
Moors et al. Systematic Reviews          (2025) 14:118  
https://doi.org/10.1186/s13643-025-02863-7

RESEARCH

Full-thickness skin graft 
versus split-thickness skin graft 
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Abstract 

Background The radial forearm free flap (RFFF) is widely used in microvascular reconstructions. However, donor site 
morbidity remains a concern, with complications such as wound healing issues, functional impairments, and aes-
thetic concerns. While both full-thickness skin grafts (FTSG) and split-thickness skin grafts (STSG) are commonly used 
for donor site closure, there is insufficient evidence to determine which technique leads to fewer complications. This 
study aims to systematically compare FTSG and STSG in RFFF donor site closure.

Methods We searched six databases and four clinical trial registries up to 1 March 2025. We focused on studies com-
paring FTSG and STSG. Primary outcome was the incidence of wound complications. Secondary outcomes included 
functional and aesthetic impairment. Risk of bias was assessed using the Risk Of Bias In Non-Randomized Studies—of 
Interventions (ROBINS-I) and quality of the evidence using the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach.

Results Fifteen studies were analyzed, involving 933 donor site closures. No RCTs met our inclusion criteria. Meta-
analysis comparing FTSG versus STSG revealed no significant differences in major wound complications (RR 0.43; 95% 
CI 0.11 to 1.70; p = 0.23) and minor wound healing complications (RR 0.83; 95% CI 0.60 to 1.13; p = 0.23), with the evi-
dence graded as low to very low certainty.

Conclusion Current evidence does not conclusively favor either FTSG or STSG for radial forearm free flap donor site 
closure regarding wound, functional, or aesthetic outcomes. Future well-designed RCTs are needed to provide higher-
quality evidence to guide clinical decision-making. Until more robust evidence becomes available, the optimal skin 
graft choice should be guided by patient-specific factors, surgical considerations, and donor site characteristics.

Systematic review registration PROSPERO CRD42023351903.

Keywords Radial forearm free flap, Donor site closure, Donor site morbidity, Split-thickness skin graft, Full-thickness 
skin graft

Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Systematic Reviews

*Correspondence:
Behrus Puladi
bpuladi@ukaachen.de
Full list of author information is available at the end of the article

http://orcid.org/0009-0004-2067-3728
http://orcid.org/0000-0002-7130-5595
http://orcid.org/0009-0005-8678-6300
http://orcid.org/0000-0003-3743-8658
http://orcid.org/0009-0003-0735-3060
http://orcid.org/0000-0002-5225-1982
http://orcid.org/0000-0002-0032-5118
http://orcid.org/0000-0002-2298-3517
http://orcid.org/0000-0001-5909-6105
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-025-02863-7&domain=pdf


Page 2 of 18Moors et al. Systematic Reviews          (2025) 14:118 

Background
The radial forearm free flap (RFFF) was first described by 
Yang et al. in 1981 as a fasciocutaneous flap [1]. Due to its 
relative thinness, pliability, long and high-caliber pedicle, 
and reliable anatomy, it has been established as a work-
horse in microvascular reconstructive surgery [2, 3] and 
employed in a diverse array of reconstruction purposes, 
including head and neck reconstruction, limb recon-
struction, and phalloplasty [1, 4]. The flap is harvested 
from the volar aspect of the nondominant forearm and 
consists of the skin, subcutaneous tissue, and the forearm 
fascia, with the radial artery and two concomitant veins 
forming the vascular pedicle [5]. After flap raising, the 
donor site is usually closed by using a split-thickness skin 
graft (STSG), as originally proposed by Yang et al. [1], or 
by using a full-thickness skin graft (FTSG) [6]. However, 
RFFF harvesting could potentially lead to donor site mor-
bidity, such as tendon exposure, altered sensitivity, and 
impaired arm and hand function [4, 7–9].

As surgical advancements have increased recipient 
outcomes, minimizing donor site morbidity has become 
a critical objective [10, 11]. Different wound closure 
techniques and flap modifications have been explored 
to decrease donor site morbidity, including the use of 
local FTSGs to avoid having a third surgical site [12–27], 
suprafascial flap raising (cutaneous RFFF) [28–30], the 
snake flap design [31], the prefabricated split skin fascia 
flap [32], preoperative tissue expansion in order to pri-
marily close the defect [33–39], local flaps to primarily 
close the defect [26, 40–45], and the use of dermal sub-
stitutes [46–54]. Other refinements that have been sug-
gested include the creation of a well-vascularized wound 
bed by mobilization of adjacent muscles [9, 55–58], quilt-
ing of the skin graft [55, 59], and negative pressure wound 
therapy instead of conventional bolster dressing [60, 61]. 
Ideally, with a small donor site, primary wound closure 
can be attempted, but this is less common. Methods 
like purse string suturing [19, 62–64] and cross sutur-
ing [65] have been applied in order to reduce the size of 
the defect. Despite these versatile closure techniques, 
the majority of surgeons report RFFF donor site closure 
using FTSGs (50%) and STSGs (40%), making these the 
most common closure techniques [9, 66].

