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ARTICLE INFO ABSTRACT

Keywords: Objective: The aim of this study is to evaluate demographic and clinical characteristics of a population affected by
Spinal C‘?"d injury traumatic and non-traumatic spinal cord injury (SCI) and to analyze functional outcomes after rehabilitation.
Traumatic Methods: This study involved 112 SCI patients (75 male and 37 female) admitted at the Neurorehabilitation Unit
IS\IgIn-traumanc of the University Hospital of Messina. The neurological outcomes were evaluated according to the American
T-SCI NT-SCI Spinal Injury Association Impairment Scale (AIS) and by using length of stay, Functional Independence Measure
Outcomes (FIM) and Barthel Index (BI).

Rehabilitation Results: NT-SCI patients were significantly older, numerous (75,89%) and affected by greater lesions when

admitted, than T-SCI ones. Most of lesions were incomplete (93%) and associated with paraplegia (71%). FIM
and BI outcomes are similar in both groups, even if T-SCI patients showed greater improvement when dis-
charged. No significant differences were found in the length of stay. The most common complication in non-
traumatic SCI group was urinary tract infection and this was observed in 25 patients (29,41%). Linear regres-
sion models explained 26% of the variance of LOS and 38% of the variance of functional outcome. Functional
status on admission was the strongest determinant of LOS and completeness of the lesion was the strongest
determinant of functional outcome. Etiology (traumatic versus non-traumatic) was a weak independent deter-
minant of LOS but was not an independent determinant of functional outcome.

Conclusion: SCI patient’s rehabilitation should be carried out by taking into account etiology of the injury. It is
important to consider this information while developing the targets and planning of the rehabilitation program.
In particular, older age negatively influence the degree of disability on admission and the entity of functional
recovery in both populations. Non-traumatic lesions could have minor benefits after rehabilitation therapy if
compared with traumatic ones.

1. Introduction

Introduction Spinal cord injury (SCI) has a worldwide incidence of
between 10.4 and 83 cases per million per year.'® Although patients
with SCI have a great impact on the health-care system, few epidemio-
logical studies of SCI are available. Spinal cord injury (SCI) worldwide
incidence is between 40 and 80 cases per million inhabitants.” These
lesions often result in a significant functional impairment of many ac-
tivities of our daily living, including mobility, self-care and bladder,
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bowel and sexual functions. It is unclear how many people in the world
are currently living with SCI but international incidence data suggest
that every year between 250,000 and 500,000 people report a spinal
cord injury. The largest part of these cases is traumatic, mostly caused by
road traffic injuries, falls and acts of violence. Traumatic SCI (T-SCI) are
more common in young adults and in the elderly; more than half of the
patients are involved between 16 and 30 years and male represent about
80%. Non-traumatic SCI (NT-SCI) represents a significant rate of pa-
tients hospitalized in neurorehabilitation units. Multiple causes are
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recognized such as spinal stenosis, neoplastic lesions, inflammatory
diseases, infections and vascular injuries.5 Some authors compared
NT-SCI patients and T-SCI ones and concluded that the former is older
and commonly show incomplete lesions associated with paraplegia.’
Although different studies analysed and reported data about the func-
tional outcome of SCI patients, the presence of significant differences,
regarding their rehabilitation recovery, related to the traumatic or
non-traumatic aetiology of the lesions is still unclear. Guttman and
co-workers have reported that one third of the 3000 SCI patients had a
non-traumatic SCL.” The etiological causes of NT-SCI are related to spi-
nal stenosis, tumor compression, vascular ischemia, transverse myelitis,
neuronal motor disease, and syringomyelitis.® Some researches show
that the ratio of older, female and retired patients is higher in the NT-SCI
than the traumatic SCI group.” As NT-SCI patients are usually older, they
usually also have diabetes, cardiovascular and pulmonary diseases, and
poor memory and retention. These co-existing health problems could
result in a decrease in the efficiency of rehabilitation and improvement
of long-term functionality of the NT-SCI patients.'’ Only a few studies
have investigated the complications after a rehabilitation program in
patients of non-traumatic SCI.'»'? The percentage of the non-traumatic
SCI patients is quite high among SCI patients, therefore, it is important
that we know the medical and functional response of these patients in
order to understand the medical, personal, and family-related problems.
The aim of this study is to compare demographic and lesion character-
istics, stay in hospital, functional and neurologic outcomes of patients
with T-SCI and NT-SCI admitted to our neurorehabilitation unit.

