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Background Dermal substitutes offer a valuable tool in soft-tissue reconstruction,
reducing the need for donor site tissue and its associated complications. However,
conventional approaches often require multiple surgeries. This study aimed to
compare the effectiveness of a single-stage procedure combining dermal substitute
and skin grafting with hyperbaric oxygen (HBO) therapy to the standard multistage
protocol.

Materials and Methods A comparative study was conducted from January 2022 to
December 2023. The medical records of 24 patients who underwent soft-tissue
reconstruction were reviewed. Patients were categorized into two groups based on
whether they received HBO therapy (HBO group) or followed the standard multistage
protocol (control group). Outcomes were compared between the groups.

Results The study included 18 males and 6 females with an average age of 43 years
(range: 5-91 years). Underlying medical conditions included diabetes mellitus (n=11)
and peripheral vascular disease (n=2). Wounds were due to various causes, including
necrotizing fasciitis (n=2), trauma (n=10), diabetic ulcers (n=6), postburn hyper-
trophic scars/contractures (n=3), chronic ulcers (n=1), and sternal wound dehis-
cence (n=1). All the patients achieved successful wound closure with dermal
substitute application, eliminating the need for additional surgery. Notably, the group
receiving HBO therapy experienced a shorter overall hospital stay compared with the
standard multistage group.

Conclusion This study demonstrates the effectiveness of dermal substitutes in soft-
tissue reconstruction. Furthermore, the addition of HBO therapy in a single-stage
procedure appears beneficial for successful outcomes, potentially reducing hospital
stay compared with the traditional multistage approach.
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Introduction

Full-thickness skin defects often require split-thickness skin
grafting (STSG) for reconstruction. However, STSG alone can
lead to significant complications, such as contractures limit-
ing movement and hypertrophic scar formation.' To address
these limitations, dermal substitutes are increasingly used in
conjunction with STSG to provide additional support and
durability to the reconstructed tissue.? However, traditional
approaches with dermal substitutes involve a multistage
process: initial wound debridement and dermal substitute
application, followed by a separate stage for STSG, typically
separated by a week.?

Hyperbaric oxygen (HBO) therapy offers a promising
alternative by delivering 100% oxygen to the wound bed.
This increased oxygenation promotes new blood vessel
formation (neovascularization) and enhances oxygen diffu-
sion, ultimately accelerating wound healing.3 This study
investigates the potential of HBO therapy to expedite the
treatment of soft-tissue defects by enabling a single-stage
procedure combining dermal substitute application and
STSG. By leveraging the enhanced wound healing properties
of HBO, this approach aims to reduce overall treatment time
and improve patient outcomes by minimizing surgical inter-
ventions and promoting functional wound closure.

Materials and Methods

Study Design

This single-center, comparative study investigated the effi-
cacy of HBO therapy in expediting soft-tissue reconstruction
with dermal substitute and skin grafting. The study was
retrospective, conducted between January 2022 and Decem-
ber 2023, and received ethical approval from the institution-
al review board.

Participants: The medical records of 24 patients who
underwent soft-tissue reconstruction were reviewed.
Patients were categorized into two groups based on whether
they received HBO therapy (HBO group) or followed the
standard multistage protocol (control group). Demographic
and baseline clinical data were collected for all participants.

Interventions
Single-stage group with HBO: Patients in this group under-
went a single-stage surgical procedure combining wound
debridement, dermal substitute application, skin grafting,
and negative pressure wound therapy (NPWT). Following
surgery, patients received a regimen of HBO therapy in a
monoplace chamber. The hyperbaric session was started on
postoperative day 1. The sessions were continued from
postoperative day 1 to 7. The standard protocol consisted
of six daily sessions, each lasting 90 minutes. The chamber
was pressurized to 2.4 atmospheres (ATM) of pressure.
Control group (standard multistage protocol): Patients in
this group followed the traditional approach involving sepa-
rate stages. Stage 1 consisted of wound debridement, dermal
substitute application, and NPWT followed by a 1-week
interval. Stage 2 involved STSG and NPWT.
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Exclusion Criteria

Patients with the following conditions were excluded from
the HBO group: inability to follow instructions during treat-
ment, history of barotrauma (pressure injury), presence of
ear implants incompatible with HBO, implanted cardiac
pacemakers, and pregnancy.

