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Abstract

Background: A professional football player sustains 2 injuries per season on average. Lower extremity injuries are the most common injuries among football players. To
develop a prevention programs it is essential to recognize risk factors associated with the incidence of injuries. Previous studies focused on intrinsic risk factors of lower
extremity. The association between spine abnormities and lower extremity injuries in professional athletes have only been scarcely studied.

Objectives: The purpose of this study was to evaluate the effects of various spinal form abnormalities on the rate of lower extremity injuries in male professional football
players.

Methods: This cohort study among Iranian Football players was implemented during the 2015 - 2016 season. All players were assessed for spinal alignment during Pre
Participation Examinations. In total, club doctors documented information of 244 players out of 420 players.

Results: There were 155 injuries recorded in total with at least one day absence from training or match, of which the most common injuries were hamstring muscle
injuries (n = 41, 26%), ankle ligament injuries (n = 34, 22%) and adductor injuries (n = 25, 16%) respectively. Increasing thoracic kyphosis Cobb’s angle was associated with
areduction in the likelihood of exhibiting quadriceps injury, odds ratio (CI 95%): 0.806 (0.671- 0.968).

Conclusions: The reason why players with lower thoracic kyphosis Cobb’s angle may be at risk for quadriceps injury is not clear. But biomechanical changes such as
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extensibility of hamstring and the balance between hamstring and quadriceps may partially explain the increased risk.

1. Background

Federation internationale de football association
(FIFA) estimated the number of football players to be 265
million worldwide, which makes it the most common
played sport in the world (1). Among all football players, it
is expected that 200 thousand persons play professional
and semi-professional football (2). A professional player
sustains 2 injuries per season on average (3). Lower ex-
tremity injuries are the most common injuries among
football players and FIFA estimates that 30 billion dollars
ayear is spent for management of injured football players
(4).

To develop prevention programs it is essential to recog-
nize risk factors associated with the incidence of injuries.
Previous studies focused on intrinsic risk factors of lower
extremity including: previous injury, (5-7) poor flexibil-
ity, (5, 8, 9) and declined muscle strength or imbalance
in strength of antagonist muscle groups (10, 11) but there
is a clear kinematic relationship between spine and lower
extremity movement (12). The association between spine
abnormities and lower extremity injuries in professional
athletes have only been scarcely studied (13). It has been
shown thatvarious abnormalities in the spine such as lum-
bar hyper lordosis may influence general injury rates of
lower extremity parts like knee, ankle and muscles. But

sub analyses of lower extremity injuries have not been re-
ported in professional football players.

The purpose of this study was to evaluate the effects of
various spinal form abnormalities on the rate of lower ex-
tremity injuries in male professional football players.

2. Methods

2.1. Study Sample and Study Period

This prospective cohort study is a part of a larger group
of risk factor-injury surveillance studies carried out at
Iran’s Football Medical assessment and rehabilitation cen-
ter (IFMARC). This cohort study among Iranian Football
players was implemented during the 2015 - 2016 season
(September to May). All 16 clubs of premier football league
were asked to participate in the study during Pre Partici-
pation Examinations and they all agreed. Signed informed
consents were obtained from all included players individ-
ually. The examinations and assessments of all teams were
done in IFMARC, Tehran, Iran. All 16 club doctors were
trained to document injuries and return-to-play of foot-
ball players in an online platform. All matches of premier
league were held on natural grass fields (14).

All players were assessed for spinal alignment during
Pre Participation Examinations. In total, club doctors doc-
umented information of 244 players out of 420 players.
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During the season, club doctors failed to report informa-
tion of 176 players because of transfer or difficulties in deal-
ing with online reporting platform.

The study proposal underwent an ethical review and
was approved by the ethics committee of Iran University of
medical Sciences and the Iran’s football federation Medical
committee.

2.2. Baseline Examinations and Assessment

2.2.1. Examinations

The study protocol included an examination of each
player, in accordance to Part 6.1: Spinal column and pelvic
level of pre-competition Medical assessment (PCMA). The
Federation internationale de football association (FIFA)
has developed and standardized PCMA and applied it at
FIFA World Cups (15). All the examinations were done by
Board certified Sports and exercise medicine specialists.