Nevertheless, a definitive consensus on the best clo-
sure method (FTSG vs. STSG) for RFFF remains elusive 
due to conflicting outcomes from controlled studies. This 
ambiguity underscores the necessity of evidence-based 
surgery. To date, there has been no systematic review 
that exclusively summarizes the evidence on donor site 
closure for fasciocutaneous RFFF. Although not directly 
transferable to the RFFF alone, three recent systematic 
reviews of the RFFF/osteocutaneous radial forearm flap 
(OCRFFF) reached conflicting conclusions on this issue 

[67–69]. The focus on both fasciocutaneous RFFF and 
OCRFFF patients creates confusion because OCRFFF is 
significantly more invasive than fasciocutaneous RFFF 
due to bone harvesting and the risk of radial fracture 
[9]. Moreover, OCRFFFs are seldomly used for head 
and neck reconstruction as the main options for osse-
ous reconstructions are considered the fibula free flap, 
deep circumflex iliac artery flap, and scapula free flap 
[70–72]. Outside of the head and neck, it is used primar-
ily for hand and thumb reconstruction [73]. Further com-
plicating the interpretation of existing evidence, these 
systematic reviews on RFFF/OCRFFF have several short-
comings, such as not using comprehensive risk-of-bias 
assessments or not including all relevant papers. This 
evidence makes extrapolating the potential conclusions 
of donor site closure to the fasciocutaneous RFFF alone 
even more difficult. Furthermore, although the RFFF 
originated in China, and Chinese surgeons have made 
significant contributions to microvascular flap surgery, 
none of the authors included Chinese literature or data-
bases in their search [74].

Our study is the first systematic review and meta-anal-
ysis focusing solely on fasciocutaneous RFFF and aims to 
answer the question of whether, in patients requiring fas-
ciocutaneous RFFF surgery, donor site closure using an 
FTSG compared to an STSG leads to improved wound-
related, functional, and aesthetic outcomes. The insights 
gained could significantly influence clinical practice and 
play a crucial role in developing future clinical guidelines.

Methods
This systematic review and meta-analysis was conducted 
according to our study protocol published in this journal 
Systematic Reviews [75] and reported in accordance with 
the Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) 2020 statement [76]. The study 
protocol was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO) on 17 
September 2023 (registration number CRD42023351903) 
and updated on 4 March 2024 after publication of the 
protocol.

Eligibility criteria
We applied the PICO framework (Table  1) alongside 
a predefined list of inclusion and exclusion criteria 
(Table 2). Our inclusion criteria focused on studies pub-
lished in peer-reviewed journals that directly compared 
outcomes between FTSG and STSG closures in adult 
human patients. We excluded animal studies, cadav-
eric studies, and research focusing on OCRFFF patients. 
The main intervention was surgical closure of the RFFF 
donor site with FTSG, compared against closures with 
STSG, following the initial proposal by Yang et  al. [1]. 
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Studies incorporating STSG with dermal substitutes ver-
sus FTSG alone were not considered to ensure clarity in 
the comparison [77–79]. Our analysis focused on wound, 
functional, and aesthetic outcomes (Table 3).

Search strategy
We searched six databases: PubMed/MEDLINE, Embase, 
Scopus, Web of Science, the Cochrane Central Register 
of Controlled Trials (CENTRAL), and China National 
Knowledge Infrastructure (CNKI) and four clinical trial 
registers: ClinicalTrials.gov (clinicaltrials.gov), the Ger-
man Clinical Trials Register (www. drks. de), the ISRCTN 
registry (www. isrctn. com), and the International Clinical 
Trials Registry Platform (trialsearch.who.int). The search 
was limited to publications from January 1981 onward 
(after the first description of the RFFF) and was updated 
until 1 March 2025. The search query for PubMed is 
listed in Table 4, and search queries for all databases and 
search platforms are listed in Additional file 1.

Data collection
A total of three reviewers (English and German: J. M. 
and Z. X; Chinese: Z. X. and K. X.) performed title and 
abstract screening in a blinded manner using the tool 
Rayyan.ai. All data that two reviewers could not clearly 
exclude based on its title and abstract received a full-text 
review. A study was included when two reviewers inde-
pendently assessed it as satisfying the inclusion criteria 
from the full text. If a disagreement remained after dis-
cussion, the fourth reviewer (B. P.) mediated. Reasons for 

excluding trials were recorded. After completion of the 
selection process, a PRISMA flow diagram was created 
(Fig. 1).

