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ABSTRACT
Background: Although there is growing knowledge about hamstring muscle injuries in athletes over the last 30 years, acute and
recurrent injuries are still common. Due to the high incidence, recurrence rate and time lost from competitions, risk factors for the
initial injury have been investigated retrospectively and prospectively. There is small evidence that core stability can minimize the risk
of recurrence of hamstring strain injury and that it might be a risk factor for lower limb joints and muscles injures. However, core
stability is a continuum from power, strength, endurance and sensory-motor control. It has been a question which is the most
important core stability component or exercises in treatment, rehabilitation or prevention of hamstring strain. Lumbar spine
proprioception, a component of core stability, has been prospectively studied as a risk factor for knee injuries in female athletes. The
results showed a correlation between impaired lumbar spine proprioception and knee injuries. However, it has not been investigated
before as a risk factor for hamstring strain. Objective: to investigate lumbar spine proprioception as a risk factors for hamstring muscle
strain in soccer players. Study design: prospective cohort study. Methods: lumbar spine proprioception was measured by the absolute
value of error in active repositioning to a target angle (30˚ flexion) in soccer players who were prospectively followed up for one year
for incidence of hamstring strain. Results: forty two soccer players participated in the study. During the follow up period, 6 players
developed hamstring strain injury while 36 players did not develop any injury. the mean age was 22 (±4.97); the mean height was
1.76 (±0.056); mean weight was 72.5 (±12.11); and mean body mass index (BMI) was 23.29 (±2.5). the mean age was 21.63
(±3.01); the mean height was 1.76 (±0.063); the mean weight was 70.23 (±7.98); and the mean BMI was 22.6 (±1.81).
Comparisons between the injured and non-injured players did not show any differences in lumbar proprioception. For RE the mean
value for the injured group was 3.44˚ (±1.79) while the mean value for the non-injured group was 4.39˚ (±4.28) (P-value = 0.365,
95% CI =-3.115-1.208). Conclusion: The current study showed that – as one component of core stability - lumbar spine
proprioception is not a risk factor for hamstring strain injuries.
Keywords: Low back pain, etiology -low back pain, proprioception - etiology and exercises therapies- therapy and hamstring muscle-

etiology and hamstring muscle injury - diagnosis and muscle, hamstring.

Introduction
Hamstrings strain (HS) is a common injury in soccer players [1].
Strain injuries are characterized by an observable disruption of
the musculoten dinous junction [2], followed by post injury
remodeling that includes scar tissue formation and muscle
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regeneration [3]. The injury can cause an athlete to miss a few
days to a few weeks of sport [4]. Moreover, this injury has a
high recurrence rate, with approximately one in three athletes
being reinjured within a year of returning to sport [5]. Taking
into account the prevalence of hamstring strain injuries, the
sports medicine field is challenged by the need to develop
preventing strategies for the initial injury and appropriate
rehabilitation to prevent potential recurrence [4].
Many predisposing factors for hamstring strain have been
suggested in the literature, including insufficient warm up [6],
poor flexibility [7], muscle imbalances, muscle weakness [4],
neural tension [8], fatigue [7] and previous injury [9]. The role of
these predisposing factors in causing hamstring strain is still
contradictory with minimal supporting evidence available [10].
To date, in spite of the great number of possible risk factors,
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only a few of them have been scientifically proven to be
associated with that injury, while other potential factors have
been simply suggested as being involved to some extent and
need further investigation [4].
Core stability is a continuum from power, strength, endurance
and sensory- motor control of the lumbo-pelvic hip complex
musculature [11]. It has been suggested that injury occur when
deficits in one of these components affect the spine stability
before and during activities [11-13]. Blaiser et al., (2017)
reported that there is a conflicting evidence about the lumbar
proprioception as a risk factor for lower extremities injuries
[14]. Perrott et al., (2013) stated that there is some evidence
that core stability can reduce the risk for lower limb muscle
strain [15]. Pasanen et al., (2008) found that neuromuscular
training was effective in reducing the lower limb muscle
injuries in female floor ball players [16]. In addition to this, a
progressive agility and trunk stabilization was effective in
reducing the rate of recurrence of HS [17, 18], however, these
two studies did not assess or measure any component of core
stability [19].
The exact role of core muscles stability as a risk factor
predisposing to hamstrings injury is still unclear [19]. It has been
a question as to which is the most important core stability
component or exercises in treatment, rehabilitation or
prevention of hamstring strain. Therefore, the aim of this study
was to answer the research question: can lumbar
proprioception measured by repositioning error predict
hamstring strain in soccer players.