MatriDerm (Skin and Health Care AG, Billerbeck, Germany)
served as the dermal substitute in this case. This material is a
structurally intact scaffold composed of bovine type I collagen
and elastin, specifically designed to promote dermal regener-
ation. MatriDerm should be meticulously trimmed to precisely
match the dimensions of the wound. Using gloved hands,
gently place the matrix onto the wound bed, ensuring com-
plete contact across the entire wound surface. Carefully
smooth the edges of the matrix to eliminate any air bubbles
trapped between the wound bed and promoting optimal
adhesion. The skin graft was placed over the MatriDerm and
secured to the wound bed. For 1 week following surgery, NPWT
was applied to further support healing.*

NPWT procedure: The wound or defect is filled with
specifically designed foam or open-celled gauze. A drainage
tube with perforations along its side is placed within the
foam. The foam and surrounding skin are covered with a
transparent, airtight dressing. The drainage tube is con-
nected to a suction device, such as a vacuum bottle, which
generates negative pressure within the foam. This draws out
necrotic tissue and fluid (exudate) from the wound.

Outcomes

Data on various outcomes were collected and compared
between the two groups. These outcomes may include the
following: wound healing rate, time to complete wound
closure, length of hospital stay, and incidence of complica-
tions (e.g., infection, graft failure). Statistical analysis will be
performed to compare outcomes between the HBO and
control groups. We performed a chi-squared test to assess
the differences in the proportions of patients experiencing
successful reconstruction between the HBO and control
groups.

Results

A total of 24 patients, comprising 18 males and 6 females,
participated in the study (=Tables 1 and 2). The mean age
was 43 years (range: 5-91 years). Underlying medical con-
ditions included diabetes mellitus (n=11) and peripheral
vascular disease (n=2). The causes of soft-tissue defects
were diverse, encompassing necrotizing fasciitis (n=2),
trauma (n = 10), diabetic ulcers (n=6), postburn hypertro-
phic scars/contractures (n=3), chronic ulcers (n=1), and
sternal wound dehiscence (n = 1). Importantly, all patients in
both the single-stage HBO group and the standard multistage
control group achieved successful wound closure with the
use of dermal substitutes. This eliminated the need for
additional surgical procedures. One key finding was a differ-
ence in hospital stay duration between the groups. Patients
receiving HBO therapy in the single-stage group experienced
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Sl. no. | Name | Age (y) | Sex | Comorbidity | Diagnosis Procedure Duration for soft-
tissue cover in the
desired area (wk)

1 \Y 55 M Diabetic Necrotizing fasciitis of | Multiple Wound 4

the right lower limb debridement + NPWT
with exposed tendon at | + MatriDerm + SSG
the lateral aspect knee
2 L 60 F Diabetic Nonhealing ulcer heel Wound debridement 4-5
following failed reverse | +NPWT
sural artery flap MatriDerm + SSG

3 M 5 M Nil Traumatic injury to WD + NPWT 4
dorsum with the first + MatriDerm + SSG
metatarsal joint
exposed

4 A 45 M Nil Traumatic injury to the | WD + multiple NPWT 5
dorsum of the foot with | + MatriDerm + SSG
the second and third
metatarsophalangeal
joint exposed

5 N 40 M Diabetic Necrotizing fasciitis of | WD+ NPWT 4-5
the right upper limb + MatriDerm + SSG
with the dorsum
tendon exposed

6 T 39 M Nil Right foot injury with Wd +NPWT 4

exposed tendon + MatriDerm +SSG

7 R 48 M Nil Right foot medial wd -+ NPWT 4

planter injury with + MatriDerm + SSG
exposed tendon

8 A 22 F Nil Posttraumatic right hip | Excision +NPWT 3

keloid scar + MatriDerm + SSG

9 By 48 M Diabetic Ulcer in the heel pad Debridement + NPWT 3

region -+ MatriDerm + SSG

10 S 35 M Chronic ulcer | Long-standing ulcer om | Debridement +NPWT 4

the right lateral leg + MatriDerm + SSG
ankle region

11 T 56 M Nil Posttraumatic soft- Debridement+ NPWT 3

tissue defect in the + MatriDerm + SSG
tendoachilles region

12 D 63 M Diabetic Infected ulcer in the Debridement+ NPWT 3

right ankle region with | +MatriDerm + SSG
talus bone exposure

Abbreviations: NPWT, negative pressure wound therapy; SSG, split-thickness skin grafting.

a notably shorter overall hospital stay compared with those
undergoing the traditional multistage protocol. Our chi-
squared test analysis found a statistically significant associ-
ation (p < 0.05) between the HBO therapy and hospital stay
categories, suggesting that patients with HBO therapy may
have different lengths of stay in the hospital compared with
those without HBO therapy sessions.