The same reviewer pairs performed data extraction 
in a blinded manner, and the fourth reviewer mediated 
if necessary. We contacted the authors of the included 
studies [84, 85] through e-mail in case of uncertainties, 
with a maximum of three attempts. Unfortunately, none 
of these attempts was successful.

Table 1 PICO statement

P (population) Patients with tissue defects in the maxillofacial, limb, 
or genital region requiring reconstruction with a fas-
ciocutaneous RFFF

I (intervention) Surgical closure using FTSG

C (comparison) Surgical closure using STSG

O (outcome) Wound-, functional-, and aesthetics-related outcomes

Table 2 Inclusion and exclusion criteria

Inclusion criteria Studies comparing RFFF donor site closure with FTSG ver-
sus RFFF donor site closure with STSG

RCTs, prospective and retrospective comparative cohort studies

Patients ≥ 18 years

Follow-up ≥ 1 month for wound-related and function-related 
outcome measures
Follow-up ≥ 3 months for aesthetics-related outcome measures
Studies in English, German, and Chinese language
Articles from 1981 and younger

Exclusion criteria Cadaveric and animal studies

Studies regarding osseous RFFF

Table 3 Definition of outcomes

a Major wound complication
b Minor wound complication

Outcome Measures

Wound related Tendon  exposurea

Dehiscencea

Complete graft  lossa

Partial graft  lossb

Hematomab

Seromab

Delayed  healingb

Need for  redressingb

Infectionb

Function related Pain

Sensory deficits

Decreased range of motion (ROM)

Decreased strength

Disability of Arm, Shoulder and Hand (DASH) [80]

Mayo wrist score [81]

Cold Intolerance Severity Score (CISS) [82]

Aesthetic related Coloration

Thickness

Scarring

Patient and Observer Scar Assessment Scale (POSAS) 
[83]

http://www.drks.de
http://www.isrctn.com
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Outcomes and prioritization
Primary outcomes
Wound outcomes were considered primary outcomes 
and divided into major and minor wound complications 
(Table  3). Major wound complications included tendon 
exposure, dehiscence, and complete graft loss, whereas 
minor wound complications included partial graft loss, 
hematoma, seroma, delayed healing, need for redressing, 
and infection.

Secondary outcomes
Functional and aesthetic outcomes were considered 
secondary outcomes (Table  3). Functional outcomes 
included pain, sensory deficits, decreased range of 
motion (ROM), decreased strength, Disability of Arm, 
Shoulder and Hand (DASH) [80], the Mayo wrist score 
[81], and the Cold Intolerance Severity Score (CISS) 
[82]. Aesthetic outcomes included coloration, thickness, 

scarring, and the Patient and Observer Scar Assessment 
Scale (POSAS) [83].

Data items
Variables for which data were collected were study char-
acteristics (study design, country, start date, end date, 
number of participants, number of procedures, time to 
follow up, source of financial support), patient character-
istics (mean age, sex, indication for surgical procedure), 
and intervention details (donor site defect size in  cm2 and 
flap raising technique {i.e., suprafascial vs. subfascial}).

Risk of bias in individual studies
Risk of bias was assessed for each included study and per 
outcome domain by the same reviewer pairs using the 
Risk Of Bias In Non-Randomized Studies—of Interven-
tions (ROBINS-I) tool [86]. The results of the risk of bias 
assessment were visualized using robvis [87].

Table 4 Search strategy for PubMed

Database Search query

PubMed (("Surgical Flaps"[MeSH Terms] OR"Surgical Flap*"[Title/Abstract] OR"flap surgical*"[Title/Abstract] OR"flaps surgical*"[Title/Abstract] 
OR"radial forearm flap*"[Title/Abstract] OR"radial forearm free flap*"[Title/Abstract]) AND ("Skin Transplantation"[MeSH Terms] OR"Skin 
Transplantation*"[Title/Abstract] OR"transplantation skin*"[Title/Abstract] OR"grafting skin*"[Title/Abstract] OR"skin graft*"[Title/
Abstract] OR"dermatoplast*"[Title/Abstract]) AND ("Forearm"[MeSH Terms] OR"Forearm*"[Title/Abstract] OR"radial*"[Title/Abstract] 
OR"antebrachi*"[Title/Abstract])) AND (1981:2025/03/01[pdat])

Fig. 1 PRISMA flow diagram summarizing the study selection process
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Data synthesis and statistical methods
Meta-analyses were performed using Review Manager 
(RevMan) 5.4.1. The potential inclusion of other study 
types alongside RCTs was determined using a decision 
tree adapted from the Cochrane algorithm and is fur-
ther detailed in the study protocol [75]. We collected 
dichotomous data on major and minor wound out-
comes, specifically assessing the occurrence of wound 
complications as present or absent. For statistical anal-
ysis, we calculated relative risk (RR) with a 95% confi-
dence interval (CI) to compare the incidence of wound 
complications between the treatment groups.

