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Abstract: Pressure injuries (PIs) are a common complication in patients with spinal cord injury/dis-
order (SCI/D), and deep PIs require surgical treatment consisting of wide debridement and ade-
quate reconstruction. We conducted a retrospective observational study at a tertiary rehabilitation 
hospital for SCI/D in Italy with the aim of describing the incidence and associated risk factors of 
postoperative complications in individuals with SCI/D presenting with chronic deep PIs, treated 
with a specific flap selection algorithm based on the site of the defect, the presence of scars from 
previous surgeries, and the need to spare reconstructive options for possible future recurrences. 
Medical records of surgical procedures performed on SCI/D patients with fourth-degree PIs, 
according to NPUAP classification (National Pressure Ulcer Advisory Panel), between July 2011 and 
January 2018 were reviewed. A total of 434 surgical procedures for fourth-degree PIs in 375 SCI/D 
patients were analyzed. After a mean follow-up of 21 months (range 12–36), 59 PIs (13.6%) had 
minor complications, and 17 (3.9%) had major complications requiring reoperation. The sacral site 
and muscular and musculocutaneous flaps were significant risk factors for postoperative complica-
tions. Six patients (1.4%) had a recurrence. The choice of flap correlates with the outcome of decu-
bitus reconstruction. Therefore, reconstructive planning should be based on established principles. 
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1. Introduction 
Spinal cord injury/disorder (SCI/D) patients tend to develop pressure injuries (PIs) 

due to the lack of sensitivity in the areas where the body weight lies while the patient is 
in the sitting position or in bed. Continuous weight on these areas decreases blood flow 
to the skin and underlying tissues, ultimately causing tissue necrosis and the formation 
of an open wound [1], with a lifetime incidence of PIs reaching 86% in paraplegic patients 
[2]. Moreover, patients with SCI/D tend to develop infection due to their catabolic state; 
prompt wound management treatment and reduction of the sitting time are critical to 
prevent the evolution to deep PIs and limit infectious complications [2].  

On the other hand, social life in SCI/D patients is interrupted during wound care 
treatments; therefore, a surgical approach should be offered not only to deep PIs but also 
to non-healing wounds. 

Citation: Sgarzani, R.; Rucci, P.; 

Landi, S.; Battilana, M.; Capirossi, R.; 

Aramini, B.; Negosanti, L.  

Reconstructive Surgery of Pressure 

Injuries in Spinal Cord Injury/ 

Disorder Patients: Retrospective  

Observational Study and Proposal of 

an Algorithm for the Flap Choice. 

Healthcare 2024, 12, 34. https:// 

doi.org/10.3390/healthcare12010034 

Academic Editor: Gianluigi Pasta 

Received: 15 November 2023 

Revised: 13 December 2023 

Accepted: 18 December 2023 

Published: 22 December 2023 

 

Copyright: © 2023 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Healthcare 2024, 12, 34 2 of 12 
 

 

Surgical treatment consists of wide debridement and reconstruction with local flaps. 
In PIs surgery, multiple factors are important to consider in order to obtain a permanently 
healed wound, such as a proper debridement, multiple biopsies, prolonged target antibi-
otic therapy, a successful reconstructive technique, and proper postoperative manage-
ment [1,3]. While choosing a reconstructive flap, the surgeon should keep in mind that a 
SCI/D patient during his/her life may experience a local recurrence. The reported recur-
rence rates in specific surgical protocols are approximately 30%, and the rate of new sores 
is approximately 20% [4,5]. Therefore, it is mandatory not only to choose a reliable recon-
structive option but also to keep a backup plan for the future. 

Controversial and diverging hypotheses have been proposed on the best flap to 
choose, as well as the timing (one-time or two-time surgery) [6].  

In this study, we propose a flap choice algorithm based on the site of the defect, the 
presence of scars from previous surgeries, and the need to spare reconstructive options 
for eventual future recurrence. The main aim of the work is to describe the incidence, the 
associated risk factors of post-surgical complications, and the recurrence in individuals 
with SCI/D presenting with deep PIs that are treated with the described flap choice algo-
rithm. 

2. Materials and Methods 
We present a retrospective observational study on SCI/D adult patients affected by 

chronic deep PIs and treated surgically with a reconstructive flap between July 2011 and 
January 2018 at the Montecatone Rehabilitation Institute (a tertiary rehabilitation hospital 
for SCI/D in Imola, Italy). All the patients underwent wide debridement and reconstruction 
with local flaps, according to a specific flap choice algorithm, as described in Figure 1.  

 
Figure 1. The algorithm for the reconstructive flap choice for PIs in SCI/D patients. 

We excluded patients with associated cerebral lesions, PIs with acute infection, and 
PIs with a recurrence that had already been treated surgically and included in the study. 

Once the patient was enrolled in the study, data were collected from the patient from 
his/her medical charts during surgical admission and the 6-month and 12-month follow-
up visits. 

For each patient, we collected demographic data (age, sex), information about SCI/D 
(etiology, neurological level, and completeness according to ASIA—American Spinal 
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Injury Association-scale), comorbidities (BMI > 30 kg/m2, diabetes, active smoking of more 
than 5 cigarettes a day, chronic kidney disease (CKD), coronary heart disease (CHD), and 
obstructive sleep apnea syndrome (OSAS)). 

Moreover, we collected information about the PIs site (sacral, ischiatic, trochanteric, 
or other site) and histological diagnosis of osteomyelitis (yes/no). 

Finally, we collected data on the surgical procedure: The type of flap used for the 
reconstruction (fasciocutaneous, fasciocutaneous island perforator flap, muscular and 
musculocutaneous), minor and major post-surgical complications (rated with the Clavien-
Dindo grade [7], which was considered minor when rated <3 and major when rated ≥3), 
and the recurrence at the 6-month and 12-month follow-up visit. The study was approved 
by the Institutional Ethical Committee AVEC (Area Vasta Emilia Centro) with the refer-
ence number 1000-2020-OSS-AUSLIM on 19 November 2020.  

