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ABSTRACT

Objective: The objective of this study was to study the feasibility of local flaps in management of soft-tissue defects with exposed fracture bone 
fragments in lower extremity (particularly the leg) due to trauma.

Methods: The present study included 20cases of traumatized lower extremity having a soft-tissue defect and an exposed bone with or without 
associated fractures. Study was conducted from January 1989 to August 1990. Local flaps provide a reliable single stage procedure for coverage 
of lower extremity soft-tissue defects. Distant flap provides good coverage but these procedures are long drown out and tedious. Only those cases 
were selected in which wound was found to be preferably, in the upper 1/3rd, middle 1/3rdand the upper most part of the lower third of the leg due 
to easy accessibility and placement of the flaps to these area. (As flaps can easily be transposed to these areas). All flaps, that is, Fasciocutaneous, 
Musculocutaneous, or local Muscle flaps were under taken as a delayed procedure after careful evaluation of traumatized limb, that is, repeated 
dressing, debridement and control of infection.

Results: In this study, stable wound coverage was achieved in all patients. Most of the patients were in the age group of 18 to 42(55%), of these 
90% were male. The longest duration of follow-up was 14 months and shortest was 3 months. Excellent result were obtained in Muscle and 
Musculocutaneous flaps while good result was obtained in 10% cases of Fasciocutaneous flap.

Conclusion: Stable coverage can be achieved by flap techniques using Fasciocutaneous Muscle of Musculocutaneous flaps. Coverage of exposed 
cartical bones, tendon and major vessels and adequate control of infection can be achieved by Muscle and Musculocutaneous flap in post traumatized 
limb. Fasciocutaneous flap (Ponten super flap) is very useful in repair of soft-tissue defect asit is a much simpler, easy to design and construct large 
flaps are safe due to good circulations, requires less time without any functional loss. Post-operative management is simple for both patient and staff.

Keywords: Fasciocutaneous flap, Muscle flap and musculocutaneous flap, SSG split skin graft.

INTRODUCTION

In polytraumatized patients, compound injuries to the leg constitute a 
challenging problem. Inadequate soft-tissue coverage of injured limb is 
of prime importance otherwise may lead to necrosis of tendons, exposed 
bone ends and subsequent infection. Coverage of soft-tissue defect is 
considered to be the stepping stone toward reconstruction of deeper 
tissue, primarily the bone Fig.1. The primary coverage (direct closure) of 
wound of leg may not be possible as: The cylindrical shape of extremity 
limits the amount of tissue for adequate closure and the circumference of 
the extremity increases with edema of trauma, tension increases in Direct 
closure and leads to ischemia of tissue within closed compartments. The 
edema limits the elasticity of the skin, primary wound closure without 
tension, and primary skin coverage of large soft-tissue defects of exposed 
bones is the essence of treatment. These are the two basic objectives of 
wound treatment in compound injury of leg. Infection of deeper tissues 
and bones is a dreadful complication which prolongs the hospital stay 
and thereby increasing the cost of treatment [1].

surface, that is, bare bones tendons, across open joint.
2. Prolonged and protracted plastic reconstructive surgery in the form 

of distant full thickness flap is not a procedure of choice.

The local flaps in the form of Muscle, Musculocutaneous and 
Fasciocutaneous flaps are valuable technique that have profoundly 

changed the contemporary practice of reconstructive surgery as major 
advancement by providing excellent single stage coverage of soft-
tissue defect, with exposed bones and neurovascular structure. The 
donor area is grafted with SSG With more familiar with the anatomy of 
extremity Orthopedic surgeon is in a better position to reconstruct the 
soft-tissue defect, hence decreases the dependency on plastic surgeons.

METHODS

The present study included 20 cases of traumatized lower extremity 
having a soft-tissue defect and an exposed bone with or without associated 
fractures. Study was conducted from January 1989 to August 1990.

Definitive wound coverage was done as delayed procedure using a 
selected technique and at the same time split thickness skin graft 
was applied on the muscle pedicle flap or on the raw area created by 
transposition of flap.

