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ABSTRACT 

Radiation-related wounds challenge surgeons in all disciplines of surgery. 
Wound-healing complications are commonplace, and solutions for reconstruc
tion are limited. Muscle and musculocutaneous flaps have improved this situa
tion. But the question is, does previous radiation of the muscle to be transposed 

affect the outcome? 
143 consecutive previously irradiated patients treated with muscle or mus

culocutaneous flaps composed the group under consideration: these 143 patients 

had 206 muscles transposed. The overall complication rate for muscle transposi

tion to close a radiated wound was 20 percent. 
Of the 143 patients who received radiation, 62 patients had the muscle trans

posed for wound closure from the primary field of radiation. 81 patients were 
closed with non-irradiated muscle. When the transposed muscle had been radi
ated, the complication rate was 29.6 percent; in 14.3 percent, the entire muscle 
underwent necrosis, requiring total removal and a second tissue transposition from 
a non-irradiated source to achieve closure. The subgroup using non-irradiated 
muscle had a complication rate of 12.2 percent; 1 patient in this group had com

plete flap necrosis requiring a second tissue transposition. No postoperative deaths 

were encountered. 
The experience in our department reveals that non-irradiated muscle is the 

best choice for closure of a radiated wound, if possible. 
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INTRODUCTION 

Radiation therapy is a valuable form of treatment for 
a wide variety of primary and recurrent malignancies. 

Although local control of the tumor is improved, this is 

accompanied by long-term qualitative effects of fibro-

blasts and myofibroblasts in conjunction with mitochon
drial damage and inhibition of wound contraction.1,.2 Vas

cular changes have also been documented to include en

dothelial proliferation, subintimal fibrosis, and reduc

tion in the vessel lumen, which could lead to thrombo

sis 3,4. The reconstructive surgeon is often faced with a 
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difficult wound, a hopeless patient and a history of mul
tiple previous non-operative and operative failures. 

Brown et a!. 5 Presented a classic report in 1949 out
lining the clinical stages of chronic radiation injury . Their 
description of atrophy , telangiectasis, "coal spots�', kera
tosis, and carcinoma remains accurate. W hen presented 
with chronic ulcers, their recommendation called for the 
use of adjacent or distant delay ed flaps. Later, as their 
experience expanded, they demonstrated that in order to 
achieve healing, non-irradiated, well-vascularized tissue 
had to be brought into the radiated field.6 

In 196 1 ,  Masters and Robinson7reported their expe
rience in 169 cases over 14 y ears and recommended that 
chronic radiation injury is best treated with uninvolved 
tissue from outside the primary field of radiation. How
ever, a more recent report has stated that radiation to the 
transposed muscle's nutrient vessels does not compro
mise flap viability . Regarding current experiences, this 
has not been the case.8 In light of this controversy , and 
some unsatisfactory results, the experience in our depart
ment was reviewed during the last 9 y ears with muscle 
transposition for closure of radiated wounds. We spe
cifically compared our results when the transposed 
muscle was in the primary field of radiation versus when 

non-irradiated muscle was used. 

MATERIAL AND METHODS 

From June 1991 through June 2000, 407 tissue trans
positions were performed in 377 patients on a single sur
gical service (Saint Ali-Asghar Hospital). Patients who 
had a recurrent malignancy, were receiving chemotherapy 
or were currently taking steroids, or had used steroids 
within the previous y ear were excluded from this initial 
group of patients. The first 206 consecutive previously 
irradiated wounds closed with either muscle or muscu
locutaneous flaps were reviewed. 

Table I. Location of wounds. 

Location No. of patients 

C hest wall 35 

Sternum 31 

Breast 21 

Buttock 9 

Perineum 8 

Groin 9 

Head and neck 7 

Upper extremity 2 

Lower extremity 20 

Total patients 142 

190 

In group A (91 patients), the muscle transposed was 
in the primary field of radiation. In group B (1 1 5 pa
tients), the transposed muscle was non-irradiated. 

The median time period from the last course of ra
diation to the day of surgery was 3 . 4 y ears with a range 
of 2 months to 8 y ears. A radiation therapist reviewed 
the patients included in the study to determine the field 
of radiation and its relation to the transposed muscle. 
All patients had received radiation therapy for the treat
ment of malignant disease. The average age in each group 
was comparable: group A, 41 y ears; group B, 44 years. 

Although a wide variety of wounds was seen, in 42 
percent the upper trunk was reconstructed (Table I). 

In almost 50 percent of cases, the latissimus dorsi or 
pectoralis major was used (Table II ). 

All procedures were performed in a single surgical 
service by the same primary surgeon, thus ensuring con
sistency of surgical technique. Consecutive patients were 
chosen to minimize the effect of operator experience and 
reduce the bias of patient selection. 

All complications were assessed by the same surgeon 
and noted. The charts of £1.1i patients included in the study 
were reviewed by the same investigator. Partial or full 
muscle necrosis was defined as requiring operative de
bridement. Partial skin graft loss was judged significant 
when debridement and regrafting were required. Wound 
infections were confirmed by culture of the organism 
involved. The procedure was deemed a complete failure 
wren the transposed muscle suffered complete necrosis, 
necessitating total excision followed by a second tissue 
transposition to achieve closure. In our series, all cIo-

Table II. Tissue transposed. 

