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Abstract

Hamstring strain injuries (HSI) are one of the most common sport-related injuries. They have a high injury burden

and a high recurrence rate. The development of novel muscle injury grading systems has provided new insights

into the possible impact of injury location on the time to return to play (TTRTP) and re-injury following HSI. In par-
ticular, injuries to the intramuscular tendon (IMT) may be present in up to 41% of all HSI and have been described

as a ‘serious thigh muscle strain’ Re-injury rates as high as 60% have been described in elite track and field athletes,

as well as prolonged TTRTP. A systematic search was carried out using appropriate keywords to identify articles
reporting on HSI involving the IMT in athletes. The primary aim was to determine whether IMT injuries warrant being
classified as a distinct clinical entity with different expected outcomes to other hamstring muscle injuries. This nar-
rative review summarises the existing evidence on: (1) the anatomy of the IMT and its response to injury; (2) the role
of MRl and novel grading scales in IMT injury management (3) clinical assessment of IMT injuries, (4) TTRTP and re-
injury rates across sports following IMT, (5) conservative rehabilitation and the role of specific IMT-oriented’ strategies,
and (6) indications for and approaches to surgery. The review found that important clinical outcomes such as re-injury
rates and TTRTP vary across populations, cohorts and sports which suggest that outcomes are specific to the sport-
ing context. Bespoke rehabilitation, tailored to IMT injury, has been shown to significantly reduce re-injuries in elite
track and field athletes, without compromising TTRTP. Continued prospective studies across other sports and cohorts,
are warranted to further establish relevant clinical findings, indications for surgical intervention and outcomes

across other sporting cohorts.

Key Points

« Injuries to the intramuscular tendon (IMT) of the hamstrings have been proposed to associate with higher re-
injury rates and longer time to return to play (TTRTP) than other hamstring strain injuries that do not involve
the IMT.

»  While some studies have reported longer TTRTP and higher re-injury rates following IMT disruption, other dou-
ble-blinded studies have reported small or no differences in these respective outcome metrics. However, sub-
stantial homogeneity of study population cohorts, study design, sports, and approaches to rehabilitation make
cross-comparison of these outcome metrics difficult.
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« A bespoke “intramuscular tendon-oriented” approach to rehabilitation has been advocated in certain cohorts
and sports. Such an approach has been shown to reduce re-injury rates.

Keywords Athletic injuries (MeSH), Soft tissue injuries (MeSH), Hamstring muscles (MeSH), Rehabilitation (MeSH)

Background

Hamstring strain injuries (HSIs) are the most commonly
sustained muscle injuries in sports that involve dynamic
tasks, like accelerating, over-stretching, decelerating,
sprinting and kicking [1-7]. Despite recent advances in
injury risk mitigation initiatives and therapeutic reha-
bilitation strategies [8—12], the rates of hamstring muscle
injuries have increased season-on-season in the highest-
level of professional European football [13]. The high
prevalence of hamstring muscle injuries is compounded
by high injury recurrence rates (16—34%). [3, 5, 14—18].

A history of the previous hamstring muscle injury is
a well-established risk factor for future hamstring mus-
cle injuries [19]. In professional sport, the financial cost
of any injury is high [20], while player unavailability due
to injury has a negative impact on a team’s performance
[21, 22]. Failure to ensure an athlete’s sustained return to
sport following hamstring muscle injury can undermine
the athlete’s and/or coach’s confidence in the competence
of his/her medical support staff. In recent years, a sub-
type of hamstring muscle injury—involving disruption of
the intramuscular tendon (IMT) (an intramuscular con-
tinuation of the proximal and distal free tendons) [23,
24]—has been posited to associate with the high recur-
rence rates of hamstring muscle injuries [23]. Despite
IMT disruption being present in up to 41% of all ham-
string muscle injuries [25], there is currently a lack of
data to guide clinicians in managing these injuries [26].

Differences in therapeutic rehabilitation strategies and
reported outcomes in the published literature add to the
confusion [17, 25, 27-29]. Many of the reported cases
in the published literature have come from high-perfor-
mance sport, where these injuries pose a particular chal-
lenge. Accurate prognoses are imperative to facilitate
team selection and tactical planning in high-performance

Table 1 Keywords used in the literature search

sport. Considering the importance of mitigating the risk
of injury recurrence and optimising athletes’ recovery, it
is necessary to understand the relevance of the injured
anatomical structure [30]. The purpose of this review is
to examine whether hamstring muscle injuries involving
injury to the IMT warrant being classified as a distinct
clinical entity with expected different outcomes to other
hamstring muscle injuries.

