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Objective: To compare outcome for patients with traumatic (TSCI) and non-traumatic spinal cord injuries (NTSCI)
after primary rehabilitation regarding neurological improvement measured by the American Spinal Injury
Association Impairment Scale (AlS), length of stay and complications.

Design: Retrospective comparative cohort study on patients with TSCI and NTSCI, hospitalized during a ten-year
period at Haukeland University Hospital, Norway. Impairment, length of stay and complications during first in-
patient rehabilitation period were analyzed. Uni- and multivariate analysis was performed.

Setting: Spinal Cord Rehabilitation Unit, Haukeland University Hospital, Norway

Participants: A total of 174 persons with a spinal cord injury (SCI) were included; 102 with TSCI and 72 with
NTSCI.

Outcome measures: Neurological improvement measured by AIS from admission to discharge, number of
weeks in the hospital, frequency and significance of complications were compared.

Results: Improvement in AIS after primary rehabilitation did not differ between TSCI and NTSCI. Length of stay
was in average 3.4 weeks longer for TSCI. Urinary tract infections and pressure ulcers significantly influenced
length of stay in both groups. Urinary tract infections were more frequent in TSCI (67%) vs NTSCI (42%).
Pressure ulcers were more frequent among NTSCI (24%) vs TSCI (14%). Pneumonia and neuropathic pain
did not depend on etiology and did not influence length of stay.

Conclusions: Patients with SCI have a rehabilitation potential regardless of etiology. Complications are frequent
in both groups and often prolong hospitalization. Complication patterns differ in the two groups, and specific
prevention and optimal treatment will shorten and optimize the length of primary rehabilitation.
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Introduction
The main goals of rehabilitation of patients with spinal
cord injuries (SCI) are to reduce disability and to mini-

contrast, rehabilitation outcomes and complications in
non-traumatic spinal cord injury (NTSCI) are less inves-

mize the limitations of the impairment." The effect of
rehabilitation on patients with traumatic spinal cord
injuries (TSCI) is well-studied, as well as the impact
and frequency of acute and chronic complications.? In
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tigated. This may be due to its more complex nature and
less abrupt onset, along with diversity in terms and
study design.! The need for extensive rehabilitation
after NTSCI has been questioned, since comorbidity
and age are expected to influence the rehabilitation
outcome negatively in this patient group.® There are
very few studies comparing the outcome of rehabilita-
tion in patients with non-traumatic and traumatic SCI
taking place in the same rehabilitation center.'*
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The complication rate is high in SCI compared to
other patient groups during rehabilitation.” Urinary
tract infections, respiratory complications, neuro-
pathic pain and pressure ulcers are frequently
reported complications, and they may occur
together.>*"!! Such complications appear in patients
with both NTSCI and TSCI, they increase morbidity,
influence outcome and are determinants for the
length of the primary rehabilitation period.*>"
There are few studies that correlate the incidence of
such complications to the neurological outcome of
rehabilitation, this being true both for TSCI and
NTSCI.?> A comparison between these two major
groups will reveal potential similarities and differ-
ences in the course after spinal cord injury and will
consequently define any differences in the need for
rehabilitation for these patients.

This study aims to compare TSCI and NTSCI during
the primary rehabilitation period at the same hospital
unit and with the same principles of care. We wanted
to examine whether the etiology of SCI was important
for the neurological outcome, and if the length of stay
depended on SCI etiology. Furthermore, we aimed to
investigate whether TSCI or NTSCI differed regarding
the frequency and pattern of the complications relating
to urinary tract infections, pneumonia, pressure ulcers
and neuropathic pain.

Material and methods

Participants

In this study, we analyzed the full medical records of 178
patients in a 10-year period (January Ist 2004—
December 31st 2013) admitted for primary rehabilita-
tion at the Spinal Cord Rehabilitation Unit,
Haukeland University Hospital. The unit provides mul-
tidisciplinary rehabilitation for patients with SCI aged
16 years or older in the Western Norway health
region. In the specific time period, all admitted patients
were considered for participation in the study. A life
expectancy longer than the expected length of primary
rehabilitation was necessary to be recommended for
hospitalization at The Spinal Cord Unit. This evalu-
ation was made by the neurologist head of the unit
and the referring doctor, together. There are no national
guidelines for such estimate and decisions. The unit does
not offer rehabilitation for patients with progressive
neurologic diseases such as multiple sclerosis or cancer
with metastasis. Death during the primary rehabilitation
period in the hospital (two patients) and lack of consent
(two patients) were exclusion criteria. Two excluded
patients were NTSCI and two were TSCI.
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Methods

