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Epidemiology, Biomechanics,
and Classification of Proximal
Hamstring Injuries

Michael Pickell and Brendan Swift

Epidemiology

Hamstring injuries are an exceedingly common injury in both athletes and the gen-
eral population. Estimates of injury prevalence range from 8% to 25% of recorded
injuries in athletes [1, 2]. Despite the common nature of these injuries, there is a
paucity of epidemiological data to reflect hamstring injuries in the general public.
Much of the published epidemiological data arises from professional sporting
leagues [3—6]. Their large-scale preexisting datasets and close monitoring of players
allows for the collection and analysis of many musculoskeletal injuries in a popula-
tion at higher risk than the general public. This well-documented sample of profes-
sional athletes provides a very specific insight on this demographic but may not be
completely transferrable to the general public.

Sports requiring bursts of explosive sprinting patterns are frequently noted to
have high incidences of injury. Much of the epidemiological data stems from pro-
fessional rugby, football, and soccer leagues [4, 5, 7-9]. Other activities with a high
incidence of hamstring injuries include waterskiing and dancing, likely due to the
compromising positions involved [10, 11].

As much of the data surrounding hamstring injury arises from elite athletes, gen-
eralizability to recreational athletes or the general public may be limited. The data
does, however, provide some insight into risk factors for injury and pathomechanics
involved in injury.

There is significant heterogeneity in the established data in terms of sport and
competition level. Similarly, the risks of injury are varied and depend on the nature
of a given sport. Injury audits of English professional football players demonstrated
that hamstring injuries represented 12% of all reported injuries [6, 12]. The majority
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of these injuries (62%) occurred during match play, and specifically tended toward
the end of the half [6]. Injuries tended to occur while running (57%) and were non-
contact in nature 91% of the time. Reinjury in the setting of hamstring strain is also
common, ranging from 12% to 17% [6, 7, 12]. Of the hamstring strains recorded,
only 5% were radiographically investigated with even fewer (1.9%) being treated
surgically [12], demonstrating that although hamstring injuries are common, the
majority do not require any advanced work-up or surgical intervention. Similarly, a
study of National Football League player injuries identified hamstring injuries as
the second most frequent injury suffered by players, with a rate of 4.07 per 1000
athlete exposures in game situations [3]. Of the most common injuries they recorded,
hamstring strain was one of the leading causes of time spent away from play with
an average of 8.3 days lost for hamstring injuries experienced in practices and
9.5 days for those suffered in games [3].

Numerous modifiable and non-modifiable risk factors have been identified for
hamstrings injuries. Age has been identified as an independent risk factor for ham-
string injury, with some reports suggesting the odds of sustaining hamstring injury
increase by 1.78 times with each increasing year in age [9]. Sex differences among
athletes also contribute to differences in risk profile. A study of American collegiate
soccer players demonstrated that men were 64% more likely to suffer a hamstring
strain than women and were nearly twice as likely to experience a recurrence [5].
Modifiable risk factors that have been implicated in hamstrings injury include hip
flexibility as well as lower extremity power and muscle imbalance [2]. Commonly,
the muscle imbalance is the hamstring to quadriceps strength ratio. It is thought that
an imbalanced strength ratio increases the extension moment through the knee. This
places the hamstring in eccentric stress beyond its elastic capabilities [13].
Specifically, the risk of injury is increased in athletes with hamstring:quadriceps
strength ratio less than 0.6 [2]. With regard to hip flexibility, Henderson et al. [9]
demonstrated in Premier League soccer players that for each 1° lack of hip flexion
range of motion, injury propensity increased by 1.29 times. Similarly, injury pro-
pensity increased by 1.47 times for each centimeter increase in non-countermovement
jump performance [9].

Injury recurrence and time away from play is a concern for athletes at any level,
and many factors have been identified as contributing to the time to return to play
[14]. Anatomic location, type of injury, distance from ischial tuberosity [7] have all
been identified as factors effecting time to return to play. For example, Askling et al.
[7] evaluated the injury characteristics and time to return to sport in athletes suffer-
ing hamstring injuries during ballistic movements (sprinting) as compared to
extreme length stretching injuries (dancing). They noted that the athletes who suf-
fered running injuries observed a more rapid decline in performance followed by a
faster return to pre-injury function when compared to the stretch type injuries expe-
rienced by the dancing group.