The examination comprised of evaluation of spine
form, pelvic level, sacroiliac joint, cervical spine range of
motion and spinal flexion (stand and reach test) (Table 1).
The examinations were carried out according to the in-
struction of F-MARC football medicine manual, 2nd edition
(16).

2.2.2. Assessment

Sagittal curvature of thoracic and lumbar parts of
spine were measured in the relaxed standing position us-
ing a Spinal Mouse system (Idiag, Fehraltdorf, Switzer-
land) and stated as Cobb’s angle (17). Spinal Mouse is a
computer-based measuring device, which assesses sagittal
spinal inter-segmental angles with a non-invasive surface-
based technique. Validity and reliability of Spinal Mouse to
measure the spinal curvatures were reported before (18).

2.3. Injuries

The Club doctors were responsible for recording all in-
juries resulting in a player being unable to fully join train-
ing or match play. The record provided data of date, site
and type of injury. Each injury was tracked until the final
day of return to play (training or match). The injuries were
classified into two categories of severity based on the dura-
tion of absence from training and match sessions: minor
(< 28 days) and major (> 28 days). The definition of in-
jury and severity were based on the consensus statement
for football injury surveillance (19).

In the present cohort study, only lower extremity in-
juries were included (Box 1). The registration of an injury
was based on a clinical examination by the club doctor. Pre-
mier league club doctors were previously trained based on
F-MARC football medicine manual, 2nd edition (16).

2.4. Statistical Analyses

Relative risks (RRs) with 95% Cls are presented for asso-
ciation of each independent categorical variable with oc-
currence of each injury (total and major injuries). Contin-
uous independent variables were analyzed for association
with each injury (total and major injuries) using binary lo-
gistic regressions (Enter method).

Categorical Independent variables were spine form
(thoracic, lumbar, scoliosis) and sacroiliac joint stat-
ues. Continuous independent variable included thoracic
kyphosis Cobb’s angle, lumbar lordosis Cobb’s angles, cer-
vical spine range of motion and spinal flexion test re-
sults. Occurrence of injuries were considered as signifi-
cance level was set at P value < 0.05.

3. Results

3.1. Players and Baseline Examinations and Assessments

There were 244 players included. Baseline examination
results of these 244 players are presented in Table 2. In to-
tal, 54 (22.1%) players showed abnormal thoracic sagittal
curve (hyper kyphosis or straight back), 63 (25.8%) players
had atleast one abnormality in their whole spine form (ab-
normal sagittal curve in thoracic or lumbar parts or scolio-
sis).

Thoracic spine kyphosis Cobb’s angle mean (SD) of
players with normal, hyper kyphosis, and straight back
thoracic spine were: 26.15(4.60),37.35(7.70) and 18.54 (3.39)
respectively. Lumbar spine lordosis Cobb’s angle mean
(SD) of players with normal lumbar curve was 10 (1.14) and
for players with hyper lordosis it was 21.02 (5.05).

3.2. Nature of Lower Extremity Injuries

Total number of players who suffered from lower ex-
tremity injuries were n = 111 (45.49% of total players), of
which 78 players (31.97% of total players) experienced at
least one minor lower extremity injury (with < 28 absence
days) and 33 players (13.52% of total players) suffered at
least one major lower extremity injury (with > 28 absence
days).

There were 155 injuries recorded in total with at least
one day absence day from training or match, of which
most common injuries were hamstring muscle injuries (n
=41,26%), ankle ligament injuries (n =34, 22%) and adduc-
tor injuries (n = 25, 16%) respectively. The nature of these
injuries is presented in Figure 1.
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Table 1. Records of Baseline Examinations

Examination Reporting Results
Spine form
Thoracic spine Normal curve, hyper kyphotic, straight back
Lumbar spine Normal curve, hyper lordosis
Coronal plane Normal, scoliosis
Pelvic level Even (0) or state the difference of right and left by cm
Sacroiliacjoint Normal, abnormal
Cervical rotation
Right Range of motion in degree
Left
Spinal flexion State distance between fingertip and floor line, Positive numbers for hypo mobility, Negative numbers for crossing the floor line