All medical records were systematically reviewed by two
of the authors (MHG and HSL). In cases of disagreement,
consensus was obtained by consulting a senior co-author
(TR). All patients were grouped by their SCI; 102 had
TSCI and 72 had NTSCI. This grouping was based on
the principles of The International Classifications of
External Causes of Injuries (ICECI)."> The following
demographic information was collected: age, sex and
smoking habits. The clinical features studied were the
length of stay, anatomical level of lesion, and complete-
ness of injury as classified by the American Spinal Cord
Injury Association Impairment Scale (AIS) at admission
and discharge.'® Length of stay was defined as the time
in weeks from admission to discharge. Anatomical level
was classified as either cervical (C1-C7) or below cervical
(T1-S5) based on results from MRI-scans and clinical
examinations combined.

The AIS was used for assessing the severity of SCI. In
21 cases there was inconclusive information regarding
AIS score at admission, discharge or both; 8 and 13 in
the TSCI and NTSCI groups, respectively. These 21
were not included in the neurological outcome analysis.
Improvement in AIS > 1 was defined as improvement to
a better AIS grade from admission to discharge.

The frequency of the complications urinary tract infec-
tion, pneumonia, pressure ulcers and neuropathic pain
during the primary rehabilitation was recorded. Urinary
tract infection was defined as an episode with symptomatic
bacteriuria and significant growth of bacteria in accord-
ance with present guidelines,'*!® and the need of antibiotic
treatment. Pneumonia was defined as a clinical lung tissue
inflammation with radiographic evidence of parenchymal
disease and a need for treatment. Pressure ulcers detected
visually by inspection at admission and during the hospital
stay were registered. Neuropathic pain was defined as pain
with typical characteristics and a need of specific drug
treatment as noted in the medical records.

Data analysis

Descriptive methods were used to categorize the sample.
Differences between the groups were tested by t-tests,
Wilcoxon rank-sum tests or chi-squared tests. TSCI
was compared to NTSCI using logistic regression for
categorical dependent variables; AIS improvement and
complications; urinary tract infection, pneumonia,
pressure ulcers and neuropathic pain. Linear regression
was conducted for the continuous dependent variable;
length of stay. To reveal the association between etiology
and length of stay as predictors, multivariate logistic
regression models for each complication were carried
out. Each regression model was estimated unadjusted,



one by one and together for sex, age, smoking and ana-
tomical level of lesion. The adjustments which improved
the model the most, were interpreted and presented. In
the improved model, we applied all adjustments which
changed the coefficient more than 10%. The results
were considered significant with a P value <0.05.
STATA 15 was used for all statistical analysis.

Ethical considerations

Information concerning demographic characteristics and
clinical features were extracted from medical records and
entered into an approved and de-identified database to
maintain patient privacy. All patients fitting the inclusion
criteria were contacted and informed about the study.
Patients gave written dissent if not willing to participate
in the study. The study was approved by The Regional
Committee for Medical and Health Research Ethics of
South East Norway (reference number 2018/782).

Results

Mean age did not differ significantly between TSCI and
NTSCI; being 49 and 52 years, respectively (Table 1).
Both groups had a higher percentage of men, 72% and
58% respectively, a borderline significant difference
between TSCI and NTSCI (P = 0.069). Length of stay
was in average 3.4 weeks longer for patients with
TSCI compared to NTSCI (P = 0.007).

At admission, there were significantly more patients
graded AIS A among TSCI (Table 2). Approximately,
one fourth of all patients experienced an improvement
of AIS =1 during rehabilitation. Among TSCI 26%
improved, compared to 18% for NTSCI (Table 2).
Only 7% with TSCI and 4% with NTSCI experienced
an improvement of more than one grade in AIS, this
difference not being significant. 92% in TSCI and 86%
in NTSCI with AIS A remained with a complete
injury after primary rehabilitation.

