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Surgical repair of muscle laceration: biomechanical
properties at 6 years follow-up

Francesco Oliva1

Alessio Giai Via1

Olga Kiritsi2

Calogero Foti3

Nicola Maffulli4,5

1 Department of Orthopaedic and Traumatology, Univer-

sity of Rome ‘‘Tor Vergata”, School of Medicine, Italy
2 Department of Radiology, Mid Staffordshire NHS

Foundation Trust, Stafford UK
3 Department of Physical and Rehabilitation medi-

cine, University of Rome ‘‘Tor Vergata”, School of

Medicine, Italy
4 Head of Department of Physical and Rehabilitation

Medicine, University of Salerno, Italy
5 Queen Mary University of London, Barts and the

London School of Medicine and Dentistry, Centre

for Sports and Exercise Medicine, Mile End Hospi-

tal, London, UK

Corresponding author:

Francesco Oliva

Department of Trauma and Ortopaedic Surgery

University of Rome “Tor Vergata”

School of Medicine

Viale Oxford, 81

00133 Rome, Italy

E-mail: olivafrancesco@hotmail.com

Summary

Muscle injuries are challenging problems for sur-

geons. Muscle trauma is commonly treated conserva-

tively with excellent outcome results while surgical re-

pair is advocated for larger tears/lacerations, where

the optimal goal is restore of function. Repair of mus-

cle belly lacerations is technically demanding be-

cause the sutures pull out and the likelihood of clini-

cal failure is high. Different suture techniques have

been described but still the best suture is debated.

We show a case of a pure vastus medialis muscle

laceration surgically repaired at 6 years of follow-up.

KEY WORDS: muscle belly lesion, skeletal muscle lacera-

tion, muscle repair, epimysium, fibrous scar.

Introduction 

Direct muscle trauma is a common and disabling

problem that is difficult to treat. Most of muscle in-

juries can be treated non-surgically successfully while

severe muscle injury need surgical repair. Traumatic

wounds represent approximately 8% of emergency

department presentations and among them muscle

lacerations are rare but dramatic injury1. Repair of

muscle belly lacerations is technically demanding,

and the likelihood of clinical failure is high2. 

The best surgical procedure is yet to be defined and

its therapeutic management is still unclear with no

definite guidelines3. If the injury involves the tendon,

it can be repaired with several suture techniques that

offer high pullout resistance. Injury that involves the

muscle belly or musculotendinous junction is a chal-

lenging lesion for surgeons because of the lack of re-

liable suture methods4.

Different suturing methods have been proposed for

the management of muscle lacerations. They can be

divided into conventional suture technique, such as

Kessler stitches, horizontal mattress and figure eight

stitches, and complex suture techniques4. Modified

Kessler suture, modified Mason-Allen suture, combi-

nation stitch and muscle suture with augmentation

belong to the second group. However still the best

suturing technique is yet not known4. Optimal sutur-

ing of muscles may permit early rehabilitation with a

low risk of stitch pullout or re-rupture5.

The regenerative capacity of the injured skeletal mus-

cle is limited. Fibrotic tissue forms at the injury site,

thus delaying the muscle’s functional recovery and

predisposing to recurrence6. The limited ability of the

skeletal muscle to self-regenerate may justify the

need of biological or synthetic augmentations for re-

pairing large damage2,7. To our knowledge, despite

the attempt of researches to apply regenerative medi-

cine in cases of muscle injuries, no data from tests on

human subjects are recorded in the literature. Sutur-

ing the transected muscle may help the muscle heal-

ing, but it does not prevent the formation of scar tis-

sue, thus leading to incomplete muscle functional re-

covery6.

Our scope was to present the case of a 30 years

male with complete open traumatic transection of his

right distal vastus medialis muscle, the outcome of

surgical repair and its functional modification at 6

years follow-up.

Case report

A Caucasian amateur soccer player 30-year-old male

presented to the emergency department with a deep

traumatic laceration of the right distal thigh on the me-
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dial side caused by a circular saw. After clinical exam-

ination and inspection a complete transverse transec-

tion of the distal right vastus medialis was diagnosed

(Fig. 1). The laceration of the muscle was repaired

surgically. We used simple stitches to suture the mus-

cle; epimysium was also included into the suture (Fig.

2). A single dose of 2 grams e.v. of Cefamandole (Ce-

fam, Magis Farmaceutici S.p.A., Italy ) was adminis-

tered. After the surgical intervention, a compressive

stocking was applied. Regarding the rehabilitation

strategy, the patient was advised on self-care tech-

niques which included rest, ice and elevation of the

surgically treated lower limb for one week, and the

use of pain killers (Paracetamol) whenever he needed

to ease the pain. In addition the patient started to per-

form isometric exercises the next day of the repair and

eccentric exercises after 6 weeks and was allowed to

full weight bearing as tolerated (but with no flexion at

the knee joint for one week) and passive assisted

knee flexion one week following the repair. Finally the

skin stitches were removed at two weeks. 

At the end of the rehabilitation the patient experi-

enced no pain, he had full active and passive range

of motion at the hip and knee joints and no muscle

weakness was detected. The patient returned to his

usual daily activities 3 months post intervention.