Lateral Meniscus, 3,
2%

Medial Meniscus, 4,
3%

LCL, 6, 4%

| Quadriceps, 9, 6%

PLC, 12, 8%

MCL, 12, 8%

Adductor, 25,16%

Ankle Non-
ligamentous, 2,1%

Knee (Non-
ligamentous-Non
meniscus), 2,1%

Hamstring, 41,26%

Ankle ligament, 34,
22%

Figure 1. Nature of Lower Extremity Injuries

3.3. Lower Extremity Injuries in Players with Abnormal Thoracic
Sagittal Curve

There was not a significant higher risk of lower extrem-
ity injuries among players with abnormal thoracic sagittal
cure (hyper kyphosis or straight back). Relative risks (CI
95%) of minor and major lower extremity injuries of play-
ers with abnormal thoracic sagittal curve are shown in Fig-
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ure 2.

3.4. Lower Extremity Injuries in Players With Hyper Lordosis
Lumbar Sagittal Curve

There was a significant higher risk of major and mi-
nor lateral meniscus injuries among players with hyper
lordosis of lumbar sagittal curve, RR (CI 95%): 13.056 (1.301
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Relative Risk (C195%) of Minor and Major Injuries in Players with
Abnormal Thoracic Sagittal Curve

——Adductor Muscle Injury

T —+—Quadriceps Muscle Irjury
T —e—Hamstring Muscle Iriury
1T ACL Injury
o ——PCL Injury
—t—e o —+—MCL Injury
— ——LCL Injury

—e—Medical Meniscus Injury

——Lateral Meniscus Injury

—Knee Non-ligamentous-Non
Meniscus Injury
—e—Ankle Ligamentous Injury

—e—Ankle Non-leamentous Injury

5-4-3-2-1 012 3456 78 910

Relative Risk (C195%) of Minor and Major Injuries in Players with
Hyper Lumbar Sagittal Curve

—«—Hamstring Muscle Iriury
ACL Injury
——Lateral Meniscus Injury

—*—Knee Non-ligamentous-Non
Meniscus Injury
—*—Ankle Ligamentous Injury

5-4-3-2-1012 3456 78 910

Relative Risk (C195%) of Major Injuries (=28 Absence Days) in Players
with Abnormal Thoracic Sagittal Curve

——Adductor Muscle Injury
Hamstring Muscle Iriury

ACL Injury

——PCL Injury
—«-MCL Injury

——Medical Meniscus Injury

—e—Lateral Meniscus Injury

—e—Ankle Ligamentous Injury

5-4-3-2 1012 345 67 8 910

Relative Risk (C195%) of Major Injuries (=28 Absence Days) in Players
with Hyper Lumbar Sagittal Curve
ACL Injury
—e—Lateral Meniscus Injury

—e—Ankle Ligamentous Injury

5-4-3-2-1012 34 56 7 8 910

Figure 2. Relative Risks (CI95%) of Lower Extremity Injuries of Player with Abnormal Thoracic Sagittal Curve (Hyper Kyphosis and Straight Back) and Hyper Lordotic Lumbar

Sagittal Curve

Box 1. Classification of Injuries

Classification of Injuries

Adductor muscle injuries
Quadriceps muscle injuries
Hamstring muscle injuries

Knee injuries (ACL, PCL, MCL, LCL, medial meniscus, lateral meniscus,
non-ligamentous-non meniscus)

Ankle injuries (ligamentous, non-ligamentous)

-131.041). players with hyper lordosis also showed higher
risk of major (> 28 days absence days) injury of lateral
meniscus, RR (CI 95%): 13.056 (1.301-131.041).

Risk of major and minor knee non-ligamententous
non-meniscus injuries was higher among players with hy-
per lordosis of lumbar sagittal curve, RR (CI 95%): 26.111
(1.771-384.921).

Major (> 28 days absence days) ACL injuries was more
prevalent with RR (CI 95%) of 8.704 (1.001 - 75.701) among
players with hyper lordosis of lumbar sagittal curve.

