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Abstract

Background: Most injuries in track and field are caused by overuse with conflicting reports concerning the
underlying mechanisms. The purpose of this study was to evaluate how biomechanical and clinical factors relate to
the risk of overuse injuries, and to investigate whether the relationships between potential risk factors and injury
become stronger if injuries are grouped by location.

Methods: The study is a prospective cohort study conducted during a Swedish track and field season over eleven
months, from October to August. The cohort consisted of elite male and female track and field athletes competing
in either middle- and long-distance running, sprinting, jumping, or throwing events (n = 96). Athletes performed a
baseline screening at enrollment consisting of a clinical examination, running, and strength tests. Injury data was
collected during the season by medical professionals and divided according to their anatomical location into
upper-body, thigh/hip, knee, or foot/shank injuries.

Results: Thirty-four (54.8%) injuries where located at the foot/shank, followed by sixteen injuries at the thigh/hip
(25.8%). Only eight knee (12.9%) and four upper-body (6.5%) injuries were registered during the season and
therefore not analysed. Effect sizes were calculated for all test variables. Small effect sizes (rpb = .10–.23) were found
for eleven risk factors between the overall injured (all injuries combined) and non-injured athletes. By further sub-
grouping the injured group into thigh/hip injuries, effect size increased in hip adduction range of motion knee
flexion velocity and the muscle flexibility of the iliopsoas. For foot/shank injuries, only the hamstring:quadriceps
strength ratios increased for the right side to a small effect size.

Conclusions: Injury grouping appears to increase effect size for certain risk factors. Athletes with a slower knee
flexion velocity during stance phase were more likely to become injured (p-value <.03, rpb = .37). An increased
cohort size to further sub-divide injuries into specific diagnoses is needed.
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Background
Track and field is the collective name for a combination
of sporting events, including middle- and long-distance
running, sprint, jumping, and throwing events. The sport
is governed by World Athletics representing over 200
different national member federations.

Previous research, regardless of subjects’ gender and
age, has emphasized the high number of injuries in rec-
reational and collegiate track and field [1–5], as well as
elite track and field [6–8], with a consensus that the
main cause of injury is overuse. At least 90% of all over-
use injuries (OI) occur at the lower extremities, with a
majority of OI occurring at the foot and thigh [1, 7–9].
There is, however, limited information on how OI de-
velop in elite track and field. Athlete’s previous injury
history, high training volume, and different
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biomechanical factors are assumed to be contributing
risk factors [6, 7, 10, 11].
The main deficits of previous studies are their different

methodological limitations. One common limitation is
the cause-and-effect problem present in studies using a
retrospective study design. These studies investigate dif-
ferences between healthy and injured subjects, which
can neither specify causes of, nor a compensatory effect
of an injury. Instead, prospective study designs are con-
sidered essential to clarify cause-and-effect relationships
and to determine interrelationships between different
risk factors leading to OI [12–14].
Further limitations include small study populations

that lead to statistical underpowering, and studies exam-
ining associations with OI solely from a biomechanical,
clinical or training perspective. A consensus among re-
searchers is that it is not a single discipline or variable
causing OI, instead, the cause is multifactorial [15–17].
A typical way to evaluate injury risk in prospective

studies is to compare the injured subjects to the non-
injured subjects, independent from the location of injury
[18]. It is questionable whether this general comparison
is suitable to detect risk factors, as the mechanisms that
cause OI might be different for different locations and
diagnoses [19].
Understanding the different biomechanical and clinical

mechanisms is crucial for the development and success-
ful implementation of prevention strategies for elite
track and field athletes. There are only a limited number
of studies exploring biomechanical and clinical risk fac-
tors that have attempted to find associations with OI [1,
20–22], none of which involve elite track and field
athletes.
The aim of this paper was therefore twofold: (1) to

evaluate how biomechanical factors (movement patterns
and strength) and clinical factors (muscle flexibility and
joint range of motion) relate to the risk of OI in a cohort
of elite Swedish track and field athletes, and (2) to inves-
tigate whether the relationships between the potential
risk factors and injury become stronger if injuries are
grouped by location.