2 Epidemiology, Biomechanics, and Classification of Proximal Hamstring Injuries 13

Biomechanics

The hamstrings represent a group of muscles in the posterior thigh, whose unique
anatomy plays a crucial role in the posterior chain by stabilizing both the hip and
knee. Their biarticular insertion and high force generation expose the hamstrings to
unique stresses and a high rate of injury [15]. The hamstring complex is made up of
three muscles: the semimembranosus, semitendinosus, and the short and long heads
of the biceps femoris (Fig. 2.1). All three muscles are innervated by the tibial branch
of the sciatic nerve, with the exception of the short head of biceps femoris, which
receives its innervation from the common peroneal nerve. The semitendinosus and
long head of biceps femoris share a common origin from the lateral ischial tuberos-
ity in the form of the conjoint tendon. The long head of biceps femoris travels later-
ally to unite with the short head of biceps along the posterior femur and inserts on
the posterolateral tibia. Semitendinosus travels medially to insert with the gracilis
and sartorius at the pes anserinus.

Many biomechanical and kinematic studies have examined the role of the ham-
strings in walking and running gait. The biarticular organization, dual innervation
of biceps, muscle fiber type, and pelvic tilt have all been implicated in injury

Biceps femoris Semitendinosus Semimembranosus

Fig. 2.1 Anatomy of theposterior thigh. Biceps femoris, semitendinosus, and semimembranosus
and their relationship as labeled. (From Alila Medical Media. Reproduced with permission)
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predisposition [16] Given their biarticular anatomy, the hamstrings act to both
extend the hip and flex the knee. During walking gait, the hamstrings assist in
flexing the knee as the hip flexes to assist ground clearance of the foot through
swing phase [17]. In contrast, kinematic studies of running have demonstrated
that the hamstrings remain active throughout nearly the entire cycle of running
gait [18-20]. Specifically, eccentric contraction of the hamstring complex is noted
in both late swing phase and late stance phase; however, the peak eccentric con-
traction speeds are far greater in late swing phase [18]. Further it is thought that
the application of peak eccentric force, at the moment of maximal fiber length
observed in late swing phase create the conditions required for hamstring injury
[13, 18, 21]. A schematic representation of the running gait cycle is demonstrated
in Fig. 2.2.

A few case reports have been published around studies which coincidentally
captured hamstring injuries during kinematic analysis [22, 23]. These injuries
were unfortunate for the participants; however, the active data capture during
injury has provided excellent insight on the conditions surrounding injury. The
first of which captured a hamstring injury in a 31-year-old professional skier who
was running at 5.36 m/s on a 15% incline. Kinematic analysis did demonstrate
that the moment of injury occurred in late swing phase, resulting in an injury to
the long head of biceps while it was in a position 12.2% longer than standing rest-
ing length [22]. A similar injury was captured in a sprint trial with an elite
Australian Football player [23]. Kinematic data again identified the moment of
injury as occurring in late swing phase. Interestingly, both individuals in the case
reports had suffered previous hamstring injuries, further supporting the high rate
of hamstring injury recurrence.
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Fig. 2.2 Running gait cycle. Approximately 1.3 gait cycles are depicted in an effort to better
visualize the continuous nature of running gait. Muscle activity is represented by the solid bars in
relation to the gait cycle. (Reproduced with permission from Novacheck [20])
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Classification

Characterization of injury severity represents an important part in the work up of
suspected hamstring tear. Ideally classification systems assist in guiding therapeutic
interventions and aid in prognostication of injuries. However, classification of ham-
string injuries remains a challenge. Many classification systems exist but most only
examine certain injury characteristics. Currently no overarching system has been
identified to include all facets of injury, and many of the existing classification sys-
tems have not yet been validated [24].

Classic descriptions of magnetic resonance findings in muscle strain injuries
have been previously described and can be generalized and applied specifically to
hamstring injuries [25]. These descriptions are outlined in Table 2.1. First degree
strains are described as microscopic injury with adjacent hyperintense T2 signal
without identifiable muscle fiber disruption. Second degree strains encompass mod-
erate strains with macroscopic tears at the myotendinous junction, this is repre-
sented by high signal intensity on T2 imaging and focal hematoma. Third degree
strains present as severe strains with complete disruption of the myotendinous junc-
tion, with or without retraction. In this case, imaging demonstrates disruption of
fibers and fluid-filled collection in the negative space, should the muscle demon-
strated retraction [26].

