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SUMMARY
Objective. Epidemiological studies on soccer injuries show that anterior cruciate liga-
ment, groin, and hamstring injuries are heavily impacting availability, therefore medi-
cal research has focused on them. A certain number of studies have focused on the 
possible association between these three injuries. The aim of this study is to describe 
the possible association between these three injuries and to discuss their possible logi-
cal association.
Methods. This study is based on the injury records of four international Qatar league 
players who suffered all these three injuries during their career. Our hypothesis is that 
these three injuries are related to each other through a cause-effect mechanism. 
Results. Based on the observational data of this study, the hypothesis that the anterior 
cruciate ligament, groin and hamstring injuries may be associated with each other can 
be advanced. This hypothesis is based on both anatomical and functional justifications.
Conclusions. Being our knowledge of the pathophysiology and factors predisposing 
athletes to muscle, tendon and articular injury is still limited, the consequences of 
another type of injury on the athlete’s overall injury risk profile have probably been 
underestimated or not correctly understood. Further studies are necessary to clari-
fy this cause-effect relation and this study also represents a call for action for future 
researches in this area.
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INTRODUCTION
Anterior cruciate ligament (ACL) injury, groin pain 
syndrome (GPS) and hamstring injury (HI) are heavily 
impacting availability in sprinting and cutting sports activi-
ty, particularly in soccer, when time loss value is considered 
(1-4). In soccer, HI is the most frequent muscle injury and 
accounts for 39.5% of all muscle injuries, followed by GPS 
that represents 25.6% of all injuries (4), whereas ACL inju-
ries count 0.66 events per 1000 hours of total exposure time 
(i.e., 0.5 ACL per team per season) (5). In Australian foot-
ball, the most common and prevalent injury proved to be 
HI followed by ACL and GPS (6) with these three injuries 
causing a total percentage of missed games equal to 21.2% 
for HI, 12.8% for ACL injuries and 11.9% for GPS (6). 

Furthermore, found that, in Australian football (7), HI caus-
es a loss of 21 games per team per season (i.e., 6.1 injuries 
per team per season) followed by GPS with 16 games lost 
per team per season (i.e., 3.9 injuries per team per season) 
and ACL injury with 12 games lost per team per season (i.e., 
0.7 injuries per team per season). Despite the fact that the 
majority of studies in literature consider the etiopathogen-
esis of these three injuries to be independent, recent stud-
ies consider a possible association between them (7-10). 
However, the results of these studies are conflicting. Indeed, 
several studies show that HI could be a risk factor for ACL 
injury (9); ACL injuries and GPS could be risk factors for 
HI (11) and GPS could be a risk factor for HI (8). On the 
contrary, Toohey et al. (10) affirmed no association between 
GPS and HI. This lack of consensus in literature prevents us 
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from being able to answer two fundamental questions with 
certainty: is there a connection between these three injuries? 
Do these three injuries have a common intrinsic risk factor? 
In this study, we present 4 cases where there is an associa-
tion of these three injuries. The data, obtained from profes-
sional football players playing both in the Qatar first divi-
sion (Star League) and in the Qatar National Team, were 
collected by medical and physiotherapic staff through an 
informatics recording system and confirmed. All the inter-
ested subjects were informed of the purpose of the research 
and signed an informed consent. The aim of this study is to 
describe the possible association between these three inju-
ries and to discuss their possible logical association. The 
research is ethically according to international standards 
and as required by the journal (12). Furthermore, the study 
was conducted following the I.S.MuL.T. Guidelines for 
muscle injuries (13).

