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Surgical treatment of muscle injury.
A review of current literature and indications
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INTRODUCTION

SUMMARY

Introduction. Muscles lesions are common sport-related injuries. They are usually treat-
ed conservatively with good outcomes. However, large structural muscle injuries (type 4
according to I.S.Mu.L.T. classification) are a challenge for physicians. Often, patients may
suffer from discomfort and residual pain, functional impairment, and the rate of compli-
cations and re-injury rate is high. Furthermore, the lack of clear indications does not help
physicians in the decision process.

Methods. We performed a systematic review of four databases (PubMed, Google scholar,
EMBASE, Cochrane Library) using the Preferred Reporting Items for Systematic reviews
and Metanalysis (PRISMA) guidelines. Level I (RCT), II, IIT and level IV studies (case
series) were included. We also searched for biomechanical and animal studies.

Results. Surgical repair of type IV muscle injuries seems to provide better outcomes and
higher rate to return to sport than conservative treatment, although surgical repair is not
supported by level I or II studies. The suture of the muscle fibers together with the epimy-
sium increases the mechanical resistance of the suture and reduces the risk of pull-out.
This technique allows earlier mobilization, promotes healing and reduces scar formation.

Conclusions. In this article, we try to explain the rational to suture a closed muscle tear,
summarize the proper surgical indications, and show the proper suture technique.
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over, there are technical difficulties in performing an effec-

Muscle injuries are common, and they are usually managed
conservatively with good results. However, complete or
sub-total structural muscle injuries (type 4 according to
LS. Mu.L.T. classification - table I) are a challenge for clini-
cians and athletes because of the high complications and
re-injury rate, residual pain, and possible functional impair-
ment (1). Furthermore, the lack of clear indications does not
help physicians in the decision process. The main concern is
the poor capacity of muscle tissue to regenerate itself. More-

300

tive suture. Finally, there is not yet an evidence-based reha-
bilitation protocol for these lesions (2). In such difficult cases,
primary surgical suture has been suggested by some authors.
We reviewed the current literature, and we to tried to answer
five questions: 1) why a massive muscle injury should be
treated surgically, 2) which are the indications, 3) which is the
most effective surgical technique, 4) which are the outcomes
after the surgical repair of a massive muscle injury, and 5)
what are the most common postoperative complications.
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Table I. This is a schematic representation of the [.S.Mu.L.T.
classification of muscle injuries (1).

Direct injury

Contusion

Laceration

Non-structural ~ 1A: fatigue injury

injuries

Indirect
injury

1B: DOMS (Delayed Onset of
Muscle soreness)

2: injury related to neuromuscular
disorder

Structural
injuries

3A: minor partial injury, involving
one or more primary fascicles
within a secondary bundle

3B: partial injury involving at least
one secondary bundle, but less
than 50% of the cross section of
the muscle belly

4: subtotal or total tear, involving
more than the 50% of the cross
section or the entire muscle fibres,
at the MT] or muscle belly.

MATERIAL AND METHODS

We systematically searched in four databases (PubMed,
Google scholar, EMBASE, Cochrane Library) using the
Preferred Reporting Items for Systematic reviews and
Metanalysis (PRISMA) guidelines. We used the key words
“muscle belly, muscle injury, muscle laceration, repair and
muscle suture”. The article research was extended from
1978 to December 2019/January 2020. Level I (RCT),
II, IIT and level IV studies (case series) have been includ-
ed. We also search for biomechanical and animal studies.
Scientific papers excluded are narrative review, systematic
review, case report or technical notes. The study has been
performed according the international and ethical standards
of the journal (3).

RESULTS

The search provided a total of 75 articles. Thirty-one studies
were included in this review. The others have been excluded
because they did not meet the inclusion criteria. In particu-
lar, several papers were excluded because they focused only
on tendon injury or described a surgical technique with no
outcome data.
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Why should we suture a muscle injury?

