury to apophysis at groin/hip 25(1) 1048 (1) 33 (24-58)

U18-U21 » Apophysitis/avulsion fracture ASIS 14 (<0.5) 638 (<0.5) 35 (27-64)
» Apophysitis/avulsion fracture AllS 3(<0.5) 142 (<0.5) 71 (40-103)

Injury rank is out of 344 52nd Injury to apophysis at knee 9 (<0.5) 517 (<0.5) 44 (19-73)
» Osgood-Schlatter disease 7 (<0.5) 486 (<0.5) 47 (32-80)
» Sinding-Larsen-Johansson syndrome 1(<0.5) 29 (<0.5) 29 (N/a)

In some cases, specific injury types were not provided, so totals per injury type may not sum to the overall number of injuries for that player phase.
FDP, Foundation Development Phase; OSCIS, Orchard Sports Injury Classification System; PDP, Professional Development Phase; YDP, Youth Development Phase.

injuries ranked 3rd and 20th in the sum of days lost, accounting
for 9% and 1% of total days lost, respectively. When analysed
by anatomical location, the proportion of total days lost due to
apophyseal injuries was distributed as follows: pelvis/sacrum
11%, hip/groin 31%, knee 29% and ankle/foot 18%.

A more detailed breakdown of apophyseal injury types, clas-
sified using the first three letters of the OSICS code, is provided
in table 1. Ankle/foot and knee apophyseal injuries accounted
for the second highest sum of days lost in the U9-U11 and U12-
U14 groups, respectively, contributing to 5—6% of all days lost
(table 1). In particular, Severs disease was the leading cause of
apophyseal injury sum of days lost in the U9-U11 group, while
Osgood-Schlatter disease had the highest sum of days lost in
the U12-U14 group. For the U15-U16 and U18-U21 groups,
apophyseal injuries with the highest sum of days lost occurred
in the groin/hip area, specifically affecting the anterior superior
iliac spine.

Match and training apophyseal injuries
Across all player phases (U9 — U21), the total number of match
and training apophyseal injuries at the ankle/foot, knee, hip/groin
and pelvis/sacrum was 94, 131, 144 and 43, respectively. Injury
burden was higher in the hip/groin (3.5 days lost / 1000 hours;
95% CI 3.0 to 4.2) and knee (3.4 days lost / 1000 hours; 2.8—4.0)
compared with the ankle/foot (2.2days lost / 1000 hours;
1.8-2.7) and pelvis/sacrum (1.4 days lost / 1000 hours; 1.0-1.8).
Injury incidence ranged from 0.10 to 0.42 across player
phases, with higher rates in the U12-U14 and U15-U16 groups
compared with the U9-U11 and U18-U21 groups (table 2
and figure 2). Injury burden was also higher in the U12-U14
(19.3 days lost / 1000 hours) and U15-U16 groups (20.3 days lost

/ 1000 hours) compared with U9-U11 and U18-U21. A signifi-
cant trend for a higher severity with player phase was observed
(T/T=33 006,7=3.456, p<0.001). Specifically, severity for U12-
Ul4 (T=8973, p=0.031) and U15-Ul6 (T=4797, p=0.001)
was higher than U9-U11, while the difference between U9-U11
and U18-U21 approached significance (T=1549, p=0.057).

DISCUSSION

This prospective study explored apophyseal injuries in a cohort
of 16024 player-seasons among male academy football players.
More than 10% of all musculoskeletal injuries in U11-U14
players were apophyseal injuries, with a cumulative prevalence
ranging from 3.3 to 8.4% across these age groups. Recurrent
apophyseal injuries accounted for 4.4% of cases, aligning closely
with previous research (3.5%).'* Each academy experienced
approximately 4-15 apophyseal injuries per season, and around
one-quarter of these injuries became symptomatic outside of
match or training contexts.