Methods

While this is a narrative review, a systematic search was
performed on the PubMed database (from inception to
March 2022). The keywords used for the search were
derived from the research question (Table 1). The titles
and abstracts of all articles identified by the search were
screened independently by two authors (FK and DC).
Full text screening was undertaken in cases whereby it
was difficult to determine whether the study should be
included from the title and abstract alone. Studies were
included if they reported on acute hamstring muscle
injuries involving the IMT incurred by athletes (Addi-
tional file 1). Two authors (FK and DC) extracted data
relating to the key results, study population, rehabilita-
tion approach and length of athlete tracking post-injury.

Result

Intramuscular Tendon of the Hamstring Muscles

The tendons of the hamstring muscles are composed of
distinct components—the proximal and distal free ten-
dons, so-named because they are devoid of inserting
muscle fascicles, and the IMT to which muscle fibres
are attached. The IMT (also called the ‘central tendon,
‘aponeurosis, or ‘intramuscular connective tissue’) is a
continuum of the free tendon, which extends within the

Concept Population Hamstring Pathology/injury Location
Keywords Athlet* Biceps femoris Tear Intramuscular tendon
Sport\Exercise Semitendinosus Strain Central tendon
Semimembranosus Injur* Aponeurosis
Hamstring* Re-injur* Intratendinous

Posterior thigh

*Truncation
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muscle belly [24], akin to the central rachis of a feather,
with radiating myofibrils [23].

This arrangement functions as a central supporting
scaffold to which the muscle fibres attach. This connec-
tion point, or musculotendinous junction, is the point
at which most hamstring muscle injuries occur [32, 33].
However, it has increasingly been recognised that injury
can extend into the IMT itself, with recent studies dem-
onstrating disruption of the IMT in 19-41% of hamstring
muscle injuries (Table 2) [25, 27-29].

Although the collagenous structure of the IMT has
similarities to that of the free tendons [31], there are
critical differences. In some respects, the IMT could be
considered a transitionary structure, as the arrangement
of the collagen-proteoglycan matrix is more wavy and
disorganised than in free tendons [24]. In addition, the
cross-sectional area of the IMT may be smaller and stiffer
(strains of 2% in IMT versus 6% in the energy storing free
tendons, allowed by interfascicular gliding) [34, 35].

The IMT also differs from free tendon in its relation-
ship to pathology. Free tendon pathology is associated
with overuse and degeneration, with acute tears being
less frequent. Perhaps due to their greater vascularity,
such a pattern is not observed at the IMT where injuries
tend to be acute strains. These acute injuries are likely to
be the result of the stress applied at the adjacent muscu-
lotendinous junction, which is much larger at the IMT
than the free tendon [31]. These differences suggest the
need for clear delineation between injured structures
when considering optimal loading, tissue healing and
rehabilitation [36].

The anatomical differences between the tissues could
impact upon its elasticity and would indicate that the
IMT does not store and release energy in the same way
that free tendons do [31]. Should this be the case for the
IMT of the hamstring muscles, then this would have
implications for management of these injuries, particu-
larly concerning the prioritisation of plyometric exercises
and sprinting in rehabilitation [37].

Mechanisms of Intramuscular Tendon Injury

The comprehensive injury-causation model developed by
Bahr and Krosshaug [38] outlines the interaction of inter-
nal and external risk factors in the occurrence of sport-
related injuries; it is based on the epidemiologic model of
injury developed by Meeuwisse [39] and the biomechani-
cal model of injury proposed by McIntosh [40]. The com-
prehensive injury-causation model [38] furthers these
two models by highlighting the importance of injury
mechanisms. Qualitatively detailing the activities dur-
ing which injuries occur (e.g. landing from a jump), and
the biomechanics (e.g. kinematics/movement profiles)
of the injury event can provide clinicians with useful
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information to help guide them in their assessment of
potentially injured tissues.

However, such descriptions of the mechanisms of
hamstring muscles injuries are lacking in the published
literature. Askling et al. [41, 42] have proposed that two
distinct types of hamstring muscle injuries are most
prevalent in sports, which they termed—'sprint’ and
‘stretch’ types. They reported that injuries to the proximal
free tendon of semimembranosus were more likely to be
sustained during the ‘stretch’ type of hamstring muscle
injury [41, 42]. Interestingly, these authors do not refer
specifically to the IMT.

In a published case series documenting surgical/opera-
tive treatment of IMT injuries, Lempainen et al. [43]
reported that the mechanism of injury in all included
cases was “similar to that of the typical hamstring inju-
ries: a rapid change in direction during fast sprinting
or overstretching of the hamstring while falling” More
recently, Eggleston et al. (2020) reported that all ham-
string muscle injuries which involved the IMT included
in their retrospective study were sustained during sprint-
ing [17].