2.1. Statistical Analysis 
Age was summarized as the mean and standard deviation (SD) and compared be-

tween groups using a one-way ANOVA. Categorical variables were described using fre-
quencies and percentages (%), and their association with the outcomes was investigated 
using the Chi-squared test or Fisher’s exact test when appropriate. Variables showing sig-
nificant associations at p < 0.1 were further investigated in logistic regression models. Spe-
cifically, multinomial logistic regression was used to predict complications (coded as no 
complications, minor, and major complications), and binary logistic regression was used 
to predict recurrence (coded as present or absent).  

In the analyses concerning the PIs, the statistical unit of analysis was the PIs and not 
the patient. Indeed, during the study period, a patient could have undergone more than 
one surgical treatment for one or more PIs. Robust standard errors were calculated to ac-
count for possible multiple interventions, i.e., dependency among observations. Incidence 
with a 95% confidence interval (95% CI) was reported for minor complications, major com-
plications, and the occurrence of any complications regardless of the degree of severity 
and recurrence. Regression estimates were reported as Risk Ratios (RR) and 95% CI. All 
analyses were performed using Stata statistical software version 18 (StataCorp. 2017. Stata 
Statistical Software: Release 15. College Station, TX: StataCorp LLC), and the significance 
level was set to p < 0.05. 

2.2. Surgical Treatment and Reconstructive Flap Choice Algorithm 
The patient was operated on by a plastic surgeon in collaboration, if needed, with 

other surgical specialists (a urologist, general surgeon, orthopedic, and gynecologist) as 
in cases of PIs extending to the enteric or urinary tract. We do not use any pre-operative 
imaging method to diagnose osteomyelitis due to the poor predictive value [8] and prefer 
to treat all the patients as if they were affected by osteomyelitis. In fact, the surgical treat-
ment always starts with the use of methylene blue to color the wound, and then a wide 
debridement of all colored soft and bony tissues is performed. Multiple specimens of bony 
tissues are always sent to pathology from the operating room to allow histological diag-
nosis of osteomyelitis. Histology of soft tissues is always sent to pathology from the oper-
ating room to rule out the diagnosis of a Marjolin ulcer [9]. None of the patients received 
any antimicrobial therapy in the 20 days before the operation, and multiple samples of 
soft and bony tissues are always sent to microbiology from the operating room to allow 
the administration of the correct antimicrobial therapy, as pre-operative swabs are not 
reliable [10,11]. 

The reconstructive procedure aims to close the wound with vital tissues, fill in all the 
dead space, and bring some thickness to weight-bearing areas. Keeping in mind that a 
recurrence may happen in the future, flap donor sites must be selected carefully, sparing 
further options. As an example in sacral PI, we categorically avoid the use of bilateral V 
to Y musculo-cutaneous advancement flaps that would not leave any option as a donor 
site for future reintervention. A unilateral fasciocutaneous flap is the preferred choice, 
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leaving for eventual future needs the contralateral donor site and the gluteus maximus 
flap bilaterally. Our reconstructive flap choice algorithm is presented in Figure 1. 

In trochanteric PIs, the debridement often produces wide defects, especially if the 
resection is extended to the femoris head and the acetabulum. Therefore, the reconstruc-
tion is generally delayed after one month of topical negative pressure therapy to reduce 
wound dimensions. Delayed reconstruction of trochanteric PIs aims to fill in the dead 
space. Therefore we prefer a muscle or musculo-cutaneous flap harvested from the thigh 
(rectus femoris muscle flap or vastus lateralis musculo-cutaneous flap, tensor fasciae latae 
musculo-cutaneous flap). When a muscle flap is used to fill in the dead space, a minimal 
skin rotation is used to close the skin layer over the flap. In spastic SCI/D patients, we 
usually treat the chosen muscle with botulinum toxin 10 days before surgery in order to 
reduce the risks related to spasms after reconstruction. 

In sacral, ischial, or other PIs, the reconstruction is usually performed in one stage 
after the debridement. The reconstruction is usually based on local fascio-cutaneous flaps 
(rotation, transposition, or island perforator flaps). All procedures were performed by 
senior plastic surgeons trained in perforator surgery, but we employed island perforator 
flaps only if, during the dissection of a fasciocutaneous flap, a major perforator is directly 
visualized. Part of the flap is usually deepithelized in order to fill in the dead space and 
increase the thickness of weight-bearing areas (Figure 2). 

 
Figure 2. The transposition of a unilateral fasciocutaneous flap to repair sacral PIs. Part of the flap 
is deepithelized in order to fill in the dead space and increase the thickness of weight-bearing ar-
eas. 

In sacral PIs, we always perform a unilateral flap for the closure in order to spare a 
donor site for eventual future recurrence and reintervention. 

In case of recurrence or scars from previous surgeries, muscle flaps may also be con-
sidered for sacral and ischial PIs (gluteus maximus muscle flap, semitendinosus muscle 
flap, and semimembranosus muscle flap). As for the trochanteric region, when a muscle 
flap is used to fill in the dead space, a minimal skin rotation is used to close the skin layer 
over the flap.  
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After reconstruction, suction drains are always placed in every site except the malle-
olar region. Drains are usually removed after 5–7 days.  

In malleolar PIs, osteomyelitis is usually reported, and we prefer to widely resect the 
bone in order to perform a tension-free fasciocutaneous rotation flap. 