When compared with all musculoskeletal injuries sustained,
apophyseal injuries accounted for the highest total days lost
in the U9-U14 groups and ranked the third-highest total days
lost in the U15-U16 group. The burden of growth-related inju-
ries has previously been reported to be approximately twofold
higher than muscle and ligament injuries in academy football,*
and in the present study, most apophyseal injuries were classified
as severe, with a median recovery time exceeding 28 days. These
data underscore the prevention and management of apophyseal
injuries in an academy setting remains a priority. In addition,
injury severity was higher in the U12-U16 groups compared
with the U9-U11 group, suggesting a prolonged return-to-play
period for older players. This delay in recovery could have
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Table 2

Incidence, severity and burden of apophyseal match and training injuries relative to player phase and body location

Injury incidence (injuries /
1000 hours) (95% CI)

Player phase and body location Number of injuries

Injury burden (days lost /

Median time-loss (IQR) 1000 hours) (95% CI)

FDP (U9-U11) 74 0.15 (0.12 to 0.18)
Ankle/foot 40 0.08 (0.06 t0 0.11)
Knee 19 0.04 (0.02 to 0.06)
Hip/groin 8 0.02 (0.01 t0 0.03)
Pelvis/sacrum 3 0.01 (0.00 to 0.02)

Early YDP (U12-U14) 230 0.42 (0.37 to 0.48)
Ankle/foot 48 0.09 (0.07 to 0.12)
Knee 85 0.16 (0.13 t0 0.19)
Hip/groin 55 0.10 (0.08 t0 0.13)
Pelvis/sacrum 19 0.03 (0.02 to 0.05)

Late YDP (U15-U16) 112 0.38 (0.31 to 0.45)
Ankle/foot 6 0.02 (0.01 to 0.05)
Knee 18 0.06 (0.04 to 0.10)
Hip/groin 57 0.19(0.15 to0 0.25)
Pelvis/sacrum 18 0.07 (0.04 t0 0.11)

PDP (U18 - U21) 37 0.10 (0.07 to 0.13)
Ankle/foot 0 -

Knee 9 0.02 (0.01 to 0.04)
Hip/groin 24 0.06 (0.04 to 0.09)
Pelvis/sacrum 3 0.01 (0.00 to 0.02)

20 (12-48) 4.6 (3.6t05.7)

20 (12-48) 2.4(1.8103.3)

23 (13-44) 1.3(0.8 0 2.0)

20 (7-40) 0.5(0.3t0 1.0)

11 (10-14) 0.1(0.0t00.2)

29 (17-61) 19.3 (16.9 to 21.9)
27 (13-52) 43(3.2105.6)

27 (15-64) 6.4(5.2t07.9)

33 (21-50) 4.1(3.11t05.3)

20 (18-110) 2.2(1.4103.5)

38 (20-78) 20.3 (16.8 to 24.4)
32 (28-40) 0.8(0.3t01.7)

51 (27-91) 3.9(25106.2)

34 (18-50) 8.9(6.81011.5)

52 (19-83) 3.9(25106.2)
35(19-82) 4.6 (3.3106.4)

46 (27-77) 1.3(0.7 t0 2.6)

34 (26-58) 2.7 (1.81t04.0)

8 (7-68) 0.4(0.1t01.1)

In some cases, injury location was not provided, therefore the totals per body location may not sum to the total number of injuries for that player phase.
FDP, Foundation Development Phase; PDP, Professional Development Phase; YDP, Youth Development Phase.

significant long-term effects on player development and overall
health. Apophyseal injuries can result in chronic pain, long-term
disability, surgery or even cause players to abandon the sport.'!!
Injuries lasting more than 28 days can also hinder career progres-
sion in U17 and U19 elite youth footballers.** Future research
should explore the effectiveness of injury mitigation strategies in
reducing the severity and burden of apophyseal injuries.*
Consistent with previous findings,'* the incidence and burden
of apophyseal injuries were highest in U12-U16 groups, which
coincides with the typical onset of the adolescent growth spurt
in boys (around 11 years) and the typical age of peak height