Muscle Number Percent 

Latissimus dorsi 56 27.2 

Pectoralis major 44 21.4 

External oblique 11 5.3 

Gluteus maximus 10 4.8 

Rectus abdominis 12 5.8 

Trapezius 4 1.9 

Pectoralis minor 9 4.4 

Gracilis 12 5.8 

Gastrocnemius, 13 6.3 

medial 

Gastrocnemius, 16 7.8 

lateral 

Tensor fasciae latae 14 6.8 

Deltoid 2 0.9 

Temporalis 3 l.5 

Total 206 100 
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sures were completed with tissue transposition; methods 
of management of radiation-induced wounds with non
viable transposed primary muscle, by a secondary muscle 
is shown in Table III. Free tissue transfer was not re

quired. 

RESULTS 

The overall complication rate for muscle transposi
tion in a radiated field was 20 percent. This is compared 
with a complication rate of7.8 percent in our series of 
512 patients operated on by the same surgeon over the 
same time period requiring muscle transposition which 
had never received radiation therapy . 

For the 206 patients who received radiation, the trans
position ofa radiated muscle was associated with a com
plication rate of29.6 percent. However, when a non-ir
radiated muscle was lIsed, the complication rate was 12.2 
percent. The incidence of hematoma, seroma, infection, 
and fistula were comparable in both groups (Table IV). 

However, when evaluated specifically for failure of 
the transposition, there were 13 complete failures (14. 3 
percent) when radia1ed muscle was used. These required 
total excision of the transposed radiated muscle and a 
second tissue transposition for closure. There was 1 com
plete failure when a non-irradiated muscle was trans-

posed. The transposition of a non-irradiated muscle even
tually resulted in primary healing in all but I patient .  
This difference is significant by Fisher's exact test 
(p<0.0004) .  

There was no mortality in both groups. The average 
hospital stay was 1 7  day s when non-irradiated tissue was 
used, compared with 2-6 day s when radiated muscle was 
used. The length of stay was analy zed by using an inde
pendent group t-test. The t value of 5.3 was highly sig
nificant (p<0.0002). This difference is attributed to the 
higher rate of post-operative complications when radi

ated muscle was used. 

DISCUSSION 

The radiated wound has been recognized as a chal
lenging problem by surgeons for over 47 y ears. Cellular 
and non-cellular changes, combined with the progres
sive nature of radiation damage, caused us to modify our 
approach when treating a radiation injury. The single 
most important consideration in the treatment of radia
tion wounds is adequate debridement.9-11 This can ex
ceed original estimates of the area involved and require 
multiple procedures. In many instances, a wound that 
appears healthy in the operating room after fresh debri
dement shows continuing necrosis the following day . For 

Table III. Methods of management of radiation-induced wounds with non-viable transposed pri
mary muscle, by a secondary muscle. 

Radiation status of Primary muscle Site of wound Secondary Number 

muscle transposed transposed muscle 

transposed 

Tensor fascia Perineum Gracilis 

lata 

Irradiated 

Medial Leg Lateral 

gastrocnemius gastrocnemius 

Lateral 

gastrocnemi us Leg Medial 

gastronemius 

Pectoralis Sternum Latissimus 

major dorsi 

Pectoralis Sternum Rectus 

major abdominis 

Non-Irradiated Latissimus Sternum Rectus 

dorsi* abdominis 

*This failure seems to be due to shortness of the vascular pedicle resulting in intimal damage 

during transposition and inevitable tension. 
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Table IV. Complications. 

Radiation Full Partial Hematoma 

status of muscle muscle 

muscle necrosis necrosis 

Non-

irradiated 1 2 -

muscle 

(Group A) (0.9%) (1.7%) (0%) 

(n= 1 15) 

Irradiated 

muscle 13 1 2 

(Group B) 

(n= 91) (14.3%) (1%) (2.2%) 

this reason, we delay wound closure until the wound has 
clearly demonstrated, 24 to 48 hours after the last debri
dement, that a stable, healthy wound margin has been 
established. Despite aggressive attempts, in most in
stances the surgeon is still faced with some degree of 
radiation damage in the area of concern, with relative 
ischemia. At this time, we rely on the transposed muscle 
to provide a well vascularized tissue source to augment 
the wound healing process. 

This only works when the blood supply to the edges 
of the debrided wound is only compromised and not ab
sent. Transposed muscle will not, in our experience, "re
suscitate" non-viable tissue. 

It has been our experience that when the transposed 
muscle has been irradiated, failure of the procedure is 
increased. The viability of the muscle in these cases does 
not appear compromised at the time of the original pro
cedure; however, in most cases a combination of necro
sis and infection lead to failure. In 4 patients, this re
quired further debridement and transposition of the 
muscle from outside the field of radiation. All patients 
were eventually discharged with a closed wound. 

The cause of complete failure of the transposed 
muscle is likely to be multifactorial; however radiation 
appears to be a significant factor. In our group of 512 
non-irradiated patients, there were only 4 patients in 
whom transposition resulted in complete necrosis of the 
muscle, a rate of 0.8 percent. This compared with a com
plete necrosis rate of29.6 percent when radiated muscle 
was transposed. This represents a greater than 37 -fold 
increase in full muscle necrosis when radiated muscle 
was used. 

The ability of muscle and musculocutaneous flaps to 
resist bacterial inoculation and clear residual infection 

1 92 

Seroma Infection Fistula Total 

3 3 5 

(2.6%) (2.6%) (4.4%) (12.2%) 

3 4 4 

(3.3%) (4.4%) (4.4%) (29.6%) 

is a clear advantage in chronic open wounds. the pro
gressive vascular damage and cellular injury associated 
with radiation appears to reduce the advantage of muscle 
transposition when the muscle has been in the primary 

field of radiation. 
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