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Reconstruction of Soft Tissue Defects of Upper Extremity
Moeez Fatima, Faisal Akhlaq Ali Khan

ABSTRACT

OBJECTIVE: This study aims to evaluate the etiology of upper extremity soft tissue defects and
determine the outcome of the various methods for covering upper limb soft tissue defects.
METHODOLOGY: This case series study was done at the Plastic and reconstructive Surgery department
Civil Hospital, Karachi, from December 2018 to May 2019. Seventy-six cases were operated on in the
department of plastic surgery. All patients with upper extremity defects with or without exposed bone,
open fractures, and early presentation were included. Segmental bone defects, dirty wounds and
patient’s denial of consent were excluded. The mechanism of injury, association with fractures and the
method of fixation was documented. Radiographic images were taken. Further, the functional and
aesthetic outcome was assessed. Performa data has been analyzed using SPSS 21.

RESULTS: The mean age of the patient was 33+10.87 years. Road traffic accidents 32.89% and machine
cut injuries 31.58% were the commonest etiologies of upper limb defects. Postburn contracture was
seen in 10.53%, secondary to debridement at 13.16%, secondary to fasciotomy at 3.95%, secondary to
flap harvest at 6.58%, and secondary to tumor resection at 1.32%.

33(43.42%) upper limb defects were treated by grafting, and flaps were used in 43(56.58%).
CONCLUSION: Road traffic accidents and machine cut injuries are the main etiological factors of

upper extremity defects. Grafting and flaps are used in the management of soft tissue defects. They
have relatively low complication rates, provided that all measures should be taken to eliminate soft
tissue or bone infection.

KEYWORDS: Soft tissue defect, Upper extremity defects, soft tissue coverage,
Upper extremity reconstruction, Upper limb trauma.
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INTRODUCTION

Picture i: various etiologic factors casing soft
tissues of the upper limb. A: road traffic accidents
B: machine cut injury c: secondary to debridement
after infection

Reconstruction of defects involving soft tissue of the
upper limb is a common and imperative challenge’.
Causes of upper limb defects include trauma due to
road traffic accidents, machine injuries and wound
dehiscence secondary to surgical treatment,
abscesses, infections, necrotizing fasciitis, and tumor
resection. Multiple approaches have evolved for
mending and reconstructing these  defects.
Conservative treatment includes vacuum-assisted
closure’ or the dermal substitutive Integra (Integra Life
Sciences, Plainsboro, N.J). Surgical options for
treatment include skin grafts, local flaps, regional
flaps?, distant flaps, fillet flaps®and free flaps®. A
picture | shows various etiologic factors casing soft
tissues of the upper limb that will require definitive
coverage.

As there are many modalities for management, we
need to understand the reconstructive ladder and the
choices we make for the upper limb critical raw area
coverage. In conditions for a range of exposed bone
or tendon, skin grafts would not be the option, as skin

graft needs intact paratenon or periosteum. In these
cases, local upper extremity flaps would be better
options, like the V-Y advancement flap, Kutler flap,

Received: 21-01-2022
Revised: 13-12-2022
Accepted: 22-12-2022

Atosay flap, Moberg flap, cross finger flap (standard,
reverse), thenar flap, and Littler's neurovascular island
flap. If the defect is significant and cannot be covered
with local flaps, then regional flaps) are a reliable and
safe method. Theg include the Radial forearm flap
(standard, reverse)”, posterior interosseous artery flap
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(standard, reverse)’, medial arm flap (standard,
reverse), and lateral arm flap (standard, reverse).
They are easy to perform, as planned and executed
well, and have a low complication rate. Dual blood
supply to the distal upper extremity allows the sacrifice
of one major artery to raise the pedicel led flap; when
local and regional flaps are not possible, distant flaps
and free tissue transfer can be used to reconstruct
larger defects’®. The meta-analysis by Ng ZY 2017
illustrated the management with negative pressure
vacuum dressings on one end to the upper limb
transplantation on the other end. Ding JP 2016"
showed acceptable cosmetic and functional outcomes
after six months of follow-up for 7x15 cm defects
treated by pre-expanded pedicle flank flap.

