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Prevalence, location, grade of pressure ulcers and
association with specific patient characteristics in adult
spinal cord injury patients during the hospital stay:
a prospective cohort study

A Scheel-Sailer1, A Wyss1, C Boldt2,3, MW Post3,4,5 and V Lay3

Study design: This was a prospective cohort study.
Objectives: The objective was to describe the incidence, prevalence, characteristics of pressure ulcers (PUs) and the association with
specific patient characteristics in a consecutive sample of in-patients with a spinal cord injury (SCI).
Setting: An acute care and rehabilitation clinic specialized in SCIs in Switzerland.
Methods: The presence and characteristics of PUs for all adult patients with a SCI admitted to the clinic from 1 September 2009 to
28 February 2010 were recorded on a daily basis during their complete hospitalization. Risk factors were analyzed in univariate and
multivariate logistic regression models.
Results: A total of 185 patients were included in the study and observed for the entirety of their hospitalization. The prevalence of at
least one PU was 49.2% in all patients, compared with 25.4% in the group of patients admitted without PUs. The incidence was 2.2
per person and year. In 91 patients, a total of 219 PUs were observed. PUs were most frequently located on the foot (36.1%), and the
coccyx/sacrum (15.1%). The risk for occurrence of a PU increased with age (odds ratio (OR)¼1.04) and post SCI (OR¼1.03). In the
multivariate analyses, the risk for PUs was lower for patients with the American Spinal Injury Association (ASIA) Impairment Scale
(AIS) of C or D (ORC¼0.25, ORD¼0.28) compared with patients with an AIS of A.
Conclusion: Using a daily documentation system, PUs were detected as a frequent complication of SCIs. Completeness of injury, age
and time since injury were significant risk factors for PUs. The foot was a region at high risk for PUs.
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INTRODUCTION

Pressure ulcers (PUs) are the second most common comorbid
condition in individuals with a spinal cord injury (SCI);1–3 85% of
individuals with a SCI develop a PU at least once during their
lifetime.4,5 A PU is a challenge for SCI patients as it has many
consequences such as immobilization, which leads to lengthened
hospital stays, and can influence the quality of life dramatically.4,6,7

Not only are PUs the second most frequent reason for rehospitali-
zation in the SCI population, but they also cause the highest costs, up
to billions of dollars.4,5,8,9

Retrospective studies of PUs among SCI in-patients found prevalence
ranging up to 69.2% in the early 1980s,10 and between 31.5 and 56%
nowadays.2,6 One prospective cohort study decribed a prevalence of
36.5% during the acute phase, and 39.4% during the initial
rehabilitation.7 However, although there has been a great deal of
research on PU prevalence and associated risk factors, many previous
studies were prone to bias because of study design and collection
methods that may have overestimated or underestimated the prevalence
of PUs. For example, information may get lost when self-report
questionnaires and patients records are used and data are collected

retrospectively. In addition, grade 1 PUs, defined as nonblanchable
redness without a loss of the epidermis, might be reported more often
with a higher quality of observation and documentation.

The aim of this study was to gain more knowledge of the
characteristics of PUs in adult SCI patients during their stay in the
Swiss Paraplegic Centre (SPZ) by: (1) evaluating the incidence and
prevalence of PUs among in-patients, (2) describing the location and
grade of PUs and by (3) determining the association between specific
patient characteristics and the incidence of a PU.

MATERIALS AND METHODS

Patients and setting
Data were collected at the SPZ in Nottwil, Switzerland. The SPZ is an acute

care and rehabilitation clinic, and includes an intensive care unit specialized in

SCI. The patient population includes those admitted for acute treatment of

SCI, initial rehabilitation, re-rehabilitation because of complications such as

urologic or orthopedic surgery and ventilation-dependent patients. Patients are

treated by an interdisciplinary team and paraplegia specialists (PMR) following

the recommendation of the SCIRE project12 and European Pressure Ulcer

Advisory Panel (EPUAP).13
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We included all patients with a SCI admitted to the hospital between 1

September 2009 and 28 February 2010 (6 months) for in-patient treatment,

who were at least 18 years old and were classified AIS A–D according to the

American Spinal Injury Association (ASIA) Impairment Scale (AIS). There

were no exclusion criteria.

