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Abstract 
Background: Subcutaneous nature of tibia and poor blood supply to leg bone area causes increased 
complications and poor wound healing which can be managed by applying principles of plastic surgery  

Aims & objectives: To evaluate the use of gastrocnemius, soleus and sural flap by orthoapedic surgeon  
in management of complications of open leg bone fractures i.e. exposed implants, soft tissue defects. 

Material & methods: We prospectively studied 20patients with soft tissue complications in patients 
having both bone leg fracture. Out of which12 patients were managed by gastrocnemius flap,5 patients 
by soleus flap & 3 patients were treated by sural flap according to the location of the wound. Patients 
with age between 18-60 years with no or minimal infection, size of wound <50cm2 for middle leg and 
<9×12cm for lower leg were included in study. The mean follow up was of 6 months. 

Results: Only two sural flap and one soleus flap had marginal necrosis. Hypoaesthesia over lateral 
border of foot was noted in two patients of sural flap which was not troublesome. Not any patient had 
developed significant functional loss. All flaps resulted in a good wound coverage with early healing. 

Conclusions: Local muscle flap is efficient and easy method of treating wound defects over leg and 
allows an orthopaedician to manage the compound fractures comprehensively.  
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Introduction  

High velocity trauma leads to open leg bone 
injuries and their operative complications i.e. 
exposed bone & implants and infection 
remain a challenge for orthopaedic 
surgeons from many years. The 
subcutaneous location of tibia, poor blood 
flow to the region are attributable factors for 
these complications. [1,2].  From 
management point of view these  

 

complications of soft tissue defects are 
managed by plastic surgeons, and the 
centers where these facilities are not 
available these patients are referred to the 
higher centers. 

The goal in management of the open 
wounds is to provide stable soft tissue 
coverage. Soft tissue coverage with muscle 
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can seal the joint and bone from ongoing 
contamination and help to revascularize 
underlying structures. Muscle flaps are first 
introduced by Ger R.[3]. For leg bone 
important muscle flaps are medial and 
lateral head gastrocnemius flap for proximal 
tibia, patellar tendon & patella [4] ,soleus 
flap for closure of exposed middle third of 
leg bone [5], and reverse artery sural flap for 
exposed part of lower 1/3rd tibia [6]. 

The consistent vascular anatomy and 
superficial location of gastrocnemius muscle 
flap have made it a workhorse for coverage 
of defects around knee joint and in patellar 
region. 

Soleus is a suitable muscle to repair soft 
tissue defects in the middle third of the leg 
due to its unique anatomic features.Its main 
advantage is its binary blood flow supply 
which allows us to cut it into two longitudinal 
parts [5] to be used as hemisoleus flap. 

For the wounds over distal third of leg, free 
flap is the preferred choice but it has several 
major disadvantages [7] like it is a difficult 
long duration surgery and needs 
microsurgical instruments & expertise.  

Reverse sural artery flaps for injuries of 
distal third of tibia provide good coverage 
both form functional and aesthetic point of 
view. It can be used in traumatic legs with 
major arteries defect [8].It provides durable 
skin coverage with ideal contouring with 
minimal postoperative discomfort and can 
be performed quickly. 

By learning and using these techniques and 
procedures orthopaedic surgeons can also 
manage these complications successfully. 
Advantage of these local procedures are 
increased vascularity of the area and thus 
decreased infection [9], which promote early 
fracture healing [10] and it results in 
decrease morbidity of the patients, decrease 
referral and burden on health care facilities. 
With this background, we conducted a study 

with the aim to evaluate the outcome of local 
muscle pedicle flap surgeries done by an 
orthopaedician for management of 
compound leg bone fractures. 