METHODOLOGY

This case series study was done at the Plastic and
reconstructive Surgery department Civil Hospital,
Karachi. The study was planned from December 2018
to May 2019. The total sample size was 76, selected
by the Non-probability consecutive sampling
technique using the WHO sample size calculator,
taking statistics for machine cut injury as 20% (based
on pilot study Annexure I) with the error margin of
0.09. The ages of 18 years to 60 years old comprised
both genders.

Upper extremity defect with or without exposed bone,
open fracture of upper extremity requiring soft tissue
coverage, and patients presenting in the acute phase
of injury (within four weeks) were included. Patients
who had segmental bone defects and needed
vascularized bone grafts, dirty wounds that needed
multiple debridement sessions and denial of consent
by the patients were excluded. Patients were admitted
to the plastic surgery department from the emergency
department, outpatient and referred from the

APPENDIX A

Questionnaire: “Reconstruction of soft tissue defects of upper extremity.”
Sr. No Date:

Name Reg. No

Age: Sex: Male Female

Mode of admission: OPD Emergency Referral

Co-morbidities:

ONone ODiabetes(HBA1C >7) OHypertension (BP >150/90mmhg) OOther:

Smoker: OYes O No

Mechanism of injury

ORTA 0O Machine cutinjury O Jumor resection OSecondary defect after debridement
OOther,

Size of wound:

OSmall OMedium.. OLarge OVery Large

Associated Fracture: OYes 0O No

Method of fracture fixation (if applicable):

O ORIF DEx- Fixation Splintage

Type of coverage:

OGraft Olocal Flap..ORegional Flap ODistant Flap OFree Flap OFillet Flap
Complications of reconstruction:

ONone OWound Infection

O Graft Loss: QComplete graft loss Q Incomplete graft._Loss

OFlap Necrosis:  Q Partial
ONeed of second Procedure
Complications of donor site:
ONone [OSeroma OWound Dehiscence OSensory nerve dysfunction DOCellulitis
OHematoma

ONeed of amputation

Q Complete Q Arterial Thrombosis QO Venous Thrombosis

orthopaedics department involving upper extremity
defects fulfilling the inclusion criteria. All these patients
were included in the study after taking consent. Data
collected were age, sex, size and site of the defect
and cause of the defect, associated with or without
bone fracture and fixation. Pre-existing co-morbidities
like Hypertension, Diabetes mellitus, and Smoking
habits were documented. The wound size was
categorized as small, medium, large and very large
based on percentage. The palm of the patient was
equal to 1% of the total body surface area.

Basic investigations (total blood count) and pre-
anaesthetic check-ups for fithess for surgery were
done. X-rays of the injured limb were done to rule out
fractured / osteomyelitis bone. A wound swab culture
was sent. Once the wound was free of infection,
coverage was planned.

No specific instrument was required, and the coverage
was planned according to the defect dimension. The
time between the injury and the wound coverage was
noted, follow-up was done within four weeks, and the
outcome was documented. Assessment of the
Outcome was done regarding complications like
wound infections (requiring debridement), partial or
complete graft loss, partial or complete flap necrosis,
and the need for secondary soft tissue coverage or
amputation.

All the information was recorded on a Performa. Data
were analyzed using IBM SPSS statistics for windows
Version 21.0. Mean (S.D.) was computed for age, size
and defect site. Frequency and percentage were
calculated for gender, mode of admission, co-morbid
(Diabetes mellitus, hypertension), smoking status,
etiology, associated fracture type, type of coverage,
and complications. Effect modifiers were controlled
through stratification of age, gender, mode of
admission, co-morbidities, and wound size. We
applied a post-stratification Chi-square test, and P-
value < 0.05 was considered statistically significant.

RESULTS

Seventy-six patients with an open upper extremity
fracture who required soft tissue coverage were
included in this study. The age distribution of the
patients is shown in Figure I. There were 62(81.58%)
males and 14(18.42%) females from emergency.
Diabetes Mellitus and Hypertension were observed in
13.16% and 14.47%, respectively. Out of 76 cases, 31
(40.76%) were smokers, and 13(17.11%) were
associated with fractures. The aetiology of upper limb
defects requiring soft tissue coverage is presented in
Figure Il. Road traffic accidents and machine cut
injuries were the commonest cause of upper limb
defects found in 32.89% and 31.58%, respectively.
Post-burn contracture was seen in 10.53%, secondary
to debridement at 13.16%, to fasciotomy at 3.95%, to
flap harvest at 6.58% and secondary to tumour
resection at 1.32%.
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Out of 76 patients, 33(43.42%) with upper limb defects
were treated with skin grafts, and 43(56.58 %) were
covered with a flap, Out of which the split-thickness
skin graft method was used in 27(35.53 %) and 6
(7.89%) full-thickness skin grafts. Regarding type of
flaps, local flap was 17(22.37%), regional flap was 14
(18.42%), distal flap 8(10.53%), free flap 2(2.63%)
and fillet flap was used in 2(2.63%) cases. As shown
in Figure Ill.