A study describing IMT injuries in Australian Rules
football players observed that all injuries occurred dur-
ing sprinting, with none sustained during stretching
[17]. However, such binary, linear descriptions only con-
sider the injury as occurring in one plane of movement
and may lack the detail to truly assist in prognosis and
diagnosis of these challenging injuries. For instance, it is
possible that a combination of a ‘sprint” and ‘stretch’ type
injury could occur in tandem, or that specific activities
or positions may disrupt the IMT. Our group have pre-
viously described positions of trunk rotation and trunk
flexion at the likely time of hamstring strain injuries in
professional rugby union players [44]. Where possible, it
would be worthwhile in further analyses of IMT injuries
for authors to provide greater detail in descriptions as
to the biomechanical position of athletes at the point of
injury, in order to determine whether there is a distinct,
identifiable pattern of injury.

Tendon Healing

Free tendons are stronger and stiffer than muscle, and
function differently [45]. Muscle and tendon undergo
different repair and regeneration processes following
injury. This contributes to the prolonged time to return
to play (RTP) following proximal free tendon injury when
compared to time to RTP following musculotendinous
junction injury [12]. Muscle healing is characterised by
satellite cell proliferation which provides a scaffold for
myofiber regeneration [33]. This can occur within the
first week following injury, allowing for an accelerated
return of function, particularly when the compromise
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of the contractile capacity of the tissue is minimal [37].
In contrast, tendon repair is slow and initially produces
a mechanically inferior scar to provide continuity across
the injured site in the proliferation phase [46]. This scar
is primarily comprised of type III collagen arranged ran-
domly within the extracellular matrix. Tendon repair and
regeneration is a complex process; it requires gliding and
loading to prevent adhesions and to stimulate a healthy
scar. The remodelling phase begins 6-8 weeks after
injury, facilitated by mechanotransduction in structured
rehabilitation, where repeated loading stimulates deposi-
tion and remodelling of the collagenous matrix, provid-
ing mechanical strength to the tissue [46].

Though these differences in regeneration explain the
variance in recovery between proximal free tendon injury
and muscle injury, it is not yet clear whether these pro-
cesses have implications for IMT management. Certainly,
it makes theoretical sense that the histological common-
alities between IMT and free tendon may underpin the
greater recurrence rates and prolonged recovery often
reported following IMT injury than with myofascial or
musculotendinous junction injury [17, 28, 29]. However,
the differences in organisation of the collagen structure
of the IMT, allied to its adjacent muscular scaffold could
explain why IMT injuries are less severe than free tendon
injuries [30, 47].

The role of the well-organised tendon is to transmit
large tensile forces, meaning adequate repair would be
required to restore capacity for dynamic tasks in sport,
such as sprinting and kicking. However, given the differ-
ences in morphology between the free tendon and the
IMT [23] and overlap in outcomes between muscle inju-
ries and those involving the IMT [25, 27], it is not clear if
this supposition is accurate.

There is surprisingly little direction for specificity in
management approaches for these injuries, with only
Macdonald et al. [37] describing a bespoke rehabilita-
tion paradigm which gives consideration to tendon-
specific loading. However, there remains a great degree
of unknown as to what optimal loading means for these
injuries [36], and whether the principles of free tendon
healing or tendinopathy rehabilitation have relevance to
IMT injuries remains uncertain.

Magnetic Resonance Imaging (MRI)

Across sports, MRI is frequently used to investigate acute
and recurrent HSIs [48, 49]. It is an accurate and relia-
ble method of defining the injured structure and degree
of tissue damage [50]. However, a systematic review by
Reurink et al. [49] reported a lack of strong evidence
for any MRI finding with predictive association for time
to RTP following HSI. This was due to a sizeable risk of
bias in 11 of the 12 included studies. More recently, a
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retrospective analysis of 59 professional athletes showed
that baseline MRI alone was not useful in predicting re-
injury [51]. However, the baseline MRI findings were
used to tailor the rehabilitation processes and later used
for comparison with a further MRI before RTP clearance.

However, despite the inconsistent evidence that the
MRI findings influence recovery, in practice, imaging
continues to play a considerable role in the management
of hamstring muscle injuries.

