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Abstract

Background: Patients with spinal cord injury (SCI)
are at exceptionally high risk of developing pressure
ulcers due to immobility, sensory loss, and impaired
tissue perfusion. Grade 3 and 4 pressure ulcers
represent a significant source of morbidity,
prolonged hospitalisation, and mortality in this
population. This study evaluates the outcomes of
vacuum-assisted closure (VAC) therapy for
managing Grade 3 and 4 pressure ulcers specifically
in patients with spinal cord injury at the National
Orthopaedic Hospital (NOH), Dala, Kano, Nigeria.
Methods: A retrospective cohort study was
conducted on 38 patients with spinal cord injury and
Grade 3 or 4 pressure ulcers treated with VAC
therapy between January 2022 and December 2024
at NOH, Dala. Data extracted included patient
demographics, injury  characteristics,  ulcer
characteristics, duration of VAC therapy, healing
outcomes, time to complete closure, complications,
and length of hospital stay. Outcomes assessed
included complete healing, partial healing (>50%
volume reduction), treatment failure, and
complication rates.

Results: A total of 38 patients (28 males, 10
females) with mean age 48.6 = 13.8 years (range:
24-72 years) were included. Traumatic SCI
accounted for 86.8% (33/38) of cases, with road
traffic accidents as the predominant mechanism
(78.9%). Thoracic level injury was most common
(60.5%), followed by cervical (26.3%) and lumbar
(13.2%). Complete neurological injury (ASIA A)
was present in 68.4%. Sacral region was the most
common ulcer location (71.1%), followed by
trochanteric (15.8%) and ischial (13.2%). Grade 3
ulcers accounted for 47.4% (18/38) and Grade 4 for
52.6% (20/38). Mean duration of VAC therapy was
52 + 1.8 weeks (range: 2-9 weeks). Complete
healing was achieved in 19 patients (50.0%), partial

healing in 13 patients (34.2%), and treatment failure
in 6 patients (15.8%). Mean time to complete
healing was 6.8 = 1.6 weeks. Complications
included wound infection (5 patients, 13.2%), VAC
device malfunction (3 patients, 7.9%), and bleeding
(2 patients, 5.3%). No treatment-related mortality
occurred.

Conclusion: Vacuum-assisted closure therapy for
Grade 3 and 4 pressure ulcers in spinal cord injury
patients at NOH, Dala achieves complete or partial
healing in 84.2% of patients, though outcomes are
slightly inferior to general population studies,
reflecting the challenges of wound healing in SCI.
These findings support VAC therapy as an effective
treatment modality in this vulnerable population
while highlighting the need for enhanced preventive
strategies.
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L. INTRODUCTION

Pressure ulcers represent one of the most
common and devastating complications following
spinal cord injury (SCI), affecting up to 85% of
patients at some point during their lifetime [1]. The
combination of immobility, sensory loss, motor
paralysis, autonomic dysfunction, and impaired
tissue perfusion creates a perfect storm for tissue
breakdown over bony prominences [2]. Once
established, pressure ulcers significantly increase
morbidity, prolong hospitalisation, delay
rehabilitation, and contribute to mortality from
sepsis and other complications [3].

The economic burden of pressure ulcers in
SCI patients is substantial. In the United States,
annual treatment costs exceed $1.3 billion, with
individual ulcers costing between $20,000 and
$150,000 depending on severity [4]. In Nigeria,
where healthcare resources are limited and patients
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often pay out-of-pocket, the financial impact on
families can be catastrophic [5].

Grade 3 pressure ulcers involve full-
thickness skin loss with damage extending to
subcutaneous tissue, while Grade 4 lesions extend to
underlying muscle, bone, or supporting structures,
often with osteomyelitis [6]. These advanced ulcers
rarely heal with conservative measures alone,
typically requiring surgical intervention [7].
Traditional treatment includes debridement, moist
wound dressings, infection control, pressure relief,
and nutritional support, but healing times are
prolonged and recurrence rates high [8].

