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INTRODUCTION
Chronic wounds pose significant medical challenges 

to patient morbidity, quality of life, and healthcare costs.1 
In the atraumatic lower extremity (LE) wound popula-
tion, a split-thickness skin graft (STSG) is commonly used 
when healing through secondary intention is not fea-
sible.2,3 Common in this multimorbid population, wound 
beds with poor vascularity, necrotic tissue, and infection 

contribute to STSG failure.3 Infection is a common cause 
of poor outcomes, with successful STSGs only able to 
withstand 105 bacteria per gram of tissue.3–5 To achieve 
a healthy granulation bed, surgical debridement is the 
gold standard for excising nonviable tissue and bacterial 
debris.1,2 A debate remains about the depth of debride-
ment required to achieve an optimal wound bed for suc-
cessful skin grafting.1,3,6 Our study compares the impact of 
deep and superficial debridement techniques in chronic, 
atraumatic LE wounds treated with STSG.

METHODS
Following institutional review board approval 

(STUDY00004145), we reviewed electronic medical 
records for chronic, atraumatic LE wounds receiving 
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Background: Patients with nonhealing lower extremity (LE) wounds often require 
a split-thickness skin graft (STSG) for closure. Nonviable tissue must be debrided 
before STSG inset. Our study aimed to compare differences in debridement depth 
on STSG outcomes.
Methods: Chronic, atraumatic LE wounds receiving STSG from December 2014 to 
December 2022 at a single institution were reviewed. Demographics, wound char-
acteristics, operative details, and outcomes were collected. Superficially debrided 
wounds were compared with wounds receiving deep debridement (DD), defined by 
debriding to the level of white tissue underlying the granulation tissue. Subanalysis 
was performed on wounds that had a negative and positive postdebridement cul-
ture. Primary outcome was graft failure.
Results: Overall, 244 wounds in 168 patients were identified. In total, 158 (64.8%) 
wounds were superficially debrided and 86 (35.3%) received DD. The cohort had a 
median Charlson Comorbidity Index of 4 [interquartile range (IQR): 3]. Diabetes 
(56.6%) and peripheral artery disease (36.9%) were prevalent. The only statically 
significant demographic difference between groups was congestive heart failure 
(SD: 14.9% versus DD: 3.0%, P = 0.017). Wound size, depth, and all microbiology 
results were similar between groups. Postoperatively, the DD group demonstrated 
significantly less graft failure (10.5% versus 22.2%, P = 0.023). In a multivariate 
regression, DD was independently associated with lower odds of graft failure (OR: 
0.0; CI, 0.0–0.8; P = 0.034). Sub-analysis of graft failure supported this finding in 
culture-positive wounds (DD: 7.6% versus DD: 22.1%, P = 0.018) but not in culture-
negative wounds (13.6% versus 22.2%, P = 0.507).
Conclusions: The DD technique demonstrates improved outcomes in chronic, 
culture-positive LE wounds receiving STSG. (Plast Reconstr Surg Glob Open 2024; 
12:e6048; doi: 10.1097/GOX.0000000000006048; Published online 12 August 2024.)
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STSG between December 2014 and December 2022. 
Operations were performed at a single institution by a 
total of six senior surgeons. Patients were excluded if they 
had incomplete follow-up information or received a syn-
thetic dermal substitute (SDS), such as Integra (Integra 
LifeSciences, Princeton, N.J.), before STSG. At our insti-
tution, wounds that are exceptionally large or have deep 
exposed structures are pretreated with SDS by our wound 

clinic 3–4 weeks before STSG. Because this pretreatment 
enhances granulation tissue formation and leads to better 
STSG take rates, we excluded these wounds in our present 
investigation to reduce confounding factors and analyze a 
homogenous population.

Study Groups and Surgical Technique
Patients and wounds were compared by debridement 

technique. Patients requiring STSG were assigned to sur-
geons based on clinical scheduling without selection bias, 
resulting in random allocation to either the deep debride-
ment (DD) technique, performed by one surgeon at our 
institution, or superficial debridement (SD) technique, 
performed by the remaining five surgeons. The DD tech-
nique completely removes the granulation tissue down to 
the base of the granulation buds, not just until bleeding 
tissue is reached, but until the white-colored base of the 
tissue is visible (Fig. 1). This white tissue layer, represent-
ing the very base of granulation tissue “buds,” serves as 
a clinical indicator of the depth of the DD method. The 
SD technique reflected a standard debridement where 
removal of granulation tissue was to healthy bleeding tis-
sue, not reaching the white base layer (Fig. 2).

