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ABSTRACT

Introduction: Pressure ulcers (PUs) are often secondary 

complications in spinal cord injury (SCI) patients.

Purpose: To investigate the presence and possible factors 

associated with pressure ulcers  in SCI patients undergoing 

acute and functional rehabilitation.

Methods: Th is was a retrospective study of 453 patients 

with SCI treated at the Clinic for Rehabilitation “Dr M. Zo-

tovic”, Belgrade, Serbia, between January 2000 and Decem-

ber 2009. Factors that were tested for their infl uence on pres-

sure ulcers in spinal cord injury patients included age, sex, 

mechanism of injury, neurological level of injury, complete-

ness of injury, spasticity and length of stay. Th e presence and 

location of pressure ulcers were recorded on admission, dur-

ing acute and functional rehabilitation and at discharge. Th e 

level of statistical signifi cance in our study was set to 0.05. 

Results: Th e study included 453 patients: 383 (84.5%) did 

not have a pressure ulcer during rehabilitation, and 

70 (15.5%) patients had a pressure ulcer during rehabilita-

tion. Of the total number of patients, 333 (73.5%) were male, 

and 120 (26.5%) were female. Th e average age of patients 

enrolled in the study was 51.8 ± 17.2 years. In a multiple lo-

gistic regression model, one statistically signifi cant predictor 

of pressure ulcers during rehabilitation was pressure ulcer 

before rehabilitation (B = 1420, p <0.001), with an odds ratio 

(OR) = 4.1. Th is result shows that patients who had pressure 

ulcers on admission are 4 times more likely to regain pressure 

ulcers during rehabilitation after controlling for all of the fac-

tors in the model. Another statistically signifi cant predictor 

of pressure ulcers during rehabilitation was FIM score on ad-

mission (B = -0036, p = 0.015).

Conclusion: Th e prevention of pressure ulcers in acute 

and functional rehabilitation increases functional outcomes 

in patients with SCI.
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SAŽETAK

Uvod: dekubitalni ulkus je česta komplikacije kod pacije-

nata sa povredom kičmene moždine.

Cilj: utvrditi učestalost i faktore rizika dekubitalnih ul-

kusa kod pacijenata sa povedom kičmene moždine u toku 

rehabilitacije.

Materijal i metode: ovaj rad predstavlja retrospektivnu 

studiju koja je obuhvatila 453 pacijenta sa povredom kičme-

ne moždine koji su rehabilitovani u Klinic za rehabilitaciju 

Dr M. Zotović, Beograd, Srbija u periodu od Januara 2000. 

do Decembra 2009. godine. Faktori rizika dekubitlanih ul-

kusa kod pacijenata sa povredom kičmene moždine koji su 

ispitivani u ovoj studiji su: starost, pol, način povređivanja, 

neurološki nivo povrede, kmpletnost lezije, spasticitet i duži-

na boravka. Postojanje  lokalizacija dekubitalnih ulkusa je 

bila registrovana na prijemu, u toku rehabilitacije i na otpu-

stu. Nivo statističke značajnosti je testiran na nivou od 0.05.

Rezultati:  u studiju je uključeno 453 pacijenata od kojih 

383 (84.5%) nije imalo dekubitalni ulkus u toku rehabilita-

cije i 70 (15.5%) pacijenata sa dekubitalnim ulkusom u toku 

rehabilitacije. Od ukupnog broja pacijenata 333 (73.5%) na 

bilo muškog i 120 (26.5%) je bilo ženskog pola. Prosečna sta-

rost pacijenata koji su uključeni u studiju je bila 51.8±17.2 

godina. U multiplo regresionom modelu statiskički značajan 

prediktor dekubitalnog ulkusa u toku rehabiltiacije je bio 

postojanje ulkusa pre rehabilitacije (B=1420, p<0.001), sa 

odnosom šansi OR=4.1. Ovo na pokazuje da pacijenti koji 

su imali dekubitalni ulkus na prijemu imaju četiri puta veću 

šansu da ponovo dobiju ulkus u toku rehabilitacije. Takođe 

statistički značajan predikto dekubitlanih ulkusa u toku re-

habilitacije je bio FIM skot na prijemu (B= -0036, p<0.015). 

Zaključak: prevencija dekubitlanih ulkusa skraćuje vre-

me rehabilitacije i povećava funkcionalni oporavak kod pa-

cijenata sa povredom kičmene moždine.