Table 1. Demographic and clinical patients’ characteristics.
TSCI NTSCI

(n=102) n=72 P value
Demographics
Sex (male) 73 (72%) 42 (58%) 0.069'
Age 49 (19.8) 52 (18.6) 0.2752
Smoking 26 (26%) 20 (28%) 0.736'
Anatomical level of lesion
Cervical (C1-C7) 50 (49%) 29 (40%) 0.254'
Below cervical (T1- 52 (51%) 42 (58%)
S5)
Unknown 0 1(1%)
Length of stay
Weeks 15,2 (8.4) 11,8 (7.9) 0.007°8

n (%), x*-test. 2Mean (SD), t-test. 3Linear regression, unadjusted.
*indicates significance.
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Only 26 (15%) patients did not experience any com-
plications during the rehabilitation. The proportion
with complications was higher among persons with
NTSCI. Urinary tract infection, pneumonia, pressure
ulcers and neuropathic pain were frequent compli-
cations regardless of etiology (Table 3). The majority
of patients experienced one or two complications.

Table 4 shows how the complications correlated with
etiology and length of stay. TSCI had a significantly
higher risk for developing urinary tract infection than
NTSCI, 67% vs 42% (P < 0.004) (Tables 3 and 4).
The difference between TSCI and NTSCI was even
higher when adjusted for sex. The occurrence of
urinary tract infection increased the length of stay.
Pressure ulcers were significantly more common
among NTSCI than TSCI (Table 3), significant also
when adjusted for length of stay (P = 0.017) (Table 4).
There was no significant relationship between etiology,
length of stay and the complications neuropathic pain
and pneumonia in the multivariate analysis (Table 4).

Discussion

The main finding of this study was that etiology for
spinal cord injuries is not a predictor of AIS improve-
ment during primary rehabilitation. Among our patients
22% experienced improvement in AIS grade > 1, similar
for traumatic and non-traumatic injuries. An Italian
study showed an overall higher improvement rate for
AIS = 1 both in patients with TSCI and NTSCI, but
in line with our study did not find any significant differ-
ence between the two groups.” A previous study com-
paring vascular NTSCI and TSCI noted that factors
like age, length of stay and AIS at admission were
better predictors for AIS improvement than etiology.'®
Despite no shift in AIS grade from admission to dis-
charge, many patients experienced a substantial
improvement in functional outcome. AIS grading is
not a very sensitive marker and allows considerable
functional variation within the same grade.'’> For
NTSCI, New et al. showed a marked reduction in dis-
ability applying non-AlIS scoring systems but with no
change in AIS grade.! Our findings imply that patients
prior to rehabilitation should be evaluated with more
sensitive scales in addition to AIS, such as FIM.! In
our study, AIS was used as the outcome measure as it
was used consistently at the Spinal Cord Unit during
the whole registration period, in contrast to other
scales. The AIS score is an easy and robust assessment
tool the doctor in daily routine.'* Similarly, there is con-
sensus in using AIS improvement as a major outcome
measure because this scale is robust and objective.'’
Because of the similar rehabilitation outcome, etiology
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Table 2. AIS score at admission and at discharge grouped by etiology, and AIS improvement from admission to discharge.

TSCI (n =102) NTSCI (n = 72)
AlS score Admission Discharge Admission Discharge P value
A 6 (35%) 33 (32%) 7 (10%) 6 (8%) 0.0001*!
B 4 (14%) 7 (7%) 6 (8%) 2 (3%) 0.2734!
C 23 (23%) 11 (11%) 15 (21%) 8 (11%) 0.7879'
D 23 (23%) 41 (40%) 35 (47%) 46 (64%) 0.0003*!
E 1 (1%) 4 (4%) 0 (0%) 2 (3%) 0.4008!
Unknown 5 (5%) 6 (6%) 9 (13%) 8 (11%) 0.0704!
Improvement
> 1 25 (26%) 13 (18%) 0.4382
>1 7(7%) 3 (4%) -

'Wilcoxen test comparing AlS score at admission in NTSCI vs TSCI.

2Logistic regression model unadjusted.

The information is presented as number of patients (percentage).*indicates significance.

Table 3. The number and percentage of TSCI and NTSCI
patients with well-defined complications during primary
rehabilitation, and the number and percentages of the same
patients with none, some or all of these complications.

