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Abstract: Split thickness skin graft 
(STSG) is a versatile procedure 
performed for the treatment of wounds 
resulting from varying pathology. This 
remains very useful because of its ability 
for quick healing and low complication 
rate. The surface of the foot and ankle 
is an area frequently affected by severe 
skin and soft tissue structure infections 
(SSTIs) whose treatment results in 
wounds. These infections and resultant 
surgical wounds are commonly seen 
patients with diabetes. The objective of 
the present study was to retrospectively 
evaluate initial healing and immediate 
post-operative outcomes following STSG 
application in a diabetic population 
when negative pressure wound therapy 
(NPWT) was used as a bolster. Ten 

patients were identified, including 11 
surgical wounds, who underwent STSG 
bolstered with NPWT from January 
2016 to October 2018. Mean follow-up 
was 13 months (range 
1-33 months) with an 
average time to heal 
of 17 days (range 14-
30 days) for 11 surgical 
wounds averaging  
57 cm2 (range 
6.3 - 91 cm2). 
Consistent improved 
outcomes have been 
demonstrated when 
compared to alternative bolstering 
techniques available in the literature 
making a STSG bolstered with NPWT a 
powerful tool in the reconstruction of 

diabetic foot wounds resulting from the 
treatment of infection.
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The use of split thickness skin graft 
(STSG) has withstood the test of 
time for coverage of wounds of the 

entire body. Documentation of its use 
dates to 3000 bc for the treatment of 
traumatic facial reconstruction.1 
Monumental steps leading to the modern 
techniques were made by Padgett and 
Hood in 1939 with the use of 
electrodermatome and meshing of the 
graft originally described by Tanner 
et al.2,3

Lower extremity studies have confirmed 
its utility for coverage of burns, but the 
role of STSG in reconstruction of the 
diabetic foot and ankle wounds has 
recently been exemplified.4-10 Deep 
abscess of the foot and ankle necessitates 
timely surgical intervention to control 
infection and to prevent sepsis and septic 
shock. Often the intervention results in 
large wounds that primary closure is not 
an option. Timely healing in the diabetic 
population is of paramount importance 
to be able to avoid recurrent infection 
and amputation. Pathophysiological 
factors such as endothelial dysfunction, 
impaired microcirculation, neuropathy, 
and hyperglycemia all contribute in 
longer healing times, which increase 
susceptibility to infection and ultimately 
propagation to further tissue loss.11-13

We hypothesized that use of negative 
pressure wound therapy (NPWT) as a 
bolster will improve overall recovery 
time and success at the graft site as 
measured by time to heal in a diabetic 
population. This retrospective review 
aims to further validate the use of STSG 
for reconstructive efforts in the diabetic 
population.

Patients and Methods
With institutional review board 

approval (Baylor College of Medicine, 
protocol H-44423), after an expedited 
review, a retrospective medical record 
review was performed. Current 
Procedural Terminology codes were used 
to identify a total of 15 patients who 
received STSG bolstered with NPWT as 
delivered by Vacuum Assisted Closure 
(VAC) Therapy System (KCI USA, San 
Antonio, TX, USA) from January 2016 to 

October 2018. Of those, 10 patients 
(66%) with 11 wounds met the inclusion 
criteria. These patients were evaluated by 
the author at the clinic or hospital 
setting. The inclusion criteria were 
previous diagnosis of diabetes mellitus, 
lower extremity infection that required 
surgical debridement in the operating 
room, and application of STSG using 
NPWT Vacuum Assisted Closure (VAC) 
Therapy System as a bolster during the 
reconstructive process. The patients were 
required to be older than 18 years and 
have not undergone previous surgical 
intervention for the defect such as skin 
graft or flap coverage.

