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Abstract

Return to play (RTP) criteria after hamstring strain injuries (HSIs) help clinicians in deciding whether an athlete is ready to
safely resume previous sport activities. Today, functional and sport-specific training tests are the gold standard in the deci-
sion-making process. These criteria lead to an average RTP time between 11 and 25 days after a grade 1 or 2 HSI. However,
the high re-injury rates indicate a possible inadequacy of the current RTP criteria. A possible explanation for this could be
the neglect of biological healing time. The present review shows that studies indicating time as a possible factor within the
RTP-decision are very scarce. However, studies on biological muscle healing showed immature scar tissue and incomplete
muscle healing at the average moment of RTP. Twenty-five percent of the re-injuries occur in the first week after RTP and at
the exact same location as the index injury. This review supports the statement that functional recovery precedes the biologi-
cal healing of the muscle. Based on basic science studies on biological muscle healing, we recommend a minimum period
of 4 weeks before RTP after a grade 1 or 2 HSI. In conclusion, we advise a comprehensive RTP functional test battery with
respect for the natural healing process. Before deciding RTP readiness, clinicians should reflect whether or not it is biologi-
cally possible for the injured tissue to have regained enough strength to withstand the sport-specific forces. In an attempt to

reduce the detrimental injury—reinjury cycle, it is time to start considering (biological healing) time.

1 Introduction

Hamstring strain injuries (HSIs) are abundantly prevalent
across sports encompassing high-speed running such as
football [1-8]. Comprising 12% of all football-related inju-
ries, HSIs remain a substantial burden for football players
and their clubs [3]. The hamstring injury problem manifests
itself both at amateur and elite levels, with incidence rates
up to 16 and 22% per season, respectively [3, 4, 9]. After
the occurrence of an index HSI, approximately 30% reoc-
cur within the same season after return to play (RTP) [8,
10, 11]. These HSIs do not only come with high expenses
in health care for diagnosis and treatment, they also cause
substantial financial losses in elite football. As the average
annual cost of injuries in a first division English team is
calculated around 45 million British pounds [12], and the
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mean time loss after a HSI is approximately 20 days [8,
13-15], (re)injury prevention is of utmost importance to
both the individual player and the club. However, despite the
growing evidence-based knowledge and countless scientific
efforts to reduce the unremittingly high incidence of HSIs
by providing prevention strategies [16—18], (re)occurrence
rates are still extensive [15]. The high number of re-injuries
could be associated with either an insufficient prevention or
rehabilitation program and/or inadequate RTP criteria. A
number of attempts have been made to reach an evidence-
based consensus on the RTP criteria after muscle injuries in
sport [19-21]. To date, no conclusive evidence is available
to clinicians on how to return athletes to sport in the best
or safest way possible. Most literature recommends func-
tional tests when deciding the readiness of athletes to RTP.
Consequently, this is traditionally used by clinicians today
[22]. Pain-free completion of sport-specific field tests (e.g.
full speed sprinting) is omnipresent within RTP test batter-
ies [22]. However, does a perfect score on these functional
tests reflect an athlete that is completely ready to safely
return to his/her previous sport activities? Does successful
completion of respective functional tasks perfectly reflect
to what extent the previously injured structure can safely
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For hamstring muscle injuries (grade 1 and 2), the
average return to play (RTP) is denoted between 11 and
25 days while the muscle regeneration process is ongo-
ing and scar tissue is still immature.

Athletes are allowed to RTP when the healing hamstring
muscle tissue is not ready. The biological healing of the

muscle tissue after injury is often not respected, leading

to unremittingly high occurrences of re-injuries.

Before RTP clearance, we recommend a comprehensive
RTP functional test battery with adherence to the natural
healing process of the injured tissue. As a first step in
the attempt to reduce the detrimental injury-reinjury
cycle, it is time to consider (the biological healing) time.
Before deciding RTP readiness of the athlete, clinicians
should reflect whether or not it is biologically possible
for the injured tissue to have regained enough strength to
withstand the sport-specific forces (despite good func-
tion shown on the current RTP criteria).

As a general guideline, the authors of the present review
suggest a minimum period of 4 weeks before RTP after
a grade 1 and 2 hamstring strain injury. The presented
timeframe could be a mainstay for clinicians and other
stakeholders when making a RTP decision.

withstand the sport-specific forces? The current re-injury
rates highlight a possible inadequacy of these RTP testing
batteries. However, it should be mentioned that it is unclear
whether these test batteries are fully adopted and used within
practice. Despite the availability of these functional RTP
screening protocols, previous studies have shown that 25%
of the re-injuries occur in the first week after RTP and at
the exact same location as the index injury, indicating RTP
clearance occurring prematurely [23]. Strikingly, natural
healing time is almost never specifically mentioned as part
of the RTP batteries in the current literature. Therefore, the
aim of this review is to answer the question if natural healing
time should be a key factor within the RTP decision-making
process after a HSI.

