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ABSTRACT

Background
Open tibia fracture with soft tissue loss at the fracture site is and always a challenging problem for orthopedic surgeons
to deal with. Soleus flap is an important option for such defects out of many other options.

Methods
Retrospective descriptive study in which twenty-one patients with open tibia fracture with soft tissue defect at fracture
site requiring flap coverage were included in the study. In all 21 patients, the soleus muscle flap was done.

Results

Out of 21 patients, in 16 patients medial hemisoleus flap was done and in five composite soleus muscle flap was done.
The average age of the patients was 37.8 years, and the right leg was more involved. In all patients, bone coverage was
achieved. Three patients required debridement and mobilization of flap due to infective necrosis at the margin. The
mean follow-up was 12 months.

Conclusion
Soleus muscle flap is a good and versatile flap for the coverage of soft tissue defects of the leg exposing bone or
fracture.
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INTRODUCTION

Open tibia fracture with soft tissue defect at the frac-
ture site (Gustilo Anderson Type IlIb) is always a chal-
lenging problem for orthopedic surgeons. Complica-
tions like infection and nonunion are common if not
addressed immediately."” Soft tissue coverage can be
achieved by microvascular-free flaps or by pedicled
local flaps. Microvascular-free flaps can provide good
wound coverage but require trained surgeons, are fas-
tidious, expensive, and are not spared from complica-
tions. On other hand pedicled flaps are less demanding
technically, easily performed, do not sacrifice major
vessel of the leg, and can be done by any surgeon with
some training in flap surgery. An orthopedic surgeon
knowing the vascular anatomy of muscles can easily
perform pedicled flaps and can save limbs. There are
many options for local flaps in the leg like
fasciocutaneous rotational flap, sural flap, soleus flap,
cross leg flap, propeller flap, and many more. Larger
defects require free flap transfer for coverage when it
comes to smaller soft tissue defects in the middle one-
third and the middle one-third lower one-third junc-
tion wounds hemisoleus flap can be areliable and rela-
tively simple option.™* Soleus muscle flap was first
described by Tobin in 1985 and is widely used by
many surgeons for coverage of the middle one-third of
leg soft tissue defect.” Soleus muscle is a bipennate
muscle with a median raphe. Its vascular supply is
described as Mathes and Nahai type II and receives
blood supply from the popliteal artery in its proximal
part and posterior tibial artery perforators along the
medial border distally and Peroneal artery perforators
along the lateral border distally.’ Soleus muscle
pedicled flap is based on its vascular supply. The flap
can be proximally based or distally based and can be a
complete muscle flap or Hemisoleus flap. Many sur-
geons have used soleus muscle flap and reported its
efficacy and versatility. Here in this retrospective
study, we report the efficacy and our experience with
pedicled proximally based soleus muscle flap in the
management of soft tissue defect of middle one-third
of the leg and mid-one-third and distal one-third junc-
tion of the leg.

METHODS

In this retrospective descriptive study done at B&C
medical college teaching hospital and research center
from April 2016 to April 2021, twentyone proximally
based soleus muscle flaps were executed in 21 open
tibia fractures with soft tissue defects requiring flap
surgery.For this study ethical permission was taken
from the institutional review board and data were col-
lected from patient charts, operative notes, photo-
graphs, and follow-up visits.

Relevant Surgical Anatomy "*

The soleus muscle is a Bipennate muscle with a
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median raphe located on the superficial posterior com-
partment of the leg anterior to the gastrocnemius mus-
cle and originates as two heads medial and lateral from
the posterior surface of the tibia and fibula. Along
with gastrocnemius it forms the Achilles tendon and
helps in plantar flexion of the ankle. The soleus mus-
cle is classified according to Mathes and Nahai type II
according to its vascular supply. It is supplied domi-
nantly by the Popliteal artery and by multiple perfora-
tors from the posterior tibial artery to the medial head
and perforators from the peroneal artery to the lateral
head.®” As it is richly supplied by many arteries at dif-
ferent levels from its origin to insertion, it can be
safely used as a free flap, hemisoleus flap or compos-
ite flap, and reverse Soleus flap. Posterior tibial perfo-
rators can be five to eleven in number and to raise a
proximally based soleus flap two to four distal perfo-
rators need to be sacrificed.’ However maximum per-
forators must be saved to preserve the vascularity of
muscle as some of them might have been injured dur-
ing primary trauma. Gastrocnemius and soleus both
are plantar flexors of the ankle, sacrificing the soleus
for the flap usually does not compromise plantar
flexion.