Materials and Methods:
This prospective cohort study was conducted for the Faculty of
Physical Therapy Cairo University, but the measurements
conducted at the isokinetic laboratory of the Army
Rehabilitation Centre, Cairo, Egypt.

1.

Subjects:

Fifty nine normal subjects were interviewed and screened
based on the following inclusion and exclusion criteria:

2. Instrumentation:
•

•

Cybex Isokinetic Trunk Extension Flexion Device
(Model 6000; Cybex-Lumex Inc., Ronkonkoma,
NY) was used to measure the lumbar repetition
error (RE).
Post-season hamstring injury evaluation form
(Appendix I).

Procedures:
The subjects were recruited by formally contacting the football
club doctor. The subjects were initially checked for any
exclusion criteria. Then, the purpose of the study was
explained and they were asked to sign the experiment consent
form. After that, participants’ demographic data (weight in Kg
and height in meter) was recorded on an Excel spreadsheet
(v.12.0.6739.5000) SP3 MSO, Microsoft Corporation,
Redmond, WA, USA).
Then, the RE was measured using Isokinetic Trunk Extension
Flexion Device (figure 1). The manufacturer’s instructions
were followed to put the participants on the trunk unit. The
subject stood on the foot plate with his foot in the heel cups.
The foot plate height was adjusted so that the rubber plate is
opposite L5/S1. The thigh stabilizer height was adjusted to be
on the level of the patella. The waist and chest belt is pulled
tightly to stabilize the patient. Black sleeping eye mask was
used to isolate the eyes’ contribution to the trunk
proprioception. The tested range of motion was 0˚ to 30˚
flexion [20, 21]. The procedures started by three trials to insure
that the subject understood the procedure. Then, the average
of three trials was calculated. The author chose three trials to
eliminate the training effect. RE was calculated as the absolute
difference between the target angle and the reproduced angle
by the subject [22].
All statistical analyses were done using the SPSS version 21.0
(IBM Inc., Chicago, IL) with the p-value set at < 0.05.
Ethical approval was obtained by the Research Ethics
Committee of the Faculty of Physical Therapy, Cairo
University, Egypt.

Inclusion criteria:
1)
2)
3)

Age ranges from 18 to 37 years old.
Professional players who trained regularly and are
physically fit to participate in soccer games.
Have successfully completed the previous playing
season as a healthy player.

Exclusion criteria:
1)

2)

Any previous musculoskeletal injury or surgical
intervention that prevented the athlete from
participating in the previous season such as fracture
or ACL injury.
The occurrence of any other musculoskeletal
dysfunction or injury during soccer season playing.
Figure 1: measurement of repositioning error.
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only 42 subjects completed the experiment (figure 2). The
base line characteristics of subjects are shown in (table 1).

Results:
Participants:
Fifty nine subjects were recruited for the experiment, however

Figure 2: Subjects' selection
Table 1: Groups base line characteristics and comparison.
P-value was tested at confidence interval=95% (CI=95%).
BMI: body mass index
Non- injured group
Mean (±SD)
36
21.63(±3.01)

P- value
CI=95%

Number
Age

injured group
Mean (±SD)
6
22(±4.97)

Height (meter)

1.76(±0.056)

1.76(±0.063)

0.960

Weight (kg)

72.5(±12.11)

70.23(±7.98)

0.554

BMI (kg/m²)

23.29(±2.5)

22.6(±1.81)

0.420

0.807

The outcome measures:
Comparisons between the injured and non-injured players’
groups were done using un-paired t-test (table 2). For RE the
mean value for the injured group was 3.44 (±1.79) while the
mean value for the non-injured group was 4.39 (±4.28).
Results did not show any differences between the two groups
(P-value = 0.365, 95% CI =-3.115-1.208) (Table 2, Figure
3).
Table 2: Repositioning error in both groups Mean (±SD)
and p-value.

Repositioning error

84

Injured group

Non injured
group

p-value

3.44(±1.79)

4.39 (±4.28)

0.365

Figure 3: mean repositioning error.