To evaluate between study variance, the I2 index was 
used with values of 25%, 50%, and 75% representing 
low, moderate, and high heterogeneity, respectively 
[88]. Between-study variance was expected to be pre-
sent as studies from different centers across the world 
with different wound care protocols, and different 
suturing techniques and materials were included. Given 
the initial expectation of high heterogeneity, a random-
effects model for meta-analysis regarding both major 
and minor wound complications was considered. How-
ever, statistical analysis of studies comparing minor 
wound complications revealed low heterogeneity (I2 = 
0%). Therefore, a fixed-effects model was used for the 
primary analysis.

GRADE
The certainty of evidence for outcomes was assessed 
using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach [89]. 
Summary of findings (SoF) tables and a GRADE evidence 
profile were created (Additional file 2).

Results
Study selection
The search resulted in 3980 records. After duplicate 
removal, we screened 2182 records from which we 
excluded 2108 records based on title and abstract. Sev-
enty-four records remained for full-text review, from 
which we included 15 publications [13, 16, 23, 30, 58, 
84, 85, 90–97]. Backward citation searching and forward 
citation searching using citationchaser [98] for included 
studies did not yield any additional studies that fulfilled 
the eligibility criteria (Additional file 3).

One study was suspected to have overlapping data with 
another study from the same author [84, 99]. Since we 
were not able to reach the author, we opted to exclude the 
study with the fewest number of cases from our analy-
sis to prevent redundancy and ensure the inclusion of 
unique data [99].

Excluded studies and justification
Studies that might appear to meet the inclusion criteria 
but were excluded from this systematic review were stud-
ies by Burger et  al. [78], Di Giuli et  al. [77], and Watfa 
et al. [79] These studies were excluded due to methodo-
logical concerns. Each study compared STSG in com-
bination with a dermal substitute against FTSG alone, 
lacking a direct comparison and potentially introducing 
bias. Furthermore, Avery et  al. [100] and Sidebottom 
et al. [59] were excluded because of the inclusion of both 
patients with fasciocutaneous as well as patients with 
OCRFFF flaps. Davis et al. [101] were excluded because 
they included both free and pedicled radial forearm 
flaps. The pedicled radial forearm flap is generally har-
vested more proximally on the forearm than the RFFF 
and therefore exposes muscle bellies rather than tendons 
[102]. Hence, we consider it a different type of flap.

Study characteristics
The 15 included studies included 10 retrospective cohort 
studies [16, 23, 58, 85, 90–93, 96, 97] and 5 prospective 
cohort studies [13, 30, 84, 94, 95] (Table  5). There were 
no RCTs that met the eligibility criteria. Twelve of these 
studies had a two-armed design (FTSG vs. STSG), and 3 
of these studies had a three-armed design, in which one 
treatment arm used a combination of a skin graft with a 
dermal substitute.

Across the 15 included studies, a combined total of 933 
donor site closures were performed, comprising 535 pro-
cedures utilizing FTSGs and 398 procedures involving 
STSGs. Reported age of treated patients ranged from 25 
to 77 years in the FTSG group and from 22 to 79 years 
in the STSG group. Reported mean defect size ranged 
from 26.2 to 69.2  cm2 in the FTSG group and from 27.1 
to 56.7  cm2 in the STSG group. Studies were published 
between 1997 and 2023, and the indications included 
head and neck reconstruction, limb reconstruction, and 
phalloplasty.

Risk of bias in studies
The results of the risk-of-bias assessment for each 
included study and per outcome domain are displayed in 
Figs. 2, 3, and 4. The majority of studies showed a serious 
risk of bias due to confounding, mostly because of not 
reporting donor site defect size or time to follow-up or 
because they did not correct for a significant difference 
in patient characteristics between groups. Among the 12 
studies reporting wound outcomes, 5 studies exhibited a 
moderate risk of bias [23, 85, 90, 94, 96], 6 studies exhib-
ited a serious risk of bias [13, 16, 58, 84, 93, 95], and 1 
study was identified as having a critical risk of bias [30] 
(Fig. 2). Among the 11 studies reporting function-related 
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outcomes, 2 studies exhibited a moderate risk of bias [23, 
85], whereas 9 studies exhibited a serious risk of bias [13, 
16, 58, 84, 90, 92, 93, 96, 97] (Fig. 3). Among the 13 stud-
ies reporting aesthetic outcomes, 2 studies had a moder-
ate risk of bias [23, 85], and 11 studies showed a serious 
risk of bias [13, 16, 58, 84, 90–93, 95–97] (Fig. 4).