Procedures
Measurements were systematically recorded starting at a patient’s admission

until their discharge. In order to limit potential sources of bias, missing data

and other data quality issues, we applied, in a prospective cohort study, a daily

documentation system. The documentation sheet covered sociodemographics

(that is, age and gender), dates and reason of hospitalization, SCI-specific data

(that is, neurologic level of injury, AIS at admission and date and cause of SCI)

as well as PU characteristics (that is, grade, location and date of first

occurrence, and change or healing in PU). Information on surgical treatment

of the PU (yes/no) was also gathered. A PU grade was defined using the

classification by Daniel et al.14 that was used as a standard in the hospital and

consists of five grades of severity (based on tissue damage and depth)

(Table 1).

During this period, the skin status of every patient was assessed twice a day

by the nursing staff and documented. Follow-up time for each PU was

completed at healing of the PU or censored at discharge of the patient.

All data were recorded on a standardized documentation sheet. Before the

study, the responsible nursing staff was trained on how to assess and document

PUs and was supported at all times by a supervising nurse. After a patient’s

discharge, all data were transferred by the supervising nurse from a paper

version into a database. Data were checked for plausibility and missing values

were corrected by the supervising nurse, if needed.

Analysis
Descriptive statistics were used for patient and PU characteristics. The

distribution of grades (at first observation) and locations of PUs were

described using frequencies, and totals were given including and excluding

PUs grade 1. Incidences were based on the number of individuals acquiring

(one or several) new PUs during their complete hospitalization. The nonpara-

metric Mann–Whitney U-test was used to compare length of stay. Univariate

logistic regressions were applied to quantify the associations between risk

factors and the occurrence or development of a PU. Variables were then

entered into a multivariate logistic regression, using the enter method.

All analyses were done using PASW Statistics 18 (SPSS Inc., Chicago, IL,

USA) and R, version 2.15.0 (R Development Core Team, Nottwil, Switzerland).

Statement of ethics
We certify that all applicable institutional and governmental regulations

concerning the ethical use of human volunteers were followed during the

course of this research. The study protocol was approved by the local ethical

committee of Lucerne (registration number 11095).

RESULTS

A total of 185 patients admitted during the 6-month period were
included. Their characteristics are presented in Table 2. No one was

excluded and follow-up was 100%. It took 15.5 months from the start
of inclusion until all included patients were discharged (1 September
2009 to 15 December 2010). The median length of stay was 51 days
(interquartile range: 13–121 days). In total, 219 PUs were observed
during the study time.

Incidence and prevalence of PU
Because of the occurrence of several PUs in the same patient at
different locations and times, a complex course of PUs during
hospitalization became apparent (Table 3). Out of 126 patients who
had no PU at admission, 32 developed at least one PU during their
hospital stay. Out of 59 patients admitted with at least one PU, 23
developed additional PUs during their hospital stay. The 25 patients
discharged without complete healing of their PU had comorbidities
including diabetes, psychiatric disorders or malignant diseases with
poor prognosis.

Nearly half of the study population (n¼ 91; 49.2%) had PUs
during hospitalization (including grade 1). Sixteen patients (8.6%)
had only grade 1 PUs. After excluding these patients, the percentage of
patients with a PU decreased to 40.5% (n¼ 75).