80
geo U15-U16
2 u18-U21
= U12-U14
0
>
©
=
240
[
2 U9-U11
2]
()
(=
o
2

0

0.0 0.2 0.4 0.6

Incidence (injuries / 1000 h)

Figure 2 Risk matrix based on incidence and average severity
(time-loss per injury event) for all apophyseal injuries, relative to player
phases. Each blue point represents the injury burden, and the grey
dashed lines represent points with an injury burden equal to 10, 20
and 30 days lost / 1000 hours. The vertical and horizontal error bars
represent the 95% Cl.

velocity (around 13.5 years).** The incidence of ankle/foot, knee
and hip/groin apophyseal injuries matches a prior study,’® and
the higher burden of hip/groin and knee apophyseal injuries
compared with the pelvis/sacrum and ankle/foot also aligns with
previous literature.'* Thus, while ankle/foot and knee apophy-
seal injuries were the second most burdensome injuries in the
U9-U11 and U12-U14 groups, respectively, it is knee and hip/
groin apophyseal injuries that are of greater concern due to the
higher burden. This is important, given that proximal apophy-
seal injuries typically occur at crucial ages in terms of academy
progression, but might be mitigated through targeted interven-
tions. A recent training intervention that adapted training load
and content resulted in an 86% and 92% reduction in non-
contact injury incidence and burden, respectively, in academy
players at risk of growth-related injuries.”® These results suggest
that training interventions may play a crucial role in mitigating
the incidence and burden of growth-related injuries and warrant
further exploration.

A clear distal-to-proximal gradient in the location of apoph-
yseal injury was observed with player age. Injuries were more
common in the ankle/foot in U9-U11 players, in the knee for
U12 players and in the hip/groin for U15-U18 players. This
pattern mirrors existing literature' ¥ and likely reflects the
higher risk of growth-related injuries in fast-growing players®®
as well as the distal-to-proximal nature of the adolescent growth
spurt.’® These findings highlight the need for developmentally
tailored injury mitigation strategies to reduce the burden of
apophyseal injuries in academy football players.

Interestingly, while the incidence of location-specific apoph-
yseal injuries generally aligns with the period between initial
appearance and closure of the calcaneal, tibial tubercle and iliac
apophysis ossification centres in adolescent boys, and this pattern
was not always reflected in the injury severity and burden. For
example, although the tibial tubercle apophysis usually appears
radiographically around age 11 in boys,”” the current study

Oxendale C, et al. Br J Sports Med 2025;0:1-7. doi:10.1136/bjsports-2024-109612
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found a higher burden of knee apophyseal injuries in the U12-
U14 and U15-U16 groups compared with the U9-U11 group.
This likely results from both an increased incidence in the U12-
U14 group and greater injury severity in the U15-U16 group
(see table 2). Factors contributing to the higher burden in the
U15-U16 group may include increased training load and tech-
nical demands with a more advanced category, and the prioriti-
sation of short-term success over long-term player well-being,
which can cause players to work through pain.’® In addition,
greater physiotherapy awareness and the player’s maturational
status are also likely to contribute to the higher injury burden, as
players who are circa peak height velocity exhibit a high burden
of growth-related injuries.>® Future research should incorporate
growth and maturation status when investigating this topic.
This is the first study to report multiple apophyseal injuries in
the U18-U21 group, with an injury incidence and burden similar
to that observed in the U9-U11 group. While this is in contrast
to previous literature reporting a significantly lower burden of
growth-related injuries in U19 compared with U12 players,* the
larger sample size in the present study enabled the identifica-
tion of more apophyseal injuries in older players. Specifically,
ASIS apophyseal injuries accounted for the highest injury burden
among all apophyseal injuries in the U18-U21 group. This
suggests that apophyseal injuries continue to contribute to injury
burden throughout the academy setting, supporting the need
for mitigation strategies across all player phases. While muscle
strains and ligament sprains are of greater concern in older
players,? investigation of proximal apophyseal injuries and miti-
gation strategies in the U18-U21 group may still be valuable.