Results of individual studies
Wound‑related outcomes
Twelve studies with a total of 493 donor site closures 
using FTSG and 356 donor site closures using STSG 
were reported on wound outcome. Al-Aroomi et al. [96] 
observed no statistically significant differences in edema, 

Fig. 2 Risk-of-bias assessment (ROBINS-I) for studies reporting on wound outcome
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skin graft loss, or tendon exposure between the two 
groups. Avery et al. [30] reported a significantly shorter 
median time to healing for FTSG than for STSG (14 com-
pared to 10 days). Bonaparte et  al. [94] also reported a 
significantly faster time to healing in the FTSG group as 
well (8.7 days compared to 13.6 days mean time to heal-
ing). The authors reported two cases of tendon exposure 
in the STSG group compared to two cases of complete 

graft loss and two cases of partial graft loss in the FTSG 
group but did not perform statistical analysis. Chambers 
et al. observed no events of skin loss or tendon exposure 
in any of the treatment groups [13]. Cristofari et al. [85] 
reported cases of hematoma, infection, and partial graft 
necrosis in both treatment groups but found no signifi-
cant differences. Krane et al. [90] found no statistical dif-
ferences between groups regarding graft loss, tendon 

Fig. 3 Risk-of-bias assessment (ROBINS-I) for studies reporting on functional outcome
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exposure, infection, and hematoma/seroma. Vahldieck 
et al. [23] detected neither major nor minor wound com-
plications in either of the treatment groups. Lee et  al. 
observed faster healing in the FTSG group than in the 

STSG group, but the difference was not significant [95]. 
Lutz et al. [84], Selvaggi et al. [58], Thiele et al. [93], and 
Zuidam et  al. [16] reported their complications without 
statistical testing. Lutz et al. [84] and Selvaggi et al. [58] 

Fig. 4 Risk-of-bias assessment (ROBINS-I) for studies reporting on aesthetic outcome
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reported a higher skin graft take rate for STSG, Thiele 
et al. [93] reported one case of wound healing failure in 
the STSG group compared to zero cases in the FTSG 
group, and Zuidam et al. [16] reported one case of partial 
graft necrosis in the STSG group, compared to none in 
the FTSG group.

Function‑related outcomes
Eleven studies with a total of 296 donor site closures 
using FTSG and 338 donor site closures using STSG 
were reported on function-related outcome. Al-Aroomi 
et  al. [96] reported a significantly better grip strength 
and range of wrist movement in favor of STSG. In con-
trast, the authors observed a significantly better out-
come regarding cold intolerance in favor of the FTSG. 
Chambers et al. [13] evaluated sensation, pain, and grip 
strength without statistical testing. Cristofari et  al. [85] 
assessed functional outcome using the DASH score. The 
FTSG group had a significantly improved DASH score 
(10.6/100) compared to the STSG group (16.7/100). Ho 
et  al. [97] found an improved ROM in STSG patients. 
Krane et  al. [90] saw no difference in subjective func-
tional impairment. Lutz et al. [84] reported their results 
not specifically for FTSG vs. STSG, limiting their suit-
ability for analysis. Molteni et  al. [92] measured no sig-
nificant difference in patients’ subjective satisfaction. 
Selvaggi et  al. [58] evaluated pressure and vibratory 
thresholds and observed a higher pressure threshold in 
FTSG forearms, but did not perform statistical testing. 
Thiele et  al. [93] reported a greater incidence of pares-
thesia, loss of sensation, and heat and cold intolerance in 
the STSG group, but also did not perform statistical test-
ing. Vahldieck et  al. [23] assessed functional outcomes 
evaluating active ROM deficit, hand grip strength, and 
hypoesthesia but no significant differences were found 
between the treatment groups. Additionally, their patient 
survey, which evaluated subjective limitations in mobil-
ity, strength dexterity, and sensitivity in the fingers, hand, 
and forearm, revealed no significant differences. Zuidam 
et al. [16] measured DASH score, sensibility, active ROM 
of the hand, and grip strength and reported no significant 
differences [103].