Cases

Case 1: Without Hyperbaric Oxygen
A 35-year-old man presented with chronic and recurrent
ulcers on the lateral aspect of his right ankle and foot. These

ulcers stemmed from a road traffic accident 15 years prior.
Despite undergoing multiple soft-tissue reconstruction pro-
cedures, the wounds persisted (=Fig. 1a). To address this
persistent issue, the patient underwent surgical debridement
of the unhealthy tissue followed by NPWT to promote a
healthy wound bed. Once the wound showed signs of healing,
a dermal substitute was applied (=Fig. 1b), followed by skin
grafting using tissue harvested from the patient’s right thigh
(=Fig. 1c). Following skin graft placement, NPWT was contin-
ued for 1 week. The postoperative course was uneventful, with
complete engraftment of the skin graft. A follow-up examina-
tion at 9 months postsurgery revealed adequate soft-tissue
stability and closure of the chronic ulcers (~Fig. 1d).
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Table 2 Patients underwent soft-tissue cover with dermal matrix with hyperbaric oxygen therapy

SI. no. | Name | Age (y) | Sex | Comorbidity | Diagnosis Procedure Duration for
soft-tissue cover in
desired area (wk)

1 R 91 M Diabetic Posttraumatic defect Debridement 2

the dorsum of the hand | + MatriDerm +SSG
+ HBO + NPWT
2 P 23 M Nil Posttraumatic dorsum Debridement 2
defect + MatriDerm + SSG
+ HBO+ NPWT
3 A 27 M Nil Posttraumatic dorsum Debridement 2
defect -+ MatriDerm + SSG
+ HBO + NPWT
4 T 25 M Diabetic Soft-tissue loss: left foot | Debridement 2
sole region + MatriDerm + SSG
+HBO+ NPWT
5 G 73 F Diabetic Diabetic ulcer foot and | Debridement 2
with PVD tendoachilles region + MatriDerm + SSG
+HBO+ NPWT

6 Gs 43 M Nil Posttraumatic soft- Debridement 2

tissue defect popliteal + MatriDerm 4 SSG
region +HBO+ NPWT

7 L 43 M Diabetic Long-standing ulcer in Debridement 1

the right leg lower-third | + MatriDerm + SSG
region +HBO+ NPWT

8 F 53 F Nil Postburn contracture in | Contracture release 1

the left side of the neck | + MatriDerm + SSG
region +HBO+ NPWT

9 C 23 F Nil Postburn contracture in | Contracture release 1

the left axilla, forearm, | 4 MatriDerm + SSG
neck and chin, and +HBO+ NPWT
presternal region

10 P 63 M Diabetic Diabetic ulcer tendoa- Debridement 2

with PVD chilles region -+ MatriDerm + SSG
+HBO+ NPWT

11 ST 72 F Diabetic Postsurgical dehiscence | Debridement 2

presternal wound + MatriDerm + SSG
+HBO+ NPWT

12 \Y 37 M Nil Posttraumatic Debridement 3

degloving injury in the | + MatriDerm + SSG
right foot and the +HBO+ NPWT
tendoachilles region

Abbreviations: HBO, hyperbaric oxygen therapy; NPWT, negative pressure wound therapy; PVD, peripheral vascular disease; SSG, split-thickness skin

grafting.

Case 2: Without Hyperbaric Oxygen

A 22-year-old woman presented with a keloid scar on her
right groin region extending to the lateral abdomen
(=Fig. 2a). To address this problem, the keloid was surgically
excised (=Fig. 2b). Reconstruction involved the placement of
a dermal matrix (=Fig. 2c). Following the application of the
dermal matrix, NPWT was applied for 1 week to optimize
wound healing. Subsequently, skin grafting was performed
using tissue harvested from the patient’s right thigh. The
grafted area was then dressed with NPWT for another week.
The postoperative course was uneventful, with good wound
healing and successful skin graft integration (=Fig. 2d).