Healed wound was defined based on 
US Food and Drug Administration as 
reepithelialized skin without drainage or 
dressing requirements confirmed in 2 
consecutive visits 2 weeks apart.14

Demographic data (Table 1), including 
age, sex, tobacco use, and 
comorbidities were obtained from the 
electronic medical record for analysis in 
addition to lab values (HbA1c, 
albumin), vascular status, and wound 
characteristics (Table 2), including size, 
time to heal, and clinical progress 
based on clinical notes and pictures. 
Time to heal and percent take of the 
STSG was determined based on clinical 
notes and clinical pictures. Pictures 
were taken at each visit and findings 
were recorded (Figures 1A to 3K). 
Epithelization was visually estimated as 
a percent of incorporation by the 
surgeon at 2 weeks (Figures 2A-K) 
during removal of the bolster and 
confirmed at consequent weekly visits. 
Outcome assessors were participants in 
this intervention.

All wounds were the result of tissue 
loss secondary to SSTIs (Figures 1A-K). 
Diabetes mellitus type 2 was the major 
comorbidity for 11 wounds with average 
HbA1c of 8% (range 6.0% to 14%). The 
average albumin was 2.9 g/dL (range 2.4 
to 3.7 g/dL). Five plantar midfoot 
wounds were secondary to Charcot 
neuroarthropathy–associated abscess 
(Figure 1D, F, G, J, and K). One forefoot 
plantar foot wound was the result of 
surgically treated diabetic foot abscess 
with concomitant osteomyelitis of part of 

the fourth and fifth metatarsals (Figure 1I). 
Two posterior leg wounds were 
secondary to infected hematoma 
formation following a motor vehicle 
accident (Figure 1B and C). One dorsal 
foot wound was secondary to necrotizing 
soft tissue infection (Figure 1A) and 2 
dorsal foot wounds were secondary to 
surgically treated abscess associated with 
osteomyelitis of lesser metatarsals 
(Figure 1E and H).

The vascular status of all but 3 patients 
(27%) that required endovascular 
procedure was adequate with intact 
vasculotome to the area of interest. The 
other 3 required endovascular 
revascularization prior to reconstruction. 
This was confirmed with handheld 
Doppler ultrasound (Summit Doppler 
Bi-Directional Vascular Probe, VistaAVS/
VistaABI 8 MHz) in all patients. Two 
(20%) of the patients were smokers. The 
wounds exposed to the level of 
subcutaneous tissue, fascia and muscle. 
No exposed periosteum or bone were 
noted during application of the STSG. 
The average follow-up was 13.3 months 
(range 1-33 months).

Statistical Analysis
Demographic and clinical 

characteristics in the study population 
are described using the mean for 
continuous variables; percentages were 
used for categorical variables.

Surgical Technique and 
Postoperative Protocol
Standard procedure was used with 

modification on the timing of the NPWT 
application and framing of the wound 
are noted as follows. The patient’s 
surgical wound is optimized for 
application of graft by ensuring systemic 
control of diabetes, vascular inflow is 
primed, appropriate granulation tissue 
with decrease in bacterial colonization, 
ensuring absence of infection, and no 
exposed osseous or non-viable 
structures. Debridement intraoperatively 
involves removing all devitalized tissue 
with sharp instrumentation, scalpel, and 
curettes. Additionally, irrigation of the 
wound with sterile saline using gravity 
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Table 1.

Patients’ Demographic Characteristics, Systemic Comorbidities, and Lab and Vascular Data Characteristics (N = 11 Feet in 10 
Patients).

Wound No. Sex Age (y) HbA1c (%) Albumin Vascular Status Comorbidities

1 M 65 7.2 2.4 N/A DM 2

2 F 76 6.6 2.4 N/A DM 2

3 F 76 6.6 2.4 N/A DM 2

4 M 70 8 3.6 Revascularized DM 2, Charcot

5 M 67 7 2.5 N/A DM 2, Tobacco

6 M 87 8.1 2.7 Revascularized DM 2, Charcot

7 F 57 7.4 3.7 Revascularized DM 2, Charcot

8 F 41 6 2.9 N/A DM 2, CKD IV

9 M 41 8 2.7 N/A DM 2

10 M 37 14 3.5 N/A DM 2, Charcot

11 M 49 9.6 3.6 N/A DM 2, Charcot

 Avg 60.5 Avg 8.05 Avg 2.95  

Abbreviations: M, male; F, female; Avg, average; DM 2, diabetes mellitus type 2; CKD, chronic kidney disease; N/A, not applicable.