Material and Methods 

We have prospectively studied 20 patients 
between the period of July 2013 and August 
2015  admitted in orthopaedic department 
having Gustillo type 3 fracture leg bone or  
exposed implant in leg area.The male 
female ratio was 3:2. with an average age of 
37 years. We had 12 patients with soft 
tissue defects or exposed implant in 
proximal leg/patellar region, 5 patients in 
middle leg and 3 patients in distal third leg / 
ankle. We treated them with gastrocnemius 
flap, soleus/reverse soleus flap and reverse 
sural artery flap for soft tissue defects in 
proximal, middle and lower third of leg/ankle 
respectively. All the patients of fracture leg 
bone were primarily operated with either 
external fixator or internal fixation methods. 
The mean interval between the flap surgery 
and pervious bony fixation surgery was 4.5 
weeks.This delay in surgery was due to 
presence of  infection, which was controlled 
by appropriate antibiotics and repeated 
debridements. The mean follow up was of 6 
months after definitive surgery. 

The inclusion criteria were- 

A. Patients with age <60 years. 

B. Patients having either exposed implant or 
bone in leg area, with no or minimal 
infection 

C. Size of wound <50cm2 for soleus and 
<9×12cm for sural flap. 

The exclusion criteria were- 

A. Patients >60 years. 

B. Presence of  active/florid  infection. 

C. Presence of peripheral vascular disease 
and insufficient peroneal,posterior   tibial, 
sural arteries and lesser saphenous vein. 



Mina D K et al. : Management of Soft Tissue Complications Associated with Leg Bone Injuries by Local Muscle Pedicle Flap 

Orthopaedic Journal of M P Chapter. 2016. Vol. 22. Issue 2   33 
 

D. Compound leg bone fractures with 
damaged/crushed  gastrocnemius or soleus 
muscle 

E. History of recent deep vein thrombosis in 
the involved extremity. 

Pre-operative planning- 

After determining the size of recipient site 
defect,patients have been assessed for 
presence of infection,if it was present 
thorough debridement were done and a 
clean granulated wound bed had been 
achieved.A vascular examination for 
patency of popliteal,peroneal, posterior tibial 
artery and lesser saphenous vein was 
done.Status of donor site muscle(either 
traumatized or presence of hematoma),and 
the function of remaining muscles of lower 
leg(to determine if loss of gastrosoleus due 
to flap could result in significant loss of 
planter flexion) had also been assessed. 

Surgical techniques- 

Gastrocnemius , Soleus and Reverse Sural 
Artery flaps were done in the patients with 
defects in proximal middle and distal third 
leg respectively as per the standard 
operating technique.  

Post Operative management- 

To prevent pedicle compression and 
vascular congestion limb elevation and 
immobilization was done. The drain was 
removed once the drainage was <30ml/day. 
The dressing was changed after 5days and 
then compression bandages/elastic wraps 
were advised. Follow up was done (ranges 

from 1.5 to 9 months) to look for donor site 
morbidity (scar, contracture or functional 
limitation),condition of flap and associated 
complications. Mobilisation was started after 
5 days. Range of motion for joints were 
assessed.The final results were assessed 
according to healing of wound and stability 
of the flap coverage. 

Results 

We operated 20 patients out of which 12 
with gastrocnemius flap,5 patients with 
soleus and 3 with reverse sural artery 
flap.Results for gastrocnemius flap were 
excellent. Thegastrocnemius flap for 
proximal leg & patellar region were healed 
completely. Results for soleus flap were 
good. Two soleus flap develop partial 
necrosis and one reverse sural flap develop 
partial necrosis with infection.Some showed 
venous congestion which was managed by 
limb elevation. One of the soleus flap had 
ugly scar at donor site.The final outcome 
was unaffected in all of the cases.None of 
the patients with gastrocnemius& soleus flap 
had planter flexion weakness at final follow-
up.Hypoesthesia over lateral border of foot 
was noted in all patients of sural flap but it 
was not troublesome.At the final follow-up 
range of motion at knee and ankle joints 
was marginally compromised. One of the 
patient had donor site scar contracture 
around knee joint.Patients with reverse sural 
flap had non-cosmetic bulbous shaped flap 
but it was acceptable to them and had no 
difficulty in wearing shoes. 

 
Figure 1 : Intraoperative pictures of Gastrocnemius flap. 
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Figure 2 : Intraoperative pictures of Soleus flap. 