Takeaways
Question: Does a deeper debridement before a split-
thickness skin graft improve outcomes?

Findings: A retrospective review of 168 patients with 244 
chronic lower extremity wounds showed that those receiv-
ing a deep debridement experienced significantly less 
graft failure (10.5% versus 22.2%, P = 0.023) and com-
plications requiring reoperation (25.6% versus 39.2%, P 
= 0.032). When stratified by culture-negative and culture-
positive wounds, this finding only remained significant in 
culture-positive wounds.

Meaning: In culture-positive chronic wounds colonized by 
bacteria, a deeper debridement is a valuable method to 
improve STSG outcomes.

Fig. 1. comparative images of a wound before and after a deep 
debridement. a, Wound before debridement. B, Wound after deep 
debridement, evident by reaching the white wound base.

Fig. 2. an image of a wound (a) before and (B) after a superficial debridement.
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All patients underwent debridement before STSG. For 
both the DD and SD methods, all surgeons utilized a knife, 
rongeur, and hydrosugical blade (VERSAJET; Smith & 
Nephew, Fort Worth, Tex.) to excise necrotic and infected 
tissue until all wound borders were clean and showed sub-
stantial bleeding at the base. SD was achieved at this level 
by shaving off the top layer of granulation tissue but leav-
ing the base of granulation buds intact. For patients who 
underwent DD, the granulation tissue was totally removed, 
leaving behind an intact white base layer of tissue. All 
wounds were irrigated with 3 L of normal saline. Drapes, 
gloves, and instruments were changed after irrigation. Pre- 
and post-debridement cultures were obtained via an intra-
operative swab of the entire wound surface. STSG harvest 
and placement followed identical surgical technique for 
all wounds. All STSGs were sutured to the wound bed 
using 4-0 absorbable sutures and dressed with a silicone 
interface followed by a sponge and tie over a multilayer 
compression dressing or negative pressure wound therapy 
(NPWT). NPWT was used in cases of excessive edema or 
joint motion. Per institutional protocol, all patients were 
strictly immobilized in a neutral position.7

Data Collection
Charts were reviewed to gather patient demographics, 

microbiology data, wound characteristics, and postopera-
tive outcomes. Demographic data included age, sex, body 
mass index (BMI), and medical history. The Charlson 
Comorbidity Index (CCI) was used to calculate comor-
bidity burden.6 Wound characteristics, determined on 
the day of STSG surgery, included location, dimensions, 
and depth. Bacterial presence in the wound on day of 
STSG inset, including bacterial load and type, was deter-
mined by qualitative microbiology results from intraop-
erative debridement cultures. Pseudomonas aeruginosa and 
Staphylococcus aureus were of interest due to their contribu-
tion to poor outcomes.8–11 Graft thickness was categorized 
into five categories for analysis: very thin (<0.15 mm), thin 
(0.15–0.3 mm), intermediate (0.3–0.45 mm), thick (0.45–
0.6 mm), and very thick (0.6–1.0 mm).2,12,13 Postoperative 
dressing type as previously described was also collected.

Patients were assessed at our outpatient wound clinic 
on postoperative day 30 (POV-30) and 60 (POV-60). 
Patients lost to follow-up were excluded. The primary out-
come was graft failure, defined by the attending surgeon’s 
documentation of complete necrosis, total sloughing, 
or removal of the STSG, or if the clinical note included 
the International Classification of Diseases 10th Revision 
Code T86.821 for failure of an allograft or autograft skin 
graft. Time to graft failure was calculated as the days 
between STSG placement and graft failure documenta-
tion. Secondary outcomes included infection and healing 
rates. Healing rate was evaluated by the binary variable 
clinical healing, determined by documentation of the 
wound as healed in attending notes. Healing course was 
further evaluated by incidence of reoperation, when 
patients required further surgical intervention to heal the 
same wound site treated by the original STSG.

A subgroup analysis was performed on culture- 
negative and culture-positive wounds. Culture-negative 

wounds were defined as those that had a negative result 
on the postdebridement culture before STSG while  
culture-positive wounds had a positive result on the final 
postdebridement culture before STSG.