Table 2.

Wound Characteristics of 10 Patients 11 Wounds With Diabetes Mellitus Type 2 Who Received Split Thickness Graft Bolstered With 
Negative Pressure Wound Therapy (N = 11 Feet in 10 Patients).

Wound No. Age (y) Follow-up (mo) Time to Heal (d) Wound Area (cm2) Location

1 65 33 30 91 Dorsal

2 76 24 14 16.5 Posterior leg

3 76 24 14 6.3 Posterior leg

4 70 21 14 41.2 Plantar

5 67 15 14 42 Dorsal

6 87 11 14 80.5 Plantar

7 57 7 14 21.6 Plantar

8 41 5 14 50 Plantar

9 41 4 14 67.5 Dorsal

10 37 2 21 45 Plantar

11 49 1 21 22.5 Plantar

 Avg 60.5 Avg 13.3 mo Avg 16.7 d 57 cm2  

Abbreviation: Avg, average; d, Days; sq cm, square centimeters; post, posterior.



October 2020Foot & Ankle Specialist386

irrigation while the wound is debrided 
meticulously with a curette to promote 
pin-point bleeding of all tissues. Standard 
donor site preparation and harvest 
techniques were employed for the STSG.

The graft is meshed in a 1:1.5 ratio 
using a commercially available mesher 
and then secured to the recipient site by 
skin staples ensuring good contact of the 
graft on the entire surface. The bolster 
dressing consists of a single layer of 
Adaptic nonadhering dressing placed 
directly over the graft (Figures 4-9), 
which is secured with staples in the 
periphery followed by negative pressure 
wound therapy using NPWT via 
Vacuum-Assisted Closure Device (VAC) 
Therapy System. The periphery of the 
wound is framed with duoDERM 
(Figure 4) prior to application of the 
sponge that allows the NPWT to stay 
uninterrupted for 7 days. Xeroform is 
sutured in place in the donor site 
followed by Adaptic nonadhering 
dressing and NPWT that is set at 75 mm 

Hg continuous mode high intensity. A 
well-padded posterior splint is placed on 
the operative lower extremity.

The first postoperative dressing change 
is 7 days following initial graft 
application, which entails removal of the 
NPWT. At that point, the Adaptic on the 
recipient site is not removed. Two 
percent mupirocin ointment is applied 
on both donor and recipient sites 
followed by a well-padded posterior 
splint. At 14 days postoperatively, the 
Adaptic at the recipient site is removed 
with all staples (Figure 5). At the donor 
site, the Xeroform is removed. The donor 
is then allowed to heal by secondary 
intention by application of povidone/
iodine 10% solution and Adaptic. The 
recipient site is dressed with Adaptic and 
Aquaphor ointment. For dorsal grafts, 
weightbearing begins the second week 
with a control ankle motion boot. For 
plantar grafts, weightbearing begins the 
third week postoperatively with a 
controlled ankle motion boot. Edema is 

controlled with Tubigrip. Patients are 
instructed to apply Aquaphor ointment 
on both sites every 2 to 3 days. For grafts 
on the dorsal aspect of the foot and 
ankle, patients begin weightbearing with 
supportive shoe gear once edema allows. 
For grafts on the plantar aspect of the 
foot, patients begin weightbearing with 
custom-made multidensity inserts and 
depth inlay commercially available shoes 
when their fabrication process is 
completed approximately 4 weeks 
following graft application.

Results
The average follow-up was 13 months. 

All surgical wounds demonstrated 100% 
take at 14 days and complete 
epithelialization by 21 days except 1 
wound (9%) (Figure 2A-K). The specific 
wound healed at the fourth 
postoperative appointment in 30 days. 
The graft exhibited 100% take at 14 days 
(Figure 2A); however, a small area 

Figure 1.

