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Abstract
Objective The aim of this study was to investigate
whether dynamic balance, measured with the anterior
component of the Star Excursion Balance Test (SEBT-ANT),
is a risk factor for ankle injuries in physical education
teacher education (PETE) students.
Design and setting A prospective monocentre study in
first-year PETE students.
Participants A total of 196 subjects, of which 137 men
(70%) and 59 women (30%).
Outcome measures This study consisted of measures
of the SEBT-ANT at baseline (September 2015) and an
injury registration procedure during a follow-up period
(September 2015–June 2016). The association between
the SEBT-ANT score and subsequent ankle injury was
analysed with generalised estimating equations analysis at
the leg level.
Results Men and women had an average SEBT-ANT
score of, respectively, 65.1% and 67.7% of leg length. In
20 (15%) subjects, the first injured body site involved the
ankle. Across all participants, a below average SEBT-ANT
score was not associated with increased ankle injury odds
(OR OR=2.43, 95% CI: 0.94 to 6.29, p=0.07). In men,
a below average SEBT-ANT score indicated sevenfold
increased odds for ankle injury (OR=7.06, 95% CI: 1.43
to 34.92, p=0.02). In women, this relationship was not
significant (OR=0.72, 95% CI: 0.19 to 2.71, p=0.62).
Conclusions Below average normalised SEBT-ANT
scores were associated with sevenfold likelihood for ankle
injuries in men. In contrast, no relationship was found for
the SEBT-ANT score and ankle injuries in woman. These
results may provide directions for the implementation of
screening tools, as part of an injury prevention programme,
to identify male PETE students with an increased likelihood
for ankle injuries.

Introduction
Physical activity and sport participation are
essential for maintaining and improving
health.1 2 The downside of physical activity
and sport participation is, however, the risk
for sustaining an injury.3 physical education
teacher education (PETE) students participate, as part of the PETE curriculum, in a
wide range of physical activities, which puts
them at risk for sustaining an injury.4 Injured

Strengths and limitations of this study
►► To the best of our knowledge, this was the first study

on dynamic balance as a risk factor for ankle injuries in physical education teacher educations (PETE)
students.
►► In addition, strengths of this study are the prospective study design, the relatively long follow-up period (10 months) and the relatively high response rate
(81%).
►► Furthermore, our study used generalised estimating
equation analysis at the leg level and controlled the
model by person and previous ankle injury.
►► The self-evaluated injury registration and the low
number of ankle injuries limits the strength of this
study.
►► The results of this study have limited clinical relevance as they are based on a single sample of PETE
students.

students are limited to participate in the
educational programme, which can cause a
suboptimal professional development, higher
study costs and, in extreme cases, exclusion
from the PETE programme. Therefore,
prevention of injuries in this population is
needed.
According to the ‘sequence of prevention’
model by van Mechelen et al,5 knowledge
about the injury problem and associated
risk factors are needed before preventive
measures can be developed. Several studies
have described the injury problem in PETE
students and indicate that the ankle is in the
top three of injury localisations in this population.4 6–9 In the literature, one of the most
significant risk factors for ankle injuries is
dynamic balance of the ankle.10–12 A common
and practical method to assess dynamic
balance of the ankle is the Star Excursion
Balance Test (SEBT).13–20 The literature
shows that, in athletic populations, low scores
on the anterior component of the SEBT
(SEBT-ANT) are associated with an increased
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Methods
Subjects
The study population consisted of first-year PETE students
of the Amsterdam University of Applied Sciences. The
first-year PETE curriculum consisted of, apart from theoretical courses, an average weekly sport exposition of
approximately 10.5 hours in six different sports (athletics,
dance, field sports, gymnastics, martial arts and swimming). In total, 229 students enrolled the academic year
2015–2016. Exclusion criteria for subjects were: (1) no
participation in the physical test/inability to perform the
physical test and (2) no response in injury surveillance.
Study procedure
A prospective study design was used. At the start of the
academic year all subjects were informed about the study
design and procedures during a plenary presentation and
were asked to complete an informed consent. A baseline
questionnaire, which was completed by the subjects after
the plenary presentation, was used to obtain data regarding
sport participation, gender, age and ankle injury history
in the past 12 months (yes/no). During the first week of
the study subjects underwent a preparticipation examination by a sport physician, including measures of length
and body weight, and a physical screening including
the SEBT-ANT as a measure for dynamic balance of the
ankle (ANT relative to leg length). An injury surveillance
procedure was conducted during the following academic
year to obtain data regarding sport participation (average
hours/week) and subsequent injuries.
S tar Excursion Balance Test
The SEBT was used as a measure for dynamic balance
of the ankle.17 Different applications of this protocol,
mainly regarding foot placement and pass/fail criteria,
can be found in the literature.21 We conducted the SEBT
in accordance with the study of Gribble et al.16 The SEBT
was executed only in the ANT direction (SEBT-ANT) as
the literature shows that this component of the SEBT has
the strongest association with subsequent injury.16 17 The
2