Statistical Analysis
Summary statistics are presented for the overall sam-

ple and by study groups as means, medians, SDs, mini-
mums, maximums, and proportions (if categorical). 
Two-sample t tests were used to examine differences in 
the averages of continuous variables between groups (SD 
versus DD) when the normality assumption was satisfied. 
The Wilcoxon rank-sum test was used when the normal-
ity assumption was not satisfied. Chi-square and Fisher 
exact tests (defined as cell counts less than 5) were used to 
investigate differences for categorical variables as appro-
priate. A univariate linear regression analysis across all col-
lected variables was conducted to evaluate the influence 
of demographic, wound, and operative characteristics on 
the incidence of graft failure. Variables in this univariate 
that demonstrated statistical significance were included in 
a multivariate linear regression analysis to determine inde-
pendent predictors of graft failure. Statistical significance 
was defined as a P value less than 0.05 for between group 
differences, univariate, and multivariate analyses. StataMP 
Software (StataCorp LLC, College Station, Tex.) was used 
to perform all analyses. Results are reported according to 
the Strengthening the Reporting of Observational Studies 
in Epidemiology checklist.14

RESULTS

Patient Demographics and Wound Characteristics
Of the 316 patient charts screened, 10 were excluded 

due to incomplete follow-up information and 138 were 
excluded due to preoperative SDS usage. Our remaining 
study cohort included 168 patients who received STSG 
coverage for 244 chronic LE wounds. Patient demograph-
ics are summarized in Table 1. In total, 101 (60.1%) 
patients received SD and 67 (39.9 %) patients received 
DD. Overall, the cohort was 61.3% men with a mean 
age of 61.9 ± 15.1 years and BMI of 28.6 (IQR: 8.9) kg/
m2, with no differences between groups (P = 0.534 and 
P = 0.751, respectively). The median CCI was 4 (IQR: 3), 
with no differences between groups (P = 0.397). Diabetes 
(56.6%, P = 0.217), chronic kidney disease (CKD) (22.6%, 
P = 0.235), and peripheral artery disease (PAD) (36.9%, 
P = 0.285) were prevalent among both groups. Incidence 
of congestive heart failure was the only significant demo-
graphic difference between groups (SD: 14.9% versus DD: 
3.0%, P = 0.017).

Wound characteristics and operative details are listed 
in Table 2. Median wound surface area was 28.0 (IQR: 
66.0) cm2, with no differences between groups (P = 0.378). 
While all wounds were located on or below the knee, dis-
tribution of wound location varied significantly between 
groups (P = 0.001) with the DD group having a higher 
incidence of knee wounds (DD: 11.6% versus SD: 2.3%), 
and the SD group having a higher incidence of forefoot 
wounds (SD: 26.0% versus DD: 8.1%). Of foot wounds, 
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incidence of plantar defects was similar between groups 
(DD: 30.0% versus SD: 35.5%, P = 0.588). Wound depth 
was also similar between groups (P = 0.888), with most 
wounds extending to the subcutaneous (57.0%). Most 
STSGs (56.5%) were harvested at an intermediate thick-
ness. SD was more commonly grafted with very thin 
STSGs, and DD was more commonly grafted with thin 
STSGs (P < 0.001). No significant differences in NPWT 
use were observed between groups (SD: 27.7% versus DD: 
37.2%, P = 0.106).

Microbiology results for pre- and postdebridement 
cultures are summarized in Table 3. Pre- and postdebride-
ment cultures were available for 163 and 202 wounds, 
respectively. Incidence of positive predebridement cul-
tures was similar among DD and SD wounds (73.2% versus 
80.4%, P = 0.295), in addition to rates of polymicrobial 
colonization, pathogen type, and bacterial load. Both DD 
and SD groups experienced lower rates of positive postde-
bridement cultures (70.7% versus 62.9%, P = 0.881). All 
bacterial species cultured from DD and SD wounds are 
presented in Supplemental Digital Content 1. [See table, 
Supplemental Digital Content 1, which displays (a) pre- 
and (b) postdebridement bacterial species, http://links.
lww.com/PRSGO/D418.]

Forty-four bacterial species were identified with no 
significant differences between study groups for bacte-
rial species grown from predebridement cultures. The 
DD group demonstrated significantly lower rates of posi-
tive Enterococcus faecalis (0.0% versus 5.4%, P = 0.040) and 

Diphtheroids (10.7% versus 24.0%, n = 0.019) growth on 
postdebridement cultures.

STSG Clinical Outcomes
Outcomes are summarized in Table 4. Overall, the rate 

of graft failure was 18.0%, in which the DD group dem-
onstrated significantly lower rates (10.5% versus 22.2%,  
P = 0.023). The mean time to graft failure was 47.3 ± 23.7 
days (P = 0.404).