Methods
Study design
The present study is based on a previously published
study protocol [14], and is a prospective cohort study
with participating athletes enrolled for a complete Swed-
ish track and field season of eleven months (the 1:st of
October through the end of August the following year).
September was excluded for all athletes from all event
groups, as most athletes in Sweden rest during this
period.
All athletes underwent a baseline screening at enroll-

ment consisting of a clinical examination, running

analysis (except for throwers, high jumpers, and pole
vaulters), and isometric strength tests. Injury data from
all athletes were collected during the season.
The study was approved by the Regional Ethical Com-

mittee in Gothenburg (dnr 723–16) and follows the
STROBE statement [23].

Participants
The inclusion criteria was based on athlete performance;
participating athletes had to have finished in the top six
at the Swedish national championship or top three at
the Swedish youth national championship or be enrolled
at the elite track and field school in Gothenburg. All ath-
letes had to be free from musculoskeletal pain or injury
affecting their performance at their baseline screening as
confirmed by the study’s physiotherapist following the
clinical examination.
Recruitment of athletes was conducted together with

Gothenburg’s Athletics Association (GFIF), which com-
piled a list of athletes eligible for inclusion. The study
leader contacted all athletes on the list by e-mail or
phone to invite them to partake in the study. Male and
female athletes competing in middle- and long-distance
running (800m to 10,000 m), sprinting (60 m to 400m
including hurdle events), jumping (pole vault, high jump,
long jump, and triple jump), and throwing events (shot
put, javelin, hammer throw and discus) were recruited.
A sample of 112 athletes enrolled at baseline. After the
completion of the study period, 16 athletes were ex-
cluded from the data analysis and were considered drop-
outs, as they did not complete a full season due to
personal reasons.
The final study population consisted of 96 athletes, di-

vided into the event groups middle- and long-distance
running (n = 33), sprinting (n = 30), jumping (n = 27),
and throwing (n = 6) [Table 1].

Table 1 Characterization of the study population (mean values,
SD in brackets) and break down of events (number of
participants and % in brackets)

Study population Female (n = 44) Male (n = 52) Total (n = 96)

Age (years) 20.7 (3.7) 19.2 (2.7) 19.9 (3.3)

Height (m) 1.71 (0.5) 1.84 (0.5) 1.78 (0.1)

Weight (kg) 61.1 (7.6) 74.3 (8.4) 68.2 (10.4)

BMI (kg/m2) 20.9 (2.1) 22.0 (2.2) 21.5 (2.2)

Event group

M/L (n, %) 16, (48.5%) 17, (51.5%) 33, (100%)

Sprinting (n,) 11 (36.7%) 19 (63.3%) 30, (100%)

Jumping (n) 15 (55.6%) 12 (44.4%) 27, (100%)

Throwing (n) 2 (33.3%) 4 (66.6%) 6, (100%)

M/L =middle- and long-distance runners, n = number of athletes
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Clinical examination
All clinical examinations of the participating athletes
were performed by the study’s physiotherapist according
to the neutral-zero-method [24]. An inertial sensor,
which included an accelerometer, a gyroscope, and a
magnetic field sensor (SportMed A.G. SA, Bitburg,
Germany), was used to measure passive joint range of
motion and muscle flexibility. The software used were
Mobee Fit and Mobee Med [25]. The inertial sensor was
fixed with Velcro straps on the segment that was mea-
sured. Measurements of muscle flexibility were per-
formed with athletes lying in a supine position for the
hamstrings and iliopsoas, and in a prone position for the
rectus femoris. Joint range of motion was measured for
ankle dorsiflexion with athletes lying in a supine pos-
ition. The maximum angular value from three repeti-
tions on each side (left, right) was recorded. All athletes
performed the hamstring test (n = 96), however, one ath-
lete felt slight discomfort during the iliopsoas test and
canceled the test (n = 95), and the throwers did not per-
form the rectus femoris and ankle dorsiflexion test (n =
90) as agreed upon with the elite coaches.