Case 1
BM, a 30-year-old professional football player, suffered from 
GPS due to posterior abdominal wall weakness (Septem-
ber 2007) and twice (October 2009 and March 2010) from 
adductor-related GPS. The posterior abdominal wall weak-
ness was treated surgically by the “minimal repair tech-
nique” (14), while the first episode of adductor-related GPS 
underwent conservative treatment and the second was surgi-
cally treated by a bilateral tenotomy of the adductor longus. 
The player resumed sports activity after 8 weeks following 
minimal repair surgery, after 4 weeks following the adduc-
tor-related GPS conservative treatment, and after 24 weeks 
following tenotomy (15). Furthermore, this player suffered 
from grade III right HI in February 2011 which was treated 
with physiotherapy and sports activity was resumed after 8 
weeks. Finally, the player suffered two ACL injuries (right 
knee in August 2014 and left knee in September 2018); both 
injuries occurred during a contact situation and were treated 
with hamstring autograft surgery. After the first ACL injury, 
the player returned to play after 28 weeks, whereas after the 
second ACL injury, return to play occurred after 36 weeks. 

Case 2 
LP, a 35-year-old professional football player suffered an 
ACL right knee injury during a non-contact situation in 
December 2009: surgical reconstruction (hamstring auto-
graft) was carried out and the player returned to full sports 
activity after 28 weeks. Later, LP suffered GPS due to poste-
rior inguinal wall weakness for which laparoscopic mesh 
placement was undergone (October 2014). Sports activi-
ty was resumed 12 weeks after surgery. In March 2015, LP 

suffered a bilateral adductor-related GPS that underwent 
conservative treatment and return to play was possible after 
2 weeks. Finally, LP suffered grade II right HI in October 
2018 and in September 2018, both injuries were treated 
conservatively and, in both cases, return to play was possi-
ble after 6 weeks.

Case 3
MJ, a 32-year-old professional football player, suffered a 
right ACL non-contact injury in January 2008 which was 
surgically treated (hamstring autograft) and a second ipsi-
lateral non-contact ACL injury in November 2008, which 
also treated with surgery (patellar tendon autograft). After 
the first ACL reconstruction, the player returned to full 
sports activity after 24 weeks, whereas after the revision 
ACL reconstruction, he resumed full sports activity after 40 
weeks. Later, MJ suffered a bilateral GPS in July 2012 due 
to a posterior inguinal wall weakness and underwent bilat-
eral minimal repair surgery (14): return to full sports activ-
ity was possible after 8 weeks. Finally, MJ suffered two HI, 
initially in the right leg in April 2015, and then in the contra-
lateral limb in March 2017. Both the injuries were grade II 
and were conservatively treated: return to the sports activity 
was possible after 4 and 3 weeks respectively. 

Case 4
BK, a 31-year-old professional football player, experienced 
a non-contact right ACL injury in April 2007. The play-
er later experienced a second ipsilateral non-contact ACL 
injury in April 2009. Both injuries were treated surgically 
with a patellar autograft (April 2007) and a hamstring auto-
graft (April 2009) respectively and consequently, return to 
play was possible after 20 months and 36 weeks respectively. 
Later, the player experienced a grade II right HI in Febru-
ary 2012. The injury was dealt with conservative treatment 
and after 3 weeks the player returned to sports activity. In 
July 2015, the player then experienced GPS due to poste-
rior inguinal wall weakness and underwent minimal repair 
surgery (14): the player returned to sports activity after 
12 weeks. In January 2017, the player experienced anoth-
er grade II HI, resolved with conservative treatment and 
return to sports activity was possible after 3 weeks.
The chronology and the kind of injuries are resumed 
in table I. 

DISCUSSION
This study provides a concrete example of how, within the 
context of a career in soccer, ACL injury, HI and GPS may be 
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linked. It is difficult, based on actual evidence, if not impos-
sible, to try to explain this connection in terms of a cause-ef-
fect relationship. Indeed, even though a certain number of 
studies have shown that a correlation exists between some 
injuries and a previous injury, our understanding of patho-
physiology and the factors that predispose to injury are still 
limited (9). However, based on current literature, we can try 
to explain a rationale underlying the association between 
these three types of injury and anticipate future hypotheses.