TSCI (n = 102) NTSCI (n = 72)
Complication
Urinary tract infection 68 (67%) 30 (42%)
Pneumonia 22 (22%) 9 (13%)
Pressure ulcers 4 (14%) 18 (24%)
Neuropathic pain 58 (57%) 32 (43%)
Number of complications
0 8 (8%) 18 (25%)
1 40 (39%) 31 (43%)
2 46 (45%) 19 (26%)
3 7 (7%) 3 (4%)
4 1(1%) 1(1%)

should not be a major determinant for whether or not
patients are offered primary rehabilitation.'®

There were significantly more TSCI patients graded
AIS A at admission, implying that patients with TSCI
are suffering from more severe neurologic impairment
and disability. 92% of patients with AIS A in TSCI
cases and 86% of such patients in NTSCI cases still

had a complete injury after primary rehabilitation.
This shows a poor prognosis for neurologic outcome
with complete SCI. The improvement in AIS grade
during rehabilitation tended to be better with grade B
and C at admission for both groups. Other studies
have shown the same trend.'*”-1%2° AIS score at admis-
sion may be used as a predictive factor for neurological
rehabilitation outcome. However, even if patients with
complete SCI do not improve in AIS grade, they have
a conciderable benefit of specialized primary rehabilita-
tion for survival and total functional outcome.'!*!8
Complications were common for both patients with
both TSCI and NTSCI. Patients with NTSCI developed
pressure ulcers significantly more often compared to
patients with TSCI. Yet, the incidence of pressure ulcers
in this study was lower than previously reported.’!
There are only a few studies comparing the prevalence
of pressure ulcers among patients with NTSCI and
TSCI in the same hospital unit, but the tendency is that
TSCI are more prone to develop pressure ulcers than
NTSCL*7?!?? The development of pressure ulcers sig-
nificantly increased the length of stay regardless of

Table 4. The relationship between etiology (TSCI vs NTSCI) and length of stay (LOS), and specific complications during

rehabilitation.

Univariate Multivariate

OR (CI) P value OR (CI) P value

Urinary tract infection TSCI/NTSCI 3.47 (1.78-6.78) 0.000* 2.94 (1.42-6.09) 0.004*"
LOS 1.13 (1.08-1.19) 0.000* 1.02 (1.01-1.02) 0.000*!

Pneumonia TSCI/NTSCI 1.81(0.77-4.25) 0.175 1.58 (0.66-3.78) 0.3072
LOS 1.05 (1.00-1.10) 0.048* 1.04 (0.99-1.09) 0.0782

Pressure ulcer TSCI/NTSCI 0.47 (0.22-1.04) 0.062 0.37 (0.16-0.84) 0.017*®
LOS 1.05 (1.00-1.10) 0.031* 1.07 (1.02-1.12) 0.009*3

Neuropathic pain TSCI/NTSCI 1.82 (0.98-3.41) 0.060 1.75(0.93-3.31) 0.085'
LOS 1.02 (0.98-1.06) 0.290 1.01 (0.98-1.05) 0.468"

'Adjusted for sex.

2Adjusted for anatomical level of lesion.

3Not adjusted.

Results for both univariate and multivariate analyzes are shown.
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etiology, in line with previous studies.’’*> The way to
reduce pressure ulcers during rehabilitation in all SCI is
through active prevention and specific awareness
amongst all health care professionals. Up until now,
one has probably not been equally alert for NTSCI
patients as for TSCI. Pressure ulcers dramatically
decrease patients’ quality of life and ability to participate
in daily activities.?® This illustrates the necessity of aware-
ness of pressure ulcers also in patients with NTSCI, both
during rehabilitation and in a community setting.
Preventive actions are equally important in TSCI and
NTSCL"

In our data set, the frequency of urinary tract infections
was high, and it was highest among patients with TSCI, in
line with previous studies.*>~** Such infections appear as
a result of urinary tract dysfunction.? This dysfunction
contributes to chronic infections and was the main
cause of mortality earlier, but this is not the case
anymore.>* Length of stay was substantially increased
for patients who developed urinary tract infections, also
found in another recent study.® Hearn et al. (2018)
recently demonstrated the negative influence of chronic
and recurrent urinary tract infections on quality of life
after discharge from hospital.’® Prevention of urinary
tract infections is cost effective, and will improve patients’
quality of life.> Urinary tract infections should be treated
and prevented in order to improve results of rehabilita-
tion as well as shorten hospital stays.