2 Methodological Considerations

This review article is based on previous literature concern-
ing two major topics, (1) RTP after HSIs and (2) biologi-
cal muscle healing. By merging the scientific input gath-
ered in the articles addressing these main domains, the

authors attempted to answer the following research ques-
tion: “Should biological healing time be included within
the RTP criteria after a HSI?” We included previous review
articles and consensus statements, and performed a hand
search on the reference lists of these articles [19-22, 24-28].
In addition, the electronic database PubMed was searched
(August 2020) by inserting domain-specific terms (Table 1).
The search strategy concerning RTP after HSIs yielded 110
results. Within this domain only English language articles
concerning human adults (194 years) were included for fur-
ther analysis. By applying these criteria, 48 studies remained
for manual screening. Of these 48 studies, 32 were not eli-
gible based on the topic discussed, leaving 16 extra stud-
ies for review. In the domain of biological muscle healing
we limited the search to (systematic) reviews with the pur-
pose of retrieving a structured overview of suitable studies
in the current state of the art. The search strategy yielded
294 review articles of which 10 fully addressed the topic of
interest. In conclusion, the search strategies in both domains
resulted together in 26 additional studies retrieved from the
PubMed database.

3 Return to Play After Hamstring Injuries

The criteria for deciding an athlete’s readiness to RTP after
a muscle injury has evolved substantially over the last dec-
ades. At present, a battery comprising functional tests is con-
sidered the gold standard within the RTP decision-making
process [20]. This battery most frequently contains the fol-
lowing variables: pain reproducible by palpation, (eccentric)
strength, flexibility, and functional, sport-specific capacity
[22]. These state of the art RTP criteria, most commonly
used in the context of HSI, are depicted in Fig. 1 (based
on a systematic review from van der Horst et al.,). These
functional RTP criteria have been developed with the sole
purpose of providing a safe RTP after injury. However, the
unremittingly high re-injury rate of HSIs (12-34%) indicates
current RTP criteria to be inadequate [11, 29]. Using these
RTP criteria, an average RTP is reported to be between 11
and 25 days for grade 1 and 2 hamstring muscle injuries,
which comprise more than 80% of all HSI [29, 30]. A pos-
sible explanation for the ever-increasing re-injury rates could
be the abandonment of biological healing time of muscle
tissue. In the current literature, it is striking that time is
rarely included within the RTP criteria. Of the 25 studies
included in the review of van der Horst et al. [22], only one
explicitly mentioned time as a criterion [31]. In that latter
survey report, the criterion ‘respect of a theoretical period
of competition break’ was ranked 6th (of the 14 criteria) in
order of importance [31]. However, it should be mentioned
that some authors tend to incorporate convalescence time
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Table 1 Domain-specific search
strategy in PubMed

Research domain

Search strategy

RTP after HSIs

Biological muscle healing

(“Hamstring injur*” OR “Hamstring strain injur*” OR
“Hamstring tear””) AND (“Return to play” OR “Return to
sport”)

“Skeletal muscle” AND “healing”

HSIs hamstring strain injuries, RTP return to play

within the criterion of pain. For example, Delvaux et al. [31]
stated that a complete relief of pain is the most important
criterion, as it is assumed that the presence of pain would
indicate an incomplete healing. However, is it really safe
to say that the opposite is also true? Is it warranted to state
that the absence of pain depicts completed healing of the
injured muscle tissue? Silder et al. [32] showed that despite
a normal clinical examination, clinicians should be aware
of the ongoing muscle healing process. In that study, 25
subjects with a HSI underwent both a MRI assessment and
a physical examination before and after the rehabilitation
period. At RTP, despite the fact that all subjects showed
a resolution of pain and restoration of muscle strength, no
athlete showed a complete resolution of the HSI on MRI
assessment [32]. Previous studies showed that the recovery
parameters, measured within a physical examination, do
not represent a complete muscle healing assessed on MRI,
leading to the assumption that the functional recovery of
the athlete precedes the structural recovery of the injured
tissue [24, 32-34]. Therefore, even when an athlete feels
completely healed (e.g. absence of pain), this will most
likely not be the case for the injured muscle tissue in many
cases. This conclusion raises another important question that
should be faced. Namely, is a complete and thus terminated
muscle healing necessary for a successful RTP? According
to a previous study of Vermeulen et al. [35], this does not
seem to be the case. First, it should be mentioned that the
study of Vermeulen et al. agrees with the previously stated