The incidence for a new PU (including all grades) in our
population was 2.2 PU per person-year (PY). In other terms, the

Table 1 Grade classification of pressure ulcers according to Daniel

et al.14

Grade Description

1 A skin area of erythema or induration overlying a bony prominence,

that is, an incipient pressure sore

2 A skin area of superficial ulceration extending into the dermis

3 An ulcer extending into the subcutaneous tissue, but not into muscle

4 A deep ulcer extending through muscle down to the bony prominence

5 An extensive ulcer with widespread extension along bursae, or into

joints or body cavities (rectum, vagina and so on)

Table 2 Characteristics of patients with SCI (N¼185)

Characteristic N %

Gender

Female 50 27.0

Male 135 73.0

Etiology

Traumatic 130 70.3

Nontraumatic 55 29.7

AIS

AIS A 121 65.4

AIS B 24 13.0

AIS C 15 8.1

AIS D 25 13.5

Reason for admission

First rehabilitation 35 18.9

Other reasons 150 81.1

Characteristic Years

Age at admission

Mean (s.d.) 46.9 (15.1)

Median (25–75% quartile) 47 (35.5–58)

Range 18–87

Age at lesion

Mean (s.d.) 32.6 (18.9)

Median (25–75% quartile) 30 (20.5–45)

Range 0–87

Time since lesion

Mean (s.d.) 14.7 (13.9)

Median (25–75% quartile) 12 (2–26.5)

Range 0–51

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; SCI, spinal
cord injury.
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incidence was 1.8 PUs per 10 person-months. Excluding grade 1 PUs,
the incidence decreased to 1.5 PU per PY. Considering only the 126
patients who did not have a PU at admission, the incidence for a new
PU was 2.0 per PY (including all grades), and 1.3 per PY without
grade 1 PUs. Of those patients who had a PU at admission (n¼ 59),
the incidence of another PU was 2.5 per PY, and 1.5 per PY without
grade 1 PUs.

Location and grades of PU
Most of the patients with a PU (n¼ 74; 81.3%) had 1–3 PUs, with a
maximum of eight PUs found in one patient. In the case of more than
one PU, they were generally locally clustered.

Two-thirds of the 219 PUs were grade 1 or 2. Severe PUs of grade 4
or 5 occurred in only 9.6% (n¼ 21) of the patients (Table 4); none of
those PUs were hospital acquired. More than half of the 106 in-house-
developed PUs were grade 2, 34.9% were grade 1 (n¼ 37) and only
11.3% of the PUs were grade 3 (n¼ 12).

Risk factors
Performing (univariate and multivariate) logistic regressions for the
presence of a PU with the available risk factors, three variables were

significantly associated: age at admission, time since lesion and AIS
(Tables 5 and 6 ).

A univariate logistic regression for the in-house development of a
PU with the same risk factors, expanded by presence of a PU at
admission, found only reason of admission to have a significant
association (Table 7). After inclusion of all these risk factors into the
multivariate model, time since lesion and reason of admission
remained significant (Table 8). Patients affected the most by PUs
were those admitted for initial rehabilitation (Table 9).

Table 3 Numbers and percentages of patients admitted with,

acquiring and leaving with a pressure ulcer

Patients Number of

patients

% Of all

patients

(N¼185)

Patients who had at least one pressure ulcer during their

hospital stay

91 49.2

Patients who also had at least one pressure ulcer at

admission

59 31.9

Patients with cause of admission: pressure ulcer 25 13.5

Patients who developed at least one pressure ulcer during

their hospital stay

55 29.7

Patients who also had at least one pressure ulcer at

admission

23 12.4

Patients who had no pressure ulcer at admission 32 17.3

Patients who had at least one pressure ulcer at discharge 25 13.5

Table 4 Numbers of locations and grades of all pressure ulcers

(N¼219)

Location Grade Total

1 2 3 4 5

Foot 21 (15) 29 (20) 25 (8) 4 (0) — 79 (43)

Genitals — 9 (6) 1 (0) — — 10 (6)

Buttocks, not specified 4 (2) 9 (5) 3 (2) — — 16 (9)

Head — 3 (2) — — — 3 (2)