Postoperative treatment includes the administration of piperacillin-tazobactam (18 g 
daily) until antimicrobial therapy can be adjusted according to the results of the specimen 
culture. The patient lays in bed for three postoperative weeks, avoiding laying on the flap. 
Every three hours, the patient’s position is changed by our operators to prevent secondary 
sores; the patient is not allowed to change his position in autonomy to prevent any friction 
or traumatism. When multiple wounds are treated in a single stage, we prefer to position 
the patient on a fluidized bed. Every two days, the wound is dressed by a wound care 
nurse. Twice a week, the wound is examined by the plastic surgeon to provide prompt 
treatment of the eventual hematomas, seromas, or dehiscence. Antimicrobial therapy is 
adjusted by the infectious disease specialist based on the histological and microbiological 
findings on surgical specimens. After three weeks, the stitches are removed, and the pa-
tient starts his or her rehabilitation to the sitting position. Our protocol consists of a grad-
ual sitting training: 1 h maximum of sitting daily for 1 week, then 2 h maximum of sitting 
for 2 weeks [12].  

3. Results 
Patients’ Characteristics and Association with Minor and Major Complications 

A total of 375 patients were included in the study. They were 87.5% male and had a 
mean age of 49.8 (SD = 13.9) years, ranging from 15 to 80 years. The aetiology of SCI/D 
was traumatic in 86.9% of patients, vascular in (8%), or iatrogenic/other in 5.1%. Tetraple-
gia and completeness of lesion (AIS A) were found in 27.5% and 84.5% of patients, respec-
tively. The average length of stay in the rehabilitation hospital was 55 days (ranging from 
42 to 150). 

A total of 44 patients underwent more than one surgical procedure (at different sites 
of PIs) during the study period, and 71 patients underwent multiple PI treatments at the 
same surgical procedure.  

A total of 434 PIs were treated surgically, with 59 PIs (in 46 patients) presenting with 
postoperative minor dehiscence that was classified as a minor complication, grade 1–2, 
according to Clavien-Dindo [7]. All minor dehiscence was treated conservatively until 
complete healing.  

In 17 PIs (15 patients), a major complication occurred, requiring re-intervention. Ma-
jor complications were partial flap necrosis (n = 5), chronic seroma (n = 4), fistula (n = 6), 
and hematoma (n = 2).  

The incidence of major, minor, and all complications was 3.9% (2.3–6.2%), 13.6% (95% 
CI 10.5–17.2), and 17.5% (95% CI 13.8–21.2%), respectively. 

Correlations between complications and patients’ demographic characteristics, level, 
completeness of SCI/D, and aetiology of SCI/D are reported in Table 1.  

Complications were unrelated to age, gender, tetraplegia, and AIS level. However, 
patients with traumatic etiology were significantly less likely to experience major compli-
cations. 

The treated PIs were ischiatic in 56.2% of the cases (n = 244), sacral in 32.5% of the 
cases (n = 141), trochanteric in 15.7% of the cases (n = 68), and 5.8% were in other sites (n 
= 25). Table 2 shows that in sacral PIs, minor complications occurred in a significantly 
higher percentage compared to the other sites (22%), while the reverse was true for ischi-
atic PIs that had significantly lower rates of minor complications (9.8%). Major complica-
tions occurred with similar rates across sacral, ischiatic, and trochanter sites.  

Reconstructive flaps were fasciocutaneous in 347 PIs (80%), fasciocutaneous island 
perforator flaps in 14 cases (3.2%), and muscular or musculocutaneous in 74 PIs (16.8%). 
Table 2 shows that although the type of reconstructive flap was not statistically associated 
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with complications, no minor or major complication was found in the PIs treated with 
fasciocutaneous island perforator flap. 

In 239 cases (55.1%), a histological diagnosis of osteomyelitis was confirmed. This 
diagnosis did not confer a higher risk of complications. Treatment of multiple PIs in one 
stage or in different sites was unrelated to complications. Notably, no major complication 
was found when treatment included a fluidized bed.  

Table 1. The characteristics of the overall sample and comparison among patients without post-
surgical complications and with minor and major complications. 

Pre-Surgical Characteristics Total 
(n = 375) 

Without 
Complications 

(n = 314) 

With Minor 
Complications 

(n = 46) 

With Major 
Complications 

(n = 15) 
p-Value 

Age, mean ± SD 49.8 ± 13.9 49.6 ± 14.1 50.9 ± 12.9 50.1 ± 13.3 0.821 
Gender M, n (%) 328 (87.5) 274 (87.3) 39 (84.8) 15 (100) 0.292 
Aetiology, n (%)     0.034 * 

Trauma 326 (86.9) 277 (84.9) 40 (12.3) 9 (2.8)  
Vascular 30 (8.0) 22 (73.4) 4 (13.3) 4 (13.3)  

Other 19 (5.1) 15 (78.9) 2 (10.5) 2 (10.5)  
Tetraplegic, n (%) 103 (27.5) 90 (28.7) 10 (21.7) 3 (20.0) 0.496 

Complete lesion (AIS A), n (%) 317 (85.7) 264 (84.1) 39 (84.8) 14 (93.3) 0.625 
At least one comorbidity, n (%) 214 (57.1) 176 (56.1) 31 (67.4) 7 (46.7) 0.247 

Diabetes, n (%) 42 (11.2) 35 (11.1) 4 (8.7) 3 (20.0) 0.482 
Obesity, n (%) 103 (27.5) 86 (27.4) 14 (30.4) 3 (20.0) 0.732 

Smoking, n (%) 114 (30.4) 92 (29.3) 18 (39.1) 4 (26.7) 0.380 
CKD, n (%) 13 (3.5) 12 (3.8) 1 (2.2) 0 (0) 0.642 
CHD, n (%) 8 (2.1) 7 (2.2) 1 (2.2) 0 (0) 0.843 
OSAS, n (%) 6 (1.6) 5 (1.6) 0 (0) 1 (6.7) 0.203 

* p-value based on the 3 × 3 table. 