The number of patients with pneumonia was slightly
higher in the TSCI group, but not significantly.
Pneumonia was not a predictor for prolonged hospital-
ization. In our unselected patient cohort, there were no
differences in anatomical lesion level between TSCI
and NTSCI. This probably explains the similar fre-
quency of pneumonia in the two groups. TSCI has pre-
viously been found more often to be complete
tetraplegic lesions, predisposing for respiratory compli-
cations and pneumonia.’”*® A major cause of death
among TSCI is respiratory failure, which substantiates
the importance of early interference and preventive
measures.”

Neuropathic pain was common in both groups, with
no significant difference regarding SCI etiology.
Neuropathic pain did not influence the length of hospi-
talization. Earlier studies on patients with TSCI show a
prevalence of neuropathic pain ranging between 40 and
80%.'12%3 There was no correlation with the level of
the lesion, completeness or sex in line with a previous
study.*® In contrast, a Swedish study on NTSCI found
female sex to be a predictor for neuropathic pain.’!
Our study illustrates that clinicians should be aware of
neuropathic pain in all patients with SCI.
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Patients with TSCI were hospitalized in average 3.4
weeks longer than patients with NTSCI. This can be
explained by more complete injuries and a higher fre-
quency of complications. TSCI complications tended to
co-occur, meaning that most patients experienced two
or three complications during their hospitalization. This
differs from a study conducted by New et al (2002)
where most patients experienced only one complication.’
Hospitalization length correlates with risk of compli-
cations and costs.>”*? Prevention of complications will
therefore not only improve rehabilitation potential, but
also reduce the length of stay and rehabilitation costs.

There were more men than women in both patient
groups, consistent with previous studies.""”*° In our
study, there was no significant difference in age
between TSCI and NTSCI, whereas others have found
patients with NTSCI to be older.”'®** At our unit, all
patients with an expected rehabilitation potential,
regardless of age, were offered treatment. This substanti-
ates our findings, and should reflect the true compo-
sition of SCI patients. Our results suggest that neither
sex nor age should be used as key indicators in screening
for the benefit of rehabilitation.*?

Strength and limitations

The retrospective design over a ten-year period has
made it possible to include a relatively large number
of patients. The rehabilitation unit is publicly funded
and the only one in Western Norway. Due to universal
access to healthcare in a geographically well-defined
area, our study provides a rare opportunity to investi-
gate outcome and complications for SCI regardless of
the etiology and individual socioeconomic status in a
complete and unselected cohort. This provides
minimal selection bias among patients. Even so, some
NTSCI patients were not offered rehabilitation in a
specialized department due to short expected lifetime,
in contrast to TSCL.>** The comparison of the two
patient groups was possible because of similar and par-
allel management over the whole time period. Since pro-
gressive diseases were excluded, it is unlikely that the
condition leading to NTSCI should worsen during the
primary rehabilitation period.

The data was extracted from extensive and detailed
medical records by two independent researchers, who
had no influence on the course of treatment. The retro-
spective approach may have led to underestimating the
frequency of complications in both groups. Some
changes in treatment and rehabilitation practice may
have taken place during the recording period, but we
expect this to influence TSCI and NTSCI in the same
way and to the same extent.
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Conclusion

This study has shown the rehabilitation potential of patients
with SCI regardless of etiology. The rate of complications
was high in both TSCI and NTSCI, but the overall rate
was higher among patients with TSCI. The complications
show a different pattern in the two groups. Complications
tended to cluster in some patients. Urinary tract infections
and pressure ulcers were factors that prolonged the length of
stay, delayed important rehabilitation, and impaired the
overall functional improvement. All health workers in a
rehabitation unit should be aware of this mutual relation-
ship to optimize the primary rehabilitation for all patients
with SCI, independent of cause and comorbidities.
Prospective studies comparing TSCI and NTSCI in the
same rehabilitation setting are required to further determine
what is the optimal pathway of rehabilitation for the two
patient groups. Such, studies should focus on the impact
of complications on patients’ quality of life and rehabilita-
tion outcome.

Acknowledgements
MHG and HSL contributed equally to this paper.

Disclaimer statements
Conflict of interest The authors report that there are no
conflicts of interest.

Funding This research received no specific funding
agency support in the public, commercial, or notfor-
profit sectors.