Discussion  

Comparing the vascularity and results of 
fasciocutaneous flaps with the muscle flaps 
there is more advanced healing of fractures 
and wounds by muscle flaps compared to 
fasciocutaneous flap despite the high 
vascularity density of the latter. [11] 

Cross leg flaps may be an option to cover 
the soft tissue defects but patient 
compliance is poor and they may lead to 
joint stiffness and pressure sores.So we 
used ipsilateral pedicle flap. 

Gastrocnemius flap is most commonly used 
for knee and upper tibial defects. We used 
medial head in most of the cases because 
of its long arc of rotation. The damage to 
common peroneal nerve may occur during 
elevation of lateral head, but it is 
preventable by carefuldissection. The 
territory of medial head extends to within 
5cm of medial malleolus and for lateral head 
the distal limit is within 10 cm of lateral 
malleolus [12].  

The soleus is a type 2 flap according to 
Mathes and Nahai [13]. It can be used in 
various ways i.e. proximally or distally 
based, hemisoleus flap or composite flap 
which are based on the vascular supply of 
the muscle [14] The hemisoleus flap is a 
better option for wound defects and exposed 
bone over middle leg [15].  Some studies 
[16]show high failure rates associated with 
soleus flap.The reason for this is because 
the distal end of soleus is muscular, not 
tendinous and it is friable  and vulnerable to 

damage to its blood supply. By dissecting 
and freeing the first  

 

perforator to increase its arc of rotation, the 
distal reach of this muscle can be enhanced 
[16]  The elevation of soleus flap requires 
more time and microsurgical 
techniques.Despite these disadvantages 
soleus flap is the workhorse for middle third 
of leg. 

Reverse sural artery flap was first described 
by Masquelet et al [17] as neurocutaneous 
island flap in 1992. It has numerous 
advantages, it is a one stage operation, 
which does not require microsurgical 
techniques. Elevation of the flap is easy and 
quick. The donor site has minimal morbidity 
as it can be closed primarily when small flap 
is raised and skin grafted when large flap is 
raised [18]. The vascular supply to the 
arterial network of the sural area is constant 
and reliable, and have been studied in 
details and there is no need to sacrifice any 
major artery and or sensory nerve [19].As 
the chances of survival of sural and soleus 
flaps dependsupon location and presence of 
patent perforators, so the preoperative 
colour Doppler evaluation of perforators may 
help in pre op planning.but it is not essential 
or recommended routinely.One of the few 
disadvantages of sural flap is hypoesthesia 
at lateral border of foot due to damage to 
sural nerve. Damage to Sural nerve may 
also occur during gastrosoleus flap,but with 
careful dissection it can be avoided.In our 
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study, none of the patients of gastrosoleus 
flap had this complication.Injury to sural 
nerve may lead to painful neuroma 
formation which may be prevented by deep 
burial of nerve ends.All these flaps take 
minimum of 2 weeks for being taken up, 
requiring immobilization, but it may lead to 
stiffness of knee or ankle joint.To prevent 
this we started mobilization of the joints after 
one week,depending on the fracture union.  

The cosmetic results of flaps remain a 
problem. In gastrosoleus flap long ugly 
posterior scar may form which may result in 
contracture formation.Sural artery flap 
usually gives a bulbous appearance, but 
these do not affect the final functional 
outcome.There occurs minimal functional 
limitation of donor site muscle after flap 
surgeries.Normal walking is unaffected, 
however functionally more demanding 

activities like walking uphill and running are 
affected [20].The major limitation of this 
study is small sample size. Considering the 
complications Neale et al [21] have 
reviewed the complications of muscle flap 
transposition for traumatic leg defects and 
concluded that the causes of complications 
were mainly technical errors, inadequate 
debridement, use of diseased and 
traumatized muscle and unrealistic 
objectives.       

Conclusion 

The complex open injuries of leg can be 
successfully managed by proper evaluation, 
adequate debridement, use of appropriate 
muscle flap resulting in early good wound 
healing, creating environment for faster 
fracture healing with good functional 
outcome.  
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