Our univariate linear regression of all collected vari-
ables is displayed in Supplemental Digital Content 2. (See 
table, Supplemental Digital Content 2, which displays uni-
variate regression across collected variables, http://links.
lww.com/PRSGO/D419.) We observed a history of cere-
bral vascular accident or transient ischemia attack (TIA); 
wound length, surface area, and depth; plantar location; 
a postdebridement culture positive for a multidrug resis-
tant (MDR) organism; and DD as significant covariates 
with graft failure. We included these variables in our mul-
tivariate model (Table 5). We did not observe the use of 
NPWT, STSG thickness, wound depth, or type of bacterial 
species to influence graft failure in our univariate regres-
sion, and thus did not include these in our multivariate 
regression. In our model, DD was independently associ-
ated with decreased odds of graft failure (OR: 0.0, CI: 
(0.0, 0.8), P = 0.034).

The median final follow-up time was 9.0 (IQR: 23.0) 
months. There were no significant differences between 
groups in clinical healing at POV-30 or POV-60. However, 

Table 1. Patient Demographics
Total, No. (%)
[168 (100%)]

SD, No. (%)
[N = 101 (60.1%)]

DD, No. (%)
[N = 67 (39.9%)] P

Demographics
Age, mean ± SD 61.9 ± 15.1 61.6 ± 15.4 62.1 ± 14.7 0.751
Sex    0.534
  Male 103 (61.3) 60 (59.4) 43 (64.2)  
  Female 65 (38.7) 41 (40.6) 24 (36.8)  
BMI (kg/m2), median [IQR] 28.6 [8.9] 28.7 [9.0] 28.4 [9.1] 0.661
Comorbidities     
Smoking*    0.492
  Never 83 (50.6) 51 (51.0) 32 (50.0)  
  Former 34 (20.7) 18 (18.0) 16 (25.0)  
  Current 47 (28.7) 31 (31.0) 16 (25.0)  
CCI, median [IQR] 4 [3] 4 [4] 4 [3] 0.397
Diabetes 95 (56.6) 61 (60.4) 34 (50.8) 0.217
Peripheral artery disease 62 (36.9) 34 (33.7) 28 (41.8) 0.285
History of myocardial infarction 16 (9.5) 13 (12.9) 3 (4.5) 0.070
History of CVA or TIA 18 (10.7) 10 (9.9) 8 (11.9) 0.676
History of malignancy 23 (13.1) 12 (11.9) 10 (14.9) 0.567
Chronic kidney disease 38 (22.6) 26 (25.7) 12 (17.9) 0.235
Congestive heart failure 17 (10.1) 15 (14.9) 2 (3.0) 0.017 †
History of hypertension 137 (81.6) 84 (83.2) 53 (79.1) 0.506
ASA classification    0.645
  Class I 4 (2.4) 3 (3.0) 1 (1.5)  
  Class II 10 (6.0) 5 (5.0) 5 (7.5)  
  Class III 136 (81.0) 80 (79.2) 56 (83.6)  
  Class IV 18 (10.7) 13 (12.9) 5 (7.5)  
*Smoking history available for only 164 overall: 100 for the SD group, and 64 for the DD group.
†Statistically significant (P < 0.05).
ASA, American Society of Anesthesiologists.

http://links.lww.com/PRSGO/D418
http://links.lww.com/PRSGO/D418
http://links.lww.com/PRSGO/D419
http://links.lww.com/PRSGO/D419
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by final follow-up, the DD group demonstrated sig-
nificantly higher rates of clinical healing (84.5% versus 
70.5%, P = 0.027). In addition, wounds in the SD group 
demonstrated a higher incidence of reoperation (39.2% 
versus 25.6%, P = 0.032). Incidence of infection was simi-
lar between groups at POV-30 (3.0%), POV-60 (7.5%), 
and at final follow-up (6.4%).

Subgroup Analysis of Culture-negative versus Culture-
positive Wounds

Primary outcomes for culture-negative and culture- 
positive wounds are outlined in Table 6. Of culture-negative 
wounds (n = 58), the graft failure rate was 19.0%, with no 
significant differences between groups (P = 0.507). In the 
culture-positive group (n = 144), the overall rate of graft 
failure was 17.4%, in which the DD group had a significantly 
lower rate (7.6% versus 22.1%, P = 0.019). Furthermore, 
in this culture-positive subgroup, the DD group exhibited  
significantly higher rates of clinical healing at final 

follow-up compared with the SD group (84.1% versus 
66.2%, P = 0.034).