Fig. 1 Criteria used for evaluat- 70
ing the return to play decision
after hamstring injuries (based
on data from van der Horst et al.
(22])
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fact that at the moment of RTP (the moment that the athlete
seems clinically recovered), MRI does not depict a complete
resolution of the hamstring injury [32, 35]. However, the
authors reported that the group of athletes that obtained a re-
injury showed the same tissue discontinuities on MRI as the
group of athletes that had a successful, (re)injury-free RTP
[35]. Therefore, it seems that a complete resolution of the
hamstring injury and thus a complete terminated biological
healing is not necessary for an athlete to safely RTP [35].
This discussion inevitably leads to the million dollar ques-
tion: “At what point is the hamstring muscle biologically and
functionally ready to withstand the required sport-specific
forces?”.

To explain the high-reoccurrence rates of HSI by possible
inadequate RTP criteria, it is imperative to know whether the
RTP criteria used in sport science literature are being trans-
lated into the practical field. Via a worldwide survey, Dunlop
et al. [36] assessed the RTP criteria used by the medical staff
of 131 premier league football teams. The authors found that
(1) absence of pain, (2) hamstring strength, (3) training load
and (4) functional performance tests were the most com-
monly used criteria to decide whether an athlete is ready to
resume his/her sport activities. A very small number (1-2%)
of the respondents indicated the category ‘other’ (including
e.g. medical imaging and time) as an important criterion at
the moment of RTP. It is clear that both in science and in
practice, time is rarely incorporated as an additional crite-
rion within the RTP decision-making process. This raises
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the question whether or not the biological healing time is
important to consider. Previous studies showed that muscle
re-injuries are often more severe and therefore in need of
a longer convalescence time, compared to the index injury
[1, 3, 37]. It should be mentioned that is not clear whether
more time is required for the biological healing or for other
aspects (e.g. neuromuscular function). However, this inevi-
tably entails detrimental effects on the athlete’s performance
and overall physical health. At club level, this means that the
number of days (and thus matches played) without full avail-
ability of the player for the team is at least doubled in case
of a re-injury. Moreover, due to the unremittingly high reoc-
currences, hamstring injuries continue to entail high annual
expenses in health care (doctor consults, medical imaging,
rehabilitation) [38]. Therefore, it is in everyone’s interest
(athlete, sport club and society) to further investigate the
current available RTP criteria and how to ameliorate them,
in order to address the unremittingly high reoccurrences of
HSIs. This analysis will further review if there is a need for
the incorporation of biological healing time as an additional
criterion within the current RTP test batteries. In doing so,
the authors of this review adopted a synergistic approach to
targeting this discussion. Thereby, it is important to state
that the goal of this review is not to degrade and erase the
current RTP criteria but to look for additional criteria that,
hopefully, will make the future RTP clearance more safe.

4 Biological Healing of Muscle Tissue

When treating an injury of any possible kind, it is important
for the clinician to bear in mind the healing process of the
injured tissue. For example, in case of a bone fracture, the
clinician will provide a cast for a period of 3—4 weeks. This
is generally accepted because it has been shown that the
bone healing is mature after 3—4 weeks (depending on the
type of fracture). In case of muscle injuries, it seems that
(based on the current RTP criteria) the duration of healing is
considered less when evaluating the readiness of the player
and thus the maturation status of the injured tissue. In con-
trast to bone tissue, which heals by a regeneration process,
muscle tissue heals via the combination of a regeneration
and repair process [28]. This type of healing is character-
ized by the regeneration of damaged muscle tissue together
with the formation of scar tissue (repair) that replaces the
original (injured) tissue [28] and comprises of three overlap-
ping phases [25, 26, 28], depicted in Fig. 2. These phases
are: (1) muscle degeneration and inflammation, (2) muscle
regeneration, and (3) scar tissue formation [25, 26]. It should
be mentioned that these phases are denominated differently
in literature. For example, Jdrvinen et al. [28] intitles the
three overlapping phases as (1) the destruction phase, (2)
the repair phase, and (3) the remodeling phase. Nevertheless,