Massive type 4 muscle tears are rare in ordinary orthopae-
dic practice, but they can produce marked negative conse-
quences and disability for patients, even in the long-term.
Although a torn muscle can heal, this process leads to
replacement with sclero-fibrous tissue which has poor elas-
tic, mechanical properties, and contractile capability. More-
over, massive muscle tears heal slowly and often incom-
pletely, leaving a mass of scarred and immature tissue. This
results in a reduction of contractile force and elastic prop-
erties of the muscular belly, alteration of strength trans-
mission and may predispose the patient to further injury.
Animals studies showed that immobilization to allow heal-
ing can lead to the development of scar tissue (4,5). On the
contrary, early mobilization promotes healing and proper
orientation of muscle fibers in a more orderly manner, as
well as reducing the formation of scar tissue and the loss of
elasticity (5). Early mobilization, moreover, reduces muscle
atrophy, improving overall functional recovery after inju-
ry. Naturally, early mobilization after surgery require the
muscle repair to be reliable.

Which are the indications for muscle surgical
repair?

In the case of a large muscle laceration, urgent surgical
repair is intuitive and mandatory (figure 1). In the case of
a closed, indirect muscle injury, the choice is much more
difficult. Currently, there is no scientific evidence about
surgical treatment of muscle tears, and the indication is
discussed case by case, according to the kind of patient and
functional demands.

According to the available literature, all patients who
underwent surgical repair of an acute muscle injury (with-
in 4 weeks), sustained a complete or sub-total injury of the
muscular belly or at the myotendinous junction (type 4
according I.S.Mu.L.T.) (6,7,8). The indications for surgical
repair of a chronic injury were pain and/or limitation during
sporting or daily life activities subjective or objective loss
of strength compared to contralateral side, fatigue, chronic
pain even at rest (9,10,11), There are no articles published
about hematomas evacuation and muscle suture after a
direct trauma (table IT).

The operative timing is extremely variable. In all the
examined studies, acute injuries are those which were
treated within 4 weeks of the initial trauma, while chron-
ic injuries have been treated from 4 weeks to more than
1 year later. Better functional results and recovery were
reported in patients operated within 4 weeks. Howev-
er, there is still no clear evidence on the ideal timing for
surgery (8,10).
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Table Il. Indications for surgical repair of muscle injuries.

Acute Muscle tear (< 4 weeks)

Chronic muscle tear (> 4 weeks)

Type 4 muscle injury

Young age

Young age

Pain during sport activity

High level sport, intensity and frequency

Limitations in sport activity

Persistence of pain after 1-2 weeks following intense physiotherapy

Fatigue

Open Wound

Loss of strength compared with contralateral side

Pain and limitations during activities daily life

Pain at rest

Moreover, there is no agreement in literature about the age
of patients. Usually patients are young, between 18 and 43
years, but there is not a real limit of age beyond which the
intervention is not indicated. Finally, we don’t know if the
gender of the patients could affect the final outcome.

Which is the most effective surgical technique?

The suture of a muscular belly is technically demanding
because muscular tissue has unique characteristics. First,
the suture is more difficult because of the low resistance
of the muscle tissue, which determines a high rate of fail-

Figure 1. Complete cutting wound of the rectus femoris,
vastus intermedius, and partial tear of the vastus lateralis
following a ski downfall.
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ures and stitches pull-outs. Indeed, biomechanical studies
on animals show that muscle fibers are the weakest part of
the suture (12). The muscle fibers are parallel to the vector
through which force is applied, and this makes the suture
more subject to failure (13).

As previously mentioned, early mobilization promotes
wound healing, but early mobilization needs a strong suture
to withstand the forces applied. A secure muscle repair is
not easily achievable, and studies on surgical techniques
are extremely limited. Muscle suturing techniques can be
schematically divided into simple and complex. To the first
group belong the figure-of-eight suture and the horizon-
tal mattress sutures, while to the second ones the modified
Kessler and Masson-Allen techniques. When the repair also
includes the suture of the epimysium or perimysium, the
technique is called combined. Currently there is no evidence
of which is the best technique.