Table 2. The characteristics of PI and comparison among PI without post-surgical complications 
and with minor and major complications. 

PI and Surgical Characteristics 
Total 

(n = 434) 

Without Com-
plications 
(n = 358) 

With Minor 
Complications 

(n = 59) 

With Major 
Complications 

(n = 17) 
p-Value 

More than 1 PI treated in one stage 71 (16.4) 59 (16.5) 10 (16.9) 2 (11.8) 0.869 
Sacral, n (%) 141 (32.5) 105 (74.5) 31 (22.0) 5 (3.5) 0.002 

Ischiatic, n (%) 244 (56.2) 210 (86.1) 24 (9.8) 10 (4.1) 0.035 
Trochanter, n (%) 68 (15.7) 54 (79.4) 11 (16.2) 3 (4.4) 0.764 
Other site, n (%) 25 (5.8) 24 (96.0) 1 (4.0) 0 (0) 0.181 

More than 1 PI treated (different sites) 44 (10.1) 35 (9.8) 8 (13.6) 1 (5.9) 0.563 
Reconstructive flap, n (%)     0.280 * 

Fasciocutaneous 347 (80.0) 288 (80.4) 45 (76.3) 14 (82.4)  
Muscular or musculocutaneous 73 (16.8) 56 (15.6) 14 (23.7) 3 (17.6)  

Fasciocutaneous Island perforator flap 14 (3.2) 14 (3.9) 0 0  
Osteomyelitis, n (%) 239 (55.1) 202 (56.4) 29 (49.2) 8 (47.1) 0.463 
Fluidized bed, n (%) 60 (13.8) 49 (13.7) 11 (18.6) 0 (0) 0.143 

* p-value based on the 3 × 3 table. 

A multinomial regression model was then carried out to predict minor and major 
complications as a function of the three patient and PI variables identified as significant, 
i.e., sacral site, ischial site, and etiology. Sacral PIs were associated with a two-fold risk of 
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minor complications (RR = 2.27, 95% CI 1.24–4.13), ischial PIs were unrelated with minor 
and major complications (RR = 0.70, 95% CI 0.36–1.33), and vascular etiology had a five-
fold risk of major complications (RR = 5.05, 95% 1.47–17.32, Table 3). 

After omitting the ischial site in a simplified model, sacral PIs were associated with a 
two-fold risk of minor complications (RR = 2.69, 95% CI 1.55–4.67), and vascular etiology 
was associated with a five-fold risk of major complications (RR = 5.01, 95% 1.47–17.05). 

Table 3. A multinomial logistic regression analysis to examine the independent factors associated 
with post-surgical minor and major complications. 

 
Full Model 

RR 
(95% CI) 

p-Value 
Simplified Model 

RR 
(95% CI) 

p-Value 

Minor complications     

Sacral PI 
2.27 

(1.24–4.13) 
0.007 

2.69 
(1.55–4.67) 

<0.001 

Ischiatic PI 
0.70 

(0.36–1.33) 
0.277 - - 

Vascular aetiology of 
the SCI/D vs. traumatic 

1.21 
(0.38–3.80) 

0.743 
1.25 

(0.40–3.89) 
0.705- 

Other aetiology vs. 
traumatic 

0.86 
(0.18–4.20) 

0.852 
0.88 

(0.18–4.28) 
0.875 

Major complications     

Sacral PI 
1.29 

(0.37–4.46) 
0.686 

1.23 
(0.41–3.68) 

0.704 

Ischiatic PI 
1.08 

(0.35–3.37) 
0.891 -  

Vascular aetiology of 
the SCI/D vs. traumatic 

5.05 
(1.47–17.32) 

0.01 
5.01 

(1.47–17.05) 
0.01 

Other aetiology vs. 
traumatic 

3.74 
(0.73–19.18) 

0.114 
3.72 

(0.73–18.99) 
0.114 

All the enrolled patients were followed up at 6 and 12 months, but for many of them, 
we also have data afterward, as the patients are followed chronically at our center for 
multiple conditions connected to spinal cord injury, and we keep on collecting data on 
operated sites at every visit. After a mean follow-up of 21 months (ranging from 12 to 36), 
a recurrence was found in 6 patients (1.4%). Neither the level and cause of SCI nor age and 
sex were associated with the recurrence (Table 4). All patients with a recurrence had at 
least one comorbidity vs. 56.6% without a recurrence (p = 0.033). Specifically, 4 were active 
smokers, 1 of whom also had chronic kidney disease and chronic heart disease; 1 had 
obesity and chronic kidney disease; 1 patient was obese; and another had diabetes. Nota-
bly, in all recurrences, a fasciocutaneous reconstructive flap was used. 

Table 4. The characteristics of patients with and without a recurrence. 

Pre-Surgical Characteristics 
With 

Recurrence 
(n = 6) 

Without 
Recurrence 

(n = 369) 
p-Value 

Age, mean ± SD 45.7 ± 20.1 49.8 ± 13.8 0.234 
Gender M, n (%) 6 (100) 322 (87.3) 0.350 
Aetiology, n (%)   0.347 * 

Trauma 5 (83.3) 321 (87.0)  
Vascular 0 (0) 30 (8.1)  
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Other 1 (16.7) 18 (4.9)  
Tetraplegic, n (%) 1 (16.7) 102 (27.6) 0.550 

Complete lesion (AIS A), n (%) 4 (66.7) 313 (84.8) 0.222 
At least one comorbidity, n (%) 6 (100) 209 (56.6) 0.033 

Diabetes, n (%) 1 (16.7) 41 (11.1) 0.669 
Obesity, n (%) 2 (33.3) 101 (27.4) 0.746 

Smoking, n (%) 4 (66.7) 111 (30.1) 0.054 
CKD, n (%) 2 (33.3) 12 (3.3) 0.018 
CHD, n (%) 1 (16.7) 8 (2.2) 0.136 
OSAS, n (%) 0 (0) 6 (1.6) 0.753 

* p-value based on the 3 × 3 table. 

