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Abstract

Background/Aim. Spinal cord injuries (SCI) could be as-
sociated with a significant functional impairment in the ar-
eas of mobility, self-care, bowel and bladder emptying and
sexuality. The aim of this study was to compare demo-
graphic characteristics and functional outcomes of non-
traumatic and traumatic spinal cord injury patients. Meth-
ods. This study was designed as retrospective case series
study. A detailed medical history including sex, age, mode of
trauma, and clinical and radiological examination was taken
for all patients. Hospital records were used to classify the
patients according to the following: mechanism of injury,
neurological level of injury, functional outcomes, associated
injuries, method of treatment, secondary complications and
length of stay. The following clinical scores were measured
in the patients: American Spinal Injury Association stan-
dards (CASTA), Functional Independence Measure (FIM),
and Modified Aschworth score (MAS). Results. Out of to-
tally 441 patients with spinal cord injury, 279 were traumatic
patients (TSCI) and 162 nontraumatic patients (NTSCI);

Apstrakt

Uvod/Cilj. Povrede ki¢mene mozdine dovode se u vezu
sa velikim funkcionalnim poremecajima pokretnosti, sa-
monege, praznjenja i seksualnosti. Cilj ove studije bio je da
se utvrdi korelacija demografskih karakteristika i funkcio-
nalnog oporavka kod bolesnika sa netraumatskim i trau-
matskim lezijama ki¢mene mozdine. Metod. Ova studija
uradena je kao retrospektivna studija slu¢aja. Za podatke o
polu, starosti, nacinu lecenja, dijagnostickim pretragama,
nacinu lecenja, neuroloskom nivou lezije, udruzenim pov-
redama, seckundarnim komplikacijama, duZini boravka i

322 men and 119 women. The mean age of the patients was
46.1 * 19.9 years. Traumatic and nontraumatic populations
showed several significant differences with regard to age,
level and severity of lesion. When adjusted for these factors
patients with traumatic injuries showed a significantly lower
FIM score at admission and significantly better improve-
ment in the FIM score at discharge. The two populations
were discharged with similar functional outcome. Conclu-
sions. The NTSCI patients in our study were younger,
more frequently female, with less complications before re-
habilitation and less frequently treated operatively than the
TSCI patients. Hospital rehabilitation of the TSCI patients
was longer than that of the NTSCI patients, but their func-
tional gain from admission was also higher, so at discharge.
Traumatic and nontraumatic spinal cord lesion patients
achieved similar results in regard to neurological and func-
tional status.

Key words:
spinal cord, injuries; diagnosis; demography;
radiography; treatment outcome; rehabilitation.

funkcionalnom oporavku koris¢ene su istorije bolesti i
druga dostupna medicinska dokumentacija. Tokom reha-
bilitacije bolesnici su bili podrvrgnuti slede¢im testovima:
American Spinal Injury Association standards (ASIA), Functional
Independence Measure (FIM) 1 testu Modified Aschworth score
(MAS). Rezultati. Od ukupno 441 bolesnika sa povredom
ki¢mene mozdine 279 je bilo sa traumatskim, a 162 sa net-
raumatskim lezijama. Bilo je 322 muskarca i 119 Zena. Pro-
secna starost bolesnika bila je 46,1 * 19,9 godina. Trau-
matske 1 netraumatske lezije pokazale su nekoliko znacaj-
nih razlika u odnosu na pol, nivo i ucestalost povrede, ud-
ruzene povrede, sekundarne komplikacije i funkcionalni
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oporavak. U zavisnosti od navedenih faktora bolesnici sa
traumatskim lezijama pokazali su manji FIM skor na pri-
jemu, ali znacajno bolji oporavak u FIM skoru na otpustu.
Obe grupe bolesnika otpusene su sa priblizno slichom
funkcionalnom osposobljenoscu. Zakljucak. Kod klinicki
stabilnih bolesnika tip povreda kicmene mozdine ne utice
na prognozu funkcionalnog oporavka. Na prijemu boles-
nici sa traumatskim povredama imaju losiju autonomnost

u obavljanju aktivnosti dnevnog zivota najverovatnije zbog
udruzenih povreda koje ovi bolesnici imaju. Na otpustu
obe grupe bolesnika pokazuju slican funkcionalni i neu-
roloski oporavak.

Kljuéne reci:
ki¢mena moZdina, povrede; dijagnoza; demografija;
radiografija; leCenje, ishod; rehabilitacija.