subjects received a plenary instruction about the execution of the test. In accordance with the literature, they
had to perform six practising trials for each leg.21 22 To
execute the SEBT-ANT, subjects had to stand on one foot
with the most distal aspect of the weight-bearing foot at
a starting line. With their free leg subjects had to reach
slowly as far as possible in the ANT direction, slightly
above a measuring tape on the floor, while maintaining
the hands placed on their hips and their standing foot
flat on the floor. The maximal reach was determined, by
way of visual evaluation, at the point of maximal reach
and administered with the nearest 0.5 cm. The trial was
rejected, and repeated, when the subject: (1) failed to
maintain one legged stance with their foot flat on the
floor, (2) failed to maintain balance during or directly
after the test and (3) touched down with the reach foot.
The test was repeated three times successfully for each
leg. The measurements were conducted by a team of five
trained fourth-year PETE students.
Leg length was determined for the purpose to normalise
the SEBT-ANT score. Subjects lay on a mat table in supine
position while a physical therapist measured, with a cloth
tape, the distance between the most inferior aspect of the
ANT superior iliac spine and the most distal portion of
the lateral malleolus of the right and left leg. All measurements were conducted by the same therapist.
Injury surveillance
During the academic year (September 2015–June 2016),
subjects registered newly sustained injuries on seven occasions. For practical purposes and to obtain a high response
rate, the injury registrations were completed during the
plenary coaching meetings. This led to injury registration
intervals of five curricular weeks for injury registrations
one to six, the final injury registration covered seven
curricular weeks. Injuries had to be specified in terms
of localisation, injury mechanism (acute or overuse),
circumstances of the inciting event, contributing factors,
type and duration. An injury was defined as any physical complaint that resulted in a subject being unable to
fully take part in sporting activities for at least 1 day, also
referred to as a time-loss injury.23 This data acquisition
method has been used in previous studies.4 Ankle injuries were identified using the localisation (ankle), as no
further diagnoses of the injuries were done and the literature shows that the type of the self-evaluated injuries are
not accurate.24
Data analysis and statistics
The SEBT-ANT scores from the three trials were averaged
and normalised for leg length for each leg.25 Data from
the injury surveillance were used to categorise legs in the
ankle injury (first injury involved the ankle) or no ankle
injury (no injury or first injury did not involve the ankle)
group.
To analyse the relationship between SEBT-ANT scores
and subsequent ankle injury, independent-samples t-tests
were used to analyse differences in SEBT-
ANT scores
Bliekendaal S, et al. BMJ Open 2019;9:e032155. doi:10.1136/bmjopen-2019-032155
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risk for lower extremity injuries in general13 17 18 and ankle
injuries in particular.16 20
However, no studies are found in the literature
regarding dynamic balance as a risk factor for ankle injuries in PETE students. In addition, because of differences
in characteristics between the PETE and sport-specific
population, the existing literature on this topic has
limited transferability to the PETE population. Therefore,
the aim of this study was to investigate whether dynamic
balance, measured with the SEBT-ANT, is a risk factor for
ankle injuries in PETE students. Based on the literature,
it was hypothesised that dynamic balance would be a risk
factor for ankle injury. Identifying significant risk factors
for ankle injuries can be of importance in the development of an injury prevention programme in the PETE
population.