At that time point, only Comin et al. [28] had discussed
the relevance of IMT injury in prognostication. On MRI,
a disrupted IMT may have a wavy, retracted appearance,
compared with the taut, cord-like appearance of an unin-
jured structure. It may also be seen to retract following
injury, creating a gap. Driven by the need to advance
the predictive ability of MRI, novel classification sys-
tems have been proposed in recent years [52]. The Brit-
ish Athletics Muscle Injury Classification (BAMIC) has
been designed specifically for hamstring muscle injuries,
although it has been proposed that this system can be
applied to other injury sites [53]. This system categorises
injury by degree of damage, but also using an alphabeti-
cal scale where IMT injuries (classified ‘c’) are the most
severe. This has been shown to be a reproducible diag-
nostic framework, and initial work suggested that ‘¢’ type
injuries were associated with a greater risk of recurrence
and time to return to full training [29]. However, there
remains wide overlap and variance between the catego-
ries of injuries so far, and it is not yet clear whether such
MRI grading systems can accurately predict time to RTP
or the likelihood of injury recurrence.

Recent promising evidence may help with the evolution
of MRI interpretation in guiding the late stage of rehabili-
tation. Isern-Kebschull et al. [54] carried out MRI imag-
ing within 7 days of professional athletes returning to play
following HSI and found that transversal and/or mixed
connective tissue gap, loss of tendon tension, intermus-
cular oedema, callus gap and interstitial feather oedema
pattern, was associated with a high risk for reinjury when
two of these findings, were present (OR 29.58; 95% CI
3.86-226.64; p=0.001). In elite sport where access to
imaging is readily available, these data may greatly influ-
ence future decision making. The influence of rehabilita-
tion strategy on promoting these determinants of healing
is unknown, but conceivably, this could explain the suc-
cess of rehabilitation approaches that take an approach to
exercise designed to promote early protection of the IMT
[55].

Clinical Assessment of Intramuscular Tendon Injury

It has been suggested that the use of MRI is imperative in
the assessment of hamstring strain injuries, as it is other-
wise impossible to distinguish between injuries which do
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and do not involve the IMT [37]. In a cross-comparison
of clinical and MRI findings, Crema et al. [56] reported
that participants with IMT disruption had reduced flex-
ibility (p=0.006) and strength compared to those par-
ticipants without IMT disruption [56]. However, the
utility of these results in day-to-day clinical practice is
compromised by the high degree of overlap and variance
between injuries, meaning that it would be impossible to
determine which injuries do and do not involve the IMT.

Also, it is important to consider that the study by
Crema et al. was cross-sectional in design; meaning that
it cannot be directly inferred that decrements in flex-
ibility and strength were solely the consequence of IMT
injury. This adds further to the diagnostic challenge that
exists around these injuries.

Given these injuries likely benefit from bespoke man-
agement, it would be useful to able to determine the
likelihood of IMT injury using clinical assessment tests
to determine prognosis without the use of imaging, or
to select athletes for whom imaging is indicated. In fact,
as these injuries may initially present better than may be
suspected for such a ‘serious thigh injury, clinicians may
be more likely to overlook the presence of IMT injury.
This diagnostic blind spot may be implicated in the high
recurrence rates, particularly if athletes are progressed
at an inappropriate rate through their rehabilitation
process.

Non-operative Outcomes

In a recent review, Brukner [57] advocated that a high
suspicion of IMT injury should accompany any ham-
string muscle injury recurrence. In this review, the
author presents the viewpoint that injuries involving
significant IMT disruption require prolonged rehabilita-
tion and may be more prone to recurrence. However, the
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evidence to support this viewpoint is mixed, with recent
indications suggesting that there is minimal meaningful
difference in re-injury rate or time to RTP between these
(IMT) injuries and other ‘typical’ hamstring muscle inju-
ries (Table 3) [25, 27, 52].

The earliest study to compare outcomes between IMT
disruption and other hamstring muscle injuries not
involving the tendon was undertaken by Comin et al
[28]. The authors retrospectively analysed injury data-
bases from 6 Australian Rules football teams and one
professional rugby league team. Of the 62 hamstring
muscle injuries included in the study, 12 involved the
IMT. All of these injuries were to the biceps femoris mus-
cle, with none involving any other hamstring muscle. The
authors reported that IMT injuries were significantly
more likely to recur than other injuries. Additionally, the
mean recovery time following IMT disruption was more
than 3 times (72 days; interquartile range [IQR]: 42—109)
that of other biceps femoris muscle injuries (21 days;
IQR 9-28), as well as 3 times that of the median com-
bined recovery time of injuries to all hamstring muscles
(21 days; IQR: 14-42).