every muscle injury consistently follows the same steps
during the healing process. At the moment the muscle gets
injured, a retraction of the ruptured myofibers occurs, leav-
ing a gap between the myofiber stumps. As a result of the
simultaneous blood vessel rupture, the gap becomes filled
with hematoma [28, 39, 40]. A degeneration or necrotization
of the ruptured myofibers occurs, controlled and contained
by the so called contraction band (condensation of cytoskel-
etal material) [28, 39, 40]. This degeneration of injured mus-
cle tissue induces, on its turn, an inflammatory response via
the release of substances that serve as chemoattractants for
the extravasation of inflammatory cells [28, 40—42]. In the
first week after injury, once the degeneration or destruc-
tion phase is decreasing, the muscle repair begins with two
simultaneous processes, (1) the regeneration of the ruptured
myofibers (and nerves) and (2) the formation of connective
tissue scar that acts as a bridge between the myofiber stumps
[28, 40]. The muscle starts regenerating due to the activation
and subsequent differentiation of quiescent satellite cells,
which lay underneath the basement membrane, into myo-
blasts [28, 40, 43, 44]. Subsequently, these myoblasts fuse
with each other to form multinucleated myotubes, which on
its turn fuse with the preserved myofiber [43]. This process
leads to the formation of newly formed myofibers. Muscle
regeneration has shown to peak at 2 weeks and then deceler-
ates 4 weeks after injury [25, 26].

In addition to the regeneration process, scar tissue is grad-
ually formed between the stumps [25, 28, 39, 40]. In the
beginning, the blood clot that filled the gap between the rup-
tured myofibers starts to be disposed of by phagocytes that
invade the hematoma [28, 39, 40]. Then, granulation tissue
is formed by the cross-linking of blood-derived fibrin and
fibronectin [28, 39, 40]. This early granulation tissue, that
can be seen as a primary extracellular matrix (ECM), acts
as an anchorage site for fibroblasts and provides the injured
tissue with some early tensile strength to withstand applied
contraction forces [28, 39, 40]. Later on, ECM proteins, such
as tenascin-C (TN-C) and fibronectin, are synthesized by the
fibroblasts [28, 39, 40, 45]. These elastic proteins simultane-
ously enhance the strength of the early scar tissue [45]. The
deposition of TN-C is then followed by, among others, the
synthesis of type III collagen [28, 40]. The formation of type
I collagen starts later within the healing process and will
play an important part in the tensile strength enhancement
[46]. From day 5 after injury, multiple branches at ends of
the regenerating myofiber stumps try to pierce through both
sides of the scar tissue [28, 39, 40]. Until day 10-14, these
stumps are not able to form a stable terminal connection
with the intermediate scar tissue. Therefore, a reinforced lat-
eral adhesion of the myofibers to the ECM is formed. Due to
this lateral adhesion, stump movement and thus strain on the
still fragile scar tissue is reduced [28, 39, 40]. Beginning at
day 14, various new and small MTJs (so called mini-MTJs)
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Fig.2 Phases of muscle healing depicted in time (gray bars, based on
Huard et al. [25, 26]), average return to play after a hamstring injury
(dotted line box), recommended optimal moment of return to play
(striped line box) and terminal endpoint of the muscle healing in time

are formed between the ends of the myofibers and the scar
tissue [28, 39, 40]. With the clustering of integrin (among
others) at these new MTJs, a terminal adhesion between the
regenerated myofibers and the scar tissue is established [28,
39, 40, 45, 47]. From day 21, the scar tissue starts diminish-
ing in size, bringing the myofiber stumps closer to each other
which makes it possible for the myofibers to become inter-
laced [28, 40, 48]. From that moment on, the regenerating
myofibers need to further mature until they reach a normal
cross-striated appearance [40]. This means healing muscle
acquires a mature form primarily after day 21, and thus after
the player is usually sent back on the pitch. The maturation
or remodeling phase is described by Jarvinen et al. as the
period in which the newly formed myofibers and scar tissue
mature into fully regenerated muscle fibers together with
well-organized, mature scar tissue [23, 24]. It is previously
stated that this phase can continue until several months after
the injury onset [49]. However, it is important to know that
scar tissue is likely to permanently divide the muscle into
two parts [28, 40].