Aesthetic‑related outcomes
Thirteen studies with a total of 321 donor site clo-
sures using FTSG and 363 donor site closures using 
STSG were reported on aesthetics-related outcome. Al-
Aroomi et  al. [96] investigated the aesthetic appearance 
of the donor site by using a 4-item scale ranging from 
very good to poor. The overall aesthetic appearance was 
assessed as being significantly better in the FTSG group 
but only when assessed by the patient. Chambers et  al. 
[13] assessed aesthetic appearance using a 3-item scale 

ranging from excellent to poor without statistical testing. 
Cristofari et  al. [85] evaluated aesthetic outcome using 
the Vancouver Scar Scale (VSS) and a custom-made sat-
isfaction scale for both patients and surgeons. No signifi-
cant differences were reported. Ho et al. [97] reported no 
significant differences between treatment groups when 
evaluating aesthetic outcome by a panel of head and neck 
surgeons. Krane et  al. [90] evaluated aesthetic outcome 
using a 5-item scale. Aesthetic outcome was superior in 
the FTSG group when assessed by both the patient and 
the surgeon. Lee et al. [104] investigated donor sites using 
the VSS and reported that compared with the STSG, the 
FTSG was significantly better in terms of pigmentation, 
pliability, and height. Lutz et al. [84] evaluated aesthetic 
satisfaction with a 0 to 10 rating by both the patient and 
an investigator, but the results were not reported for 
treatment groups separately. Molteni et al. [92] used the 
POSAS to evaluate donor sites and found FTSG perform-
ing better than STSG when assessed by both patient and 
observer. Peters et al. [91] used an optical three-dimen-
sional scanner to objectively compare skin grafts at the 
donor site and noticed a significantly greater surface 
deviation in the STSG group. Selvaggi et  al. [58] per-
formed a subjective evaluation of the aesthetic outcome 
using a survey, but without statistical testing. Thiele et al. 
[93] observed more hypertrophic scar formation in the 
FTSG group than in the STSG group, but without test-
ing for significancy. Vahldieck et al. [23] evaluated donor 
sites using the POSAS [83]. With respect to the clinician-
based outcome, the authors observed a significantly bet-
ter outcome in terms of scar relief, pigmentation, and 
overall impression and a significantly better overall score, 
all in favor of the FTSG treatment group. In contrast, the 
patient-based aesthetic outcomes were not significantly 
different. Zuidam et al. [16] used the VSS and also a vis-
ual analog score to assess the aesthetic outcome. While 
the visual analog score was similar for both treatment 
groups, the VSS showed a significantly improved out-
come for pliability in favor of the FTSG group.

Meta-analysis
Major wound complications
Four studies with a total of 244 donor site closures using 
FTSG and 135 donor site closures using STSG were 
included in the meta-analysis [23, 90, 94, 96]. A high level 
of heterogeneity was measured (I2 = 69%), and a random-
effects model to calculate the pooled effect size detected 
no statistically significant differences in occurrence of 
major wound complications between groups (RR 0.43; 
95% CI 0.11 to 1.70; p = 0.23) (Fig. 5).

To assess the potential influence of study design on the 
pooled outcomes, we performed a sensitivity analysis 
including only retrospective studies [23, 90, 96]. The level 
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of heterogeneity decreased substantially (I2 = 0%), and 
the pooled effect estimate shifted closer to no difference 
(RR 0.83; 95% CI 0.41 to 1.68; p = 0.60), again showing no 
statistically significant difference between groups (Addi-
tional file 5).

Minor wound complications
Five studies with a total of 259 donor site closures using 
FTSG and 149 donor site closures using STSG were 
included in the meta-analysis [23, 85, 90, 94, 96]. A low 
level of heterogeneity was measured (I2 = 0%), and a 
fixed-effects model to calculate the pooled effect size 
showed no statistically significant differences in occur-
rence of minor wound complications between groups 
(RR 0.83; 95% CI 0.60 to 1.13; p = 0.23) (Fig. 6).

Sensitivity analysis including only retrospective stud-
ies was performed [23, 85, 90, 96]. Again, a low level of 
heterogeneity was measured (I2 = 0%), and a fixed-effects 
model showed no statistically significant differences 
between groups (RR 0.83; 95% CI 0.61 to 1.15; p = 0.26) 
(Additional file 6).

Data not amenable to meta‑analysis
Cristofari et al. [85] and Vahldieck et al. [23] reported on 
both function-related outcomes and aesthetics-related 
outcomes, but given the strong heterogeneity in the 
assessment scales used (DASH vs. ROM in functional 

assessment and VSS and a customized satisfaction scale 
vs. POSAS in aesthetic assessment), meta-analysis was 
not feasible.

Certainty of evidence
The evidence was graded at a low or very low certainty 
with reasons for downgrading including risk of bias, 
imprecision, and inconsistency (Additional file  2). The 
evidence for major wound complications was down-
graded to very low certainty (once for risk of bias, once 
for inconsistency, and once for imprecision), and the 
evidence for minor wound complications was down-
graded to low certainty (once for risk of bias and once for 
imprecision).

