
Female soccer has grown exponentially worldwide and in
Scandinavia in particular. Of all organized soccer players in
the United States in 2006, 30% were female players.19 More
than 36 000 female players aged between 13 and 19 years
were registered in Norway, a country with 4.6 million inhabi-
tants, representing an annual growth of 10% to 13% during
the last 5 years.41 Because sports is one of the leading causes
of injuries in adolescents,15,34 the increasing popularity of
youth soccer has also led to a surge in research related to the
injury pattern seen in this athlete population. The injury inci-
dence ranges from 9 injuries per 1000 match hours among

adolescent female players15,48,50 to 10 to 23 injuries among
adult female players, depending on their skill level.22,30,44,49

Injuries to the lower limb are dominant, with the ankle, knee,
and thigh as the most common injury locations among adoles-
cent15,48,50 as well as adult elite players.16,17,22,30

However, analyses of risk factors for such injuries among
adolescents are surprisingly scarce considering the long-
term health consequences after major knee and ankle
sprains.2,36,40 Thus, identifying and understanding risk fac-
tors are necessary to develop preventive measures.5,10

Previous injury has been identified as a risk factor for injury
for both genders and at different skill levels,5,15,26 although
not in all studies.18 Emery et al15 reported a 74% increase in
injury risk among young and adolescent female players with
a history of at least 1 previous injury. Other risk factors that
have been discussed in the literature are age (older players
at higher risk),5,44 longer career duration,44 joint laxity,44,49

mechanical or functional instability,44,49 lower extremity
strength,7,31,49 muscular imbalances,31 decreased range of
motion,5 and inadequate rehabilitation.5,26,51,52
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Youth teams are rarely attended by trained health profes-
sionals, and identifying players at increased risk for injury
through clinical testing is therefore not practical. However, if
questionnaires could be developed as screening instruments
for injuries, they would be time efficient and easy to manage.
In soccer, questionnaires have been used at various skill lev-
els to obtain information about the sports and medical history
of players, including history of previous injuries.15,17,48,56

However, to our knowledge, no study has so far addressed
joint- or muscle-specific function by questionnaire. The aim of
this prospective 1-season cohort study on young female soccer
players was therefore to examine whether injury history and
lower limb function assessed by a self-administered question-
naire represent risk factors for new injury.

MATERIALS AND METHODS

Study Population

This study is based on data from a randomized trial on female
adolescent soccer players examining the effect of a specific
training program designed to prevent injuries. The design, the
intervention program, and the results of the study have been
described in detail in a separate report.50 Because no differ-
ences were seen in injury rates between the intervention and
control groups,50 the analyses did not factor in group assign-
ment, meaning that the intervention was not a covariate for
new injuries. Hence, group assignment would not have been a
confounder for the relationship and prediction of new injuries.

All teams (N = 157) in the southeast region of Norway
that had registered to participate in the under-17 (U17)
league system in the 2005 season were invited to take part
in the study. Of these, a total of 113 teams volunteered to
be included. The competitive season lasted from the end of
April until mid-October, interrupted by a 7-week summer
break without regular league matches but with some invi-
tational tournaments. The teams were also followed for 2
months of the preseason period (March-April). Throughout
the competitive season, the teams played 14 to 24 league
matches and trained 1 to 3 times a week.

Before the start of the preseason, the players received
written and oral information about the study, and it was
emphasized that participation was voluntary. The study
was approved by the regional committee for research
ethics, and written consent was obtained. A player was
entered into the study if she was registered by the team as
participating in the U17 league system, which means that
she had to be 16 years old or younger. However, teams com-
peting in the U17 league could apply for exemption to use
older players if they did not have enough eligible players.
Players who were injured at the start of the study were
included from the time they returned to play, but this pre-
existing injury was not included in the data analysis.

Risk Factor Questionnaire

At baseline, each player was asked to complete a detailed
questionnaire covering sports participation; history of pre-
vious injuries to the ankle, knee, hamstring, or groin; as
well as present symptoms and function of these 4 specific

regions. Ankle function and knee function were classified
using the Foot and Ankle Outcome Score (FAOS)46 and the
Knee and Osteoarthritis Outcome Score (KOOS)47 forms,
respectively, and similar forms were constructed to classify
hamstring and groin function by adapting questions from
the FAOS and KOOS forms to these muscle groups.