There was no other significant higher risk of lower
extremity injuries among players with hyper lordosis of
sagittal curve. Valid relative risks and 95% CI s are shown
in Figure 2.

3.5. Lower Extremity Injuries in Players with Scoliosis and
Sacroiliac Joint Abnormality

Players with scoliosis (n = 3) or sacroiliac joint abnor-
mality (n=2)experienced no lower extremity injury, there-
fore relative risks were not calculated.

3.6. Lower Extremity Injuries and Continuous Independent Vari-
ables
3.6.1. Cobb’s Angles

Logistic regression was performed to ascertain the ef-
fects of thoracicand lumbar Cobb’s angle on the likelihood
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Table 2. Baseline Examinations of Players, in % (Number)

Variables Value

Spine Form

Thoracic Spine

Normal curve 77.9 (190)

Hyper kyphotic 18.9 (46)

Straight back 33(8)
Lumbar Spine

Normal curve 96.3(235)

Hyper lordosis 3.7(9)
Coronal Plane

Normal 98.8(242)

Scoliosis 12(2)

Sacroiliac Joint
Normal 99.2 (241)
Abnormal 0.8(3)

of minor and major lower extremity injuries.

For major and minor total injury, the logistic regres-
sion model was statistically significant x? (9) = 20.45, P
= 0.015.The model explained 10% (Nagelkerke R*) of the
variance in total lower extremity injury (major and minor)
and correctly classified 58.2% of cases. Increasing thoracic
kyphosis Cobb’s angle was associated with a reduction in
the likelihood of exhibiting minor and major lower ex-
tremity injury, OR (CI 95%): 0.947 (0.901- 0.994) (Table 3).

3.6.2. Thoracic Kyphosis Cobb’s Angle and Quadriceps Injuries

For major and minor quadriceps injury, the logistic re-
gression model was statistically significant x? (9) =19.33,
P = 0.022.The model explained 28% (Nagelkerke R*) of
the variance in quadriceps injury (major and minor) and
correctly classified 96.7.0% of cases. Increasing thoracic
kyphosis Cobb’s angle was associated with a reduction in
the likelihood of exhibiting minor and major quadriceps
injury, OR (CI 95%): 0.806 (0.671- 0.968) (Table 3)

There was no other statically significant model which
shows association between thoracic and lumbar lordosis
Cobb’s angle and lower extremity injuries (Tables 3 and 4).

3.6.3. Cervical Spine Range of Motion, Spinal Flexion and Pelvic
Level

No statistically significant logistic model showed as-
sociation between lower extremity injuries and cervical
spine range of motion, spinal flexion and pelvic level (P
value > 0.05) (Tables 3 and 4).

Asian ] Sports Med. 2017; 8(4):e55543.

4. Discussion

4.1. Hyper Lordosis Lumbar Sagittal Curve

This study identified hyper lordosis lumbar sagittal
curve as a risk factor for major ACL and also major and mi-
nor lateral meniscus and knee non-ligamentous and non-
meniscal injuries.

Watson suggested before that knee injuries are associ-
ated with lumbar lordosis (13). Watson reported that 67%
of players with lumbar hyper lordosis suffered the injuries,
while in group with normal lumbar lordosis only 36% suf-
fered the injury. He reported that 51.9% of college football
players presented with lumbar lordosis. Lumbar hyper lor-
dosis had lower prevalence (9%) among our subjects; this
lower prevalence can be attributed to the elite level of our
subjects.

Our prospective study showed that ACL and lateral
meniscus of knee are more susceptible to injuries among
players with hyper lordosis. This suggests that pre par-
ticipation examinations of player’s lumbar sagittal curve
could be of value to reduce knee injuries.

Another cross sectional study by Hennessey and Wat-
son, among 34 cases which investigated posture, includ-
ing lumbar lordosis in athletes with and without history
of hamstring injury. The results of the study indicated that
while differences in hamstring flexibility were not evident
between injured and noninsured groups, poorer low back
posture was found in the injured group (20). But in our lon-
gitudinal study lumbar hyper lordosis was not a predictor
for hamstring injury.