Vacuum-assisted closure (VAC) therapy,
also known as negative pressure wound therapy
(NPWT), has emerged as a valuable adjunct in
pressure ulcer management [9]. By applying
controlled subatmospheric pressure to the wound
bed, VAC promotes granulation tissue formation,
reduces oedema, decreases bacterial colonisation,
enhances blood flow, and prepares the wound for
definitive closure [10]. Multiple studies have
demonstrated its efficacy in complex wounds,
including pressure ulcers in SCI patients [11,12].

The pathophysiology of pressure ulcer
development in SCI differs from other patient
populations. Beyond immobility, SCI patients
exhibit altered tissue perfusion due to loss of
sympathetic tone, muscle atrophy reducing padding
over bony prominences, and impaired wound
healing related to nutritional deficiencies and
recurrent infections [13]. These factors make
pressure ulcers in SCI particularly challenging to
treat and prone to recurrence.

Recent international studies have explored
enhanced protocols for pressure ulcer management.
Tian et al. demonstrated that autologous platelet-rich
plasma (PRP) combined with VAC therapy achieved
93.33% effectiveness in pressure ulcer repair,
significantly higher than VAC alone (80.00%), with
complication rates reduced from 33.33% to 6.67%
[14]. Liu et al. reported 94.55% total effective rate
with continuous irrigation and PRP-enhanced VAC,
compared to 76.36% with VAC alone [15]. These
findings suggest potential for improved outcomes
with combination therapy.

The National Orthopaedic Hospital (NOH),
Dala, Kano, established in 1959, is one of Nigeria’s
three specialisedorthopaedic tertiary institutions and
serves as a major referral centre for spinal cord
injury patients from across northern Nigeria [16,17].
The hospital manages a high volume of traumatic
SCI cases, predominantly from road traffic
accidents, with many patients developing pressure
ulcers during acute care or rehabilitation [18].
Despite the clinical importance of this problem, data

on VAC therapy outcomes specifically in SCI
patients from Nigerian centres remain limited.

This study aims to evaluate the outcomes of
vacuum-assisted closure therapy for managing
Grade 3 and 4 pressure ulcers specifically in patients
with spinal cord injury at NOH, Dala, Kano, over a
three-year period.

II. METHODOLOGY

This was a retrospective cohort study
conducted at the National Orthopaedic Hospital,
Dala, Kano, Nigeria, between January and
December 2024, reviewing patients treated from
January 2022 to December 2024. The hospital is a
260-bed federal tertiary institution with dedicated
spinal cord injury, orthopaedic, and plastic surgery
units [16].Ethical approval was obtained and due to
the retrospective nature, requirement for individual
patient consent was waived. Patient confidentiality
was maintained through anonymized data collection.

All patients aged 18 years and above with
traumatic or non-traumatic spinal cord injury and
Grade 3 or 4 pressure ulcers (National Pressure
Injury Advisory Panel staging system) [6] treated
with VAC therapy at NOH, Dala during the study
period were eligible. A total of 38 patients met
inclusion criteria.

Inclusion criteria were: (1) age >18 years;
(2) confirmed spinal cord injury (any level, any
severity); (3) Grade 3 or 4 pressure ulcer; (4)
treatment with VAC therapy for minimum 2 weeks;
(5) complete medical records available. Exclusion
criteria were: (1) patients with untreated
osteomyelitis requiring surgical resection; (2)
patients with malignant ulcers; (3) patients with
bleeding disorders; (4) incomplete records.

All patients underwent initial surgical
debridement to remove necrotic tissue and achieve a
clean wound bed. VAC therapy using low pressure
suction machine readily available was applied with
settings of -125 mmHg continuous or intermittent
pressure based on clinician preference and wound
characteristics. Dressings were changed every 48—
72 hours. Therapy continued until wound closure,
readiness for surgical reconstruction, or treatment
failure. Adjunctive measures included pressure-
relieving mattresses, regular turning protocols (2-
hourly), nutritional support (high protein diet,
supplementation), and infection control based on
culture results.