An important goal of this review is to investigate when the
injured tissue has regained enough strength to withstand high
loads during sport participation. Therefore, it is imperative
to highlight the evolution (during the healing process) of the
tensile strength of the connective scar tissue and its newly
formed connection with the regenerated myofibers (mini-
MT]Js). The strength of the scar tissue and adjacent mini-
MT]Js is mainly defined by two important biological phenom-
ena, (1) cross-links between collagen type I fibers and (2)
the expression of adhesion proteins/receptors [45-47]. The
ratio of types III and type I collagen changes considerably
during the healing process, with great implications for the
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(arrow). The dotted bars depict the overlapping character of the heal-
ing stages. The three dots between the dotted bars of the regeneration
and scar formation stage represent a long period of time

scar tissue tensile strength [46]. In the early phase of healing,
there is a significant increase in the formation of type III col-
lagen [46]. This type of collagen fibrils has a much smaller
diameter and thus lower tensile strength compared to type I
fibrils, which results in inferior loading capacities compared
to healthy muscle tissue (predominantly composed of type
I collagen) [50, 51]. At this stage, the granulation tissue is
predominantly composed of type III collagen and therefore
the weakest point of the muscle [39]. The deposition of type
III collagen persists to at least 2 weeks following injury and
remains the dominant collagen type at 2 or 3 weeks after
injury [52]. Therefore, in the beginning of the scar formation
or repair phase, scar tissue is still disorganized as it matures
over time (up to four weeks post-injury) [25, 26]. With time,
the proportion of type I collagen fibers and thus the tensile
strength of the scar tissue significantly increases [28, 46, 52].
In order to provide mechanical support and form a stress-
bearing fiber, the collagen fibers must be highly cross-linked
[46]. The formation of intermolecular cross-links is indis-
pensable during the maturation of the scar tissue [46]. This
is a late biological feature as it can solely take place after the
production of strong collagen type I and thus after granula-
tion tissue (rich of collagen type III) is replaced by stronger
collagen type I fibers [46]. It is not sooner than 3 weeks after
injury that ratio of type III/I collagen gradually shifts to a
similar level seen in normal tissue [46]. Once the turnover of
type III collagen reduces, type I collagen fibers can increase
in size and form mature cross-links, and therefore start
restoring the mechanical strength of the muscle tissue [46].
The moment when the newly formed scar tissue has gained
enough strength (due to cross-link formation) to withstand
the contraction force, the biomechanical weakest link shifts
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towards the interface between regenerating skeletal muscle
fibers and the scar tissue (myofibers adjacent to the newly
formed mini-MTJs) [28, 48]. This is also the location were
most re-injuries take place after RTP [23]. This means that
a strong connection between scar and muscle tissue needs
to be formed. Therefore, the expression of strong adhesion
proteins and receptors is required at the location of these
mini-MTJs. The elastic protein TN-C and integrin a7p1 are
abundantly expressed during the formation of granulation
tissue but also during the regeneration of myofibers [45, 47].
From day 14, they play an important role in providing ten-
sile strength at the side of the newly formed MTJs [45, 47].
This gradually increasing expression is imperative for ensur-
ing a stable and inextensible connection between scare and
muscle tissue, and thus for ensuring a good transmission of
mechanical forces during heavy muscle contractions [28, 40,
45, 47]. A firm attachment cannot be formed until day 21,
when integrin a7P1 is abundantly developed at the newly
formed mini-MT]Js [47].

It is clear that these two biological features (cross-link-
ing and the expression of adhesive proteins) are imperative
events during the tissue healing process and that they occur
at a later stage in time. Therefore, it seems impossible that
a stable, firm and mature muscle tissue (MTIJs) is formed at
the time players usually return to the pitch. Because these
biological phenomena take place around day 21, a safe RTP
cannot (biologically speaking) be guaranteed before week
4 after injury.

In conclusion, when considering the timeframe of the
above-mentioned phases and biological features, it seems
that the muscle healing process is slower than the average
RTP (Fig. 2) [53]. Studies on biological muscle healing have
shown that at 2 and 3 weeks post injury, which is the aver-
age moment of RTP after grade 1 and 2 hamstring injuries,
the muscle regeneration and repair is still ongoing and both
the new muscle fibers and scar tissue are still immature [25,
26, 28, 52]. Bearing this in mind, the high re-injury rates
documented in the context of muscle injury are certainly
not surprising given athletes are allowed to return to full-on
competition after only 2-3 weeks of rehabilitation. At that
point in time, the sport-specific forces may exceed those of
the immature muscle and scar tissue. This is further sup-
ported by previous literature. Indeed, Wagensteen et al. [23]
showed that, within the first 6 weeks after index injury, all
re-injuries occur at the exact same location as the index
injury and frequently (25%) within the first week after RTP.
Interestingly, Askling et al. [54] found no re-injuries when
players were allowed to RTP not earlier than an average
time of 49-86 days. It should, however, be noticed that the
population in the latter study included also grade 3 injuries,
which has an impact on the average RTP time. So, when we
allow a RTP after a hamstring injury at 2 or 3 weeks, we
allow RTP in a time frame athletes are just not (biologically)

ready to re-participate at pre-injury level. As a result, these
premature RTP decisions continue to favor the ineluctable
re-injury rates and their detrimental effects on the athlete’s
level of performance, overall physical health and psychoso-
cial wellbeing [55].