Anyincreased kyphosis in lumbar spine results in com-
pensation, first as rotation in the pelvis and then knee flex-
ion in the lower limbs (21). This compensation maintains
the line of gravity inside the base of support but is not er-
gonomic. Compensatory changes in the knees, pelvis, and
spine, cause higher energy expenditure and also increased
muscular forces and fatigue. Mair et al. (22) showed that fa-
tigued muscles are less capable of absorbing energy before
reaching the point of stretch that leads to injuries.

Another explanation for association between lumbar
hyper lordosis and lower exterimity injuries is through
core stability. Lumbopelvic or core stability is the ability of
the lumbopelvic hip complex to prevent buckling and to
return to equilibrium after perturbation. Static elements
(bone and soft tissue) contribute to core stability. Thereis a
clearrelationship between core stability and lower extrem-
ity movement. Current evidence suggests that decreased
core stability may predispose to injury (12).

4.2. Thoracic Sagittal Curve Cobb’s Angle

Another interesting finding was that increasing tho-
racic kyphosis Cobb’s angle is a protective factor for
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Table 4. Analysis of Risk Factor Variables for Major (> 4 Weeks) Lower Extremity Injuries from Binary Logistic Regression®

Variable

Type of Injuries

Adductor Quadriceps

Hamstring Knee Ankle Total Lower Extremity

PValue P Value

P Value PValue PValue OR P Value

Spine form abnormality

Thoracic kyphosis

Lumbar lordosis

Scoliosis

Curves

Thoracic Cobb’s

Lumbar Cobb’s

Pelvic Level

Neck spine range of motion

Right

left

Spinal flexion

Total model

2No player had major non ligament non meniscus knee injury and No player had major non ligament ankle injury.

quadriceps injury. To our knowledge our study is the first
study that investigated and showed association between
thoracic spine curve and lower extremity injuries.

The reason why players with lower thoracic kypho-
sis Cobb’s angle may be at risk for quadriceps injury is
not clear. But biomechanical changes such as extensibil-
ity of hamstring and the balance between hamstring and
quadriceps may partially explain the increased risk. This is
consistent with previous studies which showed the effect
of hamstring stretching on sagittal spinal curvatures espe-
cially decreasing thoracic kyphotic curve (23). It may im-
ply that higher thoracic kyphosis can have a protective ef-
fect on quadriceps injury through tightness of hamstring.
Further studies can investigate that if thoracic kyphosis is
protective for quadriceps injuries in both players with and
without hamstring tightness.

These findings can be used in developing new injury
preventing strategies.

4.3. Methodological Considerations

Limitations of this study should be acknowledged.
First the definition and classification of each partinjury, in-
juries constitute a heterogeneous group including strains,
sprains, contusions and overuse injuries. We used a prac-
tical approach to register injuries, and the fact that many
club doctors were involved in injury diagnosis and the na-
ture of clinical diagnosis without obligatory radiological
verification may decrease the reliability of injury records.
Nevertheless, our data are based on clinical data reported
by experienced club doctors who were trained and certi-
fied by Iranian Football Federation medical committee and

were often confirmed with radiological examination. In-
juries with an acute or gradual onset may have different
origins, and this was not reflected in our data set. A further
subgrouping of injuries according to grade, location, and
measurements of pathology may be useful when studying
risk factors for lower extremity injuries. Most of the risk
factors studied in our study were not modifiable or hard
to modify, for example, spine form and scoliosis. However,
awareness of such factors may still be of value to classify
subgroups of players at increased risk of injury.

More studies on possible mechanism of effect of lum-
bar lordosis on knee injuries and thoracic kyphosis’ pre-
ventive effect on quadriceps injuries would be of great
value to improve preventive measures and to decrease the
burden of lower extremity injuries in football.

We should also mention that lumbar lordosis, tho-
racic kyphosis and cervical alignment are closely related
to pelvic incidence as a pelvic parameter, further studies
on the relationship of spine and lower extremity injuries
should consider this part of the spinal chain.

Our study showed the link of spine form with lower ex-
tremity injuries in both a protective and hazardous way.
Further studies should concentrate on possible mecha-
nisms of this association.
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