Ključne reči: povrede kičmene moždine, dekubitalni ul-

kusi, prediktori, rehabilitacija
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INTRODUCTION

A pressure ulcer (PU) is defined as a localised area of 

cellular necrosis and vascular destruction created as a re-

sult of prolonged exposure to pressure, shearing or friction 

(1). Pressure ulcers occur at a high incidence in spinal cord 

injury (SCI) patients (2). The epidemiology of PU varies 

considerably in patients with SCI by clinical setting, with 

incidence rates ranging from 0.4 to 38% in acute care, 2.2 

to 23.9% in long-term care, and 0 to 17% in home care 

(3,4). The annual incidence and prevalence rates of PUs 

range from 20 to 31% and 10.2 to 30%, respectively (4). 

Yarkony and Heinemann reported a prevalence of 8% dur-

ing initial rehabilitation, 9% during the 2-year follow-up af-

ter rehabilitation, and 32% 20 years after rehabilitation (5). 

In a previous study, over two hundred risk factors for the 

development of pressure ulcers were described. The most 

important factors are inactivity, incontinence, neurological 

level of injury, completeness of injury, autonomic dysre-

flexia, secondary complications, such as spasticity, and nu-

tritional, physical and socioeconomic status (5,6). Second-

ary conditions, such as smoking, age and some conditions 

or diseases, such as gastrointestinal, cardiopulmonary and 

renal diseases, diabetes mellitus, reduced cognitive abili-

ties, malnutrition, anaemia, hypoalbuminaemia (<3.4 g/

dl) and low haemoglobin (<12 g/dl) (8), play an important 

role in the development of pressure ulcers. PUs may have 

a significant impact on patients with SCI. PUs significantly 

decrease the quality of life, and if the PUs cannot be treated 

conservatively, they may lead to interrupted rehabilitation, 

extended length of stay, increased cost of care and in-

creased hospital readmission (9,10). 

The first aim of our study was to investigate occurrence 

of pressure ulcers in patients with spinal cord injuries. The 

second aim of this study was to identify factors that influ-

enced the development of PUs during rehabilitation.

MATERIALS AND METHODS

This was a retrospective study of 453 patients with spi-

nal cord injury treated at the Clinic for Rehabilitation “Dr 

M. Zotovic”, Belgrade, Serbia, between January 2000 and 

December 2009. For all of the patients, a detailed hospital 

history with respect to sex, age, mode of trauma, and clini-

cal and radiological examination was obtained. The influ-

ential factors of pressure ulcers in SCI patients included 

age, gender, mechanism of injury, pressure ulcer in the 

acute phase of rehabilitation, neurological level of injury, 

completeness of injury, spasticity, FIM score on admission 

and length of stay. The criteria for conducting the study 

were the following: 1st, all of the patients were diagnosed 

with spinal cord injuries; and 2nd, all of the patients had spi-

nal cord injury that showed signs of neurological lesions of 

the spinal cord.  The criteria for exclusion from the study 

were the following: 1st, any type of underlying deterioration 

that resulted in termination of rehabilitation; 2nd, patients 

younger than 18 years; and 3rd, all patients with an injury 

below the L
1
 level of the spinal cord. 

The presence and location of pressure ulcers were re-

corded on admission, during acute and functional rehabili-

tation and at discharge. During hospitalisation, the patients 

were assessed by tests aimed at measuring the degree of 

their functional recovery and the presence of neurological 

sequelae after spinal injury: (1) the FIM test (Functional 

Independence Measure) was used to assess the functional 

status of patients, (2) the ASIA scale (American Spinal In-

jury Association impairment scale) was used to assess mo-

tor and sensory levels and completeness of the injury and 

(3) the MAS score (Modified Ashworth Score) was used to 

determine the level of spasticity (11,12,13,14). 

Statistical analysis: For the analysis of primary data, de-

scriptive statistical methods and hypothesis-testing meth-

ods were used. Among the descriptive statistical methods, 

we used central tendencies (arithmetic mean and median), 

measures of variability (standard deviation) and rela-

tive numbers. To test the hypothesis of the difference in 

frequency, a Chi-squared test was used. A t-test of exact 

probability was used for testing hypotheses of the differ-

ence in arithmetic means. The relationships between bi-

nary outcomes and potential predictors were analysed by 

logistic regression. The level of statistical significance in 

our study was set to 0.05.

RESULTS

The study included 453 patients, of whom 383 

(84.5%) did not have a pressure ulcer and 70 (15.5%) had a 

pressure ulcer during rehabilitation.