The FAOS and KOOS are self-explanatory 42-item ques-
tionnaires developed to assess patient opinion about
ankle- and knee-associated problems, respectively, after
ligament reconstruction or other surgical treatment.11,47

Patient-relevant outcomes are measured in 5 separate sub-
scores: pain, other symptoms, activities of daily living, sport
and recreation function, and ankle-/knee-related quality of life
(QOL). Both questionnaires meet set criteria of validity and
reliability.46,47 The questionnaires developed to assess ham-
string (hamstring outcome score [HaOS]) and groin function
(groin outcome score [GrOS]) included 19 and 29 items, respec-
tively.These questions formed the basis for the following 5 sub-
scale scores: symptoms, stiffness, pain, sport and recreational
function, and hamstring-/groin-related QOL. The reliability
and validity of these questionnaires have not been assessed.

A 5-point Likert scale was used to answer each ques-
tion, and all items were scored from 0 (no problem) to 4
(extreme problems). Each of the 5 subscale scores was
calculated as a sum of the items included, composing a
raw score. Raw scores were transformed to a total score,
ranging from 0 to 100, with 100 representing optimal
function. The criteria for classifying a leg as having an
increased risk of injury were as follows: a history of an
injury to the ankle, knee, hamstring, or groin or a reduced
function with a mean score of less than 80% for either of
the 4 body parts mentioned.

The forms used were designed to be read optically, and
data were transformed into an SPSS database (SPSS for
Windows 15.0, SPSS Inc, Chicago, Ill). If a mark was
placed outside a Likert box, the closest box was used. If 2
boxes were marked or a mark was placed between 2 boxes,
that box which indicated the more severe problem was cho-
sen. If no mark at all was placed, a missing value for that
particular item was registered in the database.

The questionnaire was introduced to the players at a
team meeting by staff who were carefully instructed in how
the questionnaire should be completed. They were also pres-
ent to answer questions while the players completed the ques-
tionnaire. It took the players about 45 minutes to complete
the full questionnaire. Completed questionnaires were miss-
ing for players who did not attend the scheduled team
meetings and for teams that for unknown reasons were
unable to arrange team meetings.

Injury Registration

To monitor all injuries throughout the 8-month study period,
18 physical therapists were recruited and assigned to the
teams (typically 5-7 teams each) to record injuries from
March 1 through October 31. All coaches were asked to keep
a continuous log of all data requested. The coach of each team
was contacted by telephone and/or e-mails at least once a
month to record new injuries, as well as all playing activities
in training and matches. Injured players were interviewed
by the injury recorders to assess aspects of the injury
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based on a standardized injury questionnaire. All informa-
tion was registered using a Web-based recording system.

An injury was registered if it caused the player to be
unable to fully take part in match or training sessions the
day after the injury (“time loss” injury).20 Acute injuries
were defined as injuries with a sudden onset associated
with a known trauma, whereas overuse injuries were those
with a gradual onset without any known trauma. A previ-
ous injury was defined as an injury of the same type and
the same site as an index injury and that occurred after a
player had returned to full participation from the index
injury. The location and type of injury were recorded. In
almost all cases of moderate and major injuries, the play-
ers were seen in a medical center to diagnose the injury by
clinical examination, imaging studies, or surgery. In cases
of minor injuries, the players were generally examined by
a local physical therapist, the coach, or not at all. However,
the injury information was obtained from the interviews
with injured players. None of the injured players were
examined or treated by any of the authors or injury
recorders involved in the study.

Statistics

As stated above, this cohort study represents a secondary
analysis of data from a randomized controlled trial.50

Descriptive data, such as anthropometrics, player history,
and sum scores for the 4 function scores, are presented as
mean values with SDs. Groups of injured and uninjured play-
ers were compared using the Student t test, and group differ-
ences are presented as mean values with 95% confidence
intervals (CIs). P values below .05 were considered significant.