Surgical Procedure: All flaps raised were proximally
based and we always used a medial approach to raise
composite soleus flap or hemisoleus flap. Supine posi-
tion with a bolster under the opposite buttocks helped
in the exposure of posteromedial surface of the leg and
it made easier access to the posterior compartment of
the leg. A pneumatic tourniquet is always used for
bloodless surgery. A longitudinal incision is placed
over the medial surface of the leg one to one and a half
centimeters posterior to the posteromedial border of
the tibia. At times the wound is extended proximally
and distally to expose the posterior compartment of
the leg. The superficial and deep fascia is incised
along with the skin incision. Identification of the
soleus muscle is easier as it lies anterior to the gastroc-
nemius muscle medial head and distally it merges
with the gastrocnemius to form an Achilles tendon.
Another anatomical landmark is the plantaris tendon
which runs in between the gastrocnemius medial head
and the soleus muscle. After identification of the
soleus, it is separated from the gastrocnemius. A care-
ful meticulous and sharp dissection allows the lifting
of muscle from its tendinous insertion at the Achilles
tendon. Sharp dissection is usually required to prevent
damage to muscular vascularity. Few distal perfora-
tors were sacrificed to gain length and maximum arc
of rotation. We elevated five composite muscle flaps
as the soft tissue defect was in the mid-one-third and
distal one-third region and the arc of rotation and
length was sufficient for the coverage; and 16 medial
hemisoleus flaps for other soft tissue defects. While
elevating the medial hemisoleus muscle flap the
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medial head of the soleus is separated from the median
raphe taking care of perforators from the posterior tib-
ial artery and proximal release is done to gain maxi-
mum length as required for tension-free rotation. The
Medial hemisoleus muscle was elevated up to the
level where the arc of rotation of the flap was suffi-
cient to cover the defect. Proximally the muscle was
elevated up to mid-one-third and distal-one-third junc-
tion to preserve the adjacent perforator from the poste-
rior tibial vessel to the flap Figure:2b. After flap eleva-
tion, itis rotated to the defect for coverage and secured
around the margin of the wound with non-absorbable
sutures. Scoring of soleus muscle fascia was needed
whenever extra length and width of the flap were nec-
essary. The muscle flap was then covered by a split-
thickness skin graft immediately after rotation. In
cases where the indwelling infection was seen skin
grafting was delayed till culture sensitivity did not
show any organism. Patients were admitted till the
wound showed complete healing and sutures were
removed. All fractures were stabilized before flap sur-
gery. Primary debridement of the open wound was
done, and fractures were stabilized with an external
fixator. Flaps were performed within seven to ten days
of initial surgery or fracture stabilization. Patients
were readmitted for definite management of fracture
after the wound has completely healed and the flap has
matured.

RESULTS

Outof 21 patients, 17 (81.8%) patients were males and
four (18.1%) were females. Age ranged from 15 to 59
years with an average of 37.8 years. All flaps were per-
formed for soft tissue defects due to road traffic acci-
dents. Follow-up ranged from six months to 20
months with an average follow-up of 13 months. All
the patients were followed up for a minimum of six
months postoperatively. Most defects were at the mid-
one-third of the leg with seven defects being on the
mid-third, distal-third junction. All wound defects
were on the antero-medial surface of the leg exposing
bone or fracture with a maximum wound size of
8cmX6cem (Length X Width). In 16 patients medial
hemisoleus flap was done and in five composite
soleus muscle flap was done. The arc of rotation of
muscle flap ranged from 40° to 90° without compro-
mising its vascularity. All flaps survived in 21 cases.
In four cases skin grafting was delayed for four to six
days. The first case was a case of open tibia fracture
with a lacerated wound over the lateral aspect of the
leg, where skin grafting was done after muscle edema
subsided. Three other cases were of open tibia frac-
tures with wound infection without any signs of
osteomyelitis. In those three cases soleus flap was
done which helped in controlling infection and after
the culture showed no growth of the organism skin

Official website: www.journal.bnchospital.edu.np

D

grafting was done. In one of the three cases where
wound infection was seen, partial flap necrosis was
observed which required debridement and secondary
mobilization of the flap for coverage of the wound.
Five patients had serosanguineous discharge from the
wound which settled within few days without any com-
plications. All flaps survived and served the purpose
of wound coverage. We observed flap atrophy or
soleus muscle atrophy at three to six months postoper-
ative period; this resulted in a good cosmetic outcome
of the wound. The average hospital stay of patients
was 8 days post-flap surgery. In cases where an exter-
nal fixator was applied, they required intramedullary
nailing as definitive surgery after the removal of the
external fixator. Nine (42.8%) patients required bone
grafting after definitive surgery and the fracture
healed without any further intervention.

Fig . i Dital /3 Open Tiiaracture with oft tssuedefectat racture ieafter it thicknesssingrafting o entireleg dueto degloving
injry. b Doridement offractue sie with exposure o Sleus muscle.C:Elevation of Medial Hemisoleus, : 50 degree roation ofsoleus with coverage of
safttissue defect and donorsite closure, e:Delayed Sin grting aterelemination o nfecion : Completely st Flap at 8 weeks follow up.