2. Materials and methods
2.1. Study design and population

A retrospective study on spinal cord injured subjects was carried out
on a cohort of 152 SCI patients, hospitalized at the neurorehabilitation
unit of the University Hospital of Messina, in a period of seven years.
Because of 20 patients were affected by encephalomyelitis, 11 patients
by multiple sclerosis, and 9 patients by severe trauma brain injury, with
a concomitant involvement of superior cortical functions, the sample
group was reduced to 112 patients. Inclusion criteria to rehabilitation
unit were required: first hospitalization in a neurorehabilitation unit;
aged over 15 years; complete data available for age, level and
completeness of injury, inpatient rehabilitation lengths of stay, func-
tional independence measure (FIM), and Barthel index (BI). Non-
traumatic injuries represented a heterogeneous group, including
degenerative (e.g., spondylarthrosis, spinal stenosis), neoplastic (pri-
mary and secondary tumors), vascular (e.g. ischemia, haemorrhagic
events, artero-venous fistulas) and inflammatory (e.g. transverse
myelitis, infections) diseases, for a total of 85 subjects (75,89%).

2.2. Set up and evaluation of outcomes

The outcome measures included demographic features (age and sex),
aetiology (traumatic or non-traumatic), provenance of patient, neuro-
logical level of injury (NLI), clinical features (paraplegia or tetraplegia),
extent of injury according to the American Spinal Injury Association
Impairment Scale [AIS], lesion at time of admission (LTA) and length of
stay (LOS). Functional status and evaluation of the activities of daily
living (ADL) were assessed, by FIM and BI, on admission and at
discharge. Differences among the NT-SCI injured subgroups were also
analysed. The AIS represents the international standard to evaluate the
impairment degree of SCI. This scale distinguishes 5°, from A or com-
plete injury, to E equivalent to normal status, based on the injury
completeness.'>!® The FIM is an international scale used to assess
physical and cognitive disability, concerned with the level of indepen-
dence; it includes motor and cognitive FIM, with a total score ranges
between 18 and 126 points, where the higher scores indicate more in-
dependence.'”” The BI is a standardized tool, widely used in
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rehabilitation assessment settings. It measures functional disability by
quantifying the patient’s performance in 10 ADL, including self-care
(feeding, grooming, bathing, dressing, bowel and bladder care, toilet
use) and mobility activities (ambulation, transfers and stair climbing). A
score of 60/100 is the cut off at which patients move from dependence to
independence.'® Therefore, a score ranged between 80 and 100,/100
defines an independent patient, between 60 and 79 needs a minimal
help, between 40 and 59 partially dependent, between 20 and 39 very
dependent, lower than 20 a very dependent patient in self-care and
mobility ADL.'° Since patients with low FIM and BI scores on admission
showed a little improvement, whereas those with high FIM and BI scores
on admission demonstrated a great effect, we integrated all data con-
cerning to the improvements with those related to the rehabilitation
effectiveness; the latter expresses the actual improvement as a propor-
tion of potential improvement.’’ Besides the improvement and the
effectiveness, rehabilitation efficiency was calculated, in order to mea-
sure the rate of functional improvement and the length of hospitaliza-
tion.”! All patients gave informed consent for their data to be included in
a central database after name and address information had been
removed.

2.3. Statistical analysis

Statistical univariate analysis was conducted by using SPSS for
Windows 11.5. To investigate relationships between T-SCI and NT-SCI
group regarding the following factors: age, sex, clinical features, LTA,
LOS, FIM and BI scores on admission and at discharge, functional
outcome indexes (efficiency, effectiveness, improvement). The between-
groups comparisons of the mean values were carried out using the t-
Student test, while the percentage variables were compared using the 2
test. The results are expressed as mean =+ standard deviation (SD) for the
continuous variables or as range with indication of extreme values. The
level for statistical significance was set at p < 0.05. The influence of
aetiology and other characteristics on LOS and functional outcome was
analysed using stepwise backward regression analyses to reveal the most
efficient regression model. All determinants were entered together, and
the weakest determinant was eliminated at each step until all remaining
determinants were related to the dependent variable.