Introduction

Spinal cord injuries (SCI) could be associated with a sig-
nificant functional impairment in the areas of mobility, self-
care, bowel and bladder emptying and sexuality '. All over the
world the incidence of SCI varies between 10.4 and 83 cases
per million, per year ”. In Europe, the incidence is one to 32
per million %, The incidence of SCI in the United States is ap-
proximately 40 per million, which means around 11,000 new
cases each year °. Spinal cord injuries can be divided into two
subgroups on the basis of their etiology: traumatic (TSCI) and
nontraumatic (NTSCI). Within the general population of pa-
tients with SCI, traumatic SCI account for the largest portion,
and most of the studies on SCI have been conducted with this
group of patients. Traumatic SCI occur primarily in young
adults, who are in more than half of the cases between 16 and
30 years of age. Men account for about 80% of cases *. The
percentage of nontraumatic SCI patients is also significant. A
previous study on 3,000 patients has reported that one third of
SCI patients had a nontraumatic SCI. The fractions of older,
female and retired patients are higher in nontraumatic SCI than
traumatic SCI group °. As nontraumatic SCI patients are usu-
ally older, they usually have diabetes, cardiovascular and pul-
monary diseases and poor memory. These co-existing health
problems could result in a decrease in the efficiency of reha-
bilitation and in hampering improvement of long-term func-
tionality of the nontraumatic SCI patients °. Therefore, trau-
matic and nontraumatic SCI patients comprise two separate
clinical entities, which deserve separate rehabilitation plans in
order to improve their functional recovery.

Factors that influence functional outcomes in patients
with SCI had been analyzed in considerable number of stud-
ies, but are difficult to interpret, since the studies were
mostly uncontrolled, observational in character, with short
follow-up, with heterogenous cohorts and underpowered.
Besides, the complete SCI was variously defined in the last
decade, and few studies acknowledged a difference between
local neurologic improvement in the area of incomplete le-
sion and neurologic recovery distal to the injury "*. Some of
the factors were proposed as beneficial for functional recov-
ery after TSCI, like higher ASIA motor score at hospitaliza-
tion, younger age, level of education, good general health
prior to SCI, the absence of spasticity * and incompleteness
of spinal cord injury "°, but complete evidence is lacking.
On the other hand, functional recovery in NTSCI patients
was implied to be better with higher Frankel grades of neu-
rologic deficit at first admission to rehabilitation, with
younger age and female sex '“'"", but the associations were

weak. Therefore, factors affecting functional outcomes in
patients with SCI still remain an unresolved issue.

The hypothesis of our study is that the patients with
traumatic SCI, in comparison to the patients with nontrau-
matic SCI, will have better functional recovery after certain
time spent at rehabilitation, regardless the functionality level
at admission.

Methods

This study was a retrospective hospital-based analysis
of 441 patients with the spinal cord injury admitted to the
Clinic for Rehabilitation “Dr M. Zotovic”, Belgrade, Serbia,
from January 2000 to December 2009. The study sample was
consecutive, inclusive of all patients present at the study site
satisfying inclusion criteria (diagnosis of a spinal cord injury
and signs of neurological lesions of spinal cord) not having
exclusion criteria, and non-random. For all the patients, a
detailed medical history including sex, age, mode of trauma
and clinical and radiological examination was taken. Hospi-
tal records were used to classify the patients according to the
following: mechanism of injury, neurological level of injury,
functional outcomes, associated injuries, methods of treat-
ment, secondary complications and length of stay.

All the enrolled patients satisfied the inclusion criteria.
Criteria for exclusion from the study were: any kind of dete-
rioration in the basic condition that resulted in termination of
the rehabilitation process, age below 18 years and neurologi-
cal injury below L3 level at the admission. In total 592 pa-
tients were screened, but only 441 enrolled. Of the screened
patients, 151 were excluded, due to deterioration of the basic
condition (n = 28), age below 18 years (n = 21) and injury
below L3 (n=102).

During rehabilitation the patients were subjected to a
series of tests that assessed their functional status and the
presence of neurological sequelae after spinal injury: FIM
test (Functional Independence Measure), ASIA scale
(American Association Impairment scale), MAS (Modified
Aschworth Score).

The FIM was a primary functional outcome measure for
SCI used in our facility, and its value was determined at ad-
mission (AFIM) and discharge (DFIM). The FIM gain is the
difference between DFIM and AFIM scores, and it reflects
functional improvement. The FIM efficiency is the FIM gain
divided by the length of stay (LOS) and reflects the rate of
functional improvement '> **.