Open access

Male

Female

Total

Subjects (N, %)
Age (year, SD)

137 (70)
19.5 (2.4)

59 (30)
18.6 (1.3)

196
19.3 (2.2)

Length (cm, SD)

182 (7)

170 (6)

178 (8)

Weight (kg, SD)

71.6 (8.7)

61.9 (5.1)

68.7 (8.9)

BMI (SD)

21.7 (2.2)

21.5 (1.8)

21.6 (2.1)

Ankle injury in past 12 months (N, %)

21 (15)

8 (14)

29 (15)

Extracurricular sport participation

 

 

 

 Exposure (hours/week, SD)
 Sports top 5 (N, %)

5.5 (3.5)
Soccer (57, 42)
Fitness (53, 39)
Running (29, 21)
Martial arts (10, 7)
Cycling (8, 6)

5.7 (5.3)
Fitness (11, 19)
Running (10, 17)
Hockey (9, 15)
Soccer (9, 15)
Gymnastics (7, 12)

5.6 (4.1)
Soccer (66, 34)
Fitness (64, 33)
Running (39, 20)
Hockey (12, 6)
Martial arts (12, 6)

BMI, body mass index.

between men and women. Second, the relationship
between normalised SEBT-
ANT and subsequent ankle
injury was assessed at the leg level using generalised estimating equations (GEEs) with gender and ankle injury
history in the model as confounders and controlled for
intrasubject relations (two limbs per subject). This analysis was also conducted for men and women separately,
without gender in the model as a confounder, because
women had higher normalised SEBT-ANT scores than
men (table 1). In addition, a secondary analysis was
performed with the exclusion of subjects where the first
injury did not involve the ankle.
Third, the normalised SEBT-ANT scores were dichotomised using the average as the cut-off point. Finally, ORs
were calculated using GEE analysis (with >mean as the
reference group) with ankle injury history and gender

Figure 1 Flow chart of the inclusion of subjects (n=196).
SEBT, Star Excursion Balance Test.
Bliekendaal S, et al. BMJ Open 2019;9:e032155. doi:10.1136/bmjopen-2019-032155

as a confounder in the model. The average score of the
study sample was used as a cut-off point to exclude the
possibility that a predefined cut-off point from the literature introduced a bias in the study, as the literature shows
that of the SEBT protocol is often conducted in different
ways21 and different optimal cut-off points are found in
different athletic populations (eg, 84% of leg length
in basketball players17 and 64% of leg length in soccer
players20). Again, a secondary analysis was conducted with
the exclusion of subjects where the first injury did not
involve the ankle.
An alpha level of p<0.05 was used to assess significance.
Analyses were conducted using SPSS V.24.
Patient and public involvement
The study participants were not involved in the design of
this study. No patient involvement.

Results
In total 196 subjects were included in the analysis
(figure 1) of which 137 men (70%) and 59 women (30%).
Subject characteristics are presented in table 1. Results
from the SEBT-ANT test are presented in table 2.
During the follow-up period, the researchers received
1111 of the 1372 expected injury registration forms.
This indicates an overall response rate of 81%, where
the majority (51%) of the subjects had a response rate of
100%. In total 137 (70%) subjects sustained one or more
injuries, of which 20 (15%) cases involved the ankle as the
first injury (unilateral: n=19, bilateral: n=1). All the ankle
injuries occurred acutely. Further details of the ankle
injuries are presented in table 3.
The relationship between normalised SEBT-ANT score
and subsequent ankle injury was significant in the total
group (OR=1.11, 95% CI: 1.02 to 1.22, p=0.02) and in
men (OR=1.14, 95% CI: 1.04 to 1.26, p<0.01), where
3
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Table 1 Subject characteristics
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SEBT-ANT score

Total (n=196)

Men (n=137)

Women (n=59)

P value

Absolute (cm)
 Average

64.02 (5.79)

64.63 (6.12)

62.60 (4.68)

<0.02*

 Left

64.15 (6.15)

64.86 (6.35)

62.50 (5.36)

.01*

 Right

63.89 (5.89)

64.40 (6.28)

62.71 (4.72)

0.07

Normalised (% leg
length)
 Average

65.88 (5.52)

65.11 (5.54)

67.67 (3.96)

<0.01**

 Left
 Right

66.01 (5.64)
65.76 (5.40)

65.34 (5.86)
64.88 (5.67)

67.55 (4.82)
67.79 (4.06)