DISCUSSION
Principal reasons for LE STSG failure are (1) poor vascu-

larity, (2) infection, and (3) shearing forces.2,15–17 To decrease 
the risk of STSG failure due to improper wound bed prepara-
tion, we investigated the relationship between debridement 
technique and clinical outcomes. Currently, the general con-
sensus is that a healthy granulation bed alone suffices for suc-
cessful STSG take in all wounds.1,18–21 However, we found in 
our study that this method was adequate only if the wound 
was culture-negative. In culture-positive wounds colonized 
by bacteria, we found that a deeper debridement was more 
effective to improve STSG outcomes.

Wound Characteristics and Patient Population
It is well known that comorbidities such as diabetes, 

PAD, and CKD impair wound healing, due to microvascular 

Table 2. Wound Characteristics and Perioperative Details
Total, No. (%)

[N = 244 (100%)]
SD, No. (%)

[N = 158 (64.8%)]
DD, No. (%)

[N = 86 (35.3%)] P

Wound Characteristics
Wound Dimensions, Median [IQR]     
  Width (cm) 4.0 [5.6] 4 [4.5] 4 [6] 0.671
  Length (cm) 6.0 [8] 7 [9] 6 [7] 0.166
  Surface area (cm2) 28.0 [66] 30 [71] 24 [56] 0.378
Wound Depth * 0.896
  Eschar 3 (1.2) 2 (1.3) 1 (1.2)  
  Dermis 7 (3.0) 4 (2.6) 3 (3.5)  
  Subcutaneous 138 (57.0) 87 (55.8) 51 (59.3)  
  Fascia 45 (18.6) 31 (19.9) 14 (16.3)  
  Muscle 23 (9.5) 14 (9.0) 9 (10.5)  
  Tendon 12 (5.0) 7 (4.5) 5 (5.8)  
  Bone 14 (5.8) 11 (7.1) 3 (3.5)  
Wound Location 0.001 †
  Forefoot 48 (19.7) 41 (26.0) 7 (8.1)  
  Midfoot 19 (7.8) 12 (7.6) 7 (8.1)  
  Hindfoot 34 (13.9) 18 (11.4) 16 (18.6)  
  Ankle 45 (18.4) 29 (18.4) 16 (18.6)  
  Lower leg 78 (32.0) 48 (20.4) 30 (34.9)  
  Knee 15 (6.2) 5 (3.2) 10 (11.6)  
  Transmetatarsal amputation site 5 (2.1) 5 (3.2) 0 (0.0)  
Foot Wound Surface ‡ 0.588
  Dorsal 70 (66.0) 49 (64.5) 21 (70.0)  
  Plantar 36 (34.0) 27 (35.5) 9 (30.0)  
Perioperative Details
STSG Thickness § <0.001 †
  Very thin (<0.15 mm) 51 (22.2) 50 (32.3) 1 (1.3)  
  Thin (0.15–0.3 mm) 45 (19.6) 8 (5.2) 37 (49.3)  
  Intermediate (0.3–0.45 mm) 130 (56.5) 96 (61.9) 34 (45.3)  
  Thick (0.45–0.6 mm) 3 (1.3) 0 (0.0) 3 (4.0)  
  Very thick (0.6–1.0 mm) 1 (0.4) 1 (0.65) 0 (0.0)  
Postoperative Dressing 0.106
  Multilayer compression wrap 169 (69.3) 115 (72.8) 54 (62.8)  
  NPWT 75 (30.7) 43 (27.2) 32 (37.2)  
*Depth available for 242 overall: 156 for the SD group and 86 for the DD group.
†Statistically significant (P < 0.05).
‡Percentages out of total wounds located on the foot (forefoot, midfoot, hindfoot, and transmetatarsal amputation site), 106 overall: 76 for the SD group and 30 
for the DD group.
§Graft thickness available for 230 overall: 155 for the SD group and 75 for the DD group.
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disease, peripheral neuropathy, and impaired metabo-
lism.22 Our study population had a diabetes rate of 56.6%, 
PAD rate of 36.9%, and CKD rate of 22.6%, with a median 
CCI burden of 4.0. To control for such a heavy comor-
bidity burden among our population, we included signifi-
cant demographic and wound characteristics determined 
by our univariate model in a multivariate model. We 
found that the DD technique remained independently 
associated with a lower likelihood of graft failure. Taken 
together, despite concerns that large, chronic wounds can-
not handle a reepithelization burden after an aggressive 
operative approach, our results show that the DD method 
reduces the rate of STSG failure and does not hinder 
wound healing.