The international standards of the ASIA were used to
record motor and sensory levels of the injury. Completeness
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of the lesion was recorded according to the AIS. The AIS
grades A were defined as a complete motor lesions, and AIS
grades B, C and D as incomplete motor lesions '*. To deter-
mine the level of spasticity, we used the MAS.

Recordings were made at the time of admission in the
rehabilitation department, as well as at discharge. The data
were analyzed for frequency and presented in tables.

For the analysis of primary data descriptive statistical
methods were used, as well as hypothesis testing methods.
Among the used descriptive statistical methods were the

in 121 (43.4%) patients — falling from a high place, in 114
(40.8%) patients — traffic accident, in 22 (7.9%) patients —
gunshot wounding, in 22 (7.9) patients — jump in water head-
first. Etiology of the injury in the non-traumatic SCI group
was as follows: tumors in 66 (40.7%) patients, myelopathy in
46 (28.4%) patients, infection in 22 (13.6%) patients, vascular
origin in 22 (13.6%) patients, pathological fractures in 3
(1.9%) patients, myelitis in 3 (1.9%) patients and other in
1.8% of the patients. These and other characteristics of the pa-
tients with SCI are shown in Table 1.

Table 1

Characteristics of the patients with spinal cord injuries (SCI)

Nontraumatic SCI

Traumatic SCI

Parameters (n=162) (n=279) p
Age, X = SD (years) 555+ 13.8 402+ 16 <0.001
Sex, n (%)
male 92 (56.8) 230 (82.4) <0.001
female 70 (43.2) 49 (17.6)
Polytrauma, n (%)
no 162 (100) 270 (96.8) 0.03
yes 0(0) 93.2)
Associated injury, n (%)
no 162 (100) 172 (61.6) <0.001
yes 0 (0) 110 (38.4)
Complications before
rehabilitation, n (%)
no 149 (92) 199 (71.3) <0.001
yes 13 (8) 80 (28.7)
Methods of treatment, n (%)
operative 94 (58) 188 (67.4) 0.048
conservative 68 (42) 91 (32.6)

central tendency (arithmetic mean, median), measures of
variability (standard deviation) and relative numbers. To test
hypothesis about the difference in frequency Xz-test and
Fisher test were used. Mann-Whitney test and t-test of exact
probability were used for testing hypothesis about difference
of arithmetic means. The level of statistical significance in
our study was set to 0.05.

Results

A total of 441 patients with SCI were included. In the pre-
sent study, 162 (36.7%) of the SCI patients were in the non-
traumatic and 279 (63.3%) were in the traumatic SCI group.

The mean age was found to be 40.2 = 16 for the trau-
matic SCI group, and 55.5 + 13.8 for the nontraumatic SCI
group. There was a statistically significant difference between
the two groups in terms of age (p < 0.001).

Of the total number of patients, 322 (73%) were male
and 119 (27%) female. The men were more likely to have
traumatic SCI than the women (71.4% vs 41.2%) which was
statistically significant (p < 0.001). In the nontraumatic group
of the patients 92 (56.8%) were males, and 70 (43.2%) were
females. However, in the traumatic SCI group the proportion
of male patients (82.4%, n = 230) was significantly higher
than the proportion of female patients (17.6%, n = 49).

When the etiology was analyzed in the traumatic SCI
group, it was found that injuries were caused by the following:
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Of the total number of patients, 255 (57.8%) had an in-
complete and 186 (42.2%) a complete spinal cord lesion.
Complete lesions were significantly more common in pa-
tients with traumatic than nontraumatic SCI (54.1% vs 21.6%
respectively, p <0.001).

At admission, in all the patients with SCI, the most
common were a complete lesion, ASIA A (41.7%), followed
by ASIA C (37.4%) and ASIA B (20.9%) type. In the pa-
tients with nontraumatic SCI the most common were ASIA
C (56.2%), followed by ASIA B (24.1%) and ASIA A
(19.8%). In the patients with traumatic SCI, the most fre-
quently preposition occurred ASIA A (54.5%), followed by
the ASIA C (26.5%) and ASIA B (19%). There was a statis-
tically significant difference in frequency between complete
and incomplete lesions in the groups (p < 0.001). Nontrau-
matic SCI usually had incomplete, and traumatic SCI usually
had complete injury (Table 2).