Complications of methods used for covering up
defects of the upper limb involving soft tissues are
presented in the table. When skin grafts are used, the
rate of wound infection and incomplete graft take was
24.2% (8/33). The hematoma and complete graft loss
rates were in 2(6.1%) and 3 (9.1%) cases,
respectively. In the donor site, the rate of wound
dehiscence was 1(3.1%). Wound infection,
hematoma, incomplete graft Loss, and complete graft
loss were high in the split-thickness skin graft
techniques (Table I).

Figure I: Bar Chart lllustrating Hand Trauma
Incidence In Various Age Groups

Figure lll: The bar chart illustrates that the most
common coverage method was split-thickness
skin graft, followed by local flaps. The least
common methods were free flaps and fillet flaps
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TABLE I: COMPLICATIONS OF GRAFTS METHOD
FOR COVERAGE OF UPPER LIMB SOFT TISSUE

Full Split

Complications Thickness Thickness Total

Figure Il: The bar chart illustrates that RTA was
the most common cause of soft tissue defect in
the upper limb, followed by machine cut injury,
and defects secondary to tumor resection were
the least common cause

Graft Skin graft n=33
n=6 n=27
Reconstruction site
Wound infection 1 7 8
Hematoma 0 2 2
Incomplete Graft Loss 1 7 8
Complete Graft Loss 0 3 3
Donor Site
Wound Dehiscence 1 0 1
Seroma 0 0 0
Cellulitis 0 0 0
Sensory Nerve Dysfunction 0 0 0

25—

1
1.32%

; SR
RTA Machine Post bum Secondary Secondary Secondary Secondary
cutt injury contracture to to to flaj to tumor

release  debridement fasciotomy  harvest  resection

Mechanism of injury

DISCUSSION

I's a demanding challenge for surgeons to cover
defects involving soft tissues of the upper extremity
due to trauma, infections, burns, or after tumor
resections. The functional and aesthetic outcomes of
the surgery are the net result of the quality of
reconstructive procedures'?. Various methods are
recognized for reconstructing defects, either with
grafts or flaps. Flaps can either be local, regional, or
free flaps'. The most basic approach is preferable to
provide robust coverage. Determination of the
reconstructive procedure that will be used depends on
factors like time and mechanism of injury, the extent of
the site of injury, exposure of underlying tissues, and
consequences if tissues are allowed to heal with
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secondary intention'*. Pre-requisites of a sturdy
coverage are robust blood supply and defects free of
contamination through debridement and removal of all
necrotic tissues''°. Restoration of soft tissue should
be provided to avoid infections and allow patients to
return to routine life early'”'®

Seventy-six patients who required upper extremity
reconstruction were enrolled in this study. The study
aimed to determine the causes of soft tissue defects in
the upper extremity and

to evaluate the outcome of methods used for the
coverage of these defects. These patients were
predominantly young adults with an average age of
33.86+10.87 years, of the masculine gender (81.58%),
people with diabetes (13.16%), smokers (40.76%),
majority of injuries involved right (dominant) hand
(78.9%). The demographic data in this study
confirmed the study was done in a university hospital
by Miiller SS et al.'®, who followed the series of open
fractures. He also concluded that the study subjects
were predominantly young men with a mean age of
35.2 years. A similar study by Moore TJ 1989% also
suggested male predominance (78.85%) with a mean
age of 31.