Running analysis
The running analysis was carried out at a speed of 18
km/h on a treadmill (Rodby, RL 2500E × 700) in a la-
boratory setting with all athletes wearing the same type
of standardized neutral running shoes. Thirty-two spher-
ical reflective markers were placed on predetermined
anatomical landmarks on all athletes according to Inter-
national Sport Biomechanics (ISB) guidelines [26, 27].
Four segments were identified using the marker set: pel-
vis, thigh, shank and foot. For the pelvis two markers
were attached on the anterior superior iliac spine and
two markers on the posterior superior iliac spine. Three
markers were attached on each thigh, positioned on the
greater trochanter, and the lateral and medial femoral
epicondyle. Six markers were attached on each shank, at
the medial and lateral ridge of tibial plateau, tibial tuber-
osity, medial crest of tibia, medial and lateral malleolus
and five markers to each foot on the subjects’ footwear
positioned on the lateral, medial and posterior heel
counter, the fifth metatarsal, and the tip of the shoe. The
3D software Qualisys Track Manager with 16 infra-red
cameras (Qualisys, Gothenburg, Sweden) was used to
capture data. All data was captured at a rate of 400 Hz.
The analysis of joint motion was restricted to the full
stance phase which was detected by using an algorithm
described by Maiwald et al. (2009) and further imple-
mented by Hein et al. (2014) and Jungmalm et al. (2020)
[13, 18, 28].
The following movement variables were evaluated dur-

ing stance: hip adduction range of motion, initial knee
flexion angle, knee flexion range of motion, knee flexion

velocity, ankle eversion range of motion, ankle eversion
velocity, and initial ankle flexion angle. The chosen
movement variables have previously been evaluated in
other study populations (e.g. recreational runners) with
varying levels of evidence to injury, but no information
exists for elite athletics athletes [13, 29, 30].
Motions of the hip, knee, and ankle joints were calcu-

lated relative to the static neutral standing position. The
results were based on 10 consecutive strides for each
side (left, right), and were analysed through custom-
written MATLAB (MathWorks Inc., Natick, MA) code,
and reported as averages [13, 18].
Only middle- and long-distance runners, sprinters,

long jumpers, and triple jumpers performed the running
analysis (n = 81).

Isometric strength tests
The baseline strength tests consisted of isometric max-
imal voluntary contractions in six different measurement
devices (David Health Solutions Ltd., Helsinki, Finland).
The strength tests consisted of hip adduction and hip
abduction (bilateral) (15°), knee flexion and knee exten-
sion (unilateral) (30°), abdominal flexion (0°) and exten-
sion of the trunk (30°), as well as trunk rotation
(unilateral) (±30°). All athletes had two trials, a third if
the difference was more than 10% with the highest value
noted. All measurements were performed according to a
standardized test protocol and normalized to bodyweight
[14]. All athletes were seated and secured with a safety
belt, and no self-stabilization was permitted during the
trials. Calculations for the following strength balance ra-
tios were performed; trunk flexion:extension, trunk rota-
tion right:left, hip abduction:adduction, and knee flexion:
extension. All athletes performed the isometric strength
tests, however, one athlete experienced discomfort dur-
ing the hip adduction test (n = 95). Furthermore, two
athletes experienced discomfort during the knee flexion
test and therefore discontinued their tests (n = 94).

Injury data collection
All injury data was collected by two medical profes-
sionals as described in previous studies [6, 14]. An injury
was defined “as any musculoskeletal pain felt during ath-
letics training or competition that inflicted a non-
voluntary reduction of or complete stop from athletics
training for at least 24 h, and was diagnosed by a trained
medical professional, e.g. a physiotherapist and/or sports
physician” [6, 14]. Injuries were categorized according to
their onset; gradual or sudden onset caused by overuse
[31]. No recurrent or traumatic (acute) injuries were re-
corded, as the recommendation from previous research
has been to focus solely on OI [32]. Injury data for ath-
letes enrolled at the elite track and field school was col-
lected by the physiotherapist employed by the school
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according to the same injury definition and classification
and subsequently added to the dataset. For athletes that
sustained multiple injuries during the season, only the
first injury sustained after the baseline screening was in-
cluded in the analyses. Injury diagnoses were grouped
according to their anatomical locations into thigh/hip,
upper-body, knee, and foot/shank injuries.