ORCID

Marie Hidle Gedde http://orcid.org/0000-0002-
8423-6402

Hanne Sether Lilleberg ©© http://orcid.org/0000-0003-
3488-4150

Tiina Rekand @ http://orcid.org/0000-0002-2506-9501

References

1 New PW. Functional outcomes and disability after Non-traumatic
spinal cord injury rehabilitation: results from a retrospective study.
Arch Phys Med Rehabil. 2005;86(2):250-261.

2 Sweis R, Biller J. Systemic complications of spinal cord injury.
Curr Neurol Neurosci Rep. 2017;17(2):8.

3 New PW, Rawicki HB, Bailey MJ. Nontramatic spinal cord injury:
demographic characteristics and complications. Arch Phys Med
Rehabil. 2002;83(7):996-1001.

4 Citterio A, Franceschini M, Spizzichino L, Reggio A, Rossi B,
Stampacchia G. Nontraumatic spinal cord injury: an Italian
survey. Arch Phys Med Rehabil. 2004;85(9):1483-1487.

5 New PW, Jackson T. The costs and adverse events associated with
hospitalization of patients with spinal cord injury in Victoria,
Australia. Spine. 2010;35(7):796-802.

6 Krassioukov A. Autonomic function following cervical spinal cord
injury. Respir Physiol & Neurobiol. 2009;169(2):157-164.

The Journal of Spinal Cord Medicine 2019 voL. 42 NO. 6

10

11

12

13

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Celani G, Spizzichino L, Ricci S, Zampolini M, Franceschini M.
Spinal cord injury in Italia: a multicenter retrospective study.
Arch Phys Med Rehabil. 2001;82(5):589-596.

Stampas A, Dominick E, Zhu L. Evaluation of functional out-
comes in traumatic spinal cord injury with Rehablitation-
Acquired urinary tract infection: a retrospective study. J Spinal
Cord Med. 2018;3:1-14.

Dijkers M, Bryce T, Zanca J. Prevalence of chronic pain after trau-
matic spinal cord injury: a systematic review. J. Rehabil Res Dev.
2009;46(1):13-29.

Anders J, Heinemann A, Leffmann C, Leutenegger M,
Profener F, Renteln-Kruse W. Decubitus ulcers: patophysiol-
ogy and primary prevention. Dtsch Arztebl Int. 2010;107(21):
371-382.

Bélanger LM, Umedaly HS, Noonan VK, Park E, Prince J,
Thorogood NP, et al. Evaluation of a clinical protocol to assess
and diagnose neuropathic pian during acute hospital admission.
Results from traumatic spinal cord injury. Clin J Pain. 2017;32
(2):104-112.

Schuld C, Franz S, Briiggemann K, Heutehaus L, Weidner N,
Krishblum SC, er al. International standards for neurological
classification of spinal cord injury: impact of the revised worksheet
(revision 02/13) on classification performance. J Spinal Cord Med.
2016;39(5):504-512.

Roberts TT, Leonard GR, Cepela DJ. Classification in brief:
American spinal cord injury Association (ASIA) impairment
scale. Clin Orthop Relat Res. 2017;475(5):1499-1504.

Everaert K, Lumen N, Kerckhaert W, Willaert P, Mv D. Urinary
tract infection in spinal cord injury: prevention and treatment
guidelines. Acta Clin Belg. 2009;64(4):335-340.

Grabe M, Bartoletti R, Johansen TB, Cai T, Cek M, Koves B, et al.
Guidelines on urological infections: European Association of
Urology; 2015. Available from: https://uroweb.org/wp-content/
uploads/19-Urological-infections_LR2.pdf.

McKinley W, Sinha A, Ketchum J, Deng X. Comparison of
rehabilitation outcomes following vascular-related and trau-
matic spinal cord injury. J Spinal Cord Med. 2011;34(4):
410-415.

Ardolino A, Sleat G, Willett K. Outcome measurements in major
trauma — results of consensus meeting. Injury. 2012;43(10):
1662-1666.

Kennedy P, Chessell Z. Traumatic versus non-traumatic spinal
cord injuries: are the differential rehabilitation outcomes? Spinal
Cord. 2013;51(7):579-583.

Catz A, Goldin D, Fishel B, Ronen J, Bluvshtein V, Gelernter 1.
Recovery of neurological function following nontraumatic spinal
cord lesions in Israel. Spine. 2004;29(20):2278-2282.