© 2024 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/) DOI: http://dx.doi.org/10.22159/ajpcr.2024v17i5.49707. Journal homepage: https://innovareacademics.in/journals/index.php/ajpcr

Research Article

*Corresponding author:  pal.vishnu78@gmail.com

Received: 26 October 2023, Revised and Accepted: 18 December 2023

In such conditions, appropriate adequate stable skin cover is provided 
at the earliest to minimize the period of recumbency and hospital stay. 
Few techniques of primary wound closure are available: -
1. Split thickness graft (SSG) will not be accepted at avascular exposed
 

Most  of  the  cases  having  a  compound fracture  of  leg  with  soft-tissues defectsin upper 1/3rd, middle 1/3rd leg, and the upper most part of the lower  1/3rd  of  leg  were  included  in  this  study.  Evaluation  of traumatized limb for presence of neurovascular complications and the associated  fracture  was  done.  Debridement  of  the  wound  and  stabilization  of fracture  was  done  before.  Assessment  of  wound  for  infection,  motor sensory, and vascular status was done until the wound became healthy. The  was  conducted  with  admitted  patients,  in  the  department  of  Orthopedics  Hamidia  Hospital,  Bhopal,  proper  consents  were  taken before the surgery.
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Procedure
The ideal flap for wound coverage was selected on the basis of the 
anatomical location of traumatized zone and the availability of 
expendable Muscle, Musculocutaneous, or Fasciocutaneous flap of 
suitable vascular anatomy in the adjacent healthy zone.

With all aseptic precautions under tourniquet, the wound was prepared 
by excising all dead tissue and scarred margins. Fixation of bone was 
done before applying the technique either by external/Internal fixation 
or by pin traction and plastar cast application.

In this series transposition of soleus muscle was doneas described by 
Ger Muscle was fanned out to cover the raw area and at the same time 
the raw surface of the muscle was skin grafted (SSG).

The Fasciocutaneous flaps (“Ponten Super Flap”), along with skin 
subcutaneous tissue and deep fascia transposed over the wound to its 
distal margin without tension. Width of the distal protion of the flap 
should be more than the width of wound and the base of the flap should 

be widened atleast 3 times that of the distal end. The donor area is 
grafted with SSG.

In the case of musculocutaneous flaps, one head of Gastrocnemeous 
was separated along with fascia, deep fascia subcutaneous tissue as 
well as skin, and whole unit transposed to the prepared wound area. 
Donor area grafted with SSG. Nine Fasciocutaneous flaps, seven Muscle 
flaps (4 Soleus and 1 Tibiatis anterior), and four Musculocutaneous 
flaps (medial head of Gastrocnemeous) were used.

In all cases, along with antibiotic, anti-inflammatory, and vasodilates 
were given for 5days postoperatively.

The first post-operative inspection was done after 48 h for color 
discharge from stitches and position of grafted skin and the wound was 
inspected every 5thday till the stitches were removed.

DISCUSSION

Local flaps provide a reliable single stage procedure for the coverage of 
lower extremity soft-tissue defects. Distant flaps provide good coverage 
but these procedures are long drawn out and tedious.

These injuries are more common in the younger age group, which was 
perhaps due to a more vigorous life style particularly in male.

In all cases site of injury was the crural region (Table 3) shows the 
different anatomical sites of injury in this series. 30% of cases reported 
in upper 1/3rd, 40% in middle 1/3rdand 30% cases in lower 1/3rdof 
leg. While in Yadav showed 30% in the upper 1/3rd, 46% in middle 
1/3rdand 23% in lower 1/3rdof leg.

In this series, transposition of all flaps were under taken as a delayed 
procedure after repeated dressings, debridement and controlling of 
infection. Yadav (1988) also delayed the procedure till the wound 
became healthy. Maxwell (1979) delayed the procedure till the control 
of infection, Mathes and Vasconez, (1982) delayed the procedure for 
5–7days. Ger (1970) suggested the use of Muscle flaps for immediate 
repair of traumatic defects [5].