Fig 2 Gustlotyp 1 cpeneft i fractureat mi S with soft s efect aFrctre ieby Eevation of
leus i ingth f C:Rotationofflap with coverage ofdefect, d:Suturing offlapto

inmaftat 14, Bl ottt £
graftat7days post operative.t:

wound with Donorsteclosure.: Welltak

1gOf woundg: P fixator removal
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Table: Demographic property of patients' wounds and flap.

S. Agel
N Sex

Etiology  Defect

of Defect  Size Remarks

Location of Defect Type of flap ~ Complication

1 38M  Gustilo Type Illb open RTA TcmX6cm  Medial Serosanguineous  Complete

Right Tibia Fx Mid hemisoleus  Discharge Healing
113rd
2 50M  Gustio Type lllb open RTA  8cmX5em  Medial Delayed STSG
Right Tibia Fx Mid hemisoleus + Complete
1/3rd Healing
3 19M  Gustilo Type Illb Open RTA  BemXdem — Medial Serosanguineous  Complete
Right TibiaFx hemisoleus  Discharge Healing
Distal1/3rd Mid 1/3rd
4 44 Gustilo Type lllb open RTA TcmXScm  Medial Complete
Right Tibia Fx Mid hemisoleus Healing
113rd
5 37M  Gustilo Type lllb Open RTA  6cmXdem  Medial Complete
left TibiaFx Distal1/3rd hemisoleus Healing
Mid 1/3rd
6 15F  Gustilo Type lllb open RTA TcmX5cm  Medial Complete
Right Tibia Fx Mid hemisoleus Healing
113rd
7 44JF  Gustio Type lilb open RTA  8cmXBcm  Medial Infectionwith ~ Debridement
Right Tibia Fx Mid 1/3rd hemisoleus  marginal with flap
necrosis readvancement
Complete
Healing
8 25M  Gustilo Type lllb open RTA  BemXdem  Complete Delayed STSG
Left Tibia Fx Mid 1/3rd Soleus + Complete
Healing
9 59M  Gustio Type lllb Open RTA TcmX5cm  Medial Complete
right TibiaFx Distal1/3rd hemisoleus Healing
Mid 1/3rd

8cmX6em  Medial
hemisoleus
6emXdem  Complete

10 57M  Gustilo Type Illb open RTA
Left Tibia Fx Mid 1/3rd
11 28 Gustilo Type lllb Open RTA

Serosanguineous  Complete
Discharge Healing
Serosanguineous  Complete

right TibiaFx Distal1/3rd Soleus Discharge Healing
Mid 1/3rd

12 33M  Gustilo Type lllb open RTA  ScmXScm  Medial Complete
Right Tibia Fx Mid hemisoleus Healing
113rd

13 18/F  Gustio Type lllb open RTA  6cmXdem  Complete Complete
Left Tibia Fx Mid 1/3rd Soleus Healing

14 47IM  Gustilo Type lllb Open RTA  TemXdem  Medial Infectionwith ~ Debridement
right TibiaFx Distal1/3rd hemisoleus  marginal with flap
Mid 1/3rd necrosis readvancement

Complete
Healing

15 23M  Gustilo Type Illb open RTA  TemX8cm  Medial
Right Tibia Fx Mid hemisoleus Complete
1/3rd Healing

16 36/M  Gustilo Type Illb open RTA  8emXScm — Complete Complete
Left Tibia Fx Mid 1/3rd Soleus Healing

17 49 Gustilo Type Illb open RTA TcmX6cm  Medial Complete
Right Tibia Fx Mid hemisoleus Healing
113rd

18 53M  Gustilo Type Ilb Open RTA TemXScm  Medial Complete
right TibiaFx Distal1/3rd hemisoleus Healing
Mid 1/3rd

19 42M  Gustilo Type Illb open RTA
Left Tibia Fx Mid 1/3rd

8cmX6em  Medial
hemisoleus

Serosanguineous  Complete
Discharge Healing

20 21F  Gustilo Type lllb Open RTA  TemXdem  Medial Infectionwith ~ Debridement
right TibiaFx Distal1/3rd hemisoleus  marginal with flap
Mid 1/3rd necrosis readvancement
Complete
Healing
21 41 Gustilo Type lllb open RTA 8emXScm — Complete Complete
Left Tibia Fx Mid 1/3rd Soleus Healing

(M=Male, F=Female, RTA=Road Traffic Accidents, cm=centimeters,
Fx=Fracture, STSG=Split Thickness Skin Graft).