Shin JC, Kim DH, Yu SJ, Yang HE, Yoon SY. Epidemiologic
change of patients with spinal cord injury. Ann Rehabil Med.
2013;37(1):50-56.

Ash D. An exploration of the occurrence of pressure ulcers in a
British spinal injuries unit. J Clin Nurs. 2002;11(4):470-478.
New PW, Rawicki HB, Bailey MJ. Nontraumatic spinal cord
injury rehabilitation: pressure ulcers patterns, prediction, and
impact. Arch Phys Med Rehabil. 2004;85(1):87-93.

Lala D, Dumont FS, Leblond J, Houghton PE, Noreau L. Impact
of pressure ulcers on individuals living with a spinal cord injury.
Arch Phys Med Rehabil. 2014;95(12):2312-2319.

Salameh A, Mohajer MA, Daroucihe RO. Prevention of urinary
tract infections in patients with spinal cord injury. CMAJ. 2015;
187(11):807-811.

Hagen E, Lie S, Rekand T. Mortality after traumatic spinal cord
injury: 50 years of follow up. J. Neural Nevrosug Psychiatry.
2010;81(4):368-373.

Hearn J, Selvarajah S, Kennedy P, Taylor J. Stigma and self-man-
agement: an interpretative phenomenological analysis of the
impact of chronic recurrent urinary tract infections after spinal
cord injury. Spinal Cord Ser Cases. 2018;4:12.

Krause JS, Cao Y, DeVivo MJ, DiPiro ND. Risk and protective
factors for cause-specific mortality after spinal cord injury. Arch
Phys Med Rehabil. 2016;97(10):1669-1678.

Berlowitz DJ, Wadsworth B, Ross J. Respiratory problems and
management in people with spinal cord injury. Breathe. 2016;12
(4):328-340.


http://orcid.org/0000-0002-8423-6402
http://orcid.org/0000-0002-8423-6402
http://orcid.org/0000-0002-8423-6402
http://orcid.org/0000-0003-3488-4150
http://orcid.org/0000-0003-3488-4150
http://orcid.org/0000-0003-3488-4150
http://orcid.org/0000-0002-2506-9501
http://orcid.org/0000-0002-2506-9501
https://uroweb.org/wp-content/uploads/19-Urological-infections_LR2.pdf
https://uroweb.org/wp-content/uploads/19-Urological-infections_LR2.pdf
https://uroweb.org/wp-content/uploads/19-Urological-infections_LR2.pdf

Gedde et al. Traumatic vs non-traumatic spinal cord injury

29 Rekand T, Hagen EM, Grenning M. Chronic pain following 32 McKinley W, Seel R, Gadi R, Tewksbury M. Nontraumatic vs

spinal cord injury. Tidsskr Nor Legeforenin. 2012;132(8);974- traumatic spinal cord injury: a rehabilitation outcome comparison.
979. Am J Phys Med Rehabil. 2001;80(9):693-699.

30 Werhagen L, Budh C, Hultling C, Molander C. Neuropathic pain 33 New PW. The influence of age and gender on rehabilitation out-
after traumatic spinal cord injury — relations to gender, spinal level, comes in nontraumatic spinal cord injury. J Spinal Cord Med.
completeness, and age at the time of injury. Spinal Cord. 2004;42 2007;30(3):225-237.

(12):665-673. 34 Halvorsen A, Pettersen AL, Nilsen SM, Halle KK, Schaanning EE,

31 Werhagen L, Hultling C, Molander C. The prevalence of neuro- Rekand T. Non-traumatic spinal cord injury in Norway 2012-2016:
pathic pain after non-traumatic spinal cord lesion. Spinal Cord. analysis from a national registry and comparison with traumatic
2007;45(9):609-615. spinal cord injury. Spinal Cord. 2018. doi:10.1038/s41393-018-0223-7.

The Journal of Spinal Cord Medicine 2019 VOL. 42 NO. 6 701


https://doi.org/10.1038/s41393-018-0223-7

	Introduction
	Material and methods
	Participants
	Methods
	Data analysis
	Ethical considerations

	Results
	Discussion
	Strength and limitations

	Conclusion
	Acknowledgements
	Disclaimer statements
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