One hamstring-specific radiographic classification system was proposed by
Peetrons [27] which can be applied to ultrasound or magnetic resonance imaging
and outlines four grades of muscle injury severity. Grade 0 injuries are described as
a lack of ultrasound (or MRI) lesion, contrasted by Grade I injuries which describe
minimal elongations with less than 5% of muscle involved. Grades 2 and 3 encom-
pass injuries with muscle fiber tearing. Grade 2 injuries are comprised of partial
tears involving 5-50% volume or cross-sectional diameter, whereas Grade III
lesions demonstrate complete muscle tears, subcategorized by a lack (3A) or pres-
ence (3B) of muscle retraction. An example of a grade 3B tear is demonstrated in
Fig. 2.3. Excellent inter and intraobserver reliability was demonstrated with the use
of this classification system in MR imaging in acute hamstring injuries in athletes
[8]. This classification system was further explored to assess its role in prognostic
prediction. A study of 516 hamstring injuries in Union of European Football
Association (UEFA) players evaluated the use of Peetrons grading on MRI as a
prognostic factor for time out of play following injury. Of those athletes who under-
went MRI, 13% were Peetrons grade 0, 57% grade 1, 27% grade 2, 3% grade 3 [4].

Table 2.1 Radiologic grade for strain based on MRI

Grade Description

I T2 hyperintense signal surrounding a tendon or muscle with no fiber disruption

II T2 hyperintense signal surrounding and within a tendon or muscle with fiber disruption
equal to less than half of the tendon or muscle width

I Disruption of muscle or tendon fibers greater than half the muscle or tendon width, with

hyperintense T2 signal present in the injured tissue
Adapted from Shelley et al. [25]
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Fig. 2.3 MRI demonstrating complete rupture of the common hamstrings origin with retraction.
(a) coronal T2-weighted view; (b) axial T2-weighted view

Table 2.2 MRI scoring system proposed by Cohen et al. [26]

Long axis T2
Age Muscles Muscle Retraction  signal length
Points (y) involved (n) Location Insertion injury (%) (cm) (cm)
0 No 0 None 0
1 <25 1 Proximal 25 <2 1-5
2 26- 2 Middle  Yes 50 >2 6-10
31
3 >32 3 Distal >175 >10

National Football League players with scores >15 were associated with a prolonged recovery,
whereas players with scores <10 missed one or fewer games

They further determined that MRI grading of severity did correlate with time off
from play, defined as absence from full team practice and match play. Specifically,
they demonstrated average time off at 8, 17, 22, 73 days for Grades 0-3, respectively.

An additional predictive scoring system was proposed by Cohen et al. arising
from retrospective analysis of hamstring injuries in National Football League play-
ers [26]. Their system was developed in efforts to predict time off based on MRI
findings. Their scoring system is outlined in Table 2.2. Through their analysis they
observed that players with scores less than 10 missed one game or less, whereas
scores greater than 15 were associated with prolonged time to return to play (five or
more missed games) [26].

Additional classification systems have been developed to provide descriptive cat-
egorization. For example, Wood et al. created a surgically focused classification
system to describe proximal hamstring avulsion injuries in a case series of 72 suc-
cessive cases undergoing operative fixation (Table 2.3). Specifically they address
proximal hamstring avulsions based on anatomic location, degree of avulsion (com-
plete or incomplete), degree of muscle retraction, and sciatic nerve tethering if pres-
ent [28]. They divide the injuries into five types: type 1 injuries being osseous
avulsions, whereas type 2 avulsions occur at the myotendinous junction. Type 3
injuries are incomplete tendon avulsions from bone. Type 4 represents complete
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Table 2.3 Classification of proximal hamstring avulsion injuries as described by Wood et al. [28]

Type  Description

1
2
3
4
5A
5B

Osseous injury in skeletally mature patient

Injury at musculotendinous junction

Partial tendon avulsion

Complete tendon avulsion with no retraction

Complete avulsion with associated retraction but no associated sciatic nerve tethering
Complete avulsion with associated retraction with associated sciatic nerve tethering

avulsions with minimal or no retraction, and type 5 represents complete avulsion
with retraction of the junction ends [28]. Interestingly, they identified waterskiing as

the

most frequent cause of injury (29% of patients) in this operative group.
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