The average age of patients in the study was 51.8 ± 17.2 

years. The youngest patient was 19, and the oldest was 91 

years old. The average age of patients without PUs was 52.1 

± 17 years, while for patients with PUs, the average age was 

50.2 ± 14.6 years. Between the two groups, there was no 

significant difference (p = 0382).

Of the total number of patients, 333 (73.5%) were male, 

and 120 (26.5%) were female. The gender frequency be-

tween patients with or without PUs was statistically insig-

nificant (p = 0297).

Of the total number of patients, 292 (64.5%) had trau-

matic and 161 (35.5%) had non-traumatic spinal cord in-

jury. Patients with pressure ulcers had significantly more 

traumatic injuries compared with patients without pres-

sure ulcers (77.1% vs. 62.1%, respectively) (p = 0.016). 

Of the total number of patients, 253 (55.8%) had an 

incomplete lesion, and 200 (44.2%) had a complete spinal 

cord lesion. Patients with pressure ulcers had significantly 

more complete lesions than patients without pressure ul-

cers (58.6% vs. 41.5%, respectively) (p = 0.008).

At admission, in relation to the neurological level of in-

jury, injuries of the thoracic spinal cord (43.9%) were most 

frequent, followed by cervical injuries (40.8%) and lumbar 
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injuries (15.2%). In patients without pressure ulcers, thoracic 

spine injuries were the most common (42.6%), followed by in-

juries of the cervical spine (41.3%) and lumbar spine (16.2%). 

In patients with pressure ulcers, thoracic spinal cord inju-

ries occurred in 51.4% of patients, followed by cervical spine 

(38.6%) and lumbar spine injuries (10.0%). The incidence of 

the neurological level of injury between patients with or with-

out PUs was statistically insignificant (p = 0266). 

At admission, 27.4% of patients without ulcers had 

spasticity, and 24.3% of patients had bedsores, which was 

not a statistically significant difference (p = 0587).

A total of 35 (7.7%) patients had pressure ulcers at ad-

mission. Patients with pressure ulcers during rehabilitation 

were significantly more likely to have had pressure ulcers at 

admission than patients without pressure ulcers (21.4% vs. 

5.2%, respectively) (p < 0.001). Of the total number of pa-

tients with pressure ulcers, 54 (77.1%) had a pressure ulcer 

on the sacrum, 8 (11.4%) on the trochanter, 6 (8.5%) on the 

heels, and two (2.8%) on the ischium.

The average FIM score at admission for all patients was 

80.1 ± 11.9. The average FIM score in patients who had no 

pressure ulcers was 80.9 ± 11.9, while the average FIM in 

patients with pressure ulcers was 75.3 ± 10.3, which was a 

statistically significant difference (p <0.001).

The average length of stay for all patients was 153.1 ± 

92.9 days. The average length of stay for patients without 

pressure ulcers was 149.9 ± 91.4 days, and 170.6 ± 100.0 

days for patients with pressure ulcers, which is not a statis-

tically significant difference (p = 0.085).

A multiple logistic regression model was constructed 

by including predictors that were statistically significant 

in simple regression models at a 0.05 level of significance. 

The model also included the neurological level of the lesion, 

which was expected to be a significant predictor of pressure 

ulcers based on previous research. The results of the mul-

tiple logistic regression analyses are shown in Table 2.

The model contained five predictors listed in Table 1, 

which were compared in 453 patients. The entire model 

(all of the predictors) was statistically significant (Chi-

square = 30.260, DF = 5, p <0.001).

In the multiple logistic regression model, a statistically 

significant predictor of pressure ulcers during rehabilita-

tion was pressure ulcers before rehabilitation (B = 1420, p 

<0.001), with an odds ratio (OR) = 4.1. This result shows 

Without pressure ulcer

(n=383)

With pressure ulcer

(n=70)
p

Age, ±SD  52.1±17.6 50.2±14.6 0.382

Gender, n (%)

     male

     female

278 (72.6%)

105 (27.4%)

55 (78.6%)

15 (21.4%)

0.297

Mode of trauma, n (%)

     traumatic

     non-traumatic

238 (62.1%)

145 (37.9%)

54 (77.1%)

16 (22.9)

0.016

Completeness of lesion, n (%) 

     incomplete

     complete

224 (58.5%)

159 (41.5%)

29 (41.4%)

41 (58.6%)

0.008

Level of injury, n (%)

     cervical

     thoracic

     lumbar

158 (41.3%)

163 (42.6%)

62 (16.2%)

27 (38.6%)

36 (51.4%)

7 (10.0%)

0.266

Spasticity on admission, n (%) 105 (27.4%) 17 (24.3%) 0.587

Pressure ulcer in acute phase of rehabilitation, n (%) 20 (5.2%) 15 (21.4%) <0.001

FIM score on admission, ±SD 80.9±11.9 75.3±10.3 <0.001

Table 1. Characteristics of patients with spinal cord injury

Table 2. Multiple logistic regression with pressure ulcers during rehabilitation as a dependent variable.