Case 3: With Hyperbaric Oxygen

A 91-year-old male patient presented to the plastic surgery
department following an injury to the dorsum of his right
hand, initially managed by the orthopaedic team. Examina-
tion revealed a significant soft-tissue defect on the hand’s
dorsum, approximately 5 x4 x3cm in size, exposing the
extensor tendons (=Fig. 3a). To address this complex wound,
a single-stage surgical approach was undertaken. The wound
was thoroughly debrided of unhealthy tissue. This was
followed by immediate coverage with a dermal substitute
and skin grafting (=Fig. 3b, c). Skin graft was harvested from
the medial aspect of the right arm. To optimize healing,
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Fig.1 (A)Recurrent chronic ulcerin the lateral aspect of the right ankle region. (B) Soft-tissue defect covered with dermal matrix. (C) Soft-tissue
defect covered with skin graft following dermal matrix application after 1 week. (D) Late postoperative picture showing adequate healing and

durable skin grafted site.

NPWT was applied postoperatively. Additionally, the patient
received a series of six HBO therapy sessions to further
enhance wound healing. The patient’s postoperative course

Fig. 2 (A) Postburn keloid scar in the right groin region. (B) Excised
keloid tissue. (C) Soft-tissue defect covered with dermal matrix. (D)
Late postoperative picture showing adequate healing and durable skin
grafted site.

was uneventful, and the wounds healed successfully
(~Fig. 3d).

Case 4: Hyperbaric Oxygen

A 27-year-old man presented to the plastic surgery depart-
ment after sustaining an injury to the dorsum of his right foot.
The orthopaedic team initially managed the injury with
wound debridement, sutured the avulsed skin, and stabilized
a fracture in the second toe with a K-wire (~Fig. 4a). Unfortu-
nately, the dorsal skin on the foot did not survive, and further
debridement was necessary, exposing the medial aspect of the
joint between the second toe and its metatarsal bone
(=~Fig. 4b). To reconstruct the soft-tissue defect, a single-stage
surgical approach was employed. The exposed area was
covered with a dermal substitute followed by skin grafting
(=Fig. 4c, d). The skin graft was harvested from the medial
aspect of the patient’s right thigh. To promote optimal healing,
NPWT was applied postoperatively. Additionally, the patient
underwent six HBO therapy sessions to further enhance
wound healing. The patient’s postoperative course was
uneventful, and the wounds healed successfully (~Fig. 4e).

Discussion

Traditional wound reconstruction for soft-tissue defects
often involves STSG. However, this technique, particularly
when using grafts with minimal dermal components, can
lead to increased contracture, limiting movement and po-
tentially causing hypertrophic scar formation.! Although
full-thickness skin grafts offer advantages in reducing con-
tracture, their use is limited in larger wounds due to donor
site restrictions.

Dermal substitutes offer a promising solution by integrat-
ing with split-thickness skin grafts and thereby provide
additional support and durability to the reconstructed tis-
sue. Dermal substitutes are a valuable tool for soft-tissue
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Fig.3 (A) Soft-tissue defect exposing the extensor tendon: dorsum of the right hand. (B) Soft-tissue defect covered with dermal matrix. (C) Soft-
tissue defect with dermal matrix covered with skin graft. (D) Late postoperative picture showing adequate healing and durable skin grafted site.

reconstruction, promoting regeneration in deep burns,
chronic wounds, and full-thickness defects. Dermal matrix
act as a scaffold, encouraging cell growth and neovasculari-
zation.> As the healing process progresses, the fibroblasts
deposit new extracellular matrix, and the dermal substitute
gradually resorbs. Studies have shown that various dermal
substitutes have comparable engraftment and vasculariza-
tion rates.® Notably, dermal matrix offers a distinct advan-
tage as it allows for immediate STSG without compromising
graft success.” Traditionally, dermal substitute placement
involves a staged surgical approach. In stage 1, the wound is
debrided, the dermal substitute is applied, and NPWT is
used. Then, after a 1-week interval, stage 2 involves skin
grafting with continued NPWT.