Seven biomechanical studies were selected in order to
understand which is the most effective surgical tech-
nique for muscle injury. Skeletal muscle is organized by its
connective tissue components with epimysium surround-
ing the muscle as a connective tissue sheath, perimysi-
um surrounding bundles of myofascicles, and endomy-
sium surrounding myocytes. These studies showed that
including the epimysium improved the tensile strength
and reduced the pull-out of the sutures. In 2005, Krag
et al. (14) demonstrated that the incorporation of the
epimysium into muscle repair significantly improved the
biomechanical properties of sutured muscle bellies when
compared with repairs with perimysium. The epimy-
sium is a thick fibrous sheath made of two layers, and
the incorporation of the epimysium was biomechanical-
ly superior to muscle repair without epimysium (mean
maximum load of 30.4 N compared to 19.2 N) (14). In
the same year, the same group published an animal study
comparing the tensile strength between the Kessler and
combined techniques (modified Mason-Allen for the
fibers plus the peripheral suture for the epimysium) (13).

Muscles, Ligaments and Tendons Journal 2020;10 (2)
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The latter technique showed a tensile strength two time
higher the Kessler. More recently, He at al. (15) compared
three different types of sutures: simple mattress suture,
Kessler-type suture, and Mason-Allen combined suture.
The Kessler and Mason-Allen techniques showed similar
tensile strength (15.5 N and 13.2 N), and both were supe-
rior to simple stitches (4.4 N). Crow et al.16 proposed the
use of a collagen scaffold (SIS - Small Intestinal Submu-
cosa). According to the authors, this biological scaffold
would favor wound remodeling, thus improving the
healing and increasing the mechanical resistance of the
suture. Recently, Goyal et al.17 compared a self-locking
thread suture (V- LOC®, barbed suture) with a normal
non-resorbable suture (Ethibond®), and they found that
barbed suture increased the load to failure and decreased
the displacement of the repair site compared to normal
suture. Repair of neglected injury is more difficult due
to the scar tissue, muscle stumps retraction and the
loss of elasticity. Therefore, some authors proposed an
augmentation technique with LARS ligament® (Ligament
Augmentation and Reconstruction System) in one case of
a neglected tear of the rectus femoris muscle in a 17-years-
old male football player (18). They reported that the use
of LARS ligament®, as reinforcement of the muscular
suture, allowed immediate full passive mobilization of the
knee, early graduated physiotherapy programme, and that
the patient was able to return to running and his previous
level of sport without any restrictions. However, no other
studies on the augmentation device have been published
in literature.

Table . Clinical studies regarding the suture of muscle injury.

What are the outcomes after the surgical repair
of a massive muscle injury?

The evidence of surgical treatment of type 4 muscle injuries
is low, because few case series and case reports are report-
ed in literature. Furthermore, there are no level I studies
comparing surgical treatment with conservative manage-
ment. Therefore, results were analysed according the avail-
able studies and the involved muscle (table III).

Biceps brachii muscle

In 2002 Krag et al. (6) published a retrospective case
control study on patients who suffered closed transection
of the biceps brachii belly. Nine patients treated surgically
have been compared with 3 patients treated conservative-
ly. All patients were paratroopers who suffered the same
injury during a parachute jump. The average age was 21
years old, range 18-26. All patient fully recovered the func-
tion of their arm at final follow-up, but the authors found
significant improvements in terms of function and satisfac-
tion in patients who received surgical repair compared to
those treated non-surgically. The cosmetics was also better
in patient treated surgically. No complications were report-
ed in either group. In conclusion, the authors recommend-
ed the surgical repair for patients who present a tear great-
er than 95 % of muscle diameters. Two other studies have
been also published, for a total of 23 patients. (6,18). The
authors agreed that surgical treatment is recommended
when the tear is greater than 50 % of the biceps brachii
belly (type 4 according to 1.S.Mu.L.T. classification)