The independent variable B p OR
95% confidence interval

Lower limit Upper limit 

Mode of trauma -0.209 0.536 0.8 0.4 1.6

Completeness of lesion 0.302 0.304 1.4 0.8 2.4

Level of injury 0.082 0.709 1.1 0.7 1.7

Pressure ulcer in acute phase of rehabilitation 1.420 <0.001 4.1 1.9 8.7

FIM score on admission -0.036 0.015 0.9 0.94 0.99
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that patients who had pressure ulcers at admission are 4 

times more likely to regain pressure ulcers during rehabili-

tation after controlling for all of the factors in the model. 

Another statistically significant predictor of pressure ul-

cers during rehabilitation was FIM score at admission (B 

= -0036, p = 0.015).

DISCUSION

In our study, PU was present in 15.5% of the sample 

during a 10-year study period. Garber and Rintala found 

PU in 36% of their mail-based survey and 39% of 553 vet-

erans in the Houston VA SCI registry over a 3-year period 

(15). Age of SCI onset, SCI duration, presence of depres-

sion, and faecal/urinary incontinence showed no signifi-

cant association with the presence or development of PUs. 

Similar to the findings of Salzberg et al., Mawson et al. 

and Rodriguez and Garber found diabetes mellitus, smok-

ing, and depression to influence PU development (15,16). 

Many risk factors are associated with the development of 

pressure ulcers in SCI patients. All of these factors were 

associated with PUs; it is not known whether they increase 

the risk of PU development or are the result of PUs.

In our study, the most commonly reported location of 

pressure ulcers was at the sacrum (77.1%), followed by the 

trochanter (11.4%), ischium (8.5%) and heel (2.8%). In oth-

er studies, the sacrum was the most commonly reported 

location (39–52%), followed by the ischium (8–59%) and 

heel (13–31%) (17).

Using a simple logistic regression, we found that statisti-

cally significant predictors of PUs were mode of trauma, com-

pleteness of injury, PUs in acute phase of rehabilitation and 

FIM score at admission. Age, gender, duration of rehabilitation 

and neurological level of injury were statistically insignificant 

for the development of PUs during functional rehabilitation. 

In our study, the neurological level of injury was statistically 

insignificant as a PU predictor. Therefore, PUs occur more 

frequently in paraplegic patients than tetraplegic patients. 

Previous studies have reported similar findings (7,18,19). 

Using the multiple logistic regression model, we found 

that statistically significant predictors of PUs were pres-

sure ulcers in the acute phase of rehabilitation and FIM 

score at admission. A pressure ulcer in the acute phase of 

rehabilitation was a strong predictor of PUs during func-

tional rehabilitation, with OR = 4.1. This result shows that 

patients who had a pressure ulcer at admission had a four-

time greater probability of regaining a pressure ulcer dur-

ing functional rehabilitation. Similar findings have been 

reported in a previous study. Verschueren et al. showed 

that a pressure ulcer in the acute phase of rehabilitation 

was a strong predictor of PUs, with OR=5.1 (19). In our 

study, FIM score at admission was a strong predictor for 

the development of pressure ulcers. This finding is in ac-

cordance with previous studies (19). This association is 

because increased immobilisation (due to absent motor 

function) promotes the development of PUs.

CONCLUSION

Significant risk factors for developing pressure ulcers 

during acute and functional rehabilitation are pressure ul-

cers during the acute phase of rehabilitation and FIM score 

at admission. Because PUs have a significant impact on re-

habilitation and functional outcomes in patients with SCI, 

it is necessary to construct a predictive model for the de-

velopment of pressure ulcers. Developing a model for the 

prediction of PUs allows us to recognise risk categories of 

patients and react in terms of prevention or treatment of 

PUs. This study emphasises the need to continue educating 

patients with SCI about the importance of effective regular 

healthy skin care in preventing PU development.
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