In our study, patients were assigned to either a single-
stage group receiving HBO therapy or a control group fol-
lowing the standard multistage protocol. HBO therapy
served as an adjunct treatment to promote wound healing.
This therapy delivers 100% oxygen to the wound bed, en-
hancing neovascularization and facilitating oxygen diffusion
for accelerated healing.® HBO therapy also increases the
oxygen-carrying capacity of plasma while reducing localized
edema. This combination can decrease tissue pressure and
improve microvascular blood flow.? Our study leveraged
these properties of HBO therapy to potentially reduce treat-
ment time for soft-tissue reconstruction using dermal sub-
stitutes and skin grafts. We observed favorable outcomes in
the HBO group compared with the control group. Notably, no
complications associated with HBO therapy were identified
in our study. We did not find any incidence of graft failure or
infection in both the groups. However, a longer follow-up
period is necessary to evaluate long-term results following

the procedure. Our analysis could be further stratified by
subvariables to potentially reduce bias. This could involve
categorizing patients into groups based on whether they
received HBO therapy within both the single-stage and
multistage protocols (single-stage with HBO vs. single-stage
without HBO; multistage with HBO vs. multistage without
HBO). However, directly comparing a single-stage HBO group
to a multistage non-HBO group would likely introduce
selection bias, as these groups were not formed based on
random assignment.

Previous research by Ulkiir et al suggests that HBO therapy
during the flap delay period can shorten the delay time and
enhance its effectiveness.'? This approach of reducing the
delay period could potentially be applied to this study’s
context to shorten the time needed for neovascularization
and accelerate wound healing in dermal substitute and skin
graft reconstruction. Additionally, HBO therapy offers the
benefit of promoting healing in both the recipient site and
the donor site. Furthermore, our findings suggest that admin-
istering HBO therapy during the integration period of the skin
graft and dermal substitute appears to be safe and potentially
beneficial. It may reduce postoperative edema and contribute
to a more optimal outcome following tissue transfer.

At our center, HBO therapy is delivered in a monoplace
chamber. The standard protocol consisted of six daily ses-
sions, each lasting 90 minutes. The chamber was pressurized
to 2.4 ATM of pressure. This single-person chamber allows for
pressurization with 100% oxygen. HBO therapy is typically
delivered at pressures of 2 or 3 atmospheres absolute (ATA).
Individual treatment sessions typically last 60 to 90 minutes.
The number of sessions varies depending on the condition
being treated. Acute conditions may only require 3 to 5
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Fig. 4 (A) Necrotic tissue following trauma: right foot dorsum. (B) Soft-tissue defect exposing the extensor tendon and the metatarsopha-
langeal joint of the second toe: dorsum of the right foot. (C) Soft-tissue defect covered with dermal matrix. (D) Soft-tissue defect with dermal
matrix covered with skin graft. (E) Late postoperative picture showing adequate healing and durable skin grafted site.

sessions, while chronic conditions like radiation illness
might necessitate 50 to 60 sessions.''~'3 This pressurized
environment can promote wound healing in several ways.
The increased pressure can cause temporary vasoconstric-
tion, leading to a reduction in swelling and edema around the
reconstructed area. This can improve oxygen delivery to the
newly grafted tissue with the dermal substitute. Hyperox-
ygenation within the chamber may stimulate the immune
system by improving white blood cell function and their
ability to respond to infection by effective phagocytosis.'?
Additionally, it can promote neovascularization in areas with
low oxygen levels by stimulating fibroblast activity and
capillary growth.'* These factors can contribute to a more
optimal integration of the dermal substitute and skin graft.
Our study’s findings suggest that HBO therapy allows for a

single-stage surgical approach, combining wound debride-
ment, dermal substitute application, and skin grafting. This
potentially reduces the overall treatment burden and mor-
bidity for patients and promotes functional wound healing.

Conclusion

Our findings suggest that HBO therapy can be a valuable
adjunct to single-stage reconstruction of soft-tissue defects
using dermal substitutes and skin grafts. This approach has
the potential to improve patient outcomes by reducing the
number of surgical procedures and promoting faster wound
healing. Future research should explore the optimal applica-
tion of this technique. This could include investigating the
efficacy of HBO therapy with different thicknesses of dermal
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matrix to determine if specific combinations provide the
most benefit in terms of wound healing rates, functional
outcomes, and long-term scar formation.
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