Author Year Study type Injured muscle Level of N. cases
evidence
Heckman et al.” 1978 Case series Biceps Brachii v 9
Botte et al.? 1987 Case seties Biceps Brachii v 14
Kragh JF Jr et al.® 2002 Case series Biceps Brachii I 12
Miller.*® 1977 Care report Gastrocnemius muscle v
Cheng et al.” 2012 Case series Gastrocnemius muscle v 2
Orava et al.” 2015 Case series Hamstrings ossificants hamstring v 11
Orava et al. ¥ 2017 Case series Hamstrings Myositis ossificants I\ 32
Straw et al.?° 2003 Care report Rectus femoris v 1
Taylor et al.’ 2012 Care report Rectus femoris v 1
Lempainen et al.? 2018 Case series Rectus femoris v 27
Lempainen et al.** 2006 Case series Proximal origin of the hamstring v 24
muscles
Julien et al.*® 2011 Tech. Note Muscle laceration — direct trauma v 6
Oliva et al.”” 2013 Case report Muscle laceration — direct trauma v

Muscles, Ligaments and Tendons Journal 2020;10 (2) 303
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Rectus Femoris muscle

In 2018 Lempainen et al. (8) published a study on 27 elite
football players treated surgically for rectus femoris grade
IIT muscle injury (type 4 according I.S.Mu.L.T). Patients
who suffered for injury of the direct or reflex head were
excluded. The indications for surgical treatment complete
tear of the muscle belly, that was confirmed at the MRI, pain,
objective and subjective strength loss, functional limitations,
re-injury, and chronic pain on injured area. The timing of
surgery was different, 8 patients were treated within 4 weeks
from injury (acute injuris), while 19 cases from 1 months to
1 year (neglected injuries). Good to excellent results have
been reported in 74% of athletes, and most of patients (20
patients) returned to practice sports at the same preopera-
tory level, without pain limitation, or with a little pain that
did not interfere with sporting activities. Patients returned
to compete 5 months after surgery on average. Only in one
case of chronic injury, the patient referred pain and limita-
tions also in activities daily life, and a second surgery was
performed.

Two case reports on young players (aged 17 and 22 years old)
suffering from chronic muscle injury of rectus femoris have
been reported (18,19). Both patients referred pain and func-
tional impairment, even after a complete and specific reha-
bilitation program. At the clinical examination, the patients
had hypotrophy of the quadriceps, a loss of strength about
60 % compared with contralateral side, fatigue, and they
were not able to return to sport. In the first case the injury
occurred at the muscle belly, just below the muscle-tendon
junction, while in the second case the rupture involved the
proximal muscle-tendon junction. Both players return to
play football at the same preoperatory level, and they were
satisfied with the surgery.

Hamstring muscle

Although hamstring muscle injuries are common, especial-
ly in athletes, there are currently no clear indications about
their surgical treatment (figure 2). The lack of scientific
evidence may be also the result of a confusing terminology
in the literature.

Firstly, the injured area should be defined as proximal,
middle third, distal (1). Only injuries of the proximal third
and insertion have been widely described in literature,
therefore, when we usually read about hamstrings ruptures,
authors often refer to proximal injuries only (20,21).

In addition, there is a confusing terminology in the classifi-
cation system of these injuries. In a recent review of litera-
ture, hamstring tears have been classified in grade I, II and
III (22). Grade I injuries were defined as minor tears, with-
out rupture of the musculotendinous junction (MT]), with
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little edema, mild pain, and no or minimal functional impair-
ment. Grade II injuries were considered major injuries, with
partial rupture of the MTJ, or an isolated complete rupture
of one component of the muscular complex. For example,
an isolated complete rupture of the semimembranosus or
biceps femoris, was considered a grade II injury because
the rest of the complex was intact. A grade III injury was
a complete rupture of the muscular complex, which often
coincides with the avulsion of tendons from their proximal
insertion on the ischial tuberosity (23). Indications for surgi-
cal treatment of proximal hamstring injuries are not clear,
nor supported by level I or II studies. This may depend on
several reasons: the complexity of the anatomical region,
the lack of a universally accepted classification, different
functional demands of the patients, and the expertise of
the surgeon. Despite this lack of evidence, more and more
surgical repairs have been recently carried out in case of
complete rupture of the proximal third with a stump retrac-
tion greater than 2 cm, or partial rupture with disruption of
the proximal insertion in patients who already underwent
reconstruction of the anterior ipsilateral cruciate ligament
with gracile and semitendinosus tendons (23). Chronic pain
and functional impairment despite specific physiotherapy
should be considered as other indications to surgical repair,
as well as patient’s age and functional demands.