Previous ACL injuries and HI 
Several authors (7) reported that, in Australian football, a 
history of ACL lesion triggered an odds ratio of 5.6 (95% 
CI, 1.1-28.1) for experiencing a future HI. Other studies (10) 
showed that athletes who had suffered an ACL injury during 
their career had more than twice the chance of incurring a HI 
compared to athletes without a history of ACL injury (RR: 
2.25, 95% CI 1.34 to 3.76). Moreover, it is worth noting that 
several authors (11) demonstrate that the chance of incur-
ring HI a second time increases almost four-fold if an athlete 
has already suffered an ACL injury. In two studies (8, 11) 
the graft technique employed in the consequent reconstruc-
tion (patellar tendon autograft or hamstring autograft) was 
not associated with subsequent HI. This concept contradicts 
the hypothesis formulated by other authors (16) in which HI, 
subsequent to ACL reconstruction, was seen to depend on 
the type of graft used, the harvesting procedure used for the 
hamstring autograft (17) and the residual hamstring weak-
ness following hamstring autograft (16). The most plausible 
hypothesis seems to be that harvesting hamstrings for ACL 
reconstruction lays them open to risk subsequent injury due 
to iatrogenic damage per se and the consequent imbalance 
between lateral (biceps femoris) and medial (semitendino-
sus) hamstrings (16, 17). Even when a patellar tendon auto-
graft is used for ACL reconstruction, this association may be 
explained by the fact that ACL injury and the subsequent 
rehabilitation programme alter the biomechanics of the lower 
limb causing an increased risk of HI (8, 9). 

In this study, correlation between previous ACL injuries and 
HI can be found in cases 2, 3 and 4. The athlete described 
in case 2 underwent an initial ACL reconstruction with 
hamstring autograft. The case 3 athlete underwent an initial 
ACL reconstruction with hamstring autograft and a revision 
ACL reconstruction with patellar tendon autograft, whereas 
the athlete described in case 4 first underwent ACL recon-
struction with patellar tendon autograft and then a revision 
ACL reconstruction with hamstring autograft.

Previous HI and ACL injuries 
ACL injury classically occurs when the foot locks to the 
ground with concurrent low knee flexion angle, knee joint 
rotation, and excessive valgus stress (18). In this biome-
chanical situation, the femoral shear forces above the tibia 
increase, resulting in an anterior tibial translation which, 
in turn, causes ACL elongation (19). During non-contact 
ACL injuries, this situation typically occurs when changing 
direction or during sidestep cutting maneuvers (18, 20, 21). 
Several studies show that, in such situations, the hamstring 
and quadriceps electromyographic activity increases signifi-
cantly (20, 22). The correct balance between hamstring- and 
quadriceps- activation plays a paramount role in the correct 
kinematics of these situations (20, 22). Indeed, a reduction in 
hamstring activity compared to the quadriceps, reduces the 
knee flexion angle and increases the ground reaction force 
on the knee-joint (18). For this reason, correct hamstring 
neuromuscular function is a critical aspect of ACL inju-
ry prevention (18). When changes in direction or sidestep 
cutting occur during running, it is interesting to note that 
the three muscles composing the hamstring group act differ-
ently: the semitendinosus and the semimembranosus control 
internal rotation and the varus stress, whilst the biceps femo-
ris control external rotation and the valgus stress (18, 20, 21). 

Therefore, functionality impairment of the lateral- (semi-
tendinosus and the semimembranosus muscles) or medial- 
hamstring (biceps femoris) represents a risk factor for ACL 
injury (9). In other words, optimal hamstring functionality 

Table I. The chronology and type of injuries in the four cases considered. 