Similarly, Pollock et al. [29] described 14 cases of IMT
in elite track and field athletes between 2010 and 2014.
Injuries that involved the IMT had substantially greater
risk of recurrence at 3 months follow-up (57% recurrence
following 2c injury and 63% following 3c injury). These
were also associated with a significantly longer time to
return to full training (the most appropriate clearance
metric in this cohort), with athletes absent for a mean
period of 54 days (2c: 27 + 6.8 days, 3c: 84 +49.4 days). Six
cases (27%) incurred exacerbations, or reinjuries during
rehabilitation, compared to just 4% of other hamstring
muscle injuries. No other study describes exacerba-
tion rate during rehabilitation, and it is unclear if this is

Table 3 Comparison of time to return to play and recurrence rates between hamstring strain injuries that involve disruption of the

intramuscular tendon and those that do not

Pollock et al. [29] van der Made et al. [25] van der

Made et al.
[27]

Recurrence rate

IMT injury 60% 17% 20%

Other HSI 8% 15% 20%

Association between IMT p=0.001 n/a p=0.898

and increased risk

Time to RTP n/a

IMT injury 54 days 28 days n/a

Other HSI 20 22 days n/a

Association between IMT p=0.08 p=0.025 (following full thickness) n/a

and increased time to RTP

IMT Intramuscular tendon, HS/ hamstring strain injury, RTP return to play
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specific to this particular group, rehabilitation philoso-
phy, or sport. The authors proposed that the high recur-
rence rate is due to the physical demands of sprinting,
particularly with the high speeds involved in elite track
and field—this is an appealing conclusion given that
it has been recently demonstrated that no rehabilita-
tion exercise can match the high activation demands of
sprinting [58]. However, the authors did not state what
the mechanisms of injuries were, so it is unclear if these
reinjuries and exacerbations actually occurred during
sprinting.

Responding to these critically high recurrence rates,
this group re-evaluated their rehabilitation approach
and published bespoke principles specific to the BAMIC
framework. They subsequently reported no recurrences
of 13 IMT injuries between 2015 and 2019, and just 3%
for all hamstring muscle injuries. Time to return to full
training was significantly longer following IMT injury
than other injury locations. However, the athletes’ recov-
ery time was broadly similar to these authors’ previous
work (2c injury: mean=35 days, 3c injury: 51.5), suggest-
ing that it is the difference in rehabilitation that defines
the outcomes, rather than just longer time allowed for
healing. However, it is critical note that these results—
particularly regarding time to return to play—may be
to specific to the sport of track and field and may not
be generalisable to other sports with different physical
demands and mechanisms of injury [44, 59].

Wangensteen et al. [52], as part of a larger prospec-
tive analysis of hamstring muscle injuries, demonstrated
only a small difference in time to RTP following IMT
injury compared with other types of HSI. However, given
the wide overlap and variance between the time to RTP
amongst injury grades, the authors concluded that this
small difference in time to RTP would not be useful in
guiding prognosis. The BAMIC categorisation of an
injury only accounted for 7.6% to 11.9% of total variance
in time to RTP. Although the parties in this study were
not blinded to the grading and classification, the rehabili-
tation model was standardised, rather than tempered or
modified due to the presence of IMT disruption.

Two further studies prospectively investigated out-
comes following hamstring muscle injuries in athletes,
primarily professional footballers across two centres in
the Netherlands and Qatar [25, 27]. These were large pro-
spective studies, which used standardised clinical criteria
for rehabilitation progression (distinct to each centre).
These are also the only studies in which clinicians and
participants were blinded to MRI findings, and thus may
give the most accurate reflection of recovery time and
injury recurrence following IMT injury. Despite reported
recurrence rates of 17-20% [25, 27], there was no differ-
ence between IMT injuries and typical hamstring muscle
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injuries [27]. Participants with waviness on MRI and full
thickness disruption of the IMT had a mean increase
in time to RTP of 9 days. While in sport, 9 days can be
costly to an athlete or team, the between group variance
and overlap was such that the authors cautioned against
interpreting this as inferring predictive capacity. How-
ever, while Pollock et al. [29] provided follow-up at three
months, these studies included a 12-months follow-
up. Retrospective post-hoc analysis did demonstrate
an increased re-injury rate following IMT compared
to other hamstring muscle injuries at 3 months, but the
study was inadequately powered to infer significance.
This does, however, suggest that the risk of failure could
be greatest in the early stage, perhaps due to the vulner-
ability of the remodelling tissue.