Clinical implications

This study offers valuable insights into the types, locations and
burden of apophyseal injuries relative to player age, providing
practitioners with a better understanding of the frequency of
growth-related injuries and the typical return-to-play timelines
across different player phases. The data presented can help shape
specific injury mitigation strategies adopted in practice, which
should be tailored to players’ age, maturity, and injury location,
and applied across all developmental phases. Injury burden data
highlight the need to prioritise prevention and management
strategies for hip/groin and knee apophyseal injuries, particularly
in U12-U16 players. Further investigation into the timing and
causes of symptom onset would be valuable, given the number of
apophyseal injuries that become symptomatic outside of match
and training activities.

Limitations

Of the musculoskeletal injuries recorded in the U9-U21 age groups,
501 (5.1%) ankle/foot injuries, 451 (4.6%) knee injuries and 416
(4.3%) hip/groin injuries were recorded using a generic OSICS
code, without specifying the type of injury. This lack of detail may
have led to an underestimation of the true incidence and burden
of apophyseal injuries. The exposure data provided was aggre-
gated across academies and player age groups rather than tracked
at an individual level, thus the calculated incidence and burden
of apophyseal injuries could be overestimated or underestimated.
The approach to diagnosing apophyseal injuries can vary across
academies, involving either imaging methods (e.g., radiography)
or clinical reasoning by an experienced medical professional. For
some apophyseal injuries, an estimated return date was used in the
absence of an actual return date, which may have influenced the
accuracy of severity and burden calculations. Cumulative prevalence
was based on the number of apophyseal injuries, rather than the

number of affected athletes, thus prevalence may be slightly overes-
timated. This study also did not consider individual growth rates or
maturation levels, which are known to influence injury incidence,
severity and burden.® ¥ Finally, this study exclusively examined
apophyseal injuries in male players. Future research should aim to
consider these factors and explore apophyseal injuries in women
academy players to provide a more comprehensive understanding
of injury risk.

CONCLUSION

This study reaffirms that apophyseal injuries are common in male
academy football, with an incidence of approximately 0.4 injuries
per 1000 hours in the U12-U16 age groups. While apophyseal
injuries to the ankle/foot and knee were most common in U9-U14
groups, the severity of these injuries was higher in U12-U16 groups.
Additionally, hip/groin and knee apophyseal injuries contributed to
a higher injury burden across all player phases than ankle/foot and
pelvis/sacrum apophyseal injuries. Interestingly, the overall burden
of apophyseal injuries was similar between the U9-U11 and U18-
U21 groups. The distal-to-proximal gradient in injury location with
increasing player age emphasises the need for injury mitigation strat-
egies that are tailored to specific ages, developmental phases and
injury locations. Future research should further explore the effect
of growth and maturation on injury burden, extend investigations
to include growth-related injuries in female academy players and
examine the timing and onset of symptoms.

Acknowledgements The authors would like to thank academy staff for their
support with the project and Jamie Schultz for their assistance with data export.

Contributors CO, MG, KS and SW contributed to the study conception. Data
preparation was performed by SW and CO and data analysis was performed by
CO. The initial draft was written by CO. All authors contributed intellectual content,
reviewed the manuscript and approved the final version. CO is the guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in
the design, conduct, reporting or dissemination plans of this research. Refer to the
Methods section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. Individual data are not
available upon request due to the ethics agreement terms.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Chelsea Oxendale http://orcid.org/0000-0002-8805-4868
Gemma Nicole Parry http://orcid.org/0000-0002-1915-9324
Sean Williams http://orcid.org/0000-0003-1460-0085

REFERENCES

1 Premier League. The elite player performance plan report. 2022. Available: https://
www.premierleague.com/news/2920464

2 Abbott W, Brickley G, Smeeton NJ. Physical demands of playing position within
English Premier League academy soccer. J Human Sport Exerc 2018;13:285-95.