Statistical analysis
All analyses were conducted using JASP statistics (JASP
Version 0.14). The analyses were conducted in two steps.
In a first step, conducting Mann-Whitney U-tests, the
differences in the study variables between injured and
non-injured athletes (without any specification of injury
location) were investigated. The reasons for conducting
Mann-Whitney U-tests, in comparison to independent t-
tests were: (a) the small sample size, and (b) non-
normality within many of the study variables. Study vari-
ables were selected in pairs for further analysis if either
left or right side showed at least a small effect size (rpb =
.10). We calculated Rank-Biserial correlations (with ac-
companying 95% Confidence Intervals) in line with pre-
vious recommendations [33]. To interpret the effect
sizes, we followed the recommendation from McGrath
et al. (2006) suggesting three categories: small (rpb = .10),
medium (rpb = .24) and large (rpb = .37) [34]. In a second
step, differences between injured (specific injury loca-
tions) and non-injured athletes (with regard to specific
injury locations) were researched. For the Mann-
Whitney U-tests, a p-value <.05 was considered to indi-
cate statistically significant results. Due to the low num-
ber of overuse injuries in the upper-body and at the
knee, differences were only investigated for thigh/hip
and foot/shank injuries.

Results
Overall, sixty-two out of ninety-six athletes (64.6%) were
injured. Not all injured athletes performed the move-
ment screening test as displayed in Table 2. The distri-
bution of injuries with regard to location for the

different screening procedures are also listed in Table 2.
For all screening procedures, the foot/shank injury loca-
tion showed the highest frequency of injured athletes
followed by the thigh/hip injury location.
The first analyses looking at the potential differences

between injured (all injuries combined) and non-injured
athletes showed only one statistically significant

Table 2 Number of injured athletes with regard to injury
location for the three different screening protocols

Movement (n = 81) Clinical (n = 95) Strength (n = 95)

Overall
injured

55, (100%) 62, (100%) 62, (100%)

Thigh/hip
injured

15, (27%) 17, (28%) 16, (26%)

Upper-body
injured

4, (7%) 4, (6%) 4, (6%)

Knee
injured

5, (9%) 7, (11%) 8, (13%)

Foot/shank
injured

31, (57%) 34, (55%) 34, (55%)

Table 3 Comparison of injured and non-injured athletes for
movement, clinical and strength variables

INJ. NON-INJ. INJ. vs NON-INJ.