When determining the point of biological readiness of
the newly formed tissue, it is important to define the term
‘biological readiness’. This term could be interpreted in two
different ways: (1) the terminal endpoint of the active heal-
ing process of the injured tissue or (2) the moment (within
the healing process) when the injured tissue is functionally
healed to the extent that it can withstand the required sport-
specific forces. As previously mentioned, the healing process
could take months to reach its final endpoint [49]. No doctor
or physiotherapist can sideline a player for months after a
(grade 1 or 2) muscle injury, especially not when the player
shows good function. However, we need to bear in mind
that the goal of a successful RTP is to avoid re-injuries.
Thus, the primary requirement is a tissue that is structur-
ally capable of doing its duty without failing, regardless of
whether or not the healing endpoint has been reached. As
the strength of the newly formed tissue is defined by the
stability and stress-bearing capacity of the scar tissue and
the newly formed MTJs (the place where re-injuries take
place), provided by the formation of cross-links between col-
lagen type I fibers and the expression of adhesive proteins,
the point in time where enough tensile strength is obtained
seems primarily based on the timing of these two biological
features [4, 28, 40, 45-47]. As these processes take place
around day 21, a strong inextensible (pre-injury resembling)
tissue cannot be formed before a period of 4 weeks [45, 47].
Therefore, we suggest a shift from the current average RTP
moment (between 2 and 3 weeks) to a new moment of RTP
that respects the minimal biological healing time of 4 weeks,
reflecting a strong newly formed muscle tissue (Fig. 2).

5 Towards a New Mindset for Return to Play

As a first step in the attempt to reduce the detrimental
injury—reinjury cycle, it is time to consider (biological heal-
ing) time. We advocate the incorporation of the natural heal-
ing time within the existing functional RTP testing batteries.
Based on the tissue biological healing process, we recom-
mend a minimum rehabilitation period of 4 weeks before
considering RTP clearance in case of a grade 1 and 2 ham-
string muscle injury. It is important to mention that the size
or severity of the strain is correlated with the convalescence
time of the muscle injury [33]. The most common HSIs are
grade 1 and 2 lesions [56]. A distinction in biological healing
time should be made as the extent of the injury is larger in
grade 2 injuries (fiber disruption of less than 5 cm) compared
to grade 1 injuries (fiber disruption of less than 1 cm) [57].
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The fact that grade 2 injuries will need more time to form a
strong and firm muscle tissue seems logical as the initial gap
formed between the ruptured myofibers will be larger and
more scar tissue needs to formed, requiring a larger forma-
tion of strong (highly cross-linked) collagen fibers and a more
extensive expression of adhesive proteins. As the size of the
scar tissue will be larger in grade 2 injuries, the process of
scar tissue size reduction and synchronized progression of
myofibril interlacing will take significantly more time. There-
fore, it seems logical to state that the greater the extent of the
lesion, the longer the time needed to heal and thus the longer
the time needed to RTP. This is in line with a recent study
that emphasized the fact that it is primarily the amount of
damage caused to the connective tissue that defines the length
of the RTP time [58]. However, biological studies regarding
the healing process of the different grades of muscle injuries
are scarce. This means that it is not clear how much longer it
takes for a grade 2 injury (compared to a grade 1 injury) to
reach the point of scar and muscle tissue maturity. Therefore,
we recommend a minimum period of 4 weeks before consid-
ering RTP after both grade 1 and 2 HSIs. We acknowledge
the fact that this could mean that for some players with a
grade 1 injury, this period is perhaps somewhat longer than
strictly needed. However, we think it is better to wait a little
longer than to increase the risk of a premature RTP.