As in other recent studies on lower limb risk factors,5,8,26

each limb was used as the unit of analysis. An odds ratio
(OR) with 95% CI was calculated for a group of players with
previous injuries versus new injuries. The predictive values
of anthropometric and player history data, previous injuries,
and the 4 different function scores in relation to new injuries
were analyzed using Poisson regression models based on
generalized estimating equations. The number of new
injuries was used as the dependent variable, whereas the
number of previous injuries as well as function scores were
used as independent variables. All regression models were
adjusted for the effects of cluster (person and team, using
geographic region as surrogate). Rate ratios (RRs) with 95%
CIs associated with a 1 SD decrease in the exposure variable
(function score; total and subscores) were calculated to com-
pare the risk for new injuries between players. Similarly, we
calculated RR with 95% CI for a 1-unit increase in the num-
ber of years of play and previous injuries, as well as a 1-unit
change for the groups of players with low function scores.
Limb as the unit of analysis was also used for the calculation
of the sensitivity and specificity of previous injuries and
lower limb function in predicting new injuries.

RESULTS

Baseline Data

A total of 1430 players (71% of the entire cohort)50 com-
pleted the questionnaire on history of previous injuries

and present lower limb function. The mean age of these
players was 15.4 years (SD, 0.8). Their mean weight was 56
kg (SD, 7), height was 166 cm (SD, 6), and body mass index
was 20 kg/cm2 (SD, 2). Anthropometric data, player history,
as well as joint- and muscle-specific function scores at
baseline are described separately for previously injured
and uninjured players (Table 1). There were highly signif-
icant between-group differences for all of the 4 function
scores, as well as for the 5 subscores within each function
score in disfavor of previously injured players, except for
hamstring-related QOL (P = .21) (Table 2).

Overall Injury Characteristics

A total of 296 of the 1430 players (20.7%) sustained at least
1 injury. Of these players, 49 (3.4%), 16 (1.1%), and 1 (0.07%)
incurred 2, 3, and 4 injuries, respectively, leading to a total of
380 injuries. There were 330 acute injuries and 50 overuse
injuries. The most common types of overuse injury were
anterior lower leg pain (35% of all overuse injuries) and
knee pain (21%), whereas an ankle sprain was the most
common acute injury type (111 injuries, 34%). Of the 330
acute injuries, 70 (21%) were reinjuries. The type and loca-
tion of acute injuries are described in Table 3.

Risk Factors for New Injuries

As many as 1003 players (70.1%) reported to have had at
least 1 previous injury to 1 of the 4 body regions covered by
the questionnaire: ankle, knee, hamstring, or groin. Of
these, 179 players (17.8%) sustained at least 1 new injury
during the 2005 season to the same region, compared with
38 players (9.0%) among players with no injury history.
Thus, the risk of injury was almost twice as high for play-
ers with an injury history to the same region on the same
site during the study period than for players without pre-
vious injuries (OR, 1.9; 95% CI, 1.4-2.5; P < .001). The risk
of sustaining a new injury increased with the number of
previous injuries (RR, 1.08 [1.04-1.12] for each additional
previous injury reported; P < .001). None of the anthropo-
metric variables (age, height, weight, body mass index) or
weekly sports participation were significant risk factors
for new injuries. However, years of organized soccer play

TABLE 1
Baseline Data (Mean ± SD) for Previously

Injured and Uninjured Players Regarding Player
Characteristics and Training History

Previously Injured Previously Not 
(n = 1003) Injured (n = 422)

Age, y 15.4 ± 0.8 15.3 ± 0.8
Weight, kg 55.9 ± 7.2 55.1 ± 7.5
Height, cm 166.3 ± 5.6 165.9 ± 6.0
Body mass index, kg/cm2 20.2 ± 2.2 20.0 ± 2.3
No. of years in organized 5.5 ± 2.2 5.1 ± 2.1

soccer
Hours of training 7.6 ± 3.2 7.0 ± 3.0

per week
Hours of soccer training 4.4 ± 2.5 4.1 ± 2.0

per week
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was significantly associated with new injuries (RR, 1.12
[1.04-1.22] for each additional year reported; P = .003).
Figure 1 presents the risk of new injuries based on having
reported a history of previous injuries to 1 of the 4 regions.
Players with an injury history to the ankle, knee, or groin

were more likely to sustain a new ankle, knee, or groin
injury than were players without previous injuries. Figure
2 presents the risk of new injuries when scoring low
(defined as a score below 80%) on 1 of the 4 function scores
for the same 4 regions. Having reported reduced function