Surgical timing is important since acute lesions operated
within 4 weeks have reported better results than chronic
ones (4-6 months). Actually, some authors suggest surgery

Figure 2. This picture shows a muscle injury type 4 of the
semimembranosus muscle of a 47 years old patient. The inju-
ry occurred during practice martial arts. Muscle tear on semi-
membranosus occurred 16 cm lower than ischiatic tuberosi-
ty, and muscle insertion appears continuous. The patient was
treated conservatively. A relapse occurred 3 months after
injury, during the rehabilitation program. After 1 year, the
patient returned to practice martial arts, but he referred occa-
sionally light pain.

Muscles, Ligaments and Tendons Journal 2020;10 (2)
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within 2 weeks (23). A systematic review on 18 stud-
ies and more than 300 cases of proximal hamstring inju-
ry confirmed this data: surgical treatment achieved better
results in terms of pain, functional recovery and return to
sports than conservative treatment, and patients who under-
went surgical repair within 4 weeks from injury showed
better outcomes and lower recurrence rates than patients
treated after 4 weeks (24) However, this review takes into
account only complete proximal hamstrings injuries (avul-
sions), while there are no data on the partial ones.

The problem gets even more complicated when dealing with
MTT injuries, the so-called partial injuries, for which the
literature is extremely poor. Lampainen et al. (25) published
a paper in 2006 on 48 athletes who underwent surgical treat-
ment for a partial lesion with tendon involvement of the
hamstring, reporting good to excellent results with resump-
tion of the previous sporting activities in 88% of cases.
Recently, an increasing number of authors is surgically treat-
ing partial lesions of the myotendinous junction in high level
athletes (23). However, there is no scientific evidence yet.

Adductor muscles

Sports-related groin injuries are common among athletes.
Of injuries within this region, 64% involved the adductor
muscle complex. The mechanism of injury typically involves
a noncontact, eccentric load with forced abduction and
extension of the hip, resulting in disabling groin pain (26).
Adductor muscles injuries account for about 20% of all
muscle injuries in athletes. Most adductor ruptures occur at
the proximal or distal MTJ, while less frequently proximal
or distal adductor tendons avulsion occur. These injuries are
predominantly seen in the athletic male population, and the
most commonly injured adductor muscle is the adductor
longus muscle. Injuries at the MTT are traditionally treated
conservatively with satisfactory outcome, but there are no
reports in literature about the surgical repair of adductor
muscles injuries.

Management of proximal adductor avulsion injuries is
controversial. Nonoperative management for an acute avul-
sion generally provide good results (27). However, this
treatment may result in continued groin pain and decreased
function. So, some authors actually suggest that surgical
fixation, and surgical reattachment with boney anchors
seems to provide better outcomes, shorter return to sports,
and significant improvement in outcome scores compared
to non-operative treatment (28,29,30,31) However, few case
series and case reports are published in literature. Finally,
adductor tenotomy has been advocated for chronic groin
injuries in some cases (32).

Muscles, Ligaments and Tendons Journal 2020;10 (2)

Gastrocnemius muscle

Cheng et al. (33) published 2 cases treated surgically for a
large close injury of the belly of the medial gastrocnemius
muscle. The first was a 37 years old patient, treated within
10 days from injury, while the second patients, a 43 years old
woman, was treated surgically 7 months post-injury. In both
cases MRI showed a complete rupture of medial gastrocne-
mius belly at the muscle-tendon junction, and a retraction
of the muscle fibers. Both patients return to sport at 2- and
10-months post-surgery (respectively). The patient with the
neglected injury referred light pain, which does not limit her
activity. For this reason, the authors suggested to perform
the surgery during the acute phase. Millers also reported
good results in a patient affected by a neglected tear of the
medial gastrocnemius muscle, who was not able to walk on
tiptoes before surgery (34).