(A) Intraoperative picture of a dorsal foot wound resulting from the surgical treatment of necrotizing fasciitis. (B) Intraoperative 
picture of a posterior leg wound resulting from the surgical treatment of an infected hematoma following a motor vehicle accident. 
(C) Intraoperative picture of a posterior leg wound resulting from the surgical treatment of an infected hematoma following a motor 
vehicle accident. (D) Intraoperative picture of a plantar foot wound resulting from surgical treatment of infection associated with 
Charcot neuroarthopathy. (E) Intraoperative picture of a dorsal foot wound resulting from surgical treatment of a dorsal foot abscess 
with concomitant osteomyelitis of the second metatarsal. (F). Clinical picture of plantar wound resulting from surgical treatment 
of calcaneal osteomyelitis after failed previous surgical intervention. (G) Intraoperative picture of a plantar wound resulting from 
surgical treatment of infection associated with Charcot neuroarthopathy. (H) Intraoperative picture of a dorsal foot wound resulting 
from surgical treatment of a dorsal foot abscess extending to the ankle with concomitant osteomyelitis of the fourth metatarsal. 
(I) Intraoperative picture of a plantar foot wound with split thickness skin graft secured with staples. (J) Intraoperative picture 
of a plantar foot wound associated with Charcot neuroarthopathy with visible sutures from a lateral-based approach to plantar 
ostectomy. (K) Intraoperative picture of a plantar foot wound associated with Charcot neuroarthropathy covered with split thickness 
skin graft secured with staples with visible sutures from a lateral based approach to plantar ostectomy.
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overlying the exposed inferior extensor 
retinaculum was slower to completely 
epithelialize at the recipient site. 
Epithelialization and healing were 
confirmed in the third and fourth 
week at 21 and 28 days, respectively 
(Figure 3A-K). Weightbearing was 
initiated in a control ankle motion boot 
after the second week for dorsal grafts 
and after the third week for plantar grafts 
due to graft immaturity.

The majority of the donor sites 
completely epithelialized at a later date 
when compared with the recipient sites. 
Time to ambulation out of the control 
ankle motion boot with supportive shoe 
gear was 3 weeks for STSG performed at 
the dorsal foot if edema of the foot 

allowed. Time to ambulation out of the 
control ankle motion boot with 
supportive shoe gear for STSG 
performed at the plantar foot was when 
fabrication of custom-made multidensity 
inserts was completed, which was 
approximately 4 to 5 weeks 
postoperatively. There was no difference 
in healing times between dorsal and 
plantar grafts (Table 2).

Complications
None of the surgically treated wounds 

became infected during the healing 
process. One wound (9%) located on the 
plantar surface of the foot STSG healing 
was complicated by recurring breakdown 

3 weeks following complete healing. The 
patient was treated with total contact 
casting and healed without recurrence. 
One patient was lost to follow-up after 
complete healing. At an average 
follow-up of 13.3 months (range 1-33 
months), the rest of the patients 
remained healed (Table 2).

Discussion
The diabetic population continues to 

increase and poses significant challenge 
to the foot and ankle surgeons given the 
presence of neuropathy, 
immunocompromised state, and 
compromised ability to heal.11-13 Failure 
to heal in a timely fashion increases the 

Figure 2.

(A-K) Clinical pictures of interval healing of split thickness skin graft 14 days postoperatively.

Figure 3.

(A-K) Clinical pictures of interval healing of split thickness skin graft beyond the 21-day mark.
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risk for infection, propagation of 
infection, further tissue damage, and 
ultimately higher level amputations. 

These are associated with increase in 
morbidity and overall mortality, 
emphasizing the importance of healing 
on timely fashion.15-19

STSG has been added on the 
armamentarium for reconstruction of 
diabetic foot and ankle wounds, as it can 
shorten the treatment duration and 

provide functional outcomes.5-10 A 
literature review (N = 229 patients) 
published in 2012, which included 4 
studies, found that STSG are 78% 
successful at closing 90% of the wounds 
with 1 procedure by 8 weeks with no 

Figure 5.