Inguin 2 (0) 6 (6) 5 (0) — — 13 (6)

Upper extremities 4 (3) 4 (3) — — — 8 (6)

Torso 1 (1) 2 (2) — — — 3 (3)

Ischium 6 (4) 5 (4) 4 (0) 5 (0) 6 (0) 26 (8)

Coccyx/sacrum 10 (6) 13 (5) 7 (0) 1 (0) 2 (0) 33 (11)

Chest 1 (1) 1 (1) — — — 2 (2)

Trochanter 1 (1) — 1 (0) — 1 (0) 3 (1)

Lower extremities 5 (4) 10 (3) 6 (2) — 2 (0) 23 (9)

The numbers in parentheses are all hospital-acquired pressure ulcers (N¼106).

Table 5 Results of the univariate logistic regression of risk factors for

occurrence of a pressure ulcer (N¼185)

Variable (coding) % Of patients

with pressure

ulcers

Odds

ratio

95% Confidence

interval

P-value

Gender

Male (1) 50.4

Female (2) 46.0 0.84 0.44–1.61 0.60

Age at admission (in years) 1.04 1.02–1.06 0.00

Time since lesion (in years) 1.03 1.01–1.05 0.01

Lesion level

Paraplegic (1) 48.6

Tetraplegic (2) 50.0 1.06 0.59–1.90 0.85

AIS 0.03

A (1) 57.0 Reference

B (2) 37.5 0.45 0.18–1.11 0.08

C (3) 26.7 0.27 0.08–0.91 0.03

D (4) 36.0 0.42 0.17–1.04 0.06

Etiology

Nontraumatic (1) 54.5

Traumatic (2) 46.9 0.74 0.39–1.39 0.34

Reason for admission

Initial rehabilitation (1) 54.3

Other (2) 48.0 0.78 0.37–1.63 0.50

Abbreviation: AIS, American Spinal Injury Association (ASIA) Impairment Scale.
Bold indicates significant variables.

Table 6 Results of the multivariate logistic regression of risk factors

for occurrence of a pressure ulcer (N¼185)

Variable Odds

ratio

95% Confidence

interval

P-value Correctly

predicted

percentage

Nagelkerke

R2

Gender 0.96 0.46–2.00 0.92

Age at admission 1.04 1.01–1.06 0.00

Time since lesion 1.03 1.01–1.06 0.04

Lesion level 1.27 0.65–2.49 0.48

AIS (reference cat.: A) 0.03 68.6 0.213

B 0.51 0.18–1.40 0.19

C 0.25 0.07–0.90 0.03

D 0.28 0.10–0.82 0.02

Etiology 0.64 0.30–1.38 0.25

Reason for admissiona 0.42 0.16–1.13 0.09

Abbreviation: AIS, American Spinal Injury Association (ASIA) Impairment Scale.
Bold indicates significant variables.
aResults marginally changed after excluding patients admitted because of pressure ulcer.
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The median length of stay was compared between patients with
a PU and those without one. Patients with a PU had a 5.1 time
longer stay in the hospital compared with patients with no PU

(Mann–Whitney U-test: Po0.001). The respective medians and
interquartile ranges were 18 and 6–61 days for patients without PU
and 92 and 44–153 days for patients with PUs.

DISCUSSION

Through the use of a daily documentation system we detected a high
incidence and prevalence of PUs in patients with SCI, especially of
grade 1 and grade 2 PUs. The interaction of location, grade and
patient characteristics, as well as the fact that several PUs can occur in
one patient, confirmed PUs as a complex health condition.