TABLE 2
Baseline Ankle, Knee, Hamstring, and Groin Scores for Previously Injured and Uninjured Legsa

Subscore Previously Injured Previously Not Injured Δ (95% CI)

Ankle (FAOS) n = 936 n = 1485
Pain 92.0 ± 11.3 97.3 ± 6.0 –5.3 (–6.0 to –4.5)
Symptoms 62.8 ± 11.1 68.2 ± 9.7 –5.4 (–6.3 to –4.5)
Activities of daily living 96.3 ± 7.5 98.7 ± 4.2 –2.3 (–2.9 to –1.8)
Sport 89.0 ± 16.2 96.3 ± 8.4 –7.3 (–8.4 to –6.2)
Quality of life 71.3 ± 12.4 76.3 ± 10.0 –5.0 (–5.9 to –4.0)
Total 411.5 ± 46.8 436.7 ± 26.8 –25.2 (–28.5 to –21.9)

Knee (KOOS) n = 649 n = 1869
Pain 87.6 ± 15.4 96.8 ± 8.2 –9.2 (–10.1 to –8.2)
Symptoms 58.6 ± 12.9 67.1 ± 10.1 –8.5 (–9.5 to –7.4)
Activities of daily living 93.4 ± 11.0 98.3 ± 5.7 –4.9 (–5.8 to –4.0)
Sport 80.5 ± 22.3 94.8 ± 12.4 –14.2 (–16.1 to –12.4)
Quality of life 65.9 ± 13.0 74.2 ± 10.0 –8.3 (–9.4 to –7.2)
Total 386.1 ± 64.6 431.2 ± 37.1 –45.1 (–50.4 to –39.8)

Hamstring (HaOS) n = 451 n = 2169
Pain 88.9 ± 12.0 95.0 ± 7.6 –6.1 (–7.2 to –4.9)
Symptoms 80.4 ± 23.1 93.3 ± 15.0 –7.9 (–9.9 to –5.9)
Stiffness 87.0 ± 13.3 91.6 ± 10.5 –4.6 (–5.9 to –3.3)
Sport 95.1 ± 11.4 98.2 ± 6.5 –3.1 (–4.2 to –2.0)
Quality of life 53.6 ± 16.3 54.8 ± 18.2 –1.2 (–3.0 to 0.7)
Total 408.4 ± 46.3 431.2 ± 37.3 –22.8 (–27.4 to –18.3)

Groin (GrOS) n = 363 n = 2271
Pain 92.7 ± 10.7 97.3 ± 4.9 –4.5 (–5.7 to –3.4)
Symptoms 80.4 ± 23.1 93.3 ± 15.0 –11.9 (–14.4 to –9.5)
Stiffness 92.6 ± 10.4 96.7 ± 6.7 –4.1 (–5.7 to –3.4)
Sport 96.1 ± 10.2 99.0 ± 4.0 –2.9 (–4.0 to –1.9)
Quality of life 66.7 ± 13.6 69.1 ± 12.5 –2.4 (–3.9 to –0.9)
Total 428.4 ± 48.1 454.4 ± 29.0 –25.9 (–31.0 to –20.8)

aEach leg has been treated as a separate case. Complete function scores were available for 88% of the Foot and Ankle Outcome Score
(FAOS), 90% of the Knee and Osteoarthritis Outcome Score (KOOS), and 94% of the hamstring outcome score (HaOS) and groin outcome
score (GrOS) forms, respectively. Data are mean ± SD and mean difference (Δ; 95% confidence interval [CI]).

TABLE 3
Number and Proportion of Acute Time Loss Injuries in Relation to Injury Type and Location

Total

Contusion Sprain Strain Dislocation Fracture Pain Other No. %

Head/neck 5 1 8 14 4.2
Upper body 9 5 4 1 6 2 27 8.2
Lower body 64 135 73 1 1 1 14 289 87.6

Hip 4 4 1.2
Groin 19 19 5.8
Thigh 3 46 49 14.8
Knee 19 20 2 1 11 53 16.1
Lower leg 12 4 1 17 5.2
Ankle 13 111 1 125 37.9
Foot, including toe 13 4 2 1 1 1 22 6.7

Total (%) 78 (23.6) 141 (42.7) 77 (23.3) 2 (0.6) 7 (2.1) 1 (0.3) 24 (7.3) 330 (100)
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scores significantly increased the risk of sustaining new
ankle or knee injuries.