Discussion
With significant improvements in microvascular recon-
struction techniques, our focus has shifted to reducing 
donor site complications. At the same time, our patients 
expect optimal therapy. Therefore, the choice of closure 
technique should ideally be based on evidence rather 
than personal preference. However, after 30 years of 
ongoing discussion [6], we still do not know whether 
FTSG or STSG should be preferred for RFFF donor site 
closure.

This is the first systematic review solely focusing on 
fasciocutaneous RFFF that has been conducted on this 

Fig. 5 Forest plot of major wound complications

Fig. 6 Forest plot of minor wound complications
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topic, with a published study protocol, a thorough risk-
of-bias assessment, and a certainty of evidence assess-
ment using the GRADE approach. We included 15 
studies with a total of 933 procedures, comparing RFFF 
donor site closure using FTSG vs. STSG. Our meta-anal-
ysis regarding the incidence of minor and major donor 
site complications showed no significant differences 
between treatment groups.

While earlier studies, such as those by Mosquera et al. 
[68], Saleki et  al. [67], and Zhang et  al. [69], have sug-
gested differing outcomes, our findings suggest that the 
choice between FTSG and STSG may not have a uni-
versally superior option in terms of clinical outcomes. 
This highlights the need for clinicians to consider factors 
beyond universal graft choice, such as patient-specific 
factors (e.g., skin tone or skin quality), surgical factors 
(e.g., surgical expertise and surgical planning) and donor 
site characteristics (e.g., defect size and tissue availability) 
when planning RFFF surgery.

The meta-analysis of major wound complications 
revealed a high-level heterogeneity among studies. 
(I2 = 69%, χ2 = 6.50, p = 0.04) (Fig.  5). Sensitivity analy-
sis including only retrospective cohort studies showed a 
pooled effect closer to the null, along with the reduction 
in heterogeneity. This highlights the influence of Bona-
parte et al.’s study (n = 177) in which FTSG closure clearly 
outperformed STSG closure [94]. The authors conducted 
a three-armed study using DynaClose (Canica Design 
Inc., Montreal, Canada), a system for preoperative skin 
expansion using elastic tape that was adhered to the skin 
under tension 2  weeks preoperatively. The three treat-
ment groups were as follows: primary closure, closure by 
local FTSG, and closure by distant STSG. Primary clo-
sure of the donor site was always attempted. If there were 
still areas of the wound with insufficient skin for primary 
closure, a local FTSG was harvested from redundant skin 
on the ipsilateral forearm incision line. When this was 
also insufficient, a distant STSG was utilized to close the 
defect. Participants in the STSG group were all patients 
in which skin expansion failed because of nonadherence 
to the protocol or in cases where tension was found to be 
insufficient. The latter occurred mainly in young, other-
wise healthy males. STSG showed a higher complication 
rate (25% major wound complications) compared to pri-
mary closure (0% major wound complications) and local 
FTSG (1.7% major wound complications), even though 
donor site defect sizes were similar between groups. It 
could be hypothesized that an FTSG simply yields a bet-
ter result than an STSG for anatomical reasons, but this 
is not supported by other studies in our meta-analysis 
[90, 94, 96]. Another hypothesis is that preoperative 
skin expansion has a positive effect on tissue viability. 
The latter is supported by research on histophysiological 

changes during controlled skin expansion [105, 106]. 
During skin expansion, a variety of histologic changes are 
observed, including increased epidermal mitotic activity 
and increased vascularity in expanded tissue. A study by 
Cherry et al. [107] on the vascularity and survival of skin 
flaps in controlled, expanded pig skin revealed increased 
vascularity on angiograms along with a 117% increase 
in survival length compared to nonexpanded skin flaps. 
These histological changes, initiated by the preoperative 
expansion, might have contributed to the lower compli-
cation rate in the treatment group that underwent suc-
cessful pre-expansion. Although these data originated 
from an animal study, it should be noted that gener-
ally, both human and animal soft tissues exhibit similar 
responses during controlled tissue expansion [105]. The 
increased vascularity observed could stem from various 
factors such as vessel realignment, arteriovenous shunt 
closure, angiogenesis, and a decrease in neurohumoral 
vasoactive agents [106, 108]. Preoperative skin expansion 
is an affordable and intuitive solution that could signifi-
cantly improve the likelihood of primary wound closure 
[94]. When primary wound closure is not feasible, it 
could still increase the viability of the locally harvested 
FTSG, potentially reducing major wound complica-
tions such as tendon exposure and complete graft loss. 
The suggestion that preoperative skin expansion could 
improve graft survival, coupled with the lack of clear evi-
dence of superiority between FTSG and STSG, justifies 
further research.