4. Discussion 
PIs are a common complication in SCI/D patients. Despite all the efforts spent on 

preventive strategies, the use of anti-decubitus surfaces, and patients’ training, the lifetime 
incidence of PI reaches 86% in paraplegic patients [2]. In the case of deep PIs, classified as 
grade III or IV according to the NPUAP classification (National Pressure Ulcer Advisory 
Panel) [13], surgical treatment must be considered. It is universally accepted that surgical 
treatment consists of debridement and reconstruction with flaps. On the other hand, there 
is still debate on the main key factors, which are flap choice and postoperative care (short 
stay in a surgical ward or long stay in a rehabilitation ward). 

In 2016, Tadiparthi proposed a multidisciplinary approach [14]; we believe that a 
clinical pathway with specific pre- and postoperative workup is fundamental [14–17]. 
Contrary to Tadiparthi, we prefer to hospitalize the patient until the wound is completely 
healed [12] and rehabilitate the patient to the sitting position to prevent immediate com-
plications and the tendency of recurrence. We realize that the costs of a long hospitaliza-
tion in a rehabilitation institute are relevant. On the other hand, it is difficult to quantify 
how much we save by preventing new pressure sore formation with this approach [18]. 
Although recent publications have tried to delineate evidence-based treatment guidelines, 
they often lack decision-making algorithms for selecting a flap according to the size and 
location of the ulcer. Furthermore, none of them take into consideration the presence of 
scars from previous surgeries [19].  

In the literature, we found multiple reports on the surgical approach and reconstruc-
tive choices for SCI patients with pressure sores [3–5,20–22]. The reported complication 
rates are very heterogeneous. Disa et al. reported complication rates of 31% following 
pressure ulcer reconstruction with mixed flap compositions [20]. Mandrekas and Masto-
rakos reported complication rates as low as 7% in the use of myocutaneous flaps for pres-
sure sore reconstruction, whereas others, such as Tavakoli et al., reported complication 
rates as high as 62% following reconstruction with myocutaneous flaps [21,22]. In our se-
ries, the overall incidence of complications was 17.5%, where sacral site and muscular and 
musculo-cutaneous flaps were significant risk factors associated with post-surgical com-
plications. 

In 2011, a group of researchers from Gent, Belgium, published a study that demon-
strated that including muscle in the transferred flap was not necessary because it was not 
superior to fasciocutaneous or perforator flaps; moreover, perforator flaps left minor re-
sidual morbidity [23]. Even before the perforator movement in 1993, Yamamoto et al. ad-
vocated the superiority of fasciocutaneous flaps in the reconstruction of sacral pressure 
sores that allowed important future options [24]. In 2003, Pufe described how the blood 
supply around pressure sores is augmented due to the expression of angiogenic factors 
[25]. Based on this observation, in 2017, Kelahmetoglu described propeller perforator flaps 
based on enlarged perforators in the chronic PI margin [26]. Balakrishnan, in 2020, pro-
posed the use of a single best perforator-based Pacman flap (SBPBPF) to cover pressure 
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sores of any dimension, as it fortifies the advancement and transposition flap biogeometry 
principles with robust blood supply of perforator flaps [27].  

We tend to use perforator flaps only if, during the dissection of a fasciocutaneous 
flap, a major perforator is directly visualized. In a systematic review by Sameeem et al. 
[28], an overall complication rate of 19.6% is reported for perforator flaps, while fasciocu-
taneous and musculocutaneous flaps reported complications rates were 11.7% and 18.6%, 
respectively, even if a statistical significance was not demonstrated. Vathulya [29] reported 
an overall complications rate of 18.8% and a recurrence rate of 7.5% concerning perforator 
flaps, higher than that reported in our series, where perforator flaps are performed only 
in particularly favorable conditions. 

The goals of surgical reconstruction are to cover the wound effectively with vital tis-
sues that may bring antimicrobial therapy to the wound bed, to fill up all dead spaces, 
and to leave other options for any recurrence. In the literature, the use of muscle flaps is 
still often advocated in order to fill in the dead space. As an example, in 2009, Romy 
Ahluwalia et al. reported a retrospective analysis of 72 ischial pressure injuries treated 
with a flap, concluding that a posterior medial thigh fasciocutaneous flap combined with 
a biceps femoris muscle flap (the approach used only in 29 cases of their series) was their 
first choice in ischial pressure wound reconstruction [30]. Instead of using muscle flaps to 
fill in dead spaces, in 2017, Gargano et al. reported their experience with the use of a tech-
nique they called Cone of Pressure (COP) flap, a rotation fasciocutaneous flap that is par-
tially deepithelialized and inset with transcutaneous nonabsorbable sutures, advocating 
that a COP flap provides padding over a bony prominence and significantly reduces re-
currences [31]. We agree with this approach; in fact, part of our fasciocutaneous flaps are 
usually deepithelized in order to fill in the dead space and increase the thickness of 
weight-bearing areas. 

Already in 1986, Kauer et al. proposed flap selection based on the need for skin and 
muscle-saving techniques because of the likelihood of recurrent or multiple wounds 
amongst spinal cord injury patients [32]. In fact, we have to adequately consider the risk 
of recurrence in these patients, and we must spare donor sets for further easy reconstruc-
tive options. To achieve these results, we usually consider, in the case of ischial or sacral 
PIs, fasciocutaneous flaps as the first choice to leave muscular flaps as a second choice for 
eventual recurrence. In the case of sacral PI, the flap is always harvested unilaterally for 
the same reason. In 2017, MJ Alfeehan et al. published their experience with muscle- and 
fascia-sparing random pattern hatchet flaps in the primary reconstruction of pressure 
sores in different body regions, showing it is a reliable option that does not compromise 
options for future repairs [33]. 