Poisson Regression

Table 4 shows the subscores of each of the joint- and muscle-
specific function scores for players who were injured and
not injured during the 2005 season. Table 4 also reports
the results from the Poisson regression model, for each
subscore and for the total function score. All of the ankle-
and knee-specific subscores were significant risk factors
for new ankle and knee injuries.

Sensitivity and Specificity to Predict New Injuries

Based on a simplified model with limb as the unit of analy-
sis and each injury treated as a separate case, the sensi-
tivity and specificity of self-reported previous injuries and
low function scores to predict new injuries were calculated
(Table 5). Reporting a previous ankle or knee injury was
more sensitive in predicting new ankle and knee injuries
than was reporting a reduced ankle or knee function score.

However, this difference in sensitivity was smaller for the
prediction of new thigh or groin injuries. The specificity of
injury history and joint- and muscle-specific function
scores to identify new injuries was higher than for sensi-
tivity, ranging from 62% to 93%, respectively.

DISCUSSION

The principal finding of this prospective cohort study was
that young female soccer players with at least 1 previous
injury or a reduced lower limb function score had a signifi-
cantly increased risk of sustaining a new injury of the same
kind during the 8-month follow-up period. Thus, we were
able to identify athletes prone to be injured at the ankle,
knee, thigh, or groin simply by having the players complete
a preseason questionnaire on their history of injury and
present lower limb function, albeit with low sensitivity.

Almost one fourth of all new acute injuries recorded in
the present study were in fact reinjuries, which may come
as a surprise in such a young player population. However,
the explanation seems quite obvious; as many as 1 in every
5 players sustains an injury every season, and the injury
pattern is quite consistent, with hamstring strains and
ankle and knee sprains being by far the most common
injuries. In addition, previous injury in itself clearly repre-
sents a risk factor for injury, possibly through physiologic
or anatomical deficits resulting from the previous injury,
for example, reduced strength and neuromuscular control
or increased joint laxity.5,15,26,44,49,55 That reinjury rates are
high in elite male players is well known,5,26,54 but our find-
ings are also corroborated by previous studies on female
players, reporting the proportion of reinjuries to range
between 19%17 and 41%.48

Ankle Injuries

Lateral ligament injuries to the ankle are typical in soccer
and mainly result from tackling, running, or landing.3,6,21

As shown in the present and previous studies on young
and adolescent female players,15,48 ankle sprains represent
the dominant injury type and are proportionally more fre-
quent than among youth male35 or female16,17,30,44 or male
elite players.5,25,56

Previous injury has been reported to be a strong risk fac-
tor for soccer-related ankle injuries.5,51,52 However, studies
investigating the association between previous and new
ankle sprains have produced conflicting results, even at
the elite level. In contrast to the present data, showing an
18% increased risk for new ankle injuries, injury risk was
increased neither in female17 nor in male players26 at the
elite level who had reported an ankle sprain history.

The most likely explanation for this apparent discrep-
ancy is that medical care is less available for youth teams
than for elite players and that the quality and consistency
of the rehabilitation program after injury influence the
prognosis of recurrences. In youth sports, knowledge about
injury rehabilitation is typically low and access to profes-
sional medical care limited. The decision to return to play
after an injury is therefore usually made by the coach, the

Figure 2. Risk of new injuries for players with low function
scores for each of the 4 specific regions. Each limb has been
treated separately in this analysis. RR, relative risk.
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Figure 1. Risk of new injuries for players with previous
injuries for each of the 4 specific regions. Each limb has been
treated separately in this analysis. RR, relative risk.