DISCUSSION

Gustilo type IIIb injuries are significantly associated
with higher rates of non-unions and infections. If
wound coverage is not achieved immediately infec-
tion rates can reach up to 10% to 50% and non-unions
can be as higher as 20% to 60% in different litera-
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ture."™"" Early coverage is associated with a predict-

able outcome.In one of the study the author reported
that in Gustilo grade-IIIB fractures, soft-tissue cover-
age within (versus after) one week resulted in lower
rates of infection (8% vs. 59%) and non-union (23%
vs. 77%). Infection rates were lower in the early than
late flap coverage group (4% vs. 50%)." In our series,
we achieved coverage within four to seven days post-
primary debridement and fracture fixation and in three
(42.2%) patients' infection was seen. In another study
authors also reported the infection rate in post-
operative period of 17.6% which was quite similar to
our study."” Although free flaps are considered a stan-
dard surgical procedure for soft tissue coverage of
open fractures, all surgeons and hospitals are not capa-
ble of performing free flap surgeries. Often in patients
with high-velocity injuries including open fractures,
associated injuries like vascular injuries are present
which can again limit the use of free flaps as they com-
promise major vessels of the lower extremity. Local
flaps in the leg are limited; the soleus muscle flap has
many advantages over other flaps. Soleus flap is sim-
pler and faster to execute, it is cost-effective and elim-
inates the need for microsurgery.”In our series flaps
were elevated without using loupe magnification and
were elevated easily without any complications. All
soleus flaps were done by orthopedic surgeons having
some experience in flap surgery. All flaps survived
and served the purpose of covering soft tissue defect
of the leg exposing fracture of the tibia. In a review of
68 patients who underwent reconstruction with a
soleus flap for soft tissue defect of the leg, the author
reported a 100% flap survival rate and good to fair
functional outcomes.’Similarly in a study done in 12
patients who underwent soleus muscle flap; author
reported a 100% survival rate of flap with good func-
tional outcomes. "

Most of the local flaps like rotational fascio-cutaneous
flaps or propeller flaps can also fulfill the purpose but
when it comes to coverage of dead space soleus mus-
cle flap is the flap of choice in our series. In one of the
study the authors also recommended using soleus mus-
cle flap when there is a cul-de-sac to be filled.” We
used the entire soleus muscle flap for coverage of mid-
one-third soft-tissue defect in five cases as the arc of
rotation of the entire soleus is sufficient in this
area.(Figure:2) When the defects were more distal at
mid one-third and distal one-third junction, then a
medial hemisoleus muscle flap was used as it is safe to
split the medial and lateral half from its raphe due to
their independent blood supply and the arc of rotation
of hemisoleus is longer than entire soleus muscle flap
(Figure:1). In one series, 21 hemisoleus muscle flaps
were done to cover soft tissue defect of the leg suc-
cessfully with minimal complications.” In addition,
the power of foot plantar flexion is preserved by the
hemisoleus belly left in situ, compared to the entire
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soleus.” "In our series we did not find any weakness
of ankle plantar flexion when the entire soleus or
medial hemisoleus was used. Soleus muscle flap atro-
phy was observed in our series in which medial
hemisoleus flap was done. A similar finding was
observed by some authors in their case series."”

In a high-velocity injury soleus muscle may be
injured. Before flap surgery surgeons should be aware
of any injury to the soleus muscle and its vascularity.
Surgeons doing primary initial debridement and bone
fixation should assess the extent of muscle injury and
make a note of it if flap surgery is anticipated. Flap tip
or marginal necrosis is not uncommon. In our series,
three cases (14.2%) had marginal necrosis due to
infection exposing bone. They were managed with
debridement and flap readvancement. Flap readvan-
cement in a later stage was made possible by dividing
the proximal-most perforator acting as a pivot point as
the flap has been "Delayed" after initial flap eleva-
tion.”

All fractures required definitive surgery with
intramedullary nailing after external fixator removal.
Definitive surgery was done at three months of initial
surgery after complete healing of the wound. Nine
(42.8%) cases required bone grafting after six months
post-definitive surgery due to nonunion. All fractures
healed after definitive surgery and a few after bone
grafting. Osteomyelitis was not seen in any of our
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CONCLUSION

Proximally based Soleus muscle flap composite or
medial hemisoleus is a good and reliable option for
mid-one-third and mid-one-third distal-one-third junc-
tion leg soft tissue defect. The soleus muscle flap
showed its efficiency and versatility in all our cases by
covering the soft-tissue defect and salvaging all the
injured extremities. It is a reliable flap due to its con-
sistent vascularity and has less donor site morbidity
and complication. Orthopedic Surgeons with detailed
knowledge of flap vascular supply, and muscle anat-
omy and with some training regarding flap elevation
can easily perform soleus flap.
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