PLAYER 1 PLAYER 2 PLAYER 3 PLAYER 4
GPS (September 2007) ACL (December 2009- right) ACL (January 2008- right) ACL (April 2007- right)

GPS (October 2009) GPS (October 2014) ACL (November 2008 right) ACL (April 2009- right)

GPS (March 2010) GPS (March 2015) GPS (July 2012) Hamstring (February 2012)

Hamstring (February 2011) Hamstring (October 2018) Hamstring (April 2015) GPS (July 2015)

ACL (August 2014- right) Hamstring (September 2018) Hamstring (March 2017) Hamstring (January 2017)

ACL (September 2018-left)
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is an important prevention factor for ACL injury. It clear-
ly emerges from current literature that a past HI causes an 
alteration in lower limb muscular functionality compared 
with the contralateral uninjured limb. Several studies show 
the following neuromuscular mal-adaptation after HI: 
1. lower eccentric knee flexor strength (10%-24%) (23, 24);
2. lower voluntary myoelectric activity during a maximal 

knee flexor eccentric contraction (18%-20%) (25, 26); 
3. lower knee flexor eccentric rate of torque development 

(39% 40%) (27);
4. lower voluntary myoelectric activity during the initial part 

of eccentric contraction (19%-25%) (23, 26); 
5. lower hamstrings/quadriceps ratio (19%) (23). 

These data show that a past episode of HI involves impair-
ment of muscular functionality in the injured limb compared 
to the contralateral uninjured limb. 
Furthermore, it is worth noting that uninjured female 
hamstrings, compared to uninjured male hamstrings, show: 
1. lower hamstring /quadriceps strength ratios (23, 28);
2. lower knee flexor rate of force development during eccen-

tric isokinetic contractions (27);
3. lower knee flexor rate of force development during 

isometric contraction (29); 
4. lower electromyographic hamstring activity during isoki-

netic eccentric knee flexion (25, 26); 
5. lower electromyographic hamstring activity during a side-

step cutting maneuver (30). 

These data clearly appear to overlap with those previously 
reported concerning the alteration of the hamstring neuro-
muscular function following injury: since the above data 
explain the elevated risk of ACL injury in women (19, 31, 
33), it is reasonable to advance the hypothesis that, in the 
same way, an early episode of HI and the neuromuscular 
deficit arising, may represent a risk factor for ACL injury. 
However, is important to note that the majority of these data 
are recorded by a single joint isokinetic test. For this reason, 
further studies assessing the impact of previous HI in knee 
kinematics, during movement of greater degrees of freedom, 
are needed to confirm the aforementioned hypothesis. More-
over, further studies concerning the different role of later-
al and medial hamstrings during change in direction and 
cutting maneuvers are needed. 
In this study, the association between earlier episodes of HI 
and ACL injuries can be found in the subject case 1.

Previous GPS and HI 
In literature, several studies show the association between 
GPS and HI (7-9). A possible explanation for this association 

is that, after GPS, the biomechanical properties of the core 
muscles (i.e., the major muscles that stabilizes and controls 
the pressure inside the trunk) and lower limb muscles are 
perturbed and the possibility of the athlete incurring HI is 
increased (9). As in the association between previous ACL 
injuries and subsequent HI, either the GPS clinical frame-
work itself or the subsequent rehabilitation programme 
(especially post-surgical rehabilitation) or, a combination of 
both, may cause this increased risk for HI. However, it should 
be pointed out that in literature two studies (34, 35) did not 
find a significant correlation between GPS and subsequent 
HI. It is anyway important to note that in both these stud-
ies, an exact definition of GPS was not given and only the 
generic term of “chronic groin pain” was offered, omitting 
any concept of etiopathogenesis. This obviously may lead to 
bias in the authors’ conclusions. 
Furthermore, in the scientific literature the definition of 
GPS in athletes is ambiguous and controversial (36, 37). 
For this reason, the hypothesis between the association of a 
previous GPS clinical framework and subsequent HI must 
be considered with care.
In this study, the association between previous GPS and HI 
can be found in cases 1, 2 and 3.