Ankle Knee Thigh Groin

P
er

ce
nt

ag
e 

w
ith

 n
ew

 in
ju

rie
s

0

1

2

3

4

5

6

7 Low function score
Normal function score

RR = 1.7 [1.1;2.7]
P = .021

RR=3.2 [1.8;5.7]
P<.001

RR=1.3 [0.6;2.4]
P = .503 RR=3.4 [0.9;12.4]

P = .068

23/376

80/2142

21/499

34/2078

14/506

34/2171

5/196

12/2484



6 Steffen et al The American Journal of Sports Medicine

player, and/or the parents. In contrast, the medical staff of
professional teams are generally well aware of the princi-
ples for optimal treatment and secondary prevention of
ankle sprains.26 Kucera et al34 also postulated that an
increased risk of ankle injuries is consistent with the
nature of youth soccer, where kicking, planting, cutting,
sprinting, jumping, and landing are performed on partially
uneven natural grass pitches, which can be highly stress-
ful for the foot and ankle structures.

An indication that rehabilitation after previous injuries
had been inadequate is that the baseline FAOS function
score was lower in players with a previous ankle injury com-
pared with uninjured players. It is therefore not surprising
that the FAOS function score, in total and all subscores, rep-
resents a risk factor for new ankle sprains, although the sen-
sitivity was low. In most cases, pain and swelling are
indicators of a poorly rehabilitated injury or signs that the
joint is not functionally stable during sports activities.

Knee Injuries

Knee sprains are common in female soccer players, with
injury rates several-fold higher than that of male players

at the same level.1,23 Running, turning, and landing after head-
ing in combination with rapid brakes and changes of direction
put the knee joint at risk,28,32,33 although the reasons for the
gender gap are not fully elucidated.23 In the present study, a
previous knee injury increased the risk for a new knee injury
by 38%, which corresponds to data from other investigations
on elite5,26,55 and adolescent players of both genders.34

One fifth of all acute injuries involved the knee joint, and
nearly 40% of all acute knee injuries recorded in the pres-
ent study were ligament sprains. Because there is solid
evidence that previous knee sprains increase the risk of
early osteoarthritis in soccer players,36,40,54 the present
results suggest that special attention should be given to
players with a knee injury history and knee-related symp-
toms. As was seen for ankle injuries, the baseline KOOS
function score was reduced in players with previous knee
injuries, again indicating that rehabilitation after injury
was insufficient before the start of the season.

Thigh Injuries

Hamstring strains are common in soccer players, presum-
ably resulting from eccentric muscle activity during kicking

TABLE 4
Poisson Regression Model Based on Mean Sum Scores for Subscores Within Each of the 4 Function

Scores for Legs That Were Injured and Not Injured During the 2005 Seasona

Poisson Regression Prediction of
Sum Score, Mean ± SD New Injuries, n

Subscore Injured 2005 Not Injured 2005 RR (95% CI) P

Ankle (FAOS) n = 103 n = 2415
Pain 92.8 ± 12.6 95.5 ± 8.5 1.22 (1.07-1.40) .004
Symptoms 65.5 ± 10.9 66.3 ± 10.7 1.24 (1.03-1.50) .032
Activities of daily living 97.3 ± 7.0 97.8 ± 5.7 1.21 (1.09-1.34) <.001
Sport 90.0 ± 17.8 93.8 ± 12.1 1.25 (1.08-1.45) .001
Quality of life 71.4 ± 13.6 74.7 ± 11.2 1.29 (1.07-1.54) .010
Total 417.0 ± 50.2 428.1 ± 37.0 1.3 (1.1-1.5) <.001

Knee (KOOS) n = 55 n = 2522
Pain 86.2 ± 20.3 94.6 ± 11.0 1.50 (1.29-1.75) <.001
Symptoms 59.5 ± 9.9 65.0 ± 11.5 1.62 (1.31-1.99) <.001
Activities of daily living 91.0 ± 14.7 97.2 ± 7.5 1.42 (1.27-1.58) <.001
Sport 78.3 ± 29.4 91.4 ± 16.4 1.59 (1.39-1.82) <.001
Quality of life 66.8 ± 14.3 72.2 ± 11.3 1.72 (1.31-2.27) <.001
Total 381.8 ± 78.9 420.4 ± 48.7 1.6 (1.4-2.0) .001