3. Results
3.1. Patients characteristics, aetiologies and duration of hospital stay

Overall, the cohort of patients consisted of 112 patients, including 85
(76%) NT-SCI patients and 27 (24%) T-SCI ones, and the mean age was
60 + 14.8 years (range, 22-87 years). In our cohort, 67% of the injured
patients were male; this percentage was higher in T-SCI group (male
81%, female 19%). Non-traumatic patients were significantly (p =
0.0005) older than traumatic ones (T-SCI 52 vs NT-SCI 63 years). All
demographic features are described on Table 1.

In the T-SCI group, the main frequent causes of trauma were road
traffic accidents (48%), falls (37%), firearms (7%) and occupational
injuries (7%). The aetiologies are detailed and related to age, sex and
length of stay in Table 2. In the T-SCI group a prevalence of cervical
lesions (44.5%) was found, compared to the NT-SCI group in which the
thoracic column was more involved; lumbar injuries were poorly rep-
resented in both groups. Patients with NT/SCI had significant greater
lesion (p = 0.001) to admission time (299 days) than patients with T/SCI
(71 days), see Table 3. No significant differences (p = 0.4) were revealed
for acute care LOS, that was longer for patients with traumatic lesions,
see Table 4.

3.2. Neurological outcomes analysis

The majority of the injuries were incomplete (T-SCI 79% and NT-SCI
98%). Neurological status score on admission was worse in the
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Table 1
- Demographic, clinical, and neurological features.
Total T-SCI NT-SCI p value Total T-SCI NT-SCI p value
Sex 0.06 Clinical presentation 0,002
Male 75 (67%) 22 (81%) 53 (63%) Tetraplegia 32 (29%) 14 18
(52%) (21%)
Female 37 (33%) 5 32 (37%) Paraplegia 80 (71%) 13 67
(19%) (48%) (79%)
Total T-SCI NT-SCI p value Total T-SCI NT-SCI p value
Age 0.0005 Level of injury 0.005
Range 22-87 22-77 25-87 Cervical 30.5% 44.5% 26.0%
Mean + SD 60 52 63 Cervical and Thoracic 3.5% 15.0% -
+ 14.8 +17.7 + 12.6
Thoracic 57.0% 33.0% 65.0%
Total T-SCI NT-SCI p value Lumbar-sacral 9.0% 7.5% 9.0%
Completeness of injury 0.0001
Complete 8 7 2
(7%) (21%) 2%)
Incomplete 104 (93%) 20 (79%) 83 (98%)
Table 2 38% of the variance. Having a motor incomplete lesion, a paraplegic
able

- Correlation among NT-SCI Etiologies, age, sex and duration of stay.

Etiology Mean age + SD Sex prevalence [M/ Length of stay
Iyl F] [d]
Degenerative (31%) 63.5 + 12.8 M 69% 45 + 24.5
Inflammatory 65+ 11.1 M 76% 55 + 53.0
(25%)
Neoplastic (24%) 57 + 15.0 F 55% 44 + 27.1
Vascular (21%) 68 + 9.3 M/F 50% 65 + 66.0

traumatic group, while at discharge neurological outcomes were similar
in both cohorts; a regression from the degree A was obtained only in
non-traumatic patients, see Table 3.

3.3. Functional outcomes analysis

Although T-SCI patients presented lower total FIM and BI scores on
admission, all scores were increased, and almost equivalent, at discharge
in both cohorts; FIM improvement and effectiveness were significantly
greater for T-SCI group, p = 0.004 and p = 0.04, respectively. Bl showed
the same trend, with a BI improvement significantly superior in trau-
matic group (p = 0.026), see Table 4.