Clinical picture of interval healing of 
split thickness skin graft at 7 days 
postoperatively following removal 
of the negative pressure wound 
therapy bolster. Checking the edges 
for appropriate take.

Figure 4.

Intraoperative picture of a posterior 
leg wound with split thickness skin 
graft secured with staples, Adaptic 
nonadhering dressing secured with 
staples and DuoDERM framing 
the wound prior to application of 
negative pressure wound therapy.

Figure 8.

Intraoperative picture of a plantar 
foot wound with split thickness skin 
graft secured with staples.

Figure 6.

Intraoperative picture of a plantar 
foot wound with split thickness 
skin graft covered with Adaptic 
nonadhering dressing and secured 
with staples.

Figure 7.

Intraoperative picture of a posterior 
leg wound with split thickness skin 
graft secured with staples.

Figure 9.

Intraoperative picture of a plantar 
wound with split thickness skin graft 
secured with staples.
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documented reulceration or infection to 
the recipient site at final follow-up.20

Anderson et al8 determined in their 
retrospective review of (N = 107) 
diabetic patients who received an STSG, 
that none of the comorbidities or risk 
factor variables had an independent 
effect on time to complete wound 
healing. Factors studied included 
smoking, peripheral arterial disease, 
end-stage renal disease, cardiac disease, 
and Charcot neuroarthropathy. Another 
important finding by Anderson et al8 
was that mean healing time for patients 
with complications was 12 weeks while 
for those without complications was 4.9 
weeks.8 The aforementioned study 
would have positively impacted the 
previous systematic review with mean 
healing times of 5.1 weeks and 
complication rate of 2.8%. Ramanujam 
et al9 discovered on their review of 83 
diabetic patients that graft sizes are not 
associated with time to complete 
healing, postoperative complications 
significantly associated with current or 
previous smoking history (P = .016), but 
also validated significantly increased 
time to heal (χ2 = 6.79, P = .009) in 
patients with complications. The median 
time to complete healing for patients 
with complications 9.5 weeks versus 6.4 
weeks for patients without 
complications.

Mahmoud et al10 prospectively studied 
patients with STSG versus conservative 
wound care for diabetic foot wounds and 
determined a statistically significant 
reduction (P < .001) in mean hospital 
stay and healing time for the patients 
belonging to the STSG group. Yet a 
recent retrospective review found no 
statistical difference in HbA1c between 
the group that healed the skin graft 
when compared with the group that the 
skin graft failed to adhere.21

In this study, the wounds were soft 
tissue defects resulting from the surgical 
treatment of SSTIs. NPWT was used as a 
bolster following STSG application for 7 
days postoperatively in the hospital 
setting or at home setting when other 
patient-related factors permitted. 
Chiummariello et al22 calculated the 
economic impact when NPWT is used as 

a bolster for STSG in the hospital setting 
in Italy, but with different apparatus and 
dressing change protocol.

The greatest controversy in the 
literature seems to lie with the type of 
wound to treat; surgical versus 
conservative wound care. Lavery et al15 
reported that a wound duration of >30 
days is an independent risk factor for 
diabetic foot infection (odd ratio 4.7). 
The healing likelihood via secondary 
intention of the wounds above can be 
calculated based on the validated 
Stratification system wound healing 
index that can be applied in diabetic 
foot ulcers.23 The elaborate work 
performed by Fife et al24 based on 26 
randomized controlled trials showed that 
30.5% of diabetic foot wounds healed at 
12 weeks, and 45.1% at indeterminate 
time, with mean follow-up of 19.7 
weeks; data obtained from the US 
wound registry.

Healing in a timely manner is a crucial 
component for diabetic wounds 
independent of chronicity. This study 
focused on initial healing and 
immediate postoperative outcomes 
following STSG application with average 
time to heal of 17 days (range 14-30) 
days for all 11 surgical wounds 
averaging 57 cm2 (range 6.3-91 cm2) and 
demonstrated consistent results. These 
findings warrant further investigation 
given the difference in healing times 
and success rate when compared with 
alternative bolstering techniques for 
STSG in the diabetic population 
available in the literature.