Hamstring (HaOS) n = 48 n = 2629
Pain 92.0 ± 10.2 94.0 ± 8.8 1.18 (0.99-1.40) .058
Symptoms 85.9 ± 21.2 90.3 ± 17.2 1.17 (0.92-1.46) .229
Stiffness 89.1 ± 11.8 90.8 ± 11.2 1.02 (0.78-1.33) .889
Sport 96.9 ± 6.4 97.7 ± 7.7 1.08 (0.93-1.24) .316
Quality of life 57.9 ± 20.7 54.5 ± 17.7 1.13 (0.86-1.50) .414
Total 421.7 ± 44.7 427.3 ± 39.8 1.1 (0.8-1.5) .530

Groin (GrOS) n = 17 n = 2663
Pain 93.5 ± 8.3 96.6 ± 6.2 1.20 (0.99-1.45) .068
Symptoms 76.5 ± 25.7 90.7 ± 16.9 1.51 (1.01-2.26) .045
Stiffness 93.1 ± 10.3 96.1 ± 7.4 1.01 (0.64-1.59) .971
Sport 95.8 ± 8.2 98.6 ± 5.4 1.07 (0.79-1.44) .657
Quality of life 66.8 ± 19.7 68.8 ± 12.7 1.12 (0.85-1.48) .398
Total 425.7 ± 58.4 450.9 ± 33.4 1.4 (1.0-1.9) .056

aCI, confidence interval; FAOS, Foot and Ankle Outcome Score; GrOS, groin outcome score; HaOS, hamstring outcome score; KOOS, Knee
and Osteoarthritis Outcome Score; RR, rate ratio.
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activities and short sprints.4,9,26 Among female adolescent
soccer players, thigh strain injuries represent 8% to 25% of
all acute injuries15,48 compared with 11% among elite
female17 and 13% to 16% among elite male players.4,56

In the present study, a history of a previous hamstring
injury was not a risk factor for new thigh injuries, which is
in contrast to reports from male soccer.5,26 Although there
was a highly significant reduction in the hamstring func-
tion score (HaOS) in players with an injury history at base-
line, the functional score did not predict new thigh injuries
in this group of players. This may simply be a type II error
based on the low frequency of thigh injuries, previous and
new, in this player population. But the results may also
indicate that the questions forming the HaOS were not
sensitive in identifying players with functional limitations.
However, it should be noted that the set of questions com-
posing hamstring and groin function questionnaires has
not been validated. Also, the fact that we asked the players
about previous hamstring injuries but recorded thigh
injuries as a group (without distinguishing between, eg,
hamstring and quadriceps strains) may have influenced
the results.

However, prevention programs for hamstring injuries are
recommended and can easily be introduced in soccer train-
ing. Eccentric strength training of the hamstring muscles
increases hamstring muscle torque7,39 and reduces the inci-
dence of hamstring strains in elite male soccer players.4,7,39

Because a low quadriceps to hamstring strength ratio is
hypothesized to represent a risk factor for knee injuries,9

eccentric hamstring training using the Nordic hamstring
exercise now has been included in injury prevention pro-
grams targeting young athletes as well.4,38,43,50

Groin Injuries

As shown in the present study, in which groin strain
injuries constituted 6% of all acute injuries, groin strains
appear to be less common in female15,17,48 than in male soc-
cer players.5,24,36,56 Nevertheless, groin injuries can result
in extensive rehabilitation time, and longstanding pain
may develop into problems in athletes engaged in sports

such as soccer that involve kicking, rapid changes of direc-
tion, accelerations, and decelerations.37

We found a history of previous groin injury to be predic-
tive in identifying players at risk for new groin injuries. In
contrast, function limitations in the groin region (GrOS
function score) were not a significant risk factor for new
groin strains. However, questions related to pain and
symptoms tended to be significant predictors for groin
injuries. Reduced flexibility of the abductor muscles is
believed to be a risk factor for groin strain injuries,5,14,53

and there may be a relationship with pain and stiffness
reported by the athlete in the function score.

Methodological Issues

A limitation of the study was the response rate. Of the
2020 players included in the intervention trial,50 only 1430
(71%) completed the questionnaire. This may constitute a
selection bias, if players with symptoms were more likely
to respond. However, we have compared injury proportions
between responders and nonresponders and could not
detect any difference in the proportion of injuries to the
ankle, knee, thigh, or groin (data not shown).