3 Gonaus C, Birklbauer J, Lindinger SJ, et al. Changes Over a Decade in Anthropometry
and Fitness of Elite Austrian Youth Soccer Players. front Physiol 2019;10:333.

4 Jones S, Almousa S, Gibb A, et a/. Injury Incidence, Prevalence and Severity in High-
Level Male Youth Football: A Systematic Review. Sports Med 2019;49:1879-99.

5 Robles-Palazon FJ, Lopez-Valenciano A, De Ste Croix M, et al. Epidemiology of injuries
in male and female youth football players: A systematic review and meta-analysis. /
Sport Health Sci 2022;11:681-95.

6

Oxendale C, et al. Br J Sports Med 2025;0:1-7. doi:10.1136/bjsports-2024-109612

salbojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Aq paloaloid
"1sanb Aq G20z ‘2T 41890190 uo /wod fwg wslg//:d1y woly pepeojumod ‘SZ0z 18090190 G U0 ZT960T-7202-S110ds[g/9eTT 0T Se pays!ignd 1si1y :psy s10dS [ 19


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8805-4868
http://orcid.org/0000-0002-1915-9324
http://orcid.org/0000-0003-1460-0085
https://www.premierleague.com/news/2920464
https://www.premierleague.com/news/2920464
http://dx.doi.org/10.14198/jhse.2018.132.04
http://dx.doi.org/10.3389/fphys.2019.00333
http://dx.doi.org/10.1007/s40279-019-01169-8
http://dx.doi.org/10.1016/j.jshs.2021.10.002
http://dx.doi.org/10.1016/j.jshs.2021.10.002
http://bjsm.bmj.com/

Original research

6

7

20

21

22

Wik EH, Chamari K, Tabben M, et al. Exploring Growth, Maturity, and Age as Injury
Risk Factors in High-Level Youth Football. Sports Med Int Open 2024;8:a21804594.
Wik EH, Martinez-Silvan D, Farooq A, et al. Skeletal maturation and growth rates are
related to bone and growth plate injuries in adolescent athletics. Scand J Med Sci
Sports 2020;30:894-903.

Johnson DM, Cumming SP, Bradley B, et al. The influence of exposure, growth

and maturation on injury risk in male academy football players. J Sports Sci
2022;40:1127-36.

Armento A, Heronemus M, Truong D, et al. Bone Health in Young Athletes: a Narrative
Review of the Recent Literature. Curr Osteoporos Rep 2023;21:447-58.

Gaulrapp H, Nihrenbérger C. The Osgood-Schlatter disease: a large clinical series
with evaluation of risk factors, natural course, and outcomes. Int Orthop (SICOT)
2022;46:197-204.

Longo UG, Ciuffreda M, Locher J, et al. Apophyseal injuries in children’s and youth
sports. Br Med Bull 2016;120:139-59.

Itoh G, Ishii H, Kato H, et al. Risk assessment of the onset of Osgood-Schlatter disease
using kinetic analysis of various motions in sports. PLoS ONE 2018;13:e0190503.
Gudelis M, Perez LT, Cabello JT, et al. Apophysitis Among Male Youth Soccer

Players at an Elite Soccer Academy Over 7 Seasons. Orthop J Sports Med
2022;10:23259671211065063.

Materne O, Chamari K, Farooq A, et al. Shedding light on incidence and burden of
physeal injuries in a youth elite football academy: A 4-season prospective study.
Scand J Med Sci Sports 2022;32:165-76.

Price RJ, Hawkins RD, Hulse MA, et al. The Football Association medical research
programme: an audit of injuries in academy youth football. Br J Sports Med
2004;38:466-71.