Within a similar cohort of Dutch and Qatari ath-
letes, Vermeulen et al. [60] investigated the associations
between IMT disruption at initial MRI, level of resolu-
tion at the time of RTP clearance and re-injury risk. Hav-
ing followed a standardised rehabilitation process, and
completed at least 5 days of unrestricted training before
RTP clearance, 20% of included participants incurred a
re-injury at 12 months follow-up. However, Vermeulen
et al. [60] have shown that 56% of athletes had a measure
of discontinuity (1 complete, 22 partial) on RTP, with a
similar propensity for recurrence as those who did not.
None of the seven participants with complete IMT dis-
continuity incurred a re-injury during the study follow-
up time period.

In addition to the difference in follow-up (3 months
versus 12 months), a differentiating characteristic of the
cohorts [25, 27, 60] is that the clinicians and athletes were
blinded to MRI findings. This eliminates any potential
bias regarding IMT injuries. In all other cases, findings
may be biased by the availability of MRI results. However,
in clinical practice, particularly in elite sport, it is incon-
ceivable that the involved parties could be blinded. This
cultural phenomenon is in spite of the equivocal utility of
current MRI grading systems to assist with RTP predic-
tion [52], and the questionable relevance of IMT healing
on MRI at RTP [60]. This does raise the question, how-
ever, of whether clinicians’ or athletes’ expectations are
influenced by their beliefs that IMT injuries are a more
significant type of HSI.

A single case report has described the rehabilitation of
an English Premier League footballer [61]. The authors
suggest the use of strength and rate of force develop-
ment monitoring to support the return to dynamic tasks
associated with match play. However, the authors did
not specify which muscle was injured, which may limit
the transferability of some aspects of this approach. The
player in this case was cleared to RTP 120 days follow-
ing injury and had no recurrence during a 13-month
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follow-up. It is possible that the thorough use of outcome
measures described by the authors contributed to the
prolonged time to RTP.

Two recent single English Premier League soccer club
retrospective observational studies describe the impact
of IMT involvement on time to RTP and reinjury. Shamji
et al. [62] reported significantly longer time to return to
full training following IMT injury compared with other
hamstring muscle injury types (36 days compared to
24 days), although there were just three BAMIC grade 3c
injuries included. McAuley et al. [63] reported no differ-
ences in time to RTP or injury recurrence between inju-
ries with and without tendon involvement of the same
grade. However, injuries that were exacerbated during
rehabilitation were excluded from final analysis of time
to RTP. In addition, this study analysed just 6 IMT inju-
ries, none of which were categorised as BAMIC grade
3c. Both of these studies describe recovery times that
are more comparable to those reported by van der Made
et al. [27] than those described by Pollock et al. [29], pos-
sibly suggesting differences in outcome are mediated by
the injured athlete’s sport as well as severity.

It may be the case that in sports such as football, ath-
letes can continue to compete while not sprinting max-
imally [64], and that the top speeds and forces of these
athletes are likely to be less than the elite track and field
athletes in the cohort included in the study by Pollock
et al. [29] However, as few as 60% of IMT injuries may
actually occur during sprinting [52]. Also, a greater pro-
portion of hamstring muscle injuries involved the IMT
in studies including athletes from sports other than track
and field (23% compared to 39-41%) [25, 27, 29]. Thus,
it is unclear if the variation in injury outcomes can be
explained simply by differences in running speed across
sport.

A recently published series details the outcomes fol-
lowing IMT injuries in Australian Rules football players
at a single club over five year period [17]. Though the
clinicians and athletes were not blinded to the results,
the BAMIC classification was not in use at the club at
the time. Thus the clinicians did not deliberately modify
rehabilitation based on the presence of IMT disruption
but instead responded to clinical progression. Injury
recurrence rates of 31% were reported following IMT,
compared to 12% following typical hamstring muscle
injury. These authors advocate a further subclassifica-
tion of IMT injuries depending on the location, degree of
injury and number of muscles involved. Although Pollock
et al. [29] did not demonstrate poorer prognosis follow-
ing proximal IMT injury, this is worthy of further inves-
tigation as deeper classification may explain the observed
variance in results across published studies.
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Rehabilitation

Appropriately staged rehabilitation is pivotal to positive
outcomes following any sport-related injury. It appears
that this may be particularly the case following IMT
injury [37, 55]. While similar time to RTP and recur-
rence rates to other locations in the musculotendinous
unit have been demonstrated [25, 27, 52, 55], the varia-
tion and bias in rehabilitation processes implemented by
authors may explain the variation in results. For exam-
ple, as the clinicians were blinded to MRI results during
the administration of the rehabilitation protocol in the
cohorts described by van der Made et al. [25] van der
Made et al. [27] and Vermeulen et al. [60], they were una-
ble to apply distinct management principles that consid-
ered specific IMT loading.