Medical records, operative notes, and wound care
charts were reviewed using a standardised data
extraction form. Data collected included:

1. Demographic characteristics: Age, sex,
comorbidities.
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2. Injury characteristics: Level of injury (cervical,
thoracic, lumbar), ASIA impairment scale grade,
mechanism (traumatic vs. non-traumatic), time since
injury.

3. Ulcer characteristics: Grade (3 or 4), anatomical
location (sacral, trochanteric, ischial, others), size
(cm?), duration before VAC initiation, presence of
infection, osteomyelitis status.

4. Treatment details: Duration of VAC therapy,
number of dressing changes, adjunctive therapies
(debridement, antibiotics, nutritional support, flap
reconstruction after VAC).

5. Outcome measures: Complete healing (full
wound closure), partial healing (>50% volume
reduction), treatment failure (no improvement or
deterioration), time to complete healing,
complications  (infection,  bleeding,  device
malfunction), length of hospital stay.

Data were entered into Microsoft Excel and
analysed using SPSS Version 25.0. Descriptive
statistics (frequencies, percentages, means, standard
deviations, ranges) were calculated for all variables.
Subgroup analysis compared outcomes by ulcer
grade and injury level. Statistical significance for
comparisons was set at p < 0.05.

II. RESULTS

A total of 38 patients met inclusion criteria.
Table 1 presents demographic and injury
characteristics.Mean age was 48.6 + 13.8 years
(range: 24-72 years). Male predominance (73.7%)
reflects SCI demographics in Nigeria [18].
Traumatic SCI accounted for 86.8%, with road
traffic accidents the predominant mechanism
(78.9%). Thoracic level injury was most common
(60.5%), and complete neurological injury (ASIA A)
in 68.4%.

Table 2 presents characteristics of pressure
ulcers.Sacral region was the most common location
(71.1%), consistent with prolonged supine
positioning [7]. Grade 4 ulcers predominated
(52.6%). Seven patients (18.4%) had multiple
ulcers. Wound infection at presentation was present
in 42.1%, and confirmed osteomyelitis in 15.8%.

Mean duration of VAC therapy was 5.2 +
1.8 weeks (range: 2-9 weeks). Mean number of
dressing changes was 14.2 + 4.8. Continuous
pressure mode was used in 30 patients (78.9%),
intermittent in 8 patients (21.1%).

Table 3 presents treatment
outcomes.Complete healing was achieved in 19
patients (50.0%), with mean time to healing of 6.8 +
1.6 weeks. Partial healing occurred in 13 patients
(34.2%), of whom 7 subsequently underwent flap
reconstruction. Treatment failure occurred in 6
patients (15.8%), attributed to uncontrolled infection

(4 patients), non-compliance with pressure relief (1
patient), and severe malnutrition (1 patient).

Table 4 presents outcomes stratified by
ulcer grade.Grade 3 ulcers had significantly higher
complete healing rates (66.7% vs. 35.0%, p=0.03)
and shorter healing times (5.8 vs. 7.6 weeks,
p=0.02) compared to Grade 4 ulcers.By injury level,
thoracic SCI patients had the lowest complete
healing rate (43.5%), compared to cervical (60.0%)
and lumbar (60.0%), though differences were not
statistically significant (p=0.48).

Table 5 presents complications
encountered.Overall complication rate was 44.7%,
higher than in general population studies [14].
Wound infection was the commonest complication
(13.2%), reflecting the vulnerability of SCI patients
to infection [13].

Mean length of hospital stay was 9.6 + 4.2
weeks (range: 5-20 weeks). Patients achieving
complete healing had shorter stays (7.8 + 2.8 weeks)
compared to partial healing (10.4 + 3.6 weeks) and
treatment failure (14.2 + 4.8 weeks) (p=0.01).

IV.  DISCUSSION

This study provides the first systematic
assessment of vacuum-assisted closure therapy
outcomes for Grade 3 and 4 pressure ulcers
specifically in spinal cord injury patients at NOH,
Dala, Kano, demonstrating complete or partial
healing in 84.2% of patients. These outcomes, while
favourable, are slightly inferior to our previous
series in general population (86.8%) [19], reflecting
the unique challenges of wound healing in SCI.