In our experience, only in the case of trochanteric PIs is muscular flap reconstruction 
(rectus femoris or lateral vastus muscular or myocutaneous flap) preferred to fill in all 
dead space. In fact, we agree with Daneshgaran et al. [34] that if bone infection is present, 
then the Girdlestone procedure, which consists of femoral head osteotomy followed by 
muscle flap closure of the resulting defect, has demonstrated benefits in spinal cord injury 
patients. This kind of resection is wide and results in a large and deep defect that is diffi-
cult to completely fill with a fasciocutaneous flap. In this region, a fasciocutaneous flap 
can adequately cover the surface but might leave deep dead space that can degenerate 
into a hematoma or chronic seroma. We usually administer topical negative pressure ther-
apy after debridement in order to reduce the dead space and prepare the site for a second-
ary reconstruction that is adequately performed with a muscle or miocutanous flap [35]. 
This two-time intervention represents, in our experience, a good choice to reduce compli-
cations and allow a good and permanent reconstruction. We must consider that in SCI/D 
patients, a muscle from the thigh can be easily used for reconstruction without any func-
tional mobility in the donor site, so the rectus femoris or vastus lateralis lap can be har-
vested. We underline that SCI/D patients are frequently affected by spasticity, and it must 
be taken into consideration. A spasm after surgery can lead to muscle flap or stitches de-
tachment and failure of the reconstruction. In these cases, the evaluation must be made 
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together with a specialist in spasticity treatment in order to minimize postoperative com-
plications. In fact, the patient is usually evaluated by a plastic surgeon and spasticity spe-
cialist, and the chosen muscle is treated with botulinum toxin before surgery. We usually 
treat each muscle indicated by the plastic surgeon with botulinum toxin 10 days before 
surgery in order to have the effect after the surgical procedure. An injection of 100 UI of 
botulinum toxin is injected at two points into the muscle under an ultrasound guide. 

This last aspect is important to underline that a multidisciplinary approach is funda-
mental in this patient, that have a lot of specific aspects to consider. The team dedicated 
to the SCI/D patient affected by PIs in our hospital includes a plastic surgeon, nurses spe-
cialized in wound care, a physiatrist, a physiotherapist, an orthopedic surgeon, a general 
surgeon, a urologist, a neurophysiologist and, if necessary, other specialists can be con-
sidered, such as a vertebral surgeon or an oncologist.  

The recurrence rate reported in the study (1.4%) in 6 patients after a mean follow-up 
of 21 months is satisfactory compared to other reported results [29] and depends on very 
accurate management. All patients with a recurrence had at least one comorbid condition. 
A correlation between recurrence and comorbidities was already reported by Bamba et al. 
[36], who found that BMI < 18.5 and active smoking were independent risk factors for 
pressure ulcer recurrence. 

The findings of this study may have practical implications for clinical practice, as the 
satisfactory results achieved with the described flap choice algorithm suggest it should be 
integrated into existing treatment protocols. 

The study presents some limitations, such as the retrospective nature. Moreover, we 
are using fasciocutaneous flaps in non-scarred surgical sites and muscular flaps in scarred 
surgical sites, which can be considered a bias for the results. On the other hand, when 
scars are present at the surgical site, skin irritation may be jeopardized. Therefore, any 
fasciocutaneous flap is at risk of failure, while a musculocutaneous flap with deep 
vascularization from muscular vessels is safer. 

5. Conclusions 
Flap choice and PI site correlate with the outcomes of PI reconstruction. Therefore, 

the reconstructive planning should be based on confirmed principles. The necessity to re-
duce the risk of complications may include filling any dead space under the wound, hav-
ing tension-free sutures, and adequately providing soft tissues over the bone promi-
nences. Furthermore, reconstructive options need to be spared for eventual future recur-
rence. A multidisciplinary approach is fundamental in SCI/D patients, involving all the 
possible professions that can treat all the specific aspects of this complex pathology. All 
the aspects must be taken into consideration to have the highest possible results in this 
kind of surgery. Further prospective studies should be implemented to compare flap 
choice with the results. 

Author Contributions: Conceptualization, methodology, software, validation, R.S., L.N and P.R.; 
formal analysis, S.L.; investigation, P.R.; writing—original draft preparation, L.N.; writing—review 
and editing, B.A., M.B. and R.C.; project administration, R.S. All authors have read and agreed to 
the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki. The study was approved by the Institutional Ethical Committee AVEC (Area Vasta 
Emilia Centro) with the reference number 1000-2020-OSS-AUSLIM on 19 November 2020. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. The data are not publicly available due to privacy. 

Conflicts of Interest: The authors declare no conflict of interest. 



Healthcare 2024, 12, 34 11 of 12 
 

 

References 
1. Kreutzträger, M.; Voss, H.; Scheel-Sailer, A.; Liebscher, T. Outcome analyses of a multimodal treatment approach for deep 

pressure ulcers in spinal cord injuries: A retrospective cohort study. Spinal Cord. 2018, 56, 582–590. 
https://doi.org/10.1038/s41393-018-0065-3. 

2. Sumiya, T.; Kawamura, K.; Tokuhiro, A.; Takechi, H.; Ogata, H. A survey of wheelchair use by paraplegic individuals in Japan. 
Part 2: Prevalence of pressure sores. Spinal Cord. 1997, 35, 595–598. https://doi.org/10.1038/sj.sc.3100467. 