m± SD m ± SD p rpb

Movement

HADROM_R [°] 5.38 [2.58] 6.03 [2.53] .26 .16

HADROM_L [°] 4.80 [2.35] 5.50 [2.44] .14 .20

KFTIM_R [%] 15.45 [6.98] 15.37 [5.61] 1.0 .00

KFTIM_L [%] 15.51 [8.02] 16.10 [8.01] .74 .06

KFROM_R [°] 26.34 [6.17] 25.63 [6.45] .63 −.07

KFROM_L [°] 26.72 [6.20] 26.02 [7.12] .86 −.02

KFVEL_R [°/s] 327.27 [132.87] 371.77 [185.00] .67 .06

KFVEL_L [°/s] 334.78 [129.59] 379.44 [169.10] .44 .11

AEVTIM_R [%] 10.50 [7.57] 9.71 [6.82] .81 −.03

AEVTIM_L [%] 11.11 [7.63] 10.29 [6.48] .94 −.01

AEV_R [°] 15.04 [6.26] 16.81 [9.16] .58 .08

AEV_L [°] 14.72 [6.30] 17.43 [8.37] .17 .19

AEVVEL_R [°/s] 250.09 [120.81] 287.86 [135.23] .18 .19

AEVVEL_L [°/s] 242.45 [119.76] 298.40 [135.10] .05* .27

Clinical

ADFROM_R [°] 26.21 [8.20] 27.31 [6.21] .56 .08

ADFROM_L [°] 27.07 [8.30] 25.79 [4.55] .91 −.02

HAMFLEX_R [°] 92.97 [13.09] 92.15 [12.33] .99 −.00

HAMFLEX_L [°] 86.82 [14.15] 86.79 [11.96] .79 .03

RFFLEX_R [°] 139.02 [16.63] 144.38 [7.48] .26 .15

RFFLEX_L [°] 148.62 [8.45] 150.38 [11.27] .65 .06

ILFLEX_R [°] 108.68 [11.73] 105.70 [8.45] .24 −.15

ILFLEX_L [°] 108.92 [8.38] 106.27 [9.13] .14 −.18

Strength

HAB:HAD [Nm/kg] 0.79 [0.19] 0.84 [0.19] .15 .18

TF:TE [Nm/kg] 0.59 [0.18] 0.56 [0.15] .76 −.04

TR[Nm/kg] 1.02 [0.14] 1.04 [0.17] .63 .06

H:Q_R [Nm/kg] 0.83 [0.16] 0.84 [0.16] .93 .01

H:Q_L [Nm/kg] 0.82 [0.13] 0.83 [0.17] .42 −.10

HADROM Hip adduction range of motion, KFTIM Timing of maximal knee flexion,
KFROM Knee flexion range of motion, KFVEL Knee flexion velocity, AEVTIM Timing
of maximal ankle eversion, AEV Ankle eversion, AEVVEL Ankle eversion velocity,
ADFROM Ankle dorsiflexion range of motion, HAMFLEX Hamstring flexibility,
RFFLEX Rectus femoris flexibility, ILFLEX Iliopsoas flexibility, HAB:HAD Hip
abduction:adduction strength ratio, TF:TE Trunk flexion:extension ratio, TR
Trunk rotation strength, H:Q Hamstring:quadriceps strength ratio, R Right side,
L Left side, m Mean, SD Standard deviation, * indicates p ≤ 0.05, rpb
Rank-Biserial Correlation
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difference (ankle eversion velocity left). There were small
effect sizes (rpb = .10–.23) for eleven biomechanical and
clinical variables [Table 3].
For the second step analyses, comparing thigh/hip in-

jured athletes with non- thigh/hip injured athletes showed
only one statistically significant difference (knee flexion
velocity left). There were, however, a substantially increase

in effect size for knee flexion velocity for both left (from
rpb = .11 to rpb = .37) and right side (from rpb = .06 to rpb =
.29). Hip adduction range of motion (both sides) and iliop-
soas flexibility (both sides) also increased in effect size but
were rated as not practically relevant. There were no
statistically significant results for the comparison of the
foot/shank injured athlete to the non-foot/shank in-
jured athletes. A decrease in effect size was seen for all
variables when comparing the foot/shank injured ath-
letes to the non- foot/shank injured athletes [Table 4].
The only exception was for the H:Q strength ratio on
the right side which increased to small effect size (from
rpb = .01 to rpb = −.11).
The revealed differences between athletes with and

without thigh/hip injuries show that the injured athletes
had a lower hip adduction range of motion (left side
M = 4.19° compared to M = 5.21° and right side M =
4.68° compared to M = 5.80°), slower knee flexion vel-
ocity (left side M = 266.14°/s compared to M = 367.97°/s
and right side M = 257.82°/s compared to M = 360.59°/s),
and weaker hip abductors (M = 0.76 Nm/kg compared to
0.82 Nm/kg) [Table 5].

Discussion
The overall number of athletes with injuries to the foot
and shank in our study correspond with the results from
Jacobsson et al. [7]. However, our cohort had substan-
tially more athletes with injuries to the thigh and hip.
For the overall evaluation between injured and non-

injured athletes, small effect sizes were identified for a
number of variables from the baseline screening, which
lead us to suspect a possible relationship between certain
biomechanical and clinical risk factors, and OI.
Comparing the non-injured thigh/hip group to ath-

letes with thigh/hip injuries, an increase in effect size
was seen for variables that more directly analyze
thigh/hip movement, and thigh/hip flexibility. Remote
variables (e.g. ankle movement) did not increase. A
possible explanation could be that the measures that
increased in effect size are closer to the injury loca-
tion, and thus reflect injury patterns better than re-
mote variables.
The injury group of athletes with foot/shank injur-

ies saw a decrease in effect sizes for all measurement
variables, except for the H:Q strength ratio for the
right side compared to the non-injured foot/shank
group. A reason for this could be that there were
more than double the amount of injury diagnoses in
the foot/shank-injured group compared to thigh/hip-
injured group, making the foot/shank-injured group
more inhomogeneous with regard to possible under-
lying injury patterns. The evidence on the risk be-
tween movement variables such as ankle eversion and
running related injuries has been described as

Table 5 Movement, clinical and strength variables in athletes
with thigh/hip injuries and athletes without thigh/hip injuries