Fitzgerald et al. (1985) used and Gastrocnemeous Muscle flap in 
treatment of chronic osteomyelitis. The result was satisfactory. Yadav 
used three Gastrocnemeous Muscles for upper 1/3rd leg and 3 soleus 
Muscle flaps for middle 1/3rd.

Tubed pedicle flap

Complex Distant flaps Cross leg flap

Free microvascular flap

Cutaneous flap

Local flaps Fasciocutaneous 

Muscle

Musculocutaneous

Split skin graft

Simple Direct Closure

Fig.1: Reconstructive ladder

Type

Consideration Muscle flap and 
skin graft

Musculocutaneous 
flap

Esthetic
Flap Good to fair Excellent to fair
Donar defect Excellent Excellent to poor
Flap atrophy Muscle will atrophy Subcutaneous fat 

will not Atrophy
Functional

Sensibility No Yes
Pliability Fair Excellent
Size Limited to the size 

of the muscle
May be extended 
beyond Muscle

Table 1: Aesthetic and functional consideration of Muscle flap 
and Musculocutaneous flap (Mathes and Nahal, 1982) [2]

Inappropriate management of compound injuries of the 
lower extremity  leads  to  the  vicious  cycle  described by Converc  (Fig. 
11).  The  proper  approach  should  be  to  get  a  well-vascularized 
soft-tissue cover in place as soon as possible. This concept demands an 
aggressive  initial  debridement  followed  by  aggressive  wound  care 
(Biological  dressings).  The  timing  of  bone  coverage  must  be  carefully 
determined  and  must  be  based  on  sound  clinical  judgment.  One  cannot 
make a general statement that all compound wounds should or 
should not have immediate coverage with flaps. Each case must 
be  carefully  assessed in  terms of  the  specific  tissue  needed and 
the amount of wound contamination present. Within this framework
 the  appropriate  timing  of  the  coverage  can  be  best  determined 
(Maxwell and Hooper, 1979) [3].

Most  of  the  patients  55%  belong  to  the  age  group  of  21–30  years,  of these  90%  were  male  (Table  2).  Yadav  (1988)  described  61%  in  the 21–  30  years  age  group  and  92%  were  male.  Maxwell  et  al.  (1979) reported  all  100%  male  in  77%  21-30  age  groups.  Ponten  (1979) showed  male  predominance  in  90%  cases  of  average  age  of  42  years [4].

The  muscle  used  for  achieving  the  soft-tissue  coverage  depends  on  the anatomical site of lesion (Arnold a Irons 1984). The Gastrocnemius muscle flap  is  the  flap  of  choice  in  the  proximal  1/3rd  of  leg  and  was  used  as  myocutaneous  flaps  in  four  cases  (Table  4).  Ger  and McCraw  (1971)  [6]  and  Maxwell  et  al.  (1979)  use  medial  head  of  the Gastrocnemeous myocutaneous flap in compound fracture 1/3rd upper successfully in three cases [7].
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Lower 1/3rd of leg is difficult area for coverage by Muscle flap and 
usually requires coverage by distant flap.

In this series, five cases of lower 1/3rdsoft-tissue defect were covered 
by Fasciocutaneous flaps (Table5). There is no problem in designing a 
flap measuring 18 × 8cm. It is very easy to design and construct large 
flaps that are safe due to good circulation. Operation time is short 
for an experienced surgeon. Post-operative treatment is simple for 
both the patient and staff (Ponten, 1981). Barclay (1982) confirmed 
the reliability of the Ponten’s Fasciocutaneous or “super flap” in the 
management of lower leg injury. The result of super flap was very 
satisfactory. In this series of 16cases healed primarily and two cases, 
there was a marginal distal skin loss. He described the damage was 
superficial [13].