The high heterogeneity in outcomes for major wound 
complications contrasts with the low heterogeneity in 
minor wound complications (I2 = 0%) (Fig. 6). This con-
trast is remarkable, given the high overlap among studies 
in both analyses. In fact, all four studies included in the 
major donor site complications meta-analysis were also 
included in the minor donor site complications meta-
analysis plus one extra study. Minor complications are 
probably less influenced by the surgical technique (e.g., 
preoperative skin expansion), which affects major com-
plications. However, this discrepancy can be explained by 
the fact that preoperative skin expansion does not neces-
sarily lead to a reduction in minor wound complications 
like infection, hematoma, or seroma.

When evaluating strategies to reduce donor site mor-
bidity, the flap raising technique may also be important. 
Some researchers advocate the suprafascial dissection 
technique, suggesting it results in lower morbidity, as 
the deep forearm fascia is preserved [100]. This not 
only offers a vascularized bed suitable for grafting but 
also maintains a protective connective tissue layer over 
the tendons. A comprehensive comparison between 
suprafascial and subfascial techniques is beyond the 
scope of this study, but authors utilizing suprafascial 
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dissection indeed report few or even zero major donor 
site complications, such as complete skin graft loss 
(0–6%) and tendon exposure (0–4%) [16, 23, 30, 84, 93, 
100]. The establishment of future controlled studies to 
further explore these findings would be beneficial.

With respect to functional outcome, FTSG was 
thought to lead to better results compared to STSG, 
as it includes both epidermis and the full dermis layer 
[109]. The thicker FTSG would provide greater elas-
ticity and durability and could therefore better with-
stand the mechanical stress that occurs in highly 
flexible regions such as the wrist. During wound heal-
ing, FTSGs shows a lower degree of graft contraction 
compared to STSGs [110], which would be good for 
preserving range of motion. On the other hand, one 
might reason that an STSG would yield better results 
since it generally heals faster and the metabolic needs 
are lower, due to its thinner structure [109]. Despite 
these theoretical considerations, hardly any difference 
was detected when comparing FTSG to STSG. One 
study favored FTSG [85], one study favored STSG [97], 
and all other studies did not reveal significant differ-
ences [16, 23, 90, 92], observed mixed results [96], or 
did not undertake statistical analysis [13, 58, 84, 93]. 
For aesthetic outcome, wound closure with FTSG was 
thought to yield better results as more characteristics 
of the donor skin are preserved, as the thicker FTSG 
contains more collagen, dermal vascular plexuses, and 
epithelial appendages [109]. It could therefore pro-
vide a better match in skin color and texture, result-
ing in a more natural appearance [109, 111]. Most of 
the included studies support this hypothesis as seven 
studies favored FTSG [16, 23, 90–92, 95, 96], no studies 
favored STSG, and two studies observed no statistical 
differences [85, 97]. Four studies did not undertake sta-
tistical analysis [13, 58, 84, 93]. Since the available data 
were not amenable to meta-analysis, definitive conclu-
sions cannot be drawn regarding functional and aes-
thetic outcome.

Limitations of this study are the relatively high risk 
of bias in the included studies, the inconsistency, the 
imprecision, and therefore the low to very low certainty 
of evidence. To increase the certainty of evidence, well-
designed RCTs are needed. In addition, the majority of 
the included studies were retrospective in nature. After 
removing the only prospective study, the pooled effect 
estimate shifted closer to no difference. Therefore, more 
prospective studies are needed to further explore the 
validity of the outcomes of the current meta-analysis. 
Researchers should report variables such as defect size 
and time-to-follow-up. In instances where significant 
differences in these patient characteristics are observed 
between groups, adjusting for these discrepancies is 

crucial to ensure the validity of the findings. As this sys-
tematic review is designed as a living document, we plan 
to update when new evidence becomes available.

Conclusion
This systematic review and meta-analysis showed no 
conclusive evidence of a difference in wound outcome 
between RFFF donor site closure with FTSG versus 
STSG. These conclusions are based on data from five 
studies with a low to very low certainty according to 
GRADE and should be interpreted cautiously. To define 
the potential surgical impact of utilizing FTSG vs. STSG 
more clearly and to increase the certainty of the evidence, 
further research is needed. We suggest conducting RCTs, 
designed in line with the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) state-
ment [112] and reported according to the Consolidated 
Standards of Reporting Trials (CONSORT) statement 
[113]. Until more robust evidence becomes available, the 
optimal skin graft choice should be guided by patient-
specific factors, surgical considerations, and donor site 
characteristics.
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