Laceration injury and open wound

Disinfection and surgical treatment of a muscle lacera-
tion caused by direct trauma with sharp objects (e.g.
cutting wound) is mandatory. Surgical treatment should
be performed immediately (figure 3). Optimal results
are reported after the suture of wide muscle laceration
(figure 4) (35,36). However, few case reports are available
in literature.

Intramuscular calcification

Currently, there are no evidence-based recommenda-
tions about the exeresis of post-traumatic muscle calcifica-
tions, since few level IV studies and case reports have been
published (37,38,39). Intramuscular calcifications (myosi-
tis ossificans) usually arise from large injuries with exten-
sive intramuscular hematoma, but their pathogenesis is not
clearly understood yet. However, the onset of calcifications
delays the healing process and may result in a significant
functional impairment, especially for the large ones. Calcifi-
cations typically occur in young male athletes, and common-
ly affect the quadriceps, the hamstrings, and biceps brachii
(40). The incidence is not clear yet, and it ranges from 0.5%
to 9% after a direct injury, according to authors (41,42).
The diagnosis of myositis ossificans should be considered
if pain and swelling persist after 10-15 days post proper
conservative management, or if symptoms worsen after 2-3
weeks from the trauma (43). The patients commonly report
swelling and stiffness. A reduction of the ROM is usually
observed at the clinical examination. MRI is useful since the
early stages, while X-rays become positive after about 2-3
weeks and evident after about 2 months.
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Figure 3. Laceration wound caused by a ski injury. Total vastus lateralis muscle tear in 19 years old guy.

The treatment of the myositis ossificans is conservative first.
A few studies showed that the majority of the patients treat-
ed with specific rehabilitation protocol return to sport at the
same level before the injury, even if the rehabilitation process
is longer than an isolated muscle injury (44,45). When calci-
fications, instead, cause pain and functional impairment, the
majority of authors agree on their surgical removal. Surgi-
cal exeresis of a calcification should be performed 12 to 24
months after the end of the pathogenetic process. Common-
ly, an open procedure is performed, although some authors
described the arthroscopic exeresis in case of calcifications
at the rectus femoris insertion (46). Recently, Orava et al.
(47) reported good to excellent results in more than 80%
high-level athletes who underwent the exeresis of calcifi-
cations at the proximal third of their hamstrings. In these
cases, the surgical exploration and neurolysis of the sciatic
netve is essential because it be trapped by scar tissue and be
a source of pain.

What are the most common postoperative
complications?

The most frequent complication, besides the failure of the
suture itself, is the post-surgical hematoma. However, there
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are no information about the incidence, nor whether the use
of low molecular weight heparin (LMWH) may promote
this complication. There is no indication about the use of
postoperative drainage or a compression bandage to reduce
the incidence of the complication. Post-surgical hematoma
is a despicable complication because it delays the rehabili-
tation of the patient and may promote the formation of scar
tissue and intramuscular calcifications. Surgical evacuation
may be indicated for the largest ones (8).

CONCLUSIONS

Muscle injuries are frequent, and often occur during sport-
ing activities. Type 2 and 3 injuries are treated conservatively
with excellent results, while conservative treatment of type
4 injuries does not always produce the desired outcomes,
particularly in high level athletes. Surgical suture of type
4 muscle injuries seems to provide good outcomes with a
high rate of return to sports activities, reducing the compli-
cations and recurrence’s rate. Suture of the muscular fibers
together with the epimysium improves the suture stability,
allowing an earlier and safer mobilization. However, there
are no level I nor II studies supporting surgical treatment
of muscle injuries. Therefore, we need studies with a higher

Muscles, Ligaments and Tendons Journal 2020;10 (2)
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Figure 4. MRl scan 1 year post-injury. The patient returns to play volleyball at the pre-injury level pain free.

scientific evidence to improve our knowledge, in order to
guarantee the best treatment to our patients.

KEY POINTS

Early mobilization, compared to immobilization, can
improve the healing process and stimulate the formation
of more functional muscle tissue.

The suture of muscle fibers together with epimysium impro-
ves the mechanical resistance and reduce suture pull-out.
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