In addition to patient comorbidities, wound charac-
teristics play a role in STSG reconstruction.3,23 Wounds 
that are larger, deeper, grafted with thicker STSGs, and 
located on plantar surfaces are at higher risk for STSG 
failure.2,24 Furthermore, NPWT has been shown to 
improve STSG outcomes.25–29 Our results demonstrated 
no significant difference between groups in wound 
depth, dimensions, use of NPWT, or frequency of plan-
tar defects. Only plantar surface emerged as a significant 
covariate for graft failure, and we thus controlled for 
this in our multivariate regression. DD and SD wounds 
did differ in location and STSG thickness, both of which 

showed no significance in the univariate regression. In 
fact, SD wounds were more commonly grafted with thin-
ner STSGs, which are known to contribute to better out-
comes via improved nutrient diffusion.2 However, despite 
utilization of thinner STSG, the SD group demonstrated 
less favorable outcomes.

Comprehensive Clearing of Infection
In chronic wounds, infected tissue is one of the pri-

mary predictors of skin graft failure, impeding angio-
genesis and the formulation of healthy granulation 
tissue.5,30,31 The importance of clearing infected tissue 
is emphasized by Golinko et al, who state that tradi-
tional clinical judgment in debridement is inadequate 
and often leaves pathologic tissue behind. They recom-
mend debriding until deep tissue samples are pathologi-
cally negative.32 Golinko’s recommendation may not be 
clinically realistic to achieve, but our method of a more 
aggressive approach may serve as a reliable and effec-
tive clinical indicator during debridement of culture-
positive wounds.

A less-aggressive debridement may risk leaving behind 
infected tissue, especially in wounds with known coloniza-
tion. Over time, the presence of biofilms develop in 90% 
of chronic wounds, compared with 6% of acute wounds.33 
Biofilms thrive on chronic inflammation and the hypoxic 

Table 3. Predebridement Wound Bed Microbiology
Predebridement Culture

Total, n (%) [N = 163 (%)] SD, n (%) [N = 107 (65.6%)] DD, n (%) [N = 56 (34.4%)] P

Culture positive 127 (78.9) 86 (80.4) 41 (73.2) 0.295
Polymicrobial 80 (49.1) 59 (55.1) 21 (37.5) 0.101
Multidrug-resistant organism 18 (14.2) 13 (15.1) 5 (12.2) 0.789
Pathogens of interest     
  Pseudomonas aeruginosa 24 (14.7) 15 (14.0) 9 (16.1) 0.725
  Staphylococcus aureus 29 (17.8) 19 (17.8) 10 (17.9) 0.987
Bacterial load*    0.620
  None 36 (22.2) 21 (19.8) 15 (26.8)  
  Broth 8 (4.9) 6 (5.7) 2 (3.6)  
  Rare 2 (1.2) 2 (1.9) 0 (0.0)  
  Scant, few, or light 65 (40.1) 41 (38.7) 24 (42.9)  
  Moderate 28 (17.3) 18 (17.0) 10 (17.9)  
  Heavy 23 (14.2) 18 (17.0) 5 (8.9)  
 Postdebridement Culture
 Total, n (%) [N = 202 (100%)] SD, n (%) [N = 127 (62.9%)] DD, n (%) [N = 75 (37.1%)] P
Culture positive 144 (71.3) 91 (71.7) 53 (70.7) 0.881
Polymicrobial 79 (39.1) 55 (43.3) 24 (32.0) 0.210
Multidrug-resistant organism 37 (25.7) 24 (26.4) 13 (24.5) 0.807
Pathogens of interest     
  Pseudomonas aeruginosa 20 (9.9) 13 (10.2) 7 (9.3) 0.836
  Staphylococcus aureus 37 (18.3) 20 (15.8) 17 (22.7) 0.219
Bacterial load†    0.382
  None 58 (28.9) 36 (28.6) 22 (29.3)  
  Broth 18 (9.0) 12 (9.5) 6 (8.0)  
  Rare 3 (1.5) 3 (2.4) 0 (0.0)  
  Scant, few, or light 110 (54.7) 65 (51.6) 45 (60.0)  
  Moderate 12 (6.0) 10 (7.9) 2 (2.7)  
  Heavy 0 (0.0) 0 (0.0) 0 (0.0)  
*Predebridement bacterial load available for only 162 overall: 106 for the SD group, and 56 for the DD group.
†Postdebridement bacterial load available for only 201 overall: 126 for the SD group, and 75 for the DD group.
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microenvironment of diabetic patients, which is optimal 
for facultative anaerobes, such as P. aeruginosa, to flour-
ish in deeper tissues.34–36 Furthermore, chronic biofilms 
are able to evade conventional antibiotic treatment, yet 
remain vulnerable to environmental stress and physical 
damage.9,35,37 As such, a DD method may be able to disrupt 
deeper rooted and more pathogenic biofilm communities 

that a superficial approach cannot. Although we did not 
observe strong correlation with debridement cultures 
and graft failure, this represents an avenue for further 
research using more advanced quantitative culturing 
techniques.38,39