.01*
<0.01**

*Significant at p<0.05, **significant at p<0.01.
SEBT-ANT, Star Excursion Balance Test Anterior Reach.

lower SEBT-ANT scores indicated increased ankle injury
odds. This relationship was not significant in women
(OR=1.05, 95% CI: 0.86 to 1.28, p=0.66) (table 4). The
secondary analysis, only including legs for subjects where
the first injury involved the ankle and subjects without any
injury during the follow-up period, produced comparable
results (total: OR=1.10, 95% CI: 1.02 to 1.19, p=0.01; men:
OR=1.11, 95% CI: 1.02 to 1.22, p=0.02; women: OR=1.09,
95% CI: 0.94 to 1.26, p=0.26).
For the total group, a below average SEBT-ANT score
was not statistically significant associated with increased
ankle injury odds (OR=2.43, 95% CI: 0.94 to 6.29, p=0.07).
In men, legs with a below average normalised SEBT-ANT
score had sevenfold increased odds to sustain a subsequent ankle injury compared with legs with an above
average score (OR=7.06, 95% CI: 1.43 to 34.92, p=0.02).
ANT was not associated with
A below average SEBT-
increased ankle injury odds in women (OR=0.72, 95% CI:
0.19 to 2.71, p=0.62) (table 5). The secondary analysis,
only including legs for subjects where the first injury
involved the ankle and subjects without any injury during
the follow-up period, produced comparable results (total:
OR=2.58, 95% CI: 1.03 to 6.50, p=0.04; men: OR=6.49,
95% CI: 1.33 to 31.82, p=0.02; women: OR=0.93, 95% CI:
0.23 to 3.71, p=0.92).

Discussion
The purpose of this study was to investigate whether
dynamic balance of the ankle, measured with the
SEBT-ANT, is a risk factor for ankle injuries in PETE
students. The main finding is that below average
normalised SEBT-
ANT scores were associated with a
sevenfold odds for subsequent ankle injuries in men. In
contrast, no association between SEBT-ANT scores and
ankle injury was found in women. This indicates that
gender was an effect modifier in the relationship between
dynamic balance and ankle injury likelihood.
4

Comparisons with literature
Ankle injuries
Our study shows that the ankle is involved in 15% of
the first injuries, which is in accordance with the literyear
ature. Previous studies in male and female first-
PETE students report ankle injury rates between 12%
and 17%.4 6–8 Furthermore, a review study by Fong et
al26 showed that in 11.2%–20.8% of all the injuries the
ankle is the involved body site.26 Because ankle injuries
mostly consist of ankle sprains,26 our results can also be
compared with results from studies that focused on ankle
sprains. Hootman et al27 conducted an analysis on data
from 16 years of injury surveillance in male and female
collage athletes in 15 different sport, covering 182.000
injuries, and showed that in 14.9% of the cases the injury
involved a sprain of ankle.27
SEBT-ANT scores
In our study an average ANT of 65.1% and 67.7% of leg
length was found for men and women, respectively. In the
literature, mean values of 65.6% to 84.1% are found for
men and 70.3% to 81.4% for women.14–17 21 28 29 This indicates that our results are relatively low compared with the
literature. A study by Plisky et al21 showed that the application of the SEBT protocol is often used in different ways,
which influences the results.21 The most observed differences are: (1) the extent that subject is allowed to touch
down with the reach foot, (2) the extent that stance foot
movement is allowed and (3) stance foot positioning.21
In our study, subjects were instructed not to touch down
with the reach foot and place their stance foot against the
starting line. Besides, we instructed subjects to maintain
their hands places on the hip. The extent that arm movement is allowed is often unspecified in literature. These
three factors may explain the lower scores in our study.
Gribble et al16 conducted the SEBT-ANT in a similar way
as in our study and found an average score of 69.0% in
male high school and collegiate football players, which is
3.9% higher than the men in our study. An explanation
for this difference may be that high level football players
Bliekendaal S, et al. BMJ Open 2019;9:e032155. doi:10.1136/bmjopen-2019-032155
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Table 2 SEBT-ANT scores (mean, SD) and p values regarding differences in men and women
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Side

Type

Duration
(days)

Indirect
Bad landing
contact
Non-contact Bad landing

L

Sprain

90

L

Sprain

1

Soccer

Contact with Bad landing,
person
distortion

R

Sprain

4

Acute

Soccer

Indirect
contact

Distortion

R

Sprain

45

First time

Acute

Soccer

Non-contact Distortion

R

Sprain

2

6

First time

Acute

Gymnastics

Non-contact Distortion, bad
coördinaten

L

Sprain

21

7

First time

Acute

Martial arts

Contact with Fall, bad landing
person

R

Sprain

N.A.