The patient was reexamined by one of the authors 6

years after the surgical intervention. Patients was sat-

isfied by the surgical outcome and he “rated” his re-

covery as 100%. He has been pain free with all daily

and working activities. He reported no muscle stiff-

ness, numbness or tingling and no re-ruptures or

failed repair or new injury was noted. No residual

asymmetry was observed during the examination. Ad-

equate tension and continuity were also depicted. Pa-

tient reported no functional joint instability during the

tests in both legs and knees. Our subject underwent

also some functional tests (dynamometric evaluation,

isoinertial electromyographic evaluation, linear en-

coding, KACLiR test8, leg extension test, Half squat

position on a vibration platform) (Fig. 3). Cybex dy-

namometer Isoinertial muscle testing revealed a mus-

cle strength of 86% compared with the uninjured low-

er limb. In addition, speed increase of 13% in the ex-

tension of the injured limb compared to the contralat-

eral healthy was noted as well as low activation of the

extensor muscles of the injured limb (94%) compared

to the contralateral uninjured limb (132%). The pa-

tient was evaluated also at the same period by MRI.

The Magnetic resonance imaging revealed the pres-

ence of a scar tissue at the distal vastus medialis

muscle, with focal increase of the distal muscle signal

intensity probably due to limited fatty atrophy adja-

cent to the distal surface of the scar (Fig. 4). When

compared to the contralateral side no significant in-

terval changes in the bulk of the right vastus medialis

belly were recorded. 

Discussion 

In our patient who presented with transverse laceration

of the distal vastus medialis muscle we used simple

stitches to repair the injury with the epimysium sutured

to the muscle. The distal location of the laceration was

in favor of a better outcome, since the myorrhaphy is

easier in the proximal or distal third of the muscle9. Al-

so the short time interval between the injury and the

surgical intervention was probably a positive predictive

factor of muscle recovery. Regarding the type of the

used sutures, we know from the literature that the

complex stitches have proven superior by showing

higher pullout forces than the conventional stitches.

However the majority of the articles concern in vitro
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Figure 1. Complete transection of the right vastus medialis

muscle.

Figure 2. Surgical repair of the muscle laceration, using simple stiches with epimysium.



studies or animal studies; in vivo there are no signifi-

cant differences between the stiches used10. In our

case, we chose to repair the distal vastus medialis

transverse laceration with simple stitches (convention-

al, non-complex type); as shown by the functional tests

our selected suture technique resulted in optimal re-

covery of the injured muscle. The transverse orienta-

tion of the injury could explain the success of the sim-

ple stiches used since the latter tend to fail in the longi-

tudinal plane while the complex ones demonstrate fail-

ure in the transverse plane11,12. The incorporation also

of the epimysium significantly improved the biome-

chanical properties of our sutured muscle belly13; the

preservation and suturing of the epimysium increased

the resistance of the suture to tensile forces13,14. 

Previous studies have shown that simple stitches

could promote fibrosis and lead to exuberant scar tis-

sue by forming a gap deep to the surface11. In our pa-

tient as shown by the acquired MRI images the bio-

logical performance of the simple stiches was optimal

and the formed scar tissue was not excessive. This

outcome could have been related to the thickness of

the vastus medialis muscle at its distal third and thus

the decreased depth of the laceration which allowed

the simple sutures to pull the tar edges together both

at the surface and more deep. 

Optimal suturing of muscles may permit early rehabil-

itation with a low risk of re-rupture or stitch pullout

and result in better recovery of the muscles4. In our

case, the patient was satisfied by the surgical out-

come and he “rated” his recovery as 100%. He re-

turned to his pre-injury sporting activities and no re-
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Figure 3. Functional evaluation of the repaired muscle.



ruptures or failed repair or new injury was noted. Re-

turn to pre-injury recreational sport activities seemed

to be not an issue in our study. Also no asymmetry

was observed during the examination, indicative of no

frank muscle atrophy especially distally. This clinical

assumption was verified at the same time by the ap-

pearance of the muscle on the Magnetic resonance

imaging; no significant interval change in the Cross

Sectional Area (CSA) between the ipsilateral vastus

medialis muscle and the healthy contralateral side

was observed or significant fatty infiltration of re-

paired muscle. Regarding the functional evaluation of

our patient, Isointertial muscle testing revealed a

muscle strength of 86% compared with the uninjured

lower limb, that is 14% deficit, suggestive of satisfac-

tory recovery of the muscle strength. Regarding the

speed of the knee extension, the injured limb

achieved better score (13% speed increase com-

pared to the contralateral healthy). Finally impaired

activation of the extensor muscles of the injured limb

was observed (94%, compared to the contralateral

uninjured limb, 132%). It is well known that functional

muscular force is the product of both structural (like

the muscle size) and neural factors, and compromise

to either of these factors impairs the capacity of mus-

cles to exert force. In our patient there was neither

significant decrease in the CSA nor fatty infiltration of

the injured muscle, but activation impairment of the

ipsilateral knee extensors. Therefore we could specu-

late that the recorded strength deficit of the injured

leg is related maybe partially to the observed lower

activation. In addition the increased velocity of the

knee extension on the surgically repaired side coun-

teracts the impaired capacity of the injured muscle to

produce force, in a subconscious effort of our ama-

teur soccer player during his rehabilitation training to

maintain his power; in particular, power is the product

of a force on an object and the object's velocity. 

In conclusion the muscle belly is not a robust struc-

ture and therefore there is no ideal surgical repair

method of muscle lacerations, and the outcome of the

different suture techniques is related to various bio-

logical/biomechanical factors.
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