A logical and well-reasoned paradigm proposing
delayed lengthening and eccentric activation in response
to the specific structural injury has been suggested by
Macdonald et al. [37] where progression and exercise
selection that is ‘intramuscular tendon-oriented’ relates
to the principles of tendon healing and function.

Practically applying this approach, Pollock et al. [55]
demonstrated a particularly low reinjury rate in their elite
track and field cohort (2.9%, with no reinjuries involv-
ing the ‘¢’ class injuries). This compares more favour-
ably with any other exercise-based therapeutic approach
suggested for hamstring injury rehabilitation, given that
other similarly low recurrence rates in the lengthening
protocol described by Askling et al. [12], and the crite-
ria-based approach described by Mendiguchia et al. [11]
had longer time to return to full training, or injuries of
lesser severity, respectively. As the time to return to full
training described by Pollock et al. [55] is similar to the
authors’ previous published results, it is plausible that
the improved outcomes are a result of the changes in the
loading protocol. However, it is unclear whether there are
decrements in performance associated with a more cau-
tious approach to rehabilitation. In addition, it would be
necessary to see this approach applied to larger groups
and across multiple sports and genders.

While it has been shown that it is possible to progress
through rehabilitation while tolerating some pain during
exercise and running without compromising outcomes
[10], De Vos et al. [65] demonstrated that athletes return-
ing to sport with ongoing strength and flexibility deficits
and pain were significantly more likely to incur a reinjury.
In this instance it was not possible to ascertain the inter-
action between rehabilitation design, injury location, and
injury recurrence. It may be that in sports such as track
and field where work demands on the hamstring muscles
increase in a nonlinear manner as speed increases [66],
there is less room for error following IMT injury. Also,
despite not demonstrating a difference in recurrence
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rates between groups, reinjury rates of 17-20% were
reported following IMT by van der Made et al. [25] van
der Made et al. [27]. It is possible that these could be
reduced further with the integration of a more specific
framework which considers injury location [55].

Additionally, it has been reported that a smaller proxi-
mal biceps femoris IMT may be a risk factor for HSI [67].
Given hypertrophy training has been shown to impact
IMT size in other muscle groups [68], Bourne et al. [69]
posited that this may explain some of the protective effect
of resistance training in HSIs. However, this hypothesis
requires further investigation generally, as well as specifi-
cally for IMT injuries.

Furthermore, as no specific description of the mecha-
nism of IMT injury has been described, it is unclear
whether there are specific modes of assessment or reha-
bilitation that could be integrated to better prepare ath-
letes to RTP. Biomechanical positions or tasks associated
with injury could form part of a rehabilitation pathway,
in order to better prepare athletes for the demands of the
injurious actions associated with their sport, as well as
giving the athlete confidence at the point of RTP.

Several of the series describing these injuries do not
describe progressive, criteria-based rehabilitation [28,
29], despite such approaches now forming the gold-
standard in rehabilitation, particularly in elite sport [11,
70]. In addition, the use of strengthening exercises has
not been described following surgical repair [43]. As
strengthening exercises have been shown to induce spe-
cific adaptations following injury [69], these seem crucial
for inclusion in any rehabilitation programme. Addition-
ally, a lack of evidence-informed guidelines to assist cli-
nicians has the potential to compromise post-surgical
outcomes, particularly as the rarity of IMT repair surgery
means many clinicians will have little experience rehabili-
tating these injuries.

In addition, no prospective data are available which
tracks the recovery of aspects of neuromuscular func-
tion following IMT injury. While there is evidence that
eccentric strength, electrical activity, fascicle length, and
sprint performance are impacted following HSI [19, 69,
71, 72], this has not been demonstrated to be specific to
injury location. Considering that a high proportion of
hamstring muscle injuries involve injury to the IMT, it
would be worthwhile to note whether some of these neu-
romuscular impairments are specific to injury location,
or whether their recovery occurs at differing timepoints
following injury.

Surgery

Though operative repair is a recognised management
for severe IMT injuries, there is a paucity of informa-
tion to guide post-operative rehabilitation practices [28].
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Operative repair is the strategy of choice for avulsions
or complete free tendon ruptures [73]. For injuries to
the IMT, however, the current trend does appear to tend
towards conservative management, given the recent posi-
tive findings published by Pollock et al. [55]. Several other
authors have advocated non-operative rehabilitation akin
to a typical HSI [25, 27, 29, 55]. However, Lempainen
et al. [43] detailed a case series of 9 athletes, includ-
ing professional soccer players, with reported excellent
results following surgical repair and RTP times ranging
from 3.5 to 4.5 months. Comin et al. [28] reported upon 3
cases of Australian professional athletes who underwent
surgical repair, with an average time to RTP of 91 days
(interquartile range 84-91).