In the present series, two cases of distal marginal necrosis of the 
terminal 2 cm of Fasciocutaneous flap was noted, probably due to 
excessive tension in the terminal part of flap. This portion was re-
grafted with SSG after 5–7 days while in another case gap was filled 
up by granulation tissue. Vascones et al. (1974) showed the excessive 
tension on the flap was found to be one of the causes of flap failure. In 
this series results were found to be very satisfactory as in all cases the 
flaps healed. The advantage of Fasciocutaneous flap is obvious.

The Fasciocutaneous maneuver should always be considered when one 
is faced with the problem of covering a soft-tissue defect on lower leg.

Table8: Post‑operative complications

S. No Type of complications No. of cases
1 Infection 8
2 Necrosis of fasciocutaneous flap at distal edge 2
3 Inadequate flap coverage 1
4 Functional loss due to muscle‑transposed 1
5 Loss of split skin graft 1
Total 13

Table4: Flaps used for coverage of soft‑tissue defects with 
exposed bone fragments

S. No. Flap used No. of cases
1 Musculocutaneous flap 4
2 Muscle flap with a split skin graft 7
3 Fasciocutaneous flap 9
Total 20

Table6: Muscle used in local flap

S. No Muscle used No. of cases
1 Gastrocnemius medial head 4
2 Soleus 6
3 Anterior tibial 1
Total 11

Table2: Age and sex distribution of patients

S. No Age in years Male Female
1 11–20 1 ‑‑
2 21–30 10 1
3 31–40 5 1
4 41 and above 2 ‑‑
Total 18 2

Table3: Anatomical area in the leg where flap was used

S. No Site No. of cases Flaps used
1 Upper 1/3rd of leg 6 Musculocutaneous flap

Fasciocutaneous flap
2 Middle 1/3rd of leg 8 Muscle flap

Fasciocutaneous flap
3 Lower 1/3rd of leg 6 Fasciocutaneous flap
Total 20

S. No Flap used No. of cases Results
1 Musculocutaneous 4 Excellent
2 Muscle flap 7 Excellent
3 Fasciocutaneous 9 {7 cases} Excellent

{2 cases} Good
Total 20

S. No Methods No. of cases
1 Internal fixation 6
2 External fixation 1
3 Pin traction and plaster application 13
Total 20

Table5: Fasciocutaneous flaps used in anatomical areas of leg

S. No. Anatomical area No. of cases
1 Upper 1/3rd of leg 2
2 Middle 1/3rd of leg 2
3 Lower 1/3rd of leg (upper part) 5
Total 9

Table 9: Results obtained in flap study

Soleus  muscle  is  the  most  useful  for  covering  soft-tissue  defect  for 
the  middle  1/3rd  of  leg  as  suggested  by  Mathes  and  Nahal  (1979), 
(1982),  Swertz  and  Jones  (1985)  [8].  The  second  choice  for 
coverage of soft- tissue defect in middle 1/3rd of leg is medial head of 
Gastrocnemius.  In  this  series,  five  flaps  of  soleus  Muscle  was  used  in 
middle  1/3rd.  Total  six  soleus  muscle  flaps  were  used  (Table  6). 
Fitzgerald  et  al.  1985  used  18  soleus  muscles  in  treatment  of 
osteomyelitis with excellent result [9].
Tibialis  anterior  muscle  can  be  used  with  functional 
preservation (Robbin 1976, Moller and Peterson, 1984) to cover the 
upper 2/3rd  of  the outer surface of  tibia.  It  was used in one case in 
middle1/3rd of leg in this series (Table 6). Yadav (1988) successfully
 applied the tibialis anterior muscle in one case [10].The Fasciocutaneous super flap (Ponten, 1981) described that this flap can be used from the level  of  knee down to  foot.  He successfully  used these flaps is proximal middle, a lower 1/3rd of leg. He describes soft- tissue defect  of  lower 1/3rd of  the leg is  difficult  area for coverage by muscle and usually, it was covered by distant flaps but the disadvantage of  this  is  well  known.  Ponten  (1981)  [11],  described  Fasciocutaneous flap very useful for soft-tissue defect of the lower leg. Soleus muscle can  be  used  to  cover  distat  tibia  (Wright  and  Wakins  1981,  Mathes and Nahal 1982), and it was used in one case in this series for lower 1/3rd defect [12].