Previous HI and GPS 
Since the top five causes of GPS are (38): femoroacetabu-
lar impingement (~ 32% of the cases), posterior wall ingui-
nal canal weakness (~ 24% of the cases), adductor-related 
pathologies (~ 12% of the cases), inguinal-related patholo-
gies (~ 10% of the cases) and hip labral pathologies (~ 5% of 
the cases), it is possible to hypothesize that previous episodes 
of HI may perturb running biomechanics and unmask the 
onset of the clinical frameworks causing GPS as reported . 
However, as already mentioned, the controversy in defining 
GPS (36, 37) must always be kept in mind as it represents 
a source of confusion in determining the factors that can 
influence the onset of this condition.
In this study, the association between previous HI and GPS 
can be found in subject case 4.

Previous GPS and ACL injuries 
Several authors showed the association between GPS and 
ACL injuries (7). It is important to note that a decreased range 
of motion of the hip joint, particularly internal rotation of 
the hip due to a cam-FAI deformity, is a risk factor for devel-
oping GPS (36, 39, 40). by causing biomechanical stress on 
the posterior wall inguinal canal (36, 38, 39). Moreover, it is 
known that an increased tibial internal rotation of the knee 
joint is considered a risk factor for ACL injuries (41). Hence, 
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it is reasonable to hypothesize that, with a reduction of  the hip 
range of motion leading to an excessive posterior wall inguinal 
canal stress, the knee joint also undergoes additional stress to 
compensate for this biomechanical situation and thus increas-
es the tibial internal rotation (7). These changes in biomechan-
ical stress, leading to an increased risk of ACL injury, may also 
exacerbate under particular conditions such as fatigue (42).
In this study, an association between previous GPS and 
ACL injuries can be found in the players described in in 
cases 2, 3 and 4. 

Previous ACL injury and GPS 
The same hypothesis formulated for the association between 
previous HI and GPS, may also be extended to the associa-
tion between previous ACL injury and GPS onset. In other 
words, the perturbation in running biomechanics caused by 
a previous ACL injury, could favor the onset of the clini-
cal framework underlying GPS (7). Furthermore, we must 
also consider the influence of iatrogenic damage, resulting 
from autograft harvesting, on the biomechanics of the pelvis 
in general and in particular dynamic situations such as the 
change in direction and cutting maneuvers (16, 17, 30). 
In this study, the association between previous ACL injury 
and GPS can be found in the case study 1.

Limitations of the study
The major limitation of this study is that it is based on anec-
dotal examples, which obviously cannot be generalized.  
Although, a physiological connection between these pathol-
ogies are conceivable.  For this reason, one of the messages 
that this study wants to promote is that of a “call for action” 
so further studies of greater evidence can confirm or confute 
the advanced hypotheses. 

CONCLUSIONS 
Most of the epidemiological studies have often disregard-
ed the full picture of the athlete’s history of injury. Thus, 

the consequences of previous injury on the athlete’s over-
all injury risk profile have probably been underestimat-
ed or improperly understood (10, 43). In other words, a 
possible association between previous injuries, apparently 
unrelated both in nature and in anatomical location, can 
rarely be found in the literature. Despite this, some stud-
ies have recently suggested a complex interaction between 
what seem to be extremely distinct types of injuries. This 
represents an important aspect of research for the identi-
fication of causal risk factors aimed at developing effective 
tertiary prevention strategies. The present study, based 
on anecdotal data, does not claim to explain the asso-
ciation between the three pathologies described above 
but it highlights some logical hypotheses that should be 
confirmed by further studies. Furthermore, this study 
allows us to underline the fact that our understanding of 
the pathophysiology and factors predisposing athletes to 
muscle, tendon and articular injury is still limited. There-
fore, above all, this study aspires to be a “call for action” 
for studies able to clarify the possible association between 
the sport injuries described herein. In the light of our own 
current knowledge, the most probable hypothesis is not a 
pathophysiology based on some common risk factors to 
these three types of injuries (7) but rather the hypothesis 
relating these injuries to each other through a cause-effect 
mechanism. 
Given the importance of injury prevention programmes 
implementation, we hope for the future development of 
studies focusing on the correlation between the distinct 
types of sport injuries occurring throughout the history of 
an athlete. 
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