Surgery may be the best option following IMT injury
in chronic cases where the athlete has incurred multi-
ple recurrent injuries that are impacting upon his/her
performance, or where there is a clear gap between the
IMT ends [43]. However, there is no clear consensus on
whether gapping is an indication for surgery, or whether
there is a gap threshold beyond which surgery is indi-
cated. Interestingly, no grade 4 injuries were evaluated by
Pollock et al. [55].

In the case series by Lempainen et al. [43] the surgical
procedure was described in detail. The aim of the surgery
is to restore the tension of the IMT, while taking care not
to repair the tissue too tightly. The patient is positioned
prone with the knees in slight flexion to decrease tension
within the hamstring muscles. A vertical incision and fas-
ciotomy is made over the injured area to allow the rup-
tured central tendon to be identified. The authors warn
that the proximity of the sciatic nerve to the likely injured
site should be noted, as this may be injured during the
procedure. It is possible that neural scarring or tethering
could be a potential cause of lingering symptoms or dys-
function, and it should be considered a differential diag-
nosis in stubborn cases.

With advances in medical imaging, and wider subcate-
gorization within the classification scales, it may become
clearer which injuries are more likely to be refractory to
conservative management. It has been suggested that
severe proximal IMT injuries or those involving more
than one muscle may be at risk of higher recurrence rates
[17], and this may be worthy of investigation in future
analyses to determine whether these would benefit from
surgery as a primary approach.

There is little evidence to guide the specifics of post-
operative rehabilitation. Comin et al. [28] involved
cases across multiple centres, with no details provided
about the post-operative rehabilitation implemented.
Lempainen et al. [43] advocate a protective phase. Dur-
ing this phase, the athlete is advised to avoid stretching
and prolonged sitting, and to weight-bear as tolerated
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on crutches. The use of a brace is not advocated in this
phase. The athlete then advances to a rehabilitation phase
involving aqua-training, anti-gravity treadmill running
and a four-step field-based running protocol. While this
model may have since evolved, no pathway for the intro-
duction of strengthening exercises has been described,
and this should be a central component of any rehabili-
tation pathway to return the athlete to full function and
minimise impairments upon RTP [69]. As a result, given
that it is clear that progressive, criteria-based rehabilita-
tion models are necessary to optimise recovery, clinicians
remain uninformed as to how to periodise hamstring
strengthening and rehabilitation following IMT surgical
repair.

Though prolonged healing is required for the devel-
opment of a functionally mature scar following tendon
injury, the restoration of anatomy during surgical pro-
cedure could aid early progression and loading At other
sites, accelerated RTP following the surgical repair of
a tendon avulsion has been demonstrated [74], where
the athlete followed a criteria-based rehabilitation pro-
gramme. However, the median time to RTP follow-
ing surgery reported by Comin et al. [28] was 19 days
longer than non-operative management. At present,
there is insufficient evidence to ascertain what the opti-
mum approach to rehabilitation is, and whether RTP
timeframes could be reduced following this procedure
or whether surgery is reserved for more severe cases.
Clarity would be particularly useful in elite sport, where
the requirements of the team and the player to optimise
availability may influence clinical management. More
extensive case series are required to further expand
understandings of these injuries, as at present, the low
numbers of these cases reported in the literature pre-
vent consensus on whether expedited outcomes can
be achieved in certain cases. In addition, without ran-
domised controlled trials to compare conservative and
surgical management of high grade injuries, it is probable
that these injuries will continue to be influenced by the
preferences, attitudes and cultures of the athletes’ envi-
ronments rather than empirical evidence.

Conclusion

There are anatomical differences between the IMT and
free tendon, and these may impact function and recov-
ery following injury. Tissue damage to the IMT may be
observed on MRI following acute hamstring muscle
injury, using novel grading systems. Though prolonged
time to return to play and higher injury recurrence
rates have been reported for injuries to the IMT, the
evidence is conflicting. Variance in the injury site and
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rehabilitation strategies described may be implicated in
the heterogeneity of outcomes.

There is some indication that early protection may
assist in the reduction in recurrences. However, further
research aimed at investigating the effectiveness of such
criteria-based rehabilitation interventions across multi-
ple sports would add greatly to our understanding of this
subtype of hamstring muscle injury.

Abbreviations

HSI Hamstring strain injury

IMT Intramuscular tendon

TTRTP Time to return to play

RTP Return to play

MRI Magnetic resonance imaging
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