The complete healing rate of 50.0% in this
SCI cohort is lower than the 55.3% we reported in
mixed population [19] and the 55-65% rates
reported in some international series [11,12]. This
difference is expected given the pathophysiology of
SCI: impaired tissue perfusion from sympathetic
dysfunction, muscle atrophy reducing vascularity,
and systemic factors including recurrent infections
and nutritional deficiencies [13,20].

The partial healing rate of 34.2% is
clinically valuable, as it often enables subsequent
flap reconstruction with lower failure risk [7]. Seven
patients in this series underwent successful flap
surgery after VAC preparation, consistent with the
concept of VAC as a bridge to definitive closure [8].

Our outcomes compare reasonably with
international studies. Tian et al. reported 80.00%
effectiveness with VAC alone in pressure ulcers (all
causes), improving to 93.33% with PRP
combination [14]. Liu et al. reported 76.36%
effectiveness with VAC alone [15]. Our 84.2%
overall success rate exceeds these VAC-alone
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figures, possibly reflecting our protocol including
aggressive debridement and nutritional support.

The Cochrane review of NPWT for
pressure ulcers noted limited high-quality evidence
but suggested potential benefits over conventional
dressings [21]. Our findings support this conclusion
in the SCI subpopulation.

The significantly poorer outcomes in Grade
4 ulcers (35.0% complete healing vs. 66.7% for
Grade 3) underscore the importance of early
intervention before ulcers progress to involve bone
[22]. The 15.8% osteomyelitis rate in this series is
consistent with literature reporting 15-30% bone
involvement in advanced pressure ulcers [23].

The higher complication rate in this series
(44.7%) compared to our general population study
(31.6%) [19] and the Tian et al. VAC-alone group
(33.33%) [14] reflects SCI-specific vulnerabilities.
Wound infection (13.2%) was the commonest
complication, consistent with reports that SCI
patients have impaired immune function and higher
infection risk [13,24].

Device malfunction (7.9%) was higher than
in our general series (5.3%), possibly related to
longer treatment duration in SCI patients (5.2 vs. 4.8
weeks) and challenges of maintaining equipment in
spinal units [19].

The predominance of traumatic SCI
(86.8%), road traffic accidents (78.9%), and thoracic
level injuries (60.5%) in this series reflects Nigerian
epidemiology [18,25]. The high proportion of
complete injuries (68.4%) and the prevalence of
pressure ulcers (often developing before referral)
highlight gaps in acute care and prevention [5].
NOH, Dala serves as a regional referral centre for
SCI, managing patients from across northern
Nigeria [16,17]. The availability of VAC therapy
represents an important advance, but the 18.4% rate
of multiple ulcers and 42.1% infection at
presentation indicate that many patients arrive with
established complications [18].

These findings have several implications for SCI
care at NOH, Dala:

1. Prevention emphasis: The challenges of treating
established pressure ulcers reinforce the critical
importance of prevention through pressure relief
protocols, skin inspection, and early intervention
[1,3].

2. Early VAC initiation: Better outcomes in Grade 3
ulcers support early VAC therapy before progression
to Grade 4 [22].

3. Enhanced protocols: The superior outcomes with
PRP combination in literature [14,15] suggest
exploring adjunctive therapies at NOH, Dala.

4. Multidisciplinary care: Optimal outcomes require
integrated teams including spinal surgeons, plastic
surgeons, nutritionists, and specialised nurses [4].

5. Patient/family education: Given the high rate of
non-compliance as a factor in treatment failure (1
patient), structured education on pressure relief is
essential [5].

The slight inferiority of outcomes in this SCI cohort
compared to our general population study [19]
validates the concept that SCI patients represent a
higher-risk subgroup requiring enhanced
interventions and realistic expectations.