Table 7: Technique used for stabilization of fractures

In  the  presence  of  infection,  the  use  of  a  Muscle  or  Musculocutaneous flap  has  certain  advantages  over  Fasciocutaneous  and  random cutaneous  flaps  (Chang  and  Mathes  1982  and  Russell  and  Graham 1988)  [14].  Posts  traumatic  infection  results  were  satisfactory  as  in all  cases infection were controlled.  Role of  Muscle flap in treatment of  chronic  Osteomyelitis  has  been  emphasized  by  Stark  (1946),  Chang
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In almost all cases, fracture was present. These fractures were stabilized, 
that is, by nail, external fixator, or pin traction and plaster application. 
Yadav (1988) used external fixator and plaster application. Maxwell 
etal. (1979) used Hoffman’s double frame external fixation system. He 
showed that Hydrotherapy, biological dressing’s skin grafting and flap 
coverage have been made easier by its use [16].

In eight cases, there was flaring of the infection (Table8) necessitating 
prolonged use of suction drain system and daily dressing until complete 
healing was achieved. Delayed loss in split skin graft was noted and 
second skin grafting procedure was done.

Functional loss due to muscle transposition was reported in one case 
of the Soleus muscle. Tobin (1985) used a Hemi soleus flap either 
proximately based or distally (reversed) transfer. It prevents plantar 
flexion power by Hemi soleus belly left in situ. In this series functional 
loss was little and the Gastrocnemius muscle overcame the function of 
Soleus [18].
1. In this study, stable wound coverage was achieved in all patients; 

the longest duration of follow-up was 14months and the shortest 
4months. Yadav (1988) showed the longest follow-up of 10months 
and shortest 4months [19].

2. High rate of success (98%) was due to:
•	 Proper selection of cases
•	 Proper selection of extendable muscle and

	 •Proper planning of flaps, better knowledge of the vascular pattern 
of muscle and skin, and meticulous aseptic technique used.

The early physiotherapy is of immense help in preventing the functional 
loss by strengthening synergestic muscle. Adequate aggressive 
debridement, fixation of fracture, proper positioning of limbs to prevent 
pressure on flap or pedical was of profound importance for the success 
of flaps in this study.

RESULTS

The present study includes 20cases. Most of the patients were in the 
age group of 18 to 42years. There were only two females.

The study includes 20 cases of traumatized lower extremities 
(particularly the leg) which required local flap coverage for soft-tissue 
defects with exposed fractured bone fragments.

Most of the patients were male in the age group of 18–42years. There were 
only two females Maximum number of flap coverage was done in middle 
1/3rdof leg. Fasciocutaneous flap was done in 45% cases in this series.

Excellent results were obtained in Muscle and Musculocutaneous and 
Fasciocutaneous flaps, while good results obtained only in 10%of cases 
of Fasciocutaneous flaps.

CONCLUSION

1. The most common site of soft-tissue defect in the lower extremity 
is leg. Stable wound coverage to exposed cortical bone, tendons and 
major vessels could be achieved using Fasciocutaneous, Muscle or 
Musculocutaneous flaps technique.

2. Fasciocutaneous flap maneuver should always be considered when 
facing difficulty in covering the soft tissue on the lower leg. This 
flap is simpler, easy to design, and can construct large flaps, that 
are safe due to good circulation. These flaps (Fasciocutaneous) 
require less time and involve less risk to the patient without any 
functional loss. Post-operative management is simple for both the 
patient and the staff.

3. Adequate control of infection was achieved using Muscle and 
Musculocutaneous flaps.

4. Fixation of bony fragments provided easy access to the wound by 
providing stability.

5. No functional deficit was noted in cases where complete 
reconstructions of limb were possible during the study period. The 
total period of hospital stay of the patient was reduced.
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