No aetiology-related differences were revealed for functional out-
comes in non-traumatic subgroups. The only significant difference was
observed, between degenerative and vascular aetiologies, for FIM and BI
on admission. In detail, on admission, patients with vascular injuries
showed a lower independence for total FIM scores (FIM vascular 66 +
21.2 vs FIM degenerative 82 + 18.3) and greater dependence in ADL (BI
vascular 34 + 18.5 vs BI degenerative 50 + 25). The best Bl-related
outcome was observed for inflammatory diseases (BI improvement =
20), whereas patient with vascular lesions showed better results in total

lesion and a younger age were determinants of better functional
outcome. Aetiology has not determinant consequences for functional
outcome.

4. Discussion

In our study, demographic and etiologic characteristics of SCI

Table 4
- Functional outcome measures.
T-SCI NT-SCI p value

LTA (days) 71 +£82.3 299 + 340 0.0008"
Length of stay (days) T-SCI NT-SCI p value
Mean + SD 58 + 41 51 + 44 0.4
Range 16-177 10-285
FIM score T-SCI NT-SCI p value
Admission + SD 68 + 23 75 £ 22 0.1
Discharge + SD 90 + 28 88 + 23 0.7
Improvement 22 13 0.004°
Efficiency 0.53 0.35 0.058
Effectiveness 42.2 29 0.04“
Barthel Index score T-SCI NT-SCI p value
Admission + SD 32+ 27 41 + 23 0.09
Discharge + SD 60 + 36 58 + 27 0.7
Improvement 27 17 0.02¢
Efficiency 0.69 0.46 0.06
Effectiveness 47 33 0.06

? Statistically significant.

Table 5
— FIM scores, improvement, and BI improvement.

. FIM scores FIM improvement
FIM score (FIM improvement = 16), see Table 5. prov
The regression model of LOS explained 26% of the variance of LOS. FIM vascular 66 + 21.2 16
. . o FIM degenerative 82 +18.3
Having a poorer functional status on admission was the strongest .
X o K Total ADL BI improvement
determinant of a longer LOS. Other significant determinants were the BI vascular 34+ 185 20
conditions of having a motor complete, a tetraplegic and a traumatic BI degenerative 50 + 25,6
lesion (Table 6). The regression model of functional outcome explained
Table 3
ASIA Impairment Scale (AIS) on admission and at discharge.
AIS Admission score (%) AIS Discharge score (%)
A B C D E A B C D E
T-SCI 6 (21 4 (16) 11 (42) 6 (21) - 6 (21 31D 6 (21) 11 (42) 15
NT-SCI 22 12 (149 30 (36) 41 (48) - - 14 (12) 14 (17) 55 (66) 4 (5
Total 8 (7) 16 (149 41 (37) 47 (42) - 6 (5) 13 (12) 20 (18) 67 (60) 6 (5)
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Table 6
— Linear regression of determinants of LOS and functional outcome (N= 112].

Independent value Length of stay (LOS) Functional outcome

B t- p- i t-value p-
value value value
Age / / NS -0.187 —4.235  0.000
Etiology [T/NT SCI]  0.072  1.687  0.005 NS
Clinical presentation 0.112 4.623  0.000 -0.165 —4.954  0.000
[tetra/paraplegia]
Completeness of 0.265 5.788  0.000 -0.212 -7.655 0.000
injury [complete/
incomplete]

Adjusted R? = 0.26 (F =
48.4; p < 0.001)

Adjusted R? = 0.38 (F = 63.1;
p < 0.001)

patients observed in both cohorts were agree with the Italian worldwide
literature.?%>32%2% and 26 paraplegia was prevalent in NT-SCI group,
whereas tetraplegia in T-SCI one. On admission, traumatic and
non-traumatic patients presented similar degrees of neurological
impairment, and approximately 20% of all patients classified as AIS C
achieving a gain of one AIS degree at discharge. Concerning the score A,
all nontraumatic injured patients regressed to an inferior impairment
degree, while traumatic ones no improvements obtained of neurological
status between admission and discharge. These results confirmed the
major severity of the impairment in T-SCI patients and