Our subgroup analysis of culture-negative and culture-
positive wounds place our findings in the context of the 
wound bed’s microenvironment. At baseline, culture- 
negative wounds have lower levels of infection and 
necrotic tissue but higher levels of healing factors.40 As 
such, in these wounds, we did not observe a difference in 
STSG failure between SD and DD groups. However, in sub-
analysis of culture-positive wounds, the DD method dem-
onstrated significantly lower rates of failure. These results 
suggest that culture-positive wound beds may indicate an 
increased bacterial colonization that is better handled by a 
more aggressive debridement technique.18 Studies suggest 
that superficial wound swabs may fail to detect invasive 
biofilm infections due to their limited reach.41,42 If these 
swabs miss these infections, we cannot expect a superfi-
cial debridement technique to adequately eliminate deep 
infection, common in our study’s multimorbid popula-
tion. Taken together, while culture-negative wounds may 
not necessitate a deep debridement, culture-positive 
wounds may represent infection that cannot be effectively 
cleared by a superficial debridement only.

Risks of Deep Debridement
Because they do not carry their own blood supply, 

STSGs require a well-vascularized wound bed.2 A primary 

Table 4. Postoperative Complications and Long-term Outcomes
Total, n (%)  

[N = 244 (100%)]
SD, n (%)  

[N = 158 (64.8%)]
DD, n(%)  

[N = 86 (35.3)] P

Time to final follow-up (mo), median [IQR] 9 [23] 8 [25] 10.5 [18] 0.659
Graft failure 44 (18.0) 35 (22.2) 9 (10.5) 0.023 *
  Time to graft loss (d), mean ± SD 47.3 ± 23.7 48.8 ± 25.0 41.3 ± 17.5 0.404
Infection
  Anytime during follow-up 32 (13.1) 23 (14.6) 9 (10.5) 0.366
  POV-30† 7 (3.0) 6 (4.0) 1 (1.2) 0.426
  POV-60‡ 16 (7.5) 11 (7.9) 5 (6.9) 0.791
  Final follow-up§ 14 (6.0) 11 (7.1) 3 (4.0) 0.558
Percentage healed (%), median [IQR]
  POV-30¶ 80.1 [58.4] 84.7 [44.5] 75.4 [58.6] 0.264
  POV-60║ 97.0 [36.1] 97.7 [32.5] 94.4 [38.0] 0.391
  Final follow-up** 100.0 [1.3] 100.0 [2.3] 100.0 [0] 0.037 *
Clinically healed
  POV-30†† 87 (40.1) 58 (41.4) 29 (37.7) 0.588
  POV-60‡‡ 105 (50.7) 68 (49.3) 37 (53.6) 0.555
  Final follow-up§§ 153 (75.4) 93 (70.5) 60 (84.5) 0.027 *
Reoperation at original wound site 84 (34.4) 62 (39.2) 22 (25.6) 0.032 *
*Statistically significant (P < 0.05).
†POV-30 infection available for only 234 overall: 151 for the SD group, and 83 for the DD group.
‡POV-60 infection available for only 213 overall: 140 for the SD group, and 73 for the DD group.
§Final follow-up infection available for only 232 overall: 156 for the SD group, and 76 for the DD group.
¶POV-30 percentage healed available for only 160 overall: 95 for the SD group, and 65 for the DD group.
║POV-60 percentage healed available for only 166 overall: 107 for the SD group, and 59 for the DD group.
**Final follow-up percentage healed available for only 157 overall: 98 for the SD group, and 59 for the DD group.
††POV-30 healing available for only 217 overall: 140 for the SD group, and 77 for the DD group.
‡‡POV-60 healing available for only 207 overall: 138 for the SD group, and 69 for the DD group.
§§Final follow-up healing available for only 203 overall: 132 for the SD group, and 71 for the DD group.
POV, postoperative visit at 30 (-30) or 60 (-60) days.