The procedures performed by one foot 
and ankle surgeon with modification of 
the bolstering technique with standard 
operative technique and the 
postoperative course. Clinical evidence 
from a plethora of studies suggests 
NPWT to bolster STSG is superior to 
traditional bolstering techniques.22,25-35 At 
the physiological and molecular level 
notable studies included. Porcine 
experiment model with graft biopsies at 
days 2, 4, 6, 8, and 10 contradicts any 
difference in vascular ingrowth even 
though better subjective graft 
incorporation was noted in the NPWT 
samples and a nonsignificant trend 

toward improved graft survival in the 
NPWT group.36 On a different animal 
model, NPWT appears to improve 
angiogenesis and blood circulation 
occurred by increasing capillary caliber 
and blood volume, while also decrease 
in edema by narrowing endothelial 
spaces resulting in decrease 
permeability.37 Studies on human 
subjects demonstrated that NPWT 
applied to traumatic wounds increases 
levels of interleukin 8 (P < .001), and 
vascular endothelial growth factor  
(P < .05) measured with enzyme-linked 
immunosorbent assay suggestive of 
increase angiogenesis, but also histologic 
examination revealed increase 
neovascularization (P < .05) illustrated 
by CD31 and von Willenbrand factor.38 
Other studies have demonstrated 
improved migration and proliferation of 
epithelial cells when NPWT is 
applied.39,40

The clinical effectiveness of NPWT in 
diabetic foot ulcers is undoubtedly based 
on a systematic review of 7 randomized 
controlled trials, in which STSG was not 
used as a bolster.41 Conflicting evidence 
from a different systematic review of 
randomized control trials found no clear 
indication that wounds heal any better or 
worse with NPWT than with 
conventional treatments.42 Worth 
mentioning is the latest systematic review 
that included only 1 study where NPWT 
was used as a bolster for STSG. That 
study included was focused on 
pretreatment.26,42 Randomized control 
and retrospective studies in mixed 
populations shows increase success in 
healing time greater than 95% when 
using NPWT as a bolster for 
STSG.22,25,26,31,32 An international panel 
has recommended the use for NPWT in 
traumatic wounds and reconstructive 
surgery with the highest evidence in 
fixation of STSG.43

Weaknesses of the study were that all 
cases were performed by single surgeon, 
relatively short follow-up period, the 
small number of patients, and 
retrospective design. Another 
shortcoming was that the patients were 
reviewed by a single reviewer, the 
author, and documented with clinical 
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pictures with no other observer 
reviewing the cases.

This study suggests the use of NPWT 
used as a bolster in the diabetic 
population for quicker recovery and 
higher success at the graft site as 
measured by time to heal and STSG 
take. One graft (9%) exhibited a minor 
complication shortly after complete 
healing due to patient relates factors 
(inappropriate shoe gear early in the 
recovery), but eventually went to 
healing. At the time this study was 
concluded, 1 patient had been lost to 
follow-up. The remaining patients had 
no documented reulceration or 
breakdown at the recipient site. At 
present, there is no consensus as to 
the mechanism that NPWT improves 
outcomes currently exists, but some 
physiologic benefits exist and were 
mentioned above. The author 
advocates its use for surgical defects 
resulting from the treatment of 
diabetic infections on both the plantar 
and dorsal foot and attributes its 
success to factors that have already 
been identified, in addition to the 
reduction of shear forces between the 
graft and wound bed.32,44 There is 
mounting clinical evidence that 
outcomes are superior with its use. 
The results of this study are important 
in the diabetic population as they 
indicated quicker return to baseline 
activity. Subsequently, reduction in the 
number of visits to the physician for 
treatment of the wound, and 
ultimately reduction in the risk of 
amputation are potential outcomes 
with the technique.
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