Discussion
The purpose of this study was to answer the question: can
lumbar proprioception predict hamstring strain in soccer
players? The results of the current study showed that lumbar
spine proprioception cannot predict the incidence of HS in
soccer players. To the best of the author’s knowledge this is
the first prospective study to investigate lumbar spine
proprioception as a risk factor for HS.
Core stability has been widely used for treatment, improving
performance and prevention of injury [23]. However, this
widespread use is based on strong theoretical foundation [24, 25]
rather than an evidence based research [26]. The components of
core stability are strength, endurance, flexibility, motor
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control and function [27]. Core proprioception has been
investigated as a risk factor for lower limb injuries in one study
[28] which was conducted to investigate the effects of core
proprioception on knee injuries. The results showed that
lumbar spine proprioception cannot predict HS injury in
soccer players.
Trunk muscles are believed to play a crucial role in stiffening
the spine in order to provide a foundation for functional
movements [24]. Moreover, trunk muscles coactivation is
important in providing dynamic trunk stability that protects
the spine by attenuating sudden forces that contribute to low
back and lower extremity pain and injury [29]. The dynamic
stability is also influenced by the gluteal muscles, trunk and
lower extremity fascial systems which is closely associated with
the regulation of trunk and extremity posture, muscular
biomechanics, motor control, and proprioception [26].
Proprioception is the complex interaction between sensory
afferent receptors and motor efferent response in order to
regulate the position and movement in space [22]. RE is the
measure of proprioception deficit in the lumbar spine and it
includes a reproduction of a target angle [30]. The subject can be
asked to reproduce the angle actively (active joint
repositioning sense) or passively (passive joint repositioning
sense) the former is the most commonly used in literature [31]
and have been used in the current study. The possible
explanation for the non-significant relation between lumbar
spine proprioception and HS in the current study; the testing
position (standing position) [28], participants age [30], the
examination angle did not challenge the proprioception enough
[22], small sample size [30, 32], low number of injured athletes
and the movement direction [27]-lumbar flexion- was only
examined.
Only one prospective study with good methodological quality
[28] investigated the lumbar proprioception as a risk factor for
low back pain (LBP) in athletes [30]. The results showed that
there was no correlation between active trunk repositioning
and LBP in athletes [30]. RE was larger in patients with
nonspecific chronic LBP [27] the authors recommended that
these results must be interpreted with caution due to
methodological flaw such as the low power, precision, variable
injury definition, different definition of the outcome measures
and the patients selection [27]. Tong, et al (2017) reached a
more precise conclusion about the relation between lumbar
spine proprioception and RE. They stated that the patient
position and the methods of measuring RE has a crucial role in
assessing the proprioception [31]. LBP patients have deficits in
the lumbar spine proprioception when measured in sitting
position by either active joint repositioning sense or threshold
to detection of passive motion [31]. In accordance with the
results of the current study [31], seven studies measured
proprioception in standing position did not report a correlation
between LBP and proprioception [31]. This might be explained
by the fact that the proprioception input from the lower limb,
cutaneous sensation and vestibular input have been influencing
the trunk proprioception [22]. However, Silfies et al., (2007)
used a special technique which examined the lumbar spine

proprioception only without influence from the lower
extremities or vestibular system which showed that there is no
proprioception deficits in young college athletes and
proprioception deficits was not a risk factor for LBP in college
athletes. The authors think that the absence of correlation was
due to the young age of participants [33].
On the other hand, Kim et al., (2015) reported that core
stability training improved the lumbar spine proprioception in
female office worker [33]. Proprioception training has been
proven as an effective injury prevention method in soccer [34]
and in youth from different sports. It helped with reducing
lower extremities injuries [34]. However, it must be
implemented probably and should be used with other
modalities [34].
The current study has several limitations: firstly, the follow up
was done after one year not on regular intervals [17] which
might affect the accurate reporting of injured subjects.
Secondly, the few number of injured players did not help to
reach a firm conclusion about lumbar spine proprioception as a
risk factor for HS.

Conclusion
Core stability has been widely used in injury prevention and
rehabilitation however, the evidence about its effectiveness is
lacking. The current study showed that lumbar spine
proprioception as one component of core stability is not a risk
factor for hamstrings muscle strain in soccer players. Further
studies including a comprehensive test battery to examine
multiple components of core stability and with larger sample
size are recommended.
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Post-season hamstring injury evaluation
form (Appendix I) [34]
•

Player’s age and position.

•

Leg dominance: dominant limb is identified by the
predominant foot used for kicking a ball.

•
•

Injury time: during training or an actual playing game.
Incidence of Re-injury: recurrence of an injury of the same
nature and location involving the same player in the same
season.
Location of hamstring strain:
 biceps femoris
 unspecified
 semitendinosus

•
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9.

 semimembranosus
 Severity of injury
Slight: the player will be absent from training or competition
for 2-3 days.
Minor: the player will be absent from training or competition
for 4-7 days.
Moderate: the player will be absent from training or
competition for one to four weeks.
Major: the player will be absent from training or competition
for more than four weeks.
Radiographic findings (if present).

10.

11.

12.
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