Table 5. Multivariate Analysis Using Significant Univariate 
Covariates

Outcome Variable
Graft Loss, Any
 OR (95% CI) P

Debridement method 0.0 (0.0–0.8) 0.034 *
Wound length 0.5 (0.2–1.1) 0.083
Wound size 1.0 (0.9–1.1) 0.807
Wound surface   
  Dorsal 1 [reference] NA
  Plantar 70.5 (2.1–2344.9) 0.017 *
Wound depth   
  Eschar 1 [reference] NA
  Dermis 0.3 (0.0–22.7) 0.611
  Subcutaneous 3808.3 (4.5–3233340.0) 0.017 *
  Fascia 3.5 (0.0–458.7) 0.619
  Muscle 3.8 (0.0–487.6) 0.590
  Tendon 1 [omitted]† NA
Post-debridement Cx MDR 

organism
1.0 (0.1–10.9) 0.982

History of CVA or TIA 2041.1 (9.8–423964.6) 0.005 *
*Statistically significant (P < 0.05).
†Omitted due to insufficient sample size.
CI, confidence interval; Cx, culture; MDR, multi-drug resistant.
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concern with a radical debridement is damaging the 
wound bed by removing too much healthy tissue, thereby 
hindering the reepithelization process.2,29 However, our 
results suggest that this may not be the case when prac-
ticed by an experienced surgeon, as we observed that DD 
wounds achieve superior graft take. A deeper debride-
ment may provide more mechanical stimulation that 
triggers a number of mechanotransduction pathways 
in the wound bed.23,43–45 Literature suggests mechani-
cal activation promotes angiogenesis and reepitheliza-
tion by releasing acute-pro-inflammatory cytokines that 
recruit keratinocytes and macrophages.45–51 As a result, the 
increased mechanical stimulation to a deeper level of tis-
sue from DD may actually facilitate local neo-angiogenesis 
and microvascular endothelial cell proliferation.51

This point is further supported by our secondary out-
comes in rates of healing, as we observed no significant dif-
ferences in healing rates at POV-30 and POV-60 between 
the two groups. In fact, DD wounds demonstrated a higher 
rate of clinical healing at POV-60, suggesting that the heal-
ing potential of the wound bed is not compromised when 
using a more aggressive debridement method. Our sub-
analysis demonstrates that even in culture-negative wound 
environments, extensive removal of granulation tissue did 
not result in higher complication rates. Furthermore, a 
significantly higher rate of SD wound healing was com-
plicated by reoperation. In cases of graft failure, the 
wound must be further managed by our wound care team, 
which often includes the application of an SDS, further 
debridements, repeat STSG applications, or topical dress-
ing management, all of which pose significant burdens to 
the individual and healthcare system. We observed the DD 
method to be a valuable tool to not only mitigate STSG 
failure but also reduce reoperation. Taken together, our 
data support that DD is safe and efficacious to perform 
in this comorbid population with atraumatic LE wounds.

Limitations
This study has several limitations. Its retrospec-

tive nature relies on the quality of data collected and 
the consistency of clinical documentation. Although 
we did not measure the depth of tissue removed dur-
ing debridement, the white base layer was a consistent 
clinical marker to indicate differences between debride-
ment types. Furthermore, photographic analysis or blind 

observation for graft failure was not available to our study 
design. Although the patients were not randomized into 
treatments, all patients were treated by attendings at our 
wound clinic by standard institutional protocols and our 
results showed no significant differences in patient selec-
tion, as evidenced in patient demographics and wound 
characteristics. Graft outcomes are affected by patient 
adherence to postoperative immobilization protocols and 
wound locations that may be more susceptible to shear-
ing forces or tendon movements.2,52 However, our uni-
variate analysis did not demonstrate any wound location 
as covariates for graft failure. Despite these limitations, 
which predominantly arise from the retrospective study 
design, our research remains valuable because it provides 
a foundation for randomized prospective studies which we 
suggest to build upon and further validate our retrospec-
tive findings.

CONCLUSIONS
In managing chronic LE wounds, the preparation of 

an optimal wound bed is essential for the success of STSG 
reconstruction. Deep surgical debridement stands out as 
a technique that may not only eradicate persistent biofilm 
but also stimulate a wound environment conducive to graft 
healing. Our study highlights the importance of a thor-
ough debridement and advocates for a more aggressive 
wound bed preparation in contaminated wounds to attain 
superior clinical results in a highly comorbid population.
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