On admission, in all the patients with SCI, the most
common were thoracic injuries (42.4%), followed by cervi-
cal injuries (37%) and lumbar injuries (20.6%). In the non-
traumatic group of the patients the most common were the
thoracic injuries (49.4%) followed by cervical injuries
(30.9%), and lumbar spine injuries (19.8%). In the traumatic
group of the patients the most common were cervical injuries
(40.5%), followed by thoracic injuries (38.4%) and lumbar
injuries (21.1%). The difference between the groups was sta-
tistically insignificant (p = 0.06).
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Table 2
ASIA score on admission and the type of the lesion
Characteristics of the lesion N(Egtr:alllggtlc F{;azr;;g)c P
Completeness of lesion, n (%)
incomplete 127 (78.4) 128 (45.9)  <0.001
complete 35(21.6) 151 (54.1)
ASIA on admission, n (%)
A 32 (19.8) 152 (54.5)
B 39 (24.1) s3(19) <0001
C 91 (56.2) 74 (26.5)
Level of injury, n (%)
cervical 50 (30.9) 113 (40.5) 0.06
thoracic 80 (49.4) 107 (38.4) '
lumbar 32 (19.8) 59 (21.1)

ASIA — American Spinal Injury Association

The average duration of rehabilitation for all the pa-
tients was 153.7 = 86.2 days. The minimum duration of re-
habilitation was 16, while the maximum was 380 days. The
average duration of rehabilitation in the patients with non-
traumatic SCI was 126 + 80.13 days and in the patients with
traumatic SCI 169 £ 85.72 days, which was a statistically
significant difference (p < 0.001).

The mean admission total FIM score was 81.01 + 12.16
and the mean discharge total FIM score was 104.16 + 16.37.
The mean FIM gain was 23.15 + 12.68 and the FIM effi-
ciency was 0.21 £ 0.18 points/day.

Comparison of the admission FIM scores between the
two groups showed that the traumatic SCI group (77.63 +
11.31) had significantly lower scores than the nontraumatic
SCI group (86.82 + 11.38) (p < 0.001). However, the differ-
ence in the discharge FIM scores between traumatic SCI
(101.32 £ 18.12) and non-traumatic SCI (109.06 = 11.27)
groups was also statistically significant (p < 0.001). The
comparison of the FIM gain between the two groups showed
that the traumatic SCI group (23.69 + 13.66) had higher gain
than the non-traumatic SCI group (22.24 + 10.75), but the
difference was statistically insignificant (p = 0,208).

The mean FIM efficiency was 0.19 £ 0.18 for the trau-
matic and 0.25 £ 0.18 points/day in the NTSCI patients.
There was a statistically significant difference between the
FIM efficiency in the nontraumatic and traumatic patients (p
<0.001; Table 3).

The mean age in the nontraumatic SCI group was higher
than the mean age in the traumatic SCI group, yet we could
not say that the patients in the nontraumatic SCI group were
very old. The mean age of the nontraumatic SCI group was
only 55.5 + 13.8 years. Etiological factors such as traffic acci-
dents, falling from a high place, jump in water headfirst, which
were the most common in the traumatic SCI group, are usually
seen in younger people. Therefore, the mean age of traumatic
SCI group was lower, only 40.2 + 16 years.

The proportion of female and male patients was almost
the same in the nontraumatic SCI group. However, the num-
ber of male patients in the traumatic SCI group was ap-
proximately five times higher than the number of fe-
males "> '°. It is possible that this difference is due to the fact
that men take more active part in social and occupational
settings, and therefore are in a higher risk for injuries caused
by factors like motor vehicle accidents and falling from a
high place '°. In a previously published study, it has been re-
ported that nontraumatic SCI were more common among
women and traumatic SCI were more common among men.
In our study both nontraumatic SCI and traumatic SCI were
more common among men.

Reported lengths of stay (LOS) in the literature show
wide ranges. LOS in this study was longer than those re-
ported in studies from the United States (mean 60.8 days),
Australia (median 83 days) and Italy (mean 143.1 for trau-
matic and 91.7 days for nontraumatic injuries). Another

Table 3

Functional outcomes: nontraumatic versus traumatic spinal cord injuries (SCI)

Parameters of functional

Nontraumatic SCI

Traumatic SCI

outcomes X +SD X +SD P
Duration of stay (days) 126.5 £ 80.1 169.5 £ 85.7 <0.001
FIM on admission 86.82 +11.38 77.63 +£11.31 <0.001
FIM at discharge 109.06 + 11.27 101.32+18.12  <0.001
FIM gain 22.24 +£10.75 23.68 +13.66 0.208
FIM efficiency (points/day) 0.25+0.18 0.19+0.18 <0.001

FIM — Functional Independence Measure
Discussion

In this study, demographic characteristics and functional
outcomes of the patients were compared and evaluated be-
tween the nontraumatic and traumatic SCI patients.