8

First time

Acute

Martial arts

Indirect
contact

R

N.A.

120

Subject

Recurrence

Mechanism

Activity

Contact

1

First time

Acute

Gymnastics

2

First time

Acute

Gymnastics

3

First time

Acute

4

First time

5

Contributing
factors

Band landing

9

First time

Acute

Soccer

Non-contact Bad landing

R

Sprain

25

10

First time

Acute

Soccer

Indirect
contact

N.A.

L

Bruise,
wound

5

11

First time

Acute

Else

Unknown

N.A.

R

Sprain

N.A.

12

First time

Acute

Basketball

Indirect
contact

Sudden turn/stop,
distortion

L

Sprain

N.A.

13

First time

Acute

Soccer

Contact with Sudden turn/stop,
person
distortion

L

Sprain

3

14

First time

Acute

Else

Unknown

Sudden turn/stop,
L
explosive movement

N.A.

N.A.

15

Recurrent

Acute

Gymnastics

Indirect
contact

Bad landing

N.A.

90

16

Recurrent

Acute

Volleyball

Non-contact Bad landing

L

N.A.

1

17

Recurrent

Acute

Else

Contact with Fall
object

R

Fracture

50

18

Recurrent

Acute

Soccer

Indirect
contact

Fracture

50

19

Recurrent

Acute

Gymnastics

L

N.A.

N.A.

20

Recurrent

Acute

Soccer

Contact with Underground
object
Contact with Sudden turn/
person
stop, distortion,
underground

L

N.A.

32

L

Fall, bad landing,
L+R
incomplete recovery
injury

L, left;N.A, not available; R, right.

probably have a higher physical performance, include
dynamic balance, compared with our heterogeneous
sport population of PETE students.
Risk factor
Our study showed a sevenfold increased ankles injury
odds for legs with a below average normalised SEBT-ANT
scores in men. Our study found a higher odds compared
with the study by Gribble et al.16 Gribble et al used a
normalised SEBT-ANT cut-off score of 67.2% and found
a significant OR of 2.84 for lateral ankle sprain injuries
in male football players (n=539).16 The fact that Gribble
Bliekendaal S, et al. BMJ Open 2019;9:e032155. doi:10.1136/bmjopen-2019-032155

et al16 had approximately twice the sample size and injury
cases compared with our study, included only male soccer
players and determined the cut-off score using ROC analysis may help to explain the differences in results.
Ko et al20 investigated dynamic balance as a risk factor
for ankle injuries in adolescent male and female soccer
players and found, an almost significant, fourfold
increased odds for ankle injury in subjects with lower
SEBT-ANT scores (<64%). This is in agreement with the
overall results in our study. Differences in subjects age,
type of sport participation, the used cut-off score and the
5
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Table 3 Specifications of the self-evaluated ankle injuries
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Men
Women
Total

Normalised SEBT-ANT score

GEE analysis

Non-injury

Injury

OR (95% CI)

P value

65.30 (5.66)
67.76 (4.21)
66.02 (5.39)

61.00 (6.54)
66.64 (6.93)
63.42 (7.13)

1.14 (1.04 to 1.26)
1.05 (0.86 to 1.28)
1.11 (1.02 to 1.22)

<0.01**
0.66
0.02*

*Significant at p<0.05, **significant at p<0.01.
SEBT-ANT, Starr Excursion Balance Test Anterior Reach.