Belikan P, Farber L-C, Abel F, et a/. Incidence of calcaneal apophysitis (Sever's disease)
and return-to-play in adolescent athletes of a German youth soccer academy: a
retrospective study of 10 years. J Orthop Surg Res 2022;17:83.

Juch EEAE, van de Koppel VC, Blokland D, et al. Growth-related sports injuries
among young male professional football players in the Netherlands: a prospective
cohort study concerning injury incidence, severity and burden. Sci Med Footb
2025;9:26-37.

Weishorn J, Jaber A, Zietzschmann S, et al. Injury Patterns and Incidence in an Elite
Youth Football Academy—A Prospective Cohort Study of 138 Male Athletes. JCM
2023;12:6138.

Monasterio X, Gil SM, Bidaurrazaga-Letona I, et al. The burden of injuries according
to maturity status and timing: A two-decade study with 110 growth curves in an elite
football academy. Eur J Sport Sci 2023;23:267-77.

Larruskain J, Lekue JA, Martin-Garetxana |, et al. Injuries are negatively associated
with player progression in an elite football academy. Sci Med Footb 2022;6:405—14.
Bahr R, Clarsen B, Ekstrand J. Why we should focus on the burden of injuries and
ilinesses, not just their incidence. Br J Sports Med 2018;52:1018-21.

Bolling C, van Mechelen W, Pasman HR, et al. Context Matters: Revisiting the First

Step of the "Sequence of Prevention’ of Sports Injuries. Sports Med 2018;48:2227-34.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Fuller CW, Ekstrand J, Junge A, et al. Consensus statement on injury definitions and
data collection procedures in studies of football (soccer) injuries. Scand J Med Sci
Sports 2006;16:83-92.

Orchard J, Rae K, Brooks J. Revision, uptake and coding issues related to the open
access Orchard Sports Injury Classification System (OSICS) versions 8, 9 and 10.1.
0AJSM 2010;1:207.

Waldén M, Mountjoy M, McCall A, et al. Football-specific extension of the 10C
consensus statement: methods for recording and reporting of epidemiological data on
injury and illness in sport 2020. Br J Sports Med 2023;57:1341-50.

Fuller CW. Why Median Severity and Ordinal Scale Severity Values should not

be used for Injury Burden Results: A Critical Review. Sportverletz Sportschaden
2024;38:192-8.

Bahr R, Clarsen B, Derman W, et a/. International Olympic Committee consensus
statement: methods for recording and reporting of epidemiological data on injury
and illness in sport 2020 (including STROBE Extension for Sport Injury and lliness
Surveillance (STROBE-SIIS)). Br J Sports Med 2020;54:372-89.

Graham PL, Mengersen K, Morton AP. Confidence limits for the ratio of two rates
based on likelihood scores: non-iterative method. Stat Med 2003;22:2071-83.
Mansournia MA, Collins GS, Nielsen RO, et al. A CHecklist for statistical Assessment of
Medical Papers (the CHAMP statement): explanation and elaboration. Br J Sports Med
2021;55:1009-17.

Monasterio X, Cumming SP, Larruskain J, et al. The combined effects of growth

and maturity status on injury risk in an elite football academy. Bio/ Sport
2024;41:235-44.

Apers E, Rombauts M, Bogaerts S. Long-term outcome of conservatively treated lower
limb apophyseal injuries in children and adolescents: A systematic review. Trans/
Sports Med 2021;4:565-86.

Bangert Y, Jaber A, Trefzer R, et al. The Impact of Injury on Career Progression in Elite
Youth Football-Findings at 10 Years. J Clin Med 2024;13:1915.

Verhagen E, Clarsen B, van der Graaff L, et a/. Do not neglect injury severity and
burden when assessing the effect of sports injury prevention interventions: time to
paint the whole picture. Br J Sports Med 2024;58:1166-9.

Soliman A, De Sanctis V, Elalaily R, et a/. Advances in pubertal growth and factors
influencing it: Can we increase pubertal growth? Indian J Endocrinol Metab
2014;18:553-62.