3. Israel, J.S.; Carlson, A.R.; Bonneau, L.A.; Kempton, S.J.; King, T.W.; Bentz, M.L.; Afifi, A.M. Reconstructive surgery and patients 
with spinal cord injury: Perioperative considerations for the plastic surgeon. J. Plast. Surg. Hand Surg. 2016, 50, 44–49. 

4. Ljung, A.C.; Stenius, M.C.; Bjelak, S.; Lagergren, J.F. Surgery for pressure ulcers in spinal cord-injured patients following a 
structured treatment programme: A 10-year follow-up. Int. Wound J. 2016, 14, 355–359. 

5. Biglari, B.; Büchler, A.; Reitzel, T.; Swing, T.; Gerner, H.J.; Ferbert, T.; Moghaddam, A. A retrospective study on flap complica-
tions after pressure ulcer surgery in spinal cord-injured patients. Spinal Cord. 2014, 52, 80–83. 

6. Braafhart, M.; de Laat, H.E.W.; Wagner, T.; van de Burgt, E.W.T.; Hummelink, S.; Ulrich, D.J.O. Surgical reconstruction of pres-
sure ulcers in spinal cord injury individuals: A single- or two-stage approach? J. Tissue Viability 2020, 29, 319–323. 
https://doi.org/10.1016/j.jtv.2020.08.004. 

7. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort 
of 6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. https://doi.org/10.1097/01.sla.0000133083.54934.ae. 

8. Sgarzani, R.; Tedeschi, S.; Trapani, F.F.; Capirossi, R.; Battilana, M.; Gaiani, L.; Palmonari, M.; Negosanti, L. Osteomyelitis of the 
pelvic bones in patients with spinal cord injury: Is magnetic resonance useful for preoperative diagnosis? Integr. Mol. Med. 2019, 
6, 4. https://doi.org/10.15761/IMM1000373. 

9. Abdi, M.A.; Yan, M.; Hanna, T.P. Systematic Review of Modern Case Series of Squamous Cell Cancer Arising in a Chronic Ulcer 
(Marjolin’s Ulcer) of the Skin. JCO Glob. Oncol. 2020, 6, 809–818. https://doi.org/10.1200/GO.20.00094. 

10. Tedeschi, S.; Negosanti, L.; Sgarzani, R.; Trapani, F.; Pignanelli, S.; Battilana, M.; Capirossi, R.; Brillanti Ventura, D.; Giannella, 
M.; Bartoletti, M.; et al. Superficial swab versus deep-tissue biopsy for the microbiological diagnosis of local infection in 
advanced-stage pressure ulcers of spinal-cord-injury patients: A prospective study. Clin. Microbiol. Infect. 2017, 23, 943–947. 

11. Summo, V.; Sgarzani, R.; Negosanti, L.; Fabbri, E.; Vietti Michelina, V.; Villani, R.; D’Angelo, G.; Antoniazzi, E.; Cipriani, R.; 
Morselli, P.G. Pressure Ulcers in Patients with Spinal Cord Injuries: Concordance Between Swab and Intraoperative Culture. 
Plast. Reconstr. Surg. Glob. Open. 2016, 4, e651. 

12. Sgarzani, R.; Maietti, E.; Tedeschi, S.; Trapani, F.F.; Battilana, M.; Landi, S.; Kiekens, C.; Negosanti, L. Multidisciplinary treat-
ment protocol for ischiatic, sacral, trochanteric or other pressure injuries in people with spinal cord injury: A retrospective 
cohort study. Spinal Cord. 2023, 61, 204–210. https://doi.org/10.1038/s41393-022-00869-9. PMID: 36564552. 

13. Edsberg, L.E.; Black, J.M.; Goldberg, M.; McNichol, L.; Moore, L.; Sieggreen, M. Revised National Pressure Ulcer Advisory Panel 
Pressure Injury Staging System: Revised Pressure Injury Staging System. J. Wound Ostomy Cont. Nurs. 2016, 43, 585–597. 
https://doi.org/10.1097/WON.0000000000000281. 

14. Tadiparthi, S.; Hartley, A.; Alzweri, L.; Mecci, M.; Siddiqui, H. Improving outcomes following reconstruction of pressure sores 
in spinal injury patients: A multidisciplinary approach. J. Plast. Reconstr. Aesthet. Surg. 2016, 69, 994–1002. 

15. Ponce de Leon, M. Teamwork approach to prevention and treatment of skin breakdown in spinal cord patients. Continuum 2015, 
21, 206–210. 

16. Sunn, G. Spinal cord injury pressure ulcer treatment: An experience-based approach. Phys. Med. Rehabil. Clin. N. Am. 2014, 25, 
671–680. 

17. Kruger, E.A.; Pires, M.; Ngann, Y.; Sterling, M.; Rubayi, S. Comprehensive management of pressure ulcers in spinal cord injury: 
Current concepts and future trends. J. Spinal Cord. Med. 2013, 36, 572–585. 

18. Chan, B.C.; Cadarette, S.M.; Wodchis, W.P.; Krahn, M.D.; Mittmann, N. The lifetime cost of spinal cord injury in Ontario, Can-
ada: A population-based study from the perspective of the public health care payer. J. Spinal Cord. Med.2018, 20, 1–10. 

19. Cushing, C.A.; Phillips, L.G. Evidence-based medicine: Pressure sores. Plast. Reconstr. Surg. 2013, 132, 1720–1732. 
https://doi.org/10.1097/PRS.0b013e3182a808ba. 

20. Disa, J.J.; Carlton, J.M.; Goldberg, N.H. Efficacy of operative cure in pressure sore patients. Plast. Reconstr. Surg. 1992, 89, 272–
277. 

21. Mandrekas, A.D.; Mastorakos, D.P. The management of decubitus ulcers by musculocutaneous flaps: A five-year experience. 
Ann. Plast. Surg. 1992, 28, 167–174. 