Group n p rpb m SD

Movement

HADROM_R [°] Inj 15 .16 .24 4.68 2.38

No 66 5.80 2.58

HADROM_L [°] Inj 15 .13 .25 4.19 2.01

No 66 5.21 2.44

KFVEL_R [°/s] Inj 15 .08 .29 257.82 41.53

No 66 360.59 161.28

KFVEL_L [°/s] Inj 15 .03* .37 266.14 42.50

No 66 367.97 152.16

AEV_R [°] Inj 15 .70 −.07 14.86 5.61

No 66 15.78 7.66

AEV_L [°] Inj 15 .53 −.11 15.24 5.06

No 66 15.67 7.51

AEVVEL_R [°/s] Inj 15 .88 −.03 245.12 88.32

No 66 266.10 133.35

AEVVEL_L [°/s] Inj 15 .64 −.08 250.26 84.70

No 66 262.72 134.95

Clinical

RFFLEX_R [°] Inj 17 .30 .16 140.77 8.48

No 73 140.74 15.62

RFFLEX_L [°] Inj 17 .82 .04 148.94 5.80

No 73 149.25 10.11

ILFLEX_R [°] Inj 17 .17 −.21 108.77 11.46

No 78 107.40 10.66

ILFLEX_L [°] Inj 17 .15 −.23 111.25 8.61

No 78 110.65 8.65

Strength

HAB:HAD [Nm/kg] Inj 16 .25 .15 0.76 0.08

No 79 0.82 0.21

H:Q_R [Nm/kg] Inj 17 .62 .08 0.79 0.15

No 77 0.84 0.16

H:Q_L [Nm/kg] Inj 17 .84 .03 0.80 0.12

No 77 0.83 0.15

HADROM Hip adduction range of motion, KFVEL Knee flexion velocity, AEV Ankle
eversion, AEVVEL Ankle eversion velocity, RFFLEX Rectus femoris flexibility, ILFLEX
Iliopsoas flexibility, HAB:HAD Hip abduction:adduction strength ratio, H:Q
Hamstring:quadriceps strength ratio, R Right side, L Left side, n number, *
indicates p ≤ 0.05, rpb Rank-Biserial Correlation, m Mean, SD Standard deviation,
95% CI Confidence interval
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inconsistent in the past, and assumed to be largely
dependent on the study population and type of injury
being studied [35, 36]. This is in accordance with our
findings.
While running, knee flexion velocity was slower in

the thigh/hip-injured group compared with the thigh/
hip non-injured group. This would suggest that im-
pact cushioning via knee flexion is delayed. As we
saw that knee flexion ROM was the same for thigh/
hip injured and thigh/hip non-injured, a possible ex-
planation is that the thigh/hip-injured group had
weaker hip flexors (iliopsoas) or a decreased flexibility
of the gluteus maximus. Neither were measured in
the current study.
The possible lower HAB:HAD strength ratio in the

thigh/hip injured group would indicate that the hip ab-
ductors were weaker compared to the hip adductors.
This is in accordance with previous studies, where weak
hip abductors have been discussed as a risk factor in the
development of running-related injuries, especially for
hip injuries [18, 37].
The comprehensive baseline screening, the pro-

spective study design, and the use of medical profes-
sionals to diagnose injuries instead of the commonly
used self-report approach, which has previously been
shown to be inconsistent [38, 39], are the major
strengths of the present study. A limitation of the
study is the relatively low number of participants.
The small cohort size makes it impossible to sub-
divide athletes according to gender and specific
event group, and the injury locations used are still a
rough injury location grouping. To be more exact,
the evaluation should be done for each diagnosis
separately. Another possible limitation could be that
we have been comparing athletes with thigh/hip in-
juries to thigh/hip non-injured athletes (and not
completely uninjured athletes). This might have af-
fected a more precise distinction between thigh/hip
injured and non-injured athletes. The study’s find-
ings can only be generalized to similar elite track
and field athletes.

Conclusions
In running, athletes with a slower knee flexion velocity
during stance phase were more likely to become injured.
This indicates impact cushioning via knee flexion is de-
layed. As knee flexion ROM was the same for thigh/hip
injured and thigh/hip non-injured, the thigh/hip-injured
group might have weaker hip flexors or a decreased
flexibility of the gluteus maximus. There is a need for
large cohort sizes in prospective studies to further sub-
divide athletes according to gender, event group, and
specific injury diagnosis.
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