Trauma to the hand, wrist, elbow or arms can occur
anywhere, like roads, work sites or even homes,
leading to bone fractures, severe soft tissue injuries,
and damage to tendons, ligaments and muscles. Our
study concluded that major etiologic factors causing
soft tissue defects were road traffic accidents (RTA)
and machine cut injuries found in 32.89% and
31.58%, respectively. After the release of post-burn
contractures, defects were seen at 10.53%, secondary
to debridement at 13.16%, secondary to fasciotomy at
3.95%, secondary to flap harvest at 6.58 % and
secondary to tumor resection at 1.32%. Bajaj HN
1988%' reported that 28.9% of burns caused soft
tissue defects, and 28.9% were affected by road traffic
accidents. Vanderschot P 1995 found road traffic
accidents a major etiologic factor in 21(67.7%) in a
series of 31 fractures. A study by Jekic ML 1993%
reported that 40 patients sustained trauma due to
traffic accidents (63.4%).

Extensive details of flaps for elbow?®*, forearm®>%,
fingers??® and upper extremity’® have been
elaborated by various authors. Our study mentions all
routinely performed flaps for almost all upper extremity
regions. In our study, 33(43.42%) upper limb defects
were treated by skin grafts, and flaps were used in 43
(56.58 %). Out of 76 patients, the split-thickness skin
graft method was used in 27(35.53%) cases and 6
(7.89%) full-thickness skin grafts. Regarding type of
flap, local flap was used in 17(22.37%), regional flap
was 14(18.42%), distal flap 8(10.53%), free flap 2
(2.63%) and fillet flap was used in 2(2.63%) cases.
Regarding the complication rate of the flap method in
our study, the rate of wound infection was high, i.e.
23.3%, followed by Excessive flap Edema at 11.6% in

the reconstructed site. The rate of wound infection
was high in local and distant flaps, while the rate of
other complications was observed in regional flaps.
The donor site rate of wound dehiscence and sensory
nerve dysfunction was 23.3% and 11.6%,
respectively; the study by Naalla R 2018"™ mentioned
complications of flaps. The complications were
marginal flap necrosis in 32 (15%) patients followed
by partial flap necrosis in 15 (7%), infection in 11
(5%), wound dehiscence in 5 (2.4%) and total flap
necrosis in 4 (2%) of patients. Marginal flap necrosis
was managed conservatively, debridement was done
for surgical site infections, resuturing was done for flap
dehiscence after wound preparation, and either
advancement of viable flap or addition of extra flap
compensated partial flap loss. In contrast, a new
strategy was designed to manage total flap necrosis.
There are multiple reasons for skin graft failure.
Hematoma formation under the surface of the graft is
the most common cause, as it prevents the graft from
adhering to the wound bed and hence lack of blood
supply leads to graft failure. A similar mechanism
occurs when there is seroma formation leading to graft
rejection. In our study, the complications of the
method used to cover soft tissue defects by grafting
method, wound infection rate, and incomplete graft
loss were 24.2% (8/33) each, respectively. In the
reconstructed site, the hematoma and complete graft
loss rates were in 2(6.1%) and 3 (9.1%) cases. In the
donor site, the rate of wound dehiscence was 3(9.1%).
A study of 121 patients injured due to burns was
conducted by Enshaei A 2014°° They divided the
groups into primary(early skin grafting ) and
secondary (delayed skin grafting after resectioning
burn wastes). All these patients underwent surgeries
where grafting was done. A. Enshaei A 2014%
reported that graft infection and rejection in the
primary group was 3.7% and 2.1% in the secondary
group, and they reported a 0% incidence of
hematoma formation.

CONCLUSION

In this study, we conclude that machine-inflicted
injuries and road ftraffic accidents are the major
etiological factors of soft tissue defects of the upper
extremity requiring coverage. Unforeseen
circumstances can lead to accidents anywhere,
anytime; these incidents can occur on the roads,
workplaces, playgrounds, homes, or kitchens. They
may result in complex bone fractures and severe soft
tissue injuries involving tendons, ligaments, and
muscles. The hand is the most complex appendage of
the body and vital for everyday routine. Restoration of
hand function is challenging and essential
simultaneously for a good quality of life. Defects in soft
tissue requiring coverage can be managed with
grafting or flaps; both have proven safe with a
reasonably low complication rate. Wound infection can
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occur in both methods and is the most common
complication, followed by hematoma. Before providing
stable coverage, it is crucial to eradicate necrotic
ischemic tissue and infection from the recipient site so
that the wound bed is ready to accept the graft.
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