A weakness of this and most other studies assessing the
relationship between previous and new injuries is that
injury history relies on player recall. It is well known that
recall bias is a concern when relying on retrospective self-
reporting of injuries.13,15,26 The only study to date to avoid
this was by Hägglund et al,26 who conducted a study over
2 consecutive seasons and included prospectively collected
injury information to study the relationship to reinjuries.

Prospective injury registration on a monthly basis,
which was practiced here, also raises questions on recall
bias.15,26 However, research injury recorders were in close
contact with the coaches to avoid missing any injury
among the players during the study period. It seems rea-
sonable to expect that although minor injuries were
missed, most major injuries would have been recorded
with this procedure. Also, we were unable to record indi-
vidual exposure data, as done by Östenberg and Roos,44

and therefore could not correct for exposure in the risk fac-
tor analyses. The same registration method as in the pres-
ent study was successfully used by Olsen et al.43 The
reliability and validity of the exposure and injury registra-
tion have been examined in detail previously42 and found
to be adequate.

Functional testing of all athletes at baseline could have
provided additional and perhaps more objective informa-
tion about possible risk factors. However, this was neither
possible nor the intention of the present study.

Practical Implications

Soccer is a contact sport and requires a variety of skills at
different intensities. Running is the predominant activity,
and explosive efforts during sprints, duels, jumps, and
kicks are important performance factors12,29,45,57 as well as
injury risk situations.3,6,21

The strong association observed between previous
injuries, reduced function, and new injuries in this young

TABLE 5
Sensitivity and Specificity for Reported Previous Injury
and Low Function Scores (<80%) to the Ankle (FAOS),
Knee (KOOS), Hamstring (HaOS), and Groin (GrOS) to

Predict New Injuries in the Same Locationa

Previous Injury, % Low Function Score, %

New Injuries Sensitivity Specificity Sensitivity Specificity

Ankle 50 62 22 85
Knee 53 74 38 81
Thigh 23 83 29 81
Groin 24 86 29 93

aFAOS, Foot and Ankle Outcome Score; GrOS, groin outcome
score; HaOS, hamstring outcome score; KOOS, Knee and
Osteoarthritis Outcome Score.



8 Steffen et al The American Journal of Sports Medicine

cohort suggests that secondary prevention of reinjuries
should be emphasized. More effective strategies are
needed to support players and coaches in the treatment
and rehabilitation of the original injury, to prevent further
injuries. As is true for all injuries, appropriate rehabilita-
tion programs and time to allow the player to become
symptom free before returning to play are necessary.5,25

Also, several studies have now shown that including pre-
ventive exercises in training sessions can reduce injury
risk significantly.27,38,43

Although the specificity of the questionnaire is reason-
ably high, the sensitivity in predicting new injuries
through injury history and reduced function scores is low.
This limits the usefulness of the questionnaire because it
is highly questionable whether it is worth the effort to
have every player on a team complete the form. Only every
fourth to every second player who became injured had a
positive screening result. Thus, it is not possible to use the
questionnaire to target injury prevention programs to ath-
letes at risk. If effective injury prevention methods are
established for this player population, it is recommended
that these are given to all athletes on the team. Whether it
is possible to develop a more sensitive and practical ques-
tionnaire to screen for injury is not known. However, based
on the results of this study, questions covering pain and
joint- and muscle-specific symptoms seem to be essential—
at least when a player had reported an injury history. Pain
seemed to be a useful indicator for limited function for all
4 specific regions studied in the present study. Therefore, a
player who is not able to train without pain or other symp-
toms from a particular region should be advised to undergo
rehabilitation and restrict participation in games, as this
probably will increase the risk for a new injury.

CONCLUSION

In this study of youth female soccer, about 70% of the play-
ers reported to have had at least 1 previous injury to the
ankle, knee, hamstring, or groin on at least 1 side during
their sports careers, and these groups reported reduced
function related to the injured region at baseline. A history
of previous injury and reduced function at baseline were
significant risk factors for new injuries to the same region
and limb during the season.
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