Johnson D, Williams S, Bradley B, et a/. Can we reduce injury risk during the
adolescent growth spurt? An iterative sequence of prevention in male academy
footballers. Ann Hum Biol 2023;50:452-60.

Malina RM, Bouchard C, Bar-Or O, et al. Growth, maturation, and physical activity.
2nd edn. Champaign, ll;Leeds: Human Kinetics, 2004.

Frush TJ, Lindenfeld TN. Peri-epiphyseal and Overuse Injuries in Adolescent Athletes.
Sports Health 2009;1:201-11.

Read D, Rosenbloom C. What contextual factors influence pain management decision
making concerning player availability in professional men’s football? A qualitative
analysis of practitioner perceptions. Sci Med Footb 2025;9:140-51.

Oxendale C, et al. Br J Sports Med 2025;0:1-7. doi:10.1136/bjsports-2024-109612

salbojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Aq paloaloid
"1sanb Aq G20z ‘2T 41890190 uo /wod fwg wslg//:d1y woly pepeojumod ‘SZ0z 18090190 G U0 ZT960T-7202-S110ds[g/9eTT 0T Se pays!ignd 1si1y :psy s10dS [ 19


http://dx.doi.org/10.1055/a-2180-4594
http://dx.doi.org/10.1111/sms.13635
http://dx.doi.org/10.1111/sms.13635
http://dx.doi.org/10.1080/02640414.2022.2051380
http://dx.doi.org/10.1007/s11914-023-00796-5
http://dx.doi.org/10.1007/s00264-021-05178-z
http://dx.doi.org/10.1093/bmb/ldw041
http://dx.doi.org/10.1371/journal.pone.0190503
http://dx.doi.org/10.1177/23259671211065063
http://dx.doi.org/10.1111/sms.14059
http://dx.doi.org/10.1136/bjsm.2003.005165
http://dx.doi.org/10.1186/s13018-022-02979-9
http://dx.doi.org/10.1080/24733938.2023.2261399
http://dx.doi.org/10.3390/jcm12196138
http://dx.doi.org/10.1080/17461391.2021.2006316
http://dx.doi.org/10.1080/24733938.2021.1943756
http://dx.doi.org/10.1136/bjsports-2017-098160
http://dx.doi.org/10.1007/s40279-018-0953-x
http://dx.doi.org/10.1111/j.1600-0838.2006.00528.x
http://dx.doi.org/10.1111/j.1600-0838.2006.00528.x
http://dx.doi.org/10.2147/OAJSM.S7715
http://dx.doi.org/10.1136/bjsports-2022-106405
http://dx.doi.org/10.1055/a-2292-5263
http://dx.doi.org/10.1136/bjsports-2019-101969
http://dx.doi.org/10.1002/sim.1405
http://dx.doi.org/10.1136/bjsports-2020-103652
http://dx.doi.org/10.5114/biolsport.2024.129472
http://dx.doi.org/10.1002/tsm2.252
http://dx.doi.org/10.1002/tsm2.252
http://dx.doi.org/10.3390/jcm13071915
http://dx.doi.org/10.1136/bjsports-2024-108215
http://dx.doi.org/10.4103/2230-8210.145075
http://dx.doi.org/10.1080/03014460.2023.2261854
http://dx.doi.org/10.1177/1941738109334214
http://dx.doi.org/10.1080/24733938.2024.2316093
http://bjsm.bmj.com/

	Distal-­to-­proximal progression of apophyseal injuries with age in male youth academy footballers: a two-­season prospective cohort study of 16,024 player-­seasons
	Abstract
	Introduction﻿﻿
	Method
	Study design and population
	Patient and public involvement
	Equity, diversity﻿﻿﻿﻿ and inclusion statement
	Data collection
	Data analysis

	Results
	All apophyseal injuries
	Match and training apophyseal injuries

	Discussion
	Clinical implications
	Limitations

	Conclusion
	References