Characteristics of the population
Our consecutive sample was comparable to existing studies on PUs
in SCI in-patients concerning sample size, gender, etiology, age at
onset of SCI and age at admission.5–7,15 The percentage of patients
with AIS A in our sample (65.4%) was higher than in other studies
(11.2–54.0%).2,5–7

Prevalence of PU
As previously mentioned, the prevalence of PUs has decreased over the
past few decades. For example, a retrospective study using patient
records from the 1980s reported a prevalence of 69.2%.10 Since then,
care concepts have been developed, and more knowledge and technical
devices are available today; recently reported prevalences of PUs range
between 32 and 56%;2,5–7,16 when excluding grade 1, the prevalences
range between 24 and 39%.2,6,7 In our study, which is based on a daily
documentation protocol, the overall prevalence of PU was 49.2 and
40.5% when excluding grade 1 PU. Therefore, our reported prevalence
of PUs was in the upper range of results from previous studies.
However, results from different studies should be compared with
caution because of the variation in study populations, health
conditions and assessment methods. Our population was different
compared with most studies on PUs because of variation in major risk
factors such as completeness of lesion, age and time since SCI, which
are known to be related with a higher incidence of PU. In addition,
patients in the acute care phase, which were included in our study,
often have surgeries and need intensive care and are also at a higher
risk for a PU.17 Because of the amount of relevant health issues in
patients with a SCI,18,19 the protection and care of the skin has to be
feasible and integrated in the complex treatment concept.2,7,12,16

Although we found a significant lengthening of stay in patients with
a PU, this difference has to be discussed carefully. PUs often occur in
more critically ill patients and other reasons may interfere.

Table 7 Results of the univariate logistic regression of risk factors for

acquiring a PU (N¼185)

Variable (coding) % Of patients

acquiring

pressure

ulcers

Odds

ratio

95% Confidence

interval

P-value

Gender

Male (1) 31.1

Female (2) 26.0 0.78 0.38–1.61 0.50

Age at admission (in years) 1.02 0.99–1.04 0.08

Time since lesion (in years) 1.01 0.99–1.03 0.40

Lesion level

Paraplegic (1) 26.2

Tetraplegic (2) 34.6 1.49 0.79–2.82 0.22

AIS 0.39

A (1) 33.9 Reference

B (2) 25.0 2.05 0.72–5.86 0.18

C (3) 20.0 1.33 0.35–5.13 0.68

D (4) 20.0 1.00 0.20–5.00 1.00

Etiology

Nontraumatic (1) 29.1

Traumatic (2) 30.0 1.05 0.52–2.09 0.90

Reason for admission

Initial rehabilitation (1) 51.4

Other (2) 24.7 0.31 0.15–0.66 0.00

PU present at admission

No (0) 25.4

Yes (1) 39.0 1.88 0.97–3.63 0.06

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; PU, pressure
ulcer.
Bold indicates significant variables.

Table 9 Pressure ulcers separated for reason of admission

Reason for admission n No. (%) of

patients with

pressure

ulcers at

admission

No. (%) of

patients

acquiring

pressure ulcers

in the hospital

No. (%) of

patients

with pressure

ulcers

Pressure ulcer 25 25 (100.0) 8 (32.0) 25 (100.0)

Initial rehabilitation 35 4 (11.4) 18 (51.4) 19 (54.3)

Re-rehabilitation 32 10 (31.3) 8 (25.0) 14 (43.8)

Orthopedic surgery 29 7 (24.1) 12 (41.4) 15 (51.7)

Urologic surgery 29 6 (20.7) 2 (6.9) 7 (24.1)

Pain therapy 14 3 (21.4) 2 (14.3) 5 (35.7)

Infection 14 4 (28.6) 4 (28.6) 5 (35.7)

Other 7 0 (0.0) 1 (14.3) 1 (14.3)

Table 8 Results of the multivariate logistic regression of risk factors

for acquiring a PU (N¼185)