22. Tavakoli, K.; Rutkowski, S.; Cope, C.; Hassall, M.; Barnett, R.; Richards, M.; Vandervord, J. Recurrance rates of ischial sores in 
para- and tetraplegics treated with hamstring flaps: An 8-year study. Br. J. Plast. Surg. 1999, 52, 476–479. 

23. Thiessen, F.E.; Andrades, P.; Blondeel, P.N.; Hamdi, M.; Roche, N.; Stillaert, F.; Van Landuyt, K.; Monstrey, S. Flap surgery for 
pressure sores: Should the underlying muscle be transferred or not? J. Plast. Reconstr. Aesthet. Surg. 2011, 64, 84–90. 

24. Yamamoto, Y.; Ohura, T.; Shintomi, Y.; Sugihara, T.; Nohira, K.; Igawa, H. Superiority of the fasciocutaneous flap in reconstruc-
tion of sacral pressure sores. Ann. Plast. Surg. 1993, 30, 116–121. https://doi.org/10.1097/00000637-199302000-00004. 

25. Pufe, T.; Paulsen, F.; Peterson, W.; Mentlein, R.; Tsokos, M. The angiogenic peptide vascular endothelial growth factor (VEGF) 
is expressed in chronic sacral pressure ulcers. J. Pathol. 2003, 200, 130–136. 

26. Kelahmetoglu, O.; Van Landuyt, K.; Yagmur, C.; Sommeling, C.E.; Keles, M.K.; Tayfur, V.; Simsek, T.; Demirtas, Y.; Guneren, E. 
A simple concept for covering pressure sores: Wound edge-based propeller perforator flap. Int. Wound J. 2017, 14, 1183–1188. 



Healthcare 2024, 12, 34 12 of 12 
 

 

27. Balakrishnan, T.M.; Mariappan, B.K.; Jaganmohan, J. Retrospective Cohort Observational Study on the Single Best Perforator-
Based Pacman Flap in the Reconstruction of Stage IV Sacral Region Pressure Ulcers. Indian. J. Plast. Surg. 2020, 53, 266–272. 
https://doi.org/10.1055/s-0040-1714318. 

28. Sameem, M.; Au, M.; Wood, T.; Farrokhyar, F.; Mahoney, J. A systematic review of complication and recurrence rates of mus-
culocutaneous, fasciocutaneous, and perforator-based flaps for treatment of pressure sores. Plast. Reconstr. Surg. 2012, 130, 67e–
77e. https://doi.org/10.1097/PRS.0b013e318254b19f. 

29. Vathulya, M.; Praveen, A.J.; Barik, S.; Jagtap, M.P.; Kandwal, P. A Systematic Review Comparing Outcomes of Local Flap Op-
tions for Reconstruction of Pressure Sores. Ann. Plast. Surg. 2022, 88, 105–113. https://doi.org/10.1097/SAP.0000000000002941. 

30. Ahluwalia, R.; Martin, D.; Mahoney, J.L. The operative treatment of pressure wounds: A 10-year experience in flap selection. 
Int. Wound J. 2009, 6, 355–358. https://doi.org/10.1111/j.1742-481X.2009.00624.x. 

31. Gargano, F.; Edstrom, L.; Szymanski, K.; Schmidt, S.; Bevivino, J.; Zienowicz, R.; Stark, J.; Taylor, H.O.; Podda, S.; Liu, P. Im-
proving Pressure Ulcer Reconstruction: Our Protocol and the COP (Cone of Pressure) Flap. Plast. Reconstr. Surg. Glob. Open. 
2017, 5, e1234. https://doi.org/10.1097/GOX.0000000000001234. 

32. Kauer, C.; Sonsino, G. The need for skin and muscle saving techniques in the repair of decubitus ulcers. A consecutive series of 
72 patients and 100 ulcers over 5 years (1979/1984). Scand. J. Plast. Reconstr. Surg. 1986, 20, 129–131. 

33. Alfeehan, M.J.; Aljodah, M.A.; Al-Zajrawee, M.Z.; Marzook, A.A. Random pattern hatchet flap as a reconstructive tool in the 
treatment of pressure sores: Clinical experience with 36 patients. Ann. R. Coll. Surg. Engl. 2021, 103, 374–379. 
https://doi.org/10.1308/rcsann.2020.7077. 

34. Daneshgaran, G.; Cooper, M.N.; Park, J.; Pimentel, C.G.; Wong, A.K. Trochanteric pressure ulcers: Preoperative management 
and reconstructive considerations. Ann. Transl. Med. 2019, 7, 22. https://doi.org/10.21037/atm.2018.11.64. 

35. Negosanti, L.; Landi, S.; Gaiani, L.; Capirossi, R.; Battilana, M.; Sgarzani, R. Reconstructive procedure for treatment of trochan-
teric pressure ulcers in spinal-cord-injured patients. Eur. J. Plast. Surg. 2023, 46, 1213–1217. https://doi.org/10.1007/s00238-023-
02086-w. 

36. Bamba, R.; Madden, J.J.; Hoffman, A.N.; Kim, J.S.; Thayer, W.P.; Nanney, L.B.; Spear, M.E. Flap Reconstruction for Pressure 
Ulcers: An Outcomes Analysis. Plast. Reconstr. Surg. Glob. Open. 2017, 5, e1187. https://doi.org/10.1097/GOX.0000000000001187. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 


	1. Introduction
	2. Materials and Methods
	2.1. Statistical Analysis
	2.2. Surgical Treatment and Reconstructive Flap Choice Algorithm

	3. Results
	Patients’ Characteristics and Association with Minor and Major Complications

	4. Discussion
	5. Conclusions
	References