proportion of males and females in the study may help to
explain the difference in observed odds for the subgroups.
Attenborough et al19 found no relationship between the
SEBT-ANT score and subsequent ankle injury in female
netball players,19 which corresponds with the findings in
female PETE students in our study.
Other studies that used the SEBT-ANT as a risk factor
for injuries are conducted by Plisky et al17 and de Noronha
et al.30 Plisky et al17 used a normalised SEBT-ANT cut-off
score of 84.3% in male and females basketball players
(n=235) and found ORs in the range of 1.8–4.1 for lower
extremity injuries17 in women. In this study, no significant
relationship was found in men, which is the opposite of
the result in our study. However, Plisky et al17 analysed the
SEBT-ANT score as a risk factor for lower extremity injuries in general, not as a risk factor for ankle injuries. This
is a major difference, which helps to explain the differences in results. de Noronha et al30 conducted a study in
active university students and did not find a relationship
between normalised SEBT-
ANT and subsequent ankle
injury.30 However, it is difficult to compare this study with
our study because regular university students are probably less physically active than PETE students.
In summary, in accordance with several studies, our
study indicated that lower scores on the SEBT-ANT indicated increased odds for subsequent ankle injury in males,
Table 5 Number of ankle injuries (N, %) per group and
results from the GEE analysis
GEE analysis
Non-injury

Injury

OR (95% CI)

Men
<mean

113 (41)

10 (4)

7.06 (1.43 to 34.92)

>mean

149 (54)

2 (1)

–

<mean

54 (46)

4 (3)

0.72 (0.19 to 2.71)

>mean

55 (47)

5 (4)

–

167 (43)
204 (52)

14 (4)
7 (2)

P
value
0.02*

Women
0.62

Total
<mean
>mean

*Significant at p<0.05.

6

2.43 (0.94 to 6.29)
–

0.07

not in females. In our study, this indicates that gender is
an effect modifier in this relationship. An explanation for
this finding may be as following. The SEBT incorporates
components of coordination, flexibility and strength
of the lower extremities.17 31 These are all important
intrinsic factors related to injury risk,3 where better coordination, flexibility and strength represents a lower injury
risk. Several studies indicate that, in general, males and
females have similar SEBT-ANT scores.17 28 30 Our study
presents higher SEBT-ANT scores in female subjects. This
may point out that female subjects in our study had a
relative ‘better’ dynamic balance than male subjects and
therefore were less prone to ankle injury.
Strength and limitations
The strength of our study is that we used a prospective study design with a relative long follow-up period.
Furthermore, our study used a more sophisticated analysis (GEE analysis at the leg level and controlled the
model by person and previous ankle injury) compared
with other studies on the same topic. Another strength of
this study is that, with an overall response rate of 81% and
51 subjects with a 100% response rate, our study managed
to reach a relative high response rate.
This study also has some limitations that need to be
addressed. First, we used a self-
evaluation registration
of injuries. To minimise this limitation, we used a clear
injury definition and a relatively short recall period.
Furthermore, we used localisation for the identification
of self-
reported ankle injuries as these are more reliable parameters than other detailed characteristics of
self-
reported injuries (eg, type).24 Second, we did not
rater reliability of our SEBT test
determine the inter-
group. The SEBT has good inter-rater reliability, but is
also often used in different manners.21 This indicates that
our results from the SEBT have limitations for comparisons with other studies. Third, the overall response rate
of 81% can be considered as good. Nevertheless, the
19% of non-response might bias our results. Fourth, in
accordance with common injury research methodology,
we used linear regression analysis to evaluate the significance of risk factors.32 However, recent literature pointed
out the importance of non-linear analysis for risk factors
and addressed the complex inter-
relations between
factors.33–35 Fifth, we had a relative low number of ankle
Bliekendaal S, et al. BMJ Open 2019;9:e032155. doi:10.1136/bmjopen-2019-032155
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Table 4 Normalised SEBT-ANT scores (mean, SD) for non-injured and injured male legs (non-injury: n=262, injury: n=12) and
female legs (non-injury: n=109, injury: n=9) and the results from the GEE analysis
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Conclusion
This study indicates that lower scores on the normalised
SEBT-ANT, as a measure for dynamic balance, are associated with an increased odds for subsequent ankle
injury in male PETE students. Therefore, the SEBT-ANT
has potential as a screening tool for ankle injury risk in
male PETE students. However, before implementation of
the SEBT-ANT as a screening tool normative values and
optimal cut-off scores should be determined. By doing
so preventive measures can be targeted efficiently and
effectively. For instance, male students with a positive
outcome for the SEBT-ANT can be advised to participate
in a neuromuscular training programme36 or to use ankle
bracing during sport participation.37 38
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