Variable Odds

ratio

95% Confidence

interval

P-value Correctly

predicted

percentage

Nagelkerke

R2

Gender 1.07 0.47–2.44 0.87

Age at admission 1.01 0.98–1.04 0.50

Time since lesion 1.04 1.01–1.07 0.03

Lesion level 1.80 0.87–3.75 0.12

AIS (reference category: A) 0.48

B 0.52 0.16–1.64 0.26 73.0 0.206

C 0.53 0.12–2.29 0.40

D 0.49 0.14–1.75 0.27

Etiology 1.15 0.50–2.65 0.75

Reason for admission 0.10 0.03–0.30 0.00

Presence of pressure

ulcer at admission

2.17 1.00–4.78 0.06

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; PU, pressure
ulcer.
Bold indicates significant variables.
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Location and grades of PU
The most frequent location of PU in our study was at the foot. Other
studies found the highest incidence of PU at the sacrum.2,3,5–7 This
difference may be explained by the retrospective data collection
in the other studies. A PU at the seating region often leads to
immobilization,2,7 whereas PUs on the foot can heal spontaneously
and hence might be underreported. In our study, as well as other
studies, the most severe PUs (grades 4 and 5) were community
acquired, and were localized over the sacrum, ischium, lower
extremity and Trochanter.2,9

Risk factors
Age at admission, time since SCI and completeness of lesion were
significant risk factors for PUs in our study, which is similar to
previous literature.4,6,8,17 However, some risk factors reported as being
significant in previous studies were not supported by our results:
(non-) traumatic etiology or level of lesion.5,7

In addition, because the time variables were entered in years, the
risk for a PU hardly increases when comparing individuals differing
by only 1 year in age or time since lesion. However, the P-value and
the confidence intervals (one is not included) indicate there is a
significant risk adding up with increasing years. This is important as
SCI care is designed for a lifetime.

Clinical relevance
Although treatment has been optimized, following the recommenda-
tion of the SCIRE project12 and EPUAP,13 through the adaptation of
medical and care concepts, training nurses, using technical devices
and so on, the incidence of PU in a specialized clinic for SCI still
remains high. At this point, more than 200 risk factors are known8,13

and specialized risk assessment scales are used, but this may not be
enough to reduce incidence rates.20 It seems that the precautionary
awareness of caregivers and patients in different, rapidly changing
health conditions is the key to reducing the incidence of PUs, and
therefore needs further improvement. In order to achieve this, precise,
daily observation and prompt documentation in a feasible reporting
system on PUs (including grade 1) is necessary. Although this will
probably result in higher incidence rates, consideration of these
different aspects of PU incidence have to be used before thinking
about the quality of care.17

In almost the same manner, intervention studies should be based
on an appropriate reporting system and help to optimize care
concepts. For example, the most frequent localization of PUs was at
the foot, indicating that special devices and protection strategies
focused on this body region are required for prevention.

Limitations
This study only covered the in-patient period and hence incidence of
PU in the community is still unknown. In addition, the classification
of PUs involves some overlap because of fluent transition of grades.
As different nurses performed the assessments on PU severity, there
could be variation in the judgment of PU grades. However, as the
nursing staff was specially trained and had experience in applying the
classification scale, we consider this unlikely in affecting our results.
Finally, the study population consisted of only 185 patients, resulting
in sometimes small subgroups and also only a subset of known risk
factors. Therefore, to allow for generalization the sample size should
be increased, observations from different centers be added and more
relevant risk factors be tested.

CONCLUSION

PUs were detected as a frequent and complex complication of a SCI.
We conclude that the dominant interactive factors in preventing and
treating PUs are: general awareness, a precise daily observation and
prompt documentation, knowledge of risk factors and a constantly
improving care concept. A dynamic improvement process can be
achieved through the use of a feasible daily documentation system on
PUs as part of the clinical routine.

The use of incidences of PU in patients with SCI as an indicator
for quality of care is only acceptable based on a good reporting
system and considering general health conditions and specific risk
factors. We found that although the quality of care is high in a
hospital specialized in SCI, the risk for developing a PU in-house
remains high because of inherent characteristics of the health
conditions of SCI patients.
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