This study has several limitations. First,
retrospective design limits data completeness.
Second, single-centre design limits generalisability.
Third, relatively small sample size (n=38) limits
subgroup analyses. Fourth, absence of a control
group prevents direct comparison with conventional
dressings.  Fifth, variable follow-up may
underestimate late recurrence. Sixth, lack of
standardised wound measurement protocols may
affect healing assessment accuracy.

Prospective  studies with  standardised
protocols and control groups would strengthen
evidence. Research on cost-effectiveness of VAC
therapy in Nigerian SCI patients would inform
resource allocation. Studies exploring combination
therapies (PRP, antimicrobials) could identify
enhance protocols. Establishment of a SCI pressure
ulcer registry would facilitate continuous quality
improvement.

This retrospective study demonstrates that
vacuum-assisted closure therapy for Grade 3 and 4
pressure ulcers in spinal cord injured patients in
NOH Dala Kano achieves complete healing in
50.0% and overall success (complete or partial
healing) in 84.2% of patients. Mean healing time
was 6.8 weeks, and complication rates (44.7%)
were higher than in general population, reflecting
SCI- specific challenges. Grade 3 wulcers had
significantly better outcome than Grade 4,
supporting early intervention.  These findings
support VAC therapy as an effective treatment
modality in this vulnerable population while
highlighting the need for enhanced preventive
strategies and exploration of combination therapy to
improve outcomes.
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Table 1: Demographic and Injury Characteristics of Patients (n=38)

Characteristic Number (n) Percentage (%)
Sex

Male 28 73.7%
Female 10 26.3%
Age group (years)

18-35 12 31.6%
36-50 14 36.8%
51-65 8 21.1%
65& above 4 10.5%
Mechanism of injury

Road traffic accident 30 78.9%
Fall from height 5 13.2%
Non-traumatic 3 7.9%
Level of injury

Cervical (C1-C7) 10 26.3%
Thoracic (T1-T12) 23 60.5%
Lumbar (L1-L5) 5 13.2%
ASIA grade

A (Complete) 26 26 68.4%
B (Sensory only) 8 8 21.1%
C (Motor useless) 4 4 10.5%
Time since injury

< 6 months 14 14 36.8%
6—12 months 12 12 31.6%
>12 months 12 12 31.6%

Table 2: Pressure Ulcer Characteristics (n=38 patients, 45 ulcers)

Characteristic Number (n) Percentage (%)
Ulcer grade

Grade 3 18 47.4%
Grade 4 20 52.6%
Anatomical location (45 ulcers)

Sacral 32 71.1%
Trochanteric 7 15.6%
Ischial 6 13.3%
Multiple ulcers 7 patients 18.4%
Mean ulcer size (cm?) 48.6 £22.4

Wound infection at presentation 16 patients 42.1%
Osteomyelitis (confirmed) 6 patients 15.8%

Table 3: Treatment Outcomes Following VAC Therapy (n=38)

Outcome Number (n) Percentage (%)
Complete healing 19 50.0%
Partial healing (>50% volume reduction) 13 34.2%
Treatment failure 6 15.8%
Overall success (complete + partial) 32 84.2%

DOI: 10.35629/6018-08027581

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 80



|
<

International Journal Dental and Medical Sciences Research

Volume 8, Issue 2, Mar.-Apr. 2026 pp: 75-81 www.ijdmsrjournal.com

Table 4: Outcomes by Ulcer Grade

Outcome Grade 3 (n=18) Grade 4 (n=20) p-value
Complete healing 12 (66.7%) 7 (35.0%) 0.03
Partial healing 5 (27.8%) 8 (40.0%) 0.04
Treatment failure 1 (5.6%) 5 (25.0%) 0.09
Mean healing time (weeks) 58+14 7.6+1.8 0.02

Table 5: Complications of VAC Therapy (n=38)

Complication Number (n) Percentage (%)
Wound infection (new or worsening) 5 13.2%

VAC device malfunction 3 7.9%

Bleeding (minor, controlled) 2 53%

Pain during dressing changes 4 10.5%

Skin maceration periwound 3 7.9%

Overall complications 17 44.7%
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