Dutch study reported much longer mean and median LOS
(272.9 for traumatic and 240 days for nontraumatic). In ad-
dition, different healthcare systems and cultural differences
might explain some of the variation in LOS found in the lit-
erature "%,
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In our study, the leading etiologic factor in the trau-
matic SCI group was falling from a high place (43.4%), fol-
lowed by traffic accidents (40.9%), jump in water head first
(7.9%) and gunshot wounding (7.9%). In most of the studies
on traumatic SCI, the leading cause of injuries were motor
vehicle accidents. Kirshblum and O’Connor " have reported
violent events as the second most common cause of trau-
matic SCI, as well as the other authors ***'. However, in our
study, traffic accident was the second most common cause.

In our study, 57.8% of the patients with SCI had non-
traumatic lesions and 42.2% had traumatic lesions. Lower per-
centages of nontraumatic patients were found in studies from
Turkey (32.5%), Italy (25%) and the United States (39%) ' .

Etiologic factors in the nontraumatic SCI group in our
study were tumor compression (40.7%), myelopathy (28.4%),
infection (13.6%) and vascular lesion (13.6%). In a study by
McKinley et al. ***** the most common etiologic factors in
nontraumatic SCI were found to be spinal stenosis and tumor
invasion into the spinal cord. New et al. > reported that tumor
compression (20.1%) was the first, multiple sclerosis (19.4%)
was the second, and degeneration was the third (17.9%) most
common cause in nontraumatic SCI patients. In our study, tu-
mor compression was the first and cervical and lumbar mye-
lopathy was the second most common etiologic factor in non-
traumatic SCI. The differences in etiological factors of non-
traumatic SCI between different countries may be due to so-
cial, cultural, and genetic differences #,

The level of neurological injury in nontraumatic SCI
patients was lower than in the traumatic SCI patients. Sever-
ity of paraplegia of the patients in the nontraumatic SCI
group was significantly higher and they had more incomplete
lesions than the patients in the traumatic SCI group. The
higher frequency of paraplegia may be due to the differences
in the etiologic factors of the two groups. The spinal cord
tumor compression, which was the most common cause of
nontraumatic SCI, affects mostly the thoracic region and de-
generative problems affect mostly the lumbosacral re-
gion ***’. Complete lesions and tetraplegia were more fre-
quent in the TSCI group. This finding is in accordance with

the results of other studies *'**°. A high percentage of com-

plete lesions in our study might be caused by the type of pre-
hospital care, mode of transfer, and whether a trained person
does primary medical care and accompanies patients during
transportation.

Functionality of nontraumatic SCI patients was better
than functionality of the traumatic SCI patients at the time of
hospitalization. In general, functional statuses of nontrau-
matic SCI patients were better than the traumatic SCI pa-
tients. Although neurological status was mostly paraplegic
and incomplete, functional status was better at the time of the
hospitalization in the nontraumatic SCI group; functional
gain and functional efficiency were found to be low in this
patient group. In other words, the patients with traumatic SCI
showed higher improvement of functional status during re-
habilitation. This finding is in accordance with the results of
other studies > '***",

The SCI patients should not be grouped only as traumatic
and nontraumatic ones, but they should be subcategorized based
on etiologic factors, clinic and demographic features and func-
tional results. This categorization should be used for planning of
rehabilitation program, definition of targets of the therapy and
estimation of the results of the therapy easier, if it were to be
based on the etiologic factors (gunshot wounds, traffic accidents,
infections, tumors, etc.).

The main limitation of this study lies in the non-random
and consecutive sample of patients from only one rehabilitation
center. Such design precludes investigation of a variety of reha-
bilitation methods, since practices in only one center tend to be
uniform, and make generalizations difficult since the sample is
not representative of wider population of SCI patients.

Conclusion

Although hospital rehabilitation of the traumatic SCI
patients was longer than that of the nontraumatic SCI pa-
tients, functional recovery of the traumatic SCI patients after
rehabilitation was better, regardless the functionality level at
admission.
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