We should also bear in mind that the healing process of
muscle tissue, or any kind of tissue for that matter, is inter-
individually highly variable. Therefore, it is important to note
that these are general guidelines and that the clinician should
always adopt an individualized approach for each patient.
This individual approach should be guided by the current
RTP tests and criteria. When a player with a grade 1 or 2 HSI
does not pass the current criteria (e.g. pain on palpation or
strength deficits) after 4 weeks, it could be assumed that the
injured muscle tissue has not reached the point of forming
a mature stress-bearing tissue (despite the 4 weeks). How-
ever, as discussed before, the converse is equally important.
When the player shows good function but the minimal time
period of 4 weeks has not past yet, it could be stated that it
is too early (biologically speaking) for RTP clearance. This
highlights the need for a synergistic relationship between
the current RTP criteria and the additional (biological) time
criterion. Furthermore, the location of the injury has also
some important implications with regard to the injury heal-
ing time. Pollock et al. [59] showed that the time needed to
return to full training is significantly longer in intratendinous
hamstring injuries, with an even longer duration in the more
severe grades of tendon injuries. This seems intuitive as the
tendon healing occurs in a different and slower way to muscle
healing [59]. This was supported by van der Made et al. [60],
who found that hamstring injuries with intramuscular tendon
involvement had a delay in RTP of approximately a week.
However, the authors of this study concluded that the clinical

value of this finding is limited due to the great overlap in RTP
between athletes with or without tendon involvement [60].
To date, the role of intramuscular tendon involvement and its
impact on the RTP time is still controversial. Lastly, previous
studies have shown that different injury mechanisms have a
different prognosis [13, 61], also necessitating clinicians to
take the exact injury mechanism into account in deciding
when an athlete can be safely allowed to participate at the
pre-injury level of competition. Askling et al. [61] defined
two main types of hamstring injuries; the high-speed run-
ning and stretching type. It has been demonstrated that the
high-speed running type requires a shorter rehabilitation time
compared to the stretching type [62]. One of the possible
explanations for this finding might be the fact that the injury
location has been shown to have a significant association with
the injury mechanism. The high-speed running type mostly
involves the proximal muscle—tendon junction of the biceps
femoris (long head), whereas the stretching type mainly
involves tendon tissue of the semimembranosus [63, 64].
Thus, the longer convalescence time seen in the stretching
type HSI, compared to the high-speed running type, seems
attributable to the difference in tissue involvement (more
tendon in stretching type, more muscle in high-speed run-
ning type), rather than the biomechanical circumstances in
which the lesion occurred. Due to the inconsistencies in cur-
rent literature regarding the impact of tendon involvement
on RTP time and the scarcity of biological studies on the
healing process of such injuries, it impossible to give specific
and conclusive recommendations. Therefore, the evidence-
based recommendations made in this review focus on the
most common grade 1 and 2 HSIs.

The authors of this review propose a new approach for
deciding RTP readiness of the athlete. Based on biologi-
cal studies, it is clear that biological healing time should be
respected and should therefore be incorporated within the
current RTP criteria. As a clinical guideline we propose a
flowchart that could help guide clinicians in the RTP deci-
sion-making process (Fig. 3). In the first step, the clinician
must reflect whether the biological healing time is respected
and thus if it is (biologically) possible that the injured tissue
has regained enough strength to withstand the sport-specific
forces. The second step depicts the current RTP practice, eval-
uating the functional readiness of the player based on the well-
known test criteria [19, 20, 22]. Naturally, new clinical studies
are needed to further refine and complete this approach.

6 (How) Can We Monitor the Muscle Healing
Process?

Time should play a crucial role within the RTP criteria. How-
ever, in clinical practice we notice that the healing process,
and thus convalescence time, shows some variability between
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athletes. This raises an important question: can serial assess-
ment via medical imaging help clinicians to evaluate if the
newly formed tissue has gained enough strength to withstand
the sport-specific forces? Physicians from elite teams tend to
use MR imaging of the injured muscle to evaluate the rehabili-
tation and guide its progress [24]. However, this technique is
practically and financially not feasible to use, especially within
the non-elite athlete population. More importantly, a recent
study from Vermeulen et al. [35] showed that a MRI-scan at
the moment of RTP has limited benefit, as a complete resolu-
tion of an intratendinous hamstring injury does not necessar-
ily predict a successful RTP. Based on previous studies [65,
66], MRI assessment has already been excluded as a potential
criterion within the RTP decision making process by a panel
of international experts [20]. Previous studies indicated that
MRI-scans tend to show abnormalities for a substantial period
after the injury occurred [33, 64]. This is in line with the pre-
viously mentioned fact that the muscle healing process could
take months to reach its final endpoint. Naturally, it is not pos-
sible (for a player or clinician) to wait until MRI shows no
abnormalities at all before considering RTP. A clinician should
be able to pinpoint the exact moment in time where the newly
formed tissue has regained enough strength to withstand the
high sport-specific forces. However, it appears that this could
be problematic for the currently used imaging techniques. It
seems that (with currently used imaging techniques such as
MRI) we cannot get a quantitative measurement that tells us

Fig. 3 Flowchart: new approach
for deciding return to play
readiness
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whether or not this crucial point has been reached (because in
most cases, there will be abnormalities on MRI at the moment
of RTP). In addition, some biological features that take place
during the muscle healing process (e.g. the formation of type
I collagen fibers, cross-linking between collagen fibers and the
expression of adhesive proteins) are imperative for the forma-
tion of strong and mature muscle and scar tissue. These pro-
cesses cannot be detected via MRI assessment but are impera-
tive for a safe RTP. Therefore, is seems that MRI is not able
to pinpoint the exact moment in time when the newly formed
tissue is properly matured and capable of withstanding the
sport-specific requirements. Another frequently used imaging
tool to diagnose acute muscle injuries is sonography. While the
sonographic technique is less expensive than MRI, it is also
has some shortcomings for the follow-up of the healing process
of the injured muscle [33]. For example, abnormalities tend
to resolve faster on sonographic assessment than on MRI. At
2 and 6 weeks after injury, sonography detected fewer abnor-
malities than MRI [33]. Whereas the identification of muscle
tears during healing requires the illustration of subtle altera-
tions in echotexture, sonography has lower contrast resolution
than MRI [33]. In conclusion, it seems that current medical
imaging methods used for the diagnosis and prognosis in the
context of muscle injury lack sensitivity to provide conclusive
evidence and quantitative information regarding the tissue’s
stress-bearing capacities, and are therefore not able to identify
the exact point in time when the muscle tissue is ready to safely

Is the natural healing time respected?
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minimum of 4 weeks before considering RTP
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RTP. At RTP, medical imaging has indeed been shown to fail
to add value to the decision-making process [66]. Therefore,
we advocate the adherence to generic timeframes for grade 1
and 2 injuries. We acknowledge that when keeping the indi-
vidual variation of the tissue healing rate in mind, these generic
time frames could mean that some athletes stay ‘ashore’ too
long. However, clinicians must ultimately protect the health
of the athletes above all. That is why it seems justified to state
that it is better to wait a little longer to send a player back on
the pitch, than to increase the re-injury risk allowing premature
RTP. Interestingly, new technologies are being developed and
tested as we write. A promising upcoming tool for the evalu-
ation of (scar) tissue maturation could be shear wave elastog-
raphy (SWE). This ultrasound-based technique can measure
soft tissue stiffness that changes during healing processes, and
can be measured in real time [67-70]. Therefore, it could be
used to diagnose and monitor musculoskeletal injuries [67].
Indeed, Yoshida et al. [71] successfully used SWE for objecti-
fying the healing process of a gastrocnemius muscle injury. It
seems that SWE could be used as a quantitative measurement
of the changes in stiffness during the muscle healing process
(with the healthy side as reference). This could be important
as the stiffness at the site of previous injury (site of scar tissue
formation) is assumed to be related to the risk of injury reoc-
currence. However, due to the scarcity of studies in the current
literature, further research is needed to verify whether or not
SWE might be a valuable tool to monitor the healing process
of the injured muscle tissue. This could provide clinicians with
the possibility to evaluate both the athlete’s and the muscle tis-
sue’s readiness to return to pre-injury-level sports activities and
therefore finally enable evidence-based justification of RTP.

7 Conclusion

The current state of the art shows that the criterion of bio-
logical healing time is disregarded within the RTP decision
after a hamstring strain injury. Basic science studies on mus-
cle healing affirm that athletes are allowed to return to play
when the injured structures are not yet mature. At the aver-
age moment of RTP, the muscle healing process is ongoing
and scar tissue is still immature, leading to unremittingly
high reoccurrences of re-injuries. We recommend a compre-
hensive RTP functional test battery, as described in literature
and used commonly by most clinicians, with adherence to
the natural healing process of the injured tissue. As a first
step in the attempt to reduce the detrimental injury—reinjury
cycle, it is time to consider (the biological healing) time.
Before deciding RTP readiness of the athlete, clinicians
should reflect whether or not it is biologically possible for
the injured tissue to have regained enough strength to with-
stand the sport-specific forces (despite good function accord-
ing to the current RTP criteria). As a general guideline, the

authors of the present review suggest a minimum period of
4 weeks before RTP after a grade 1 and 2 hamstring injury.
The presented timeframe could be a mainstay for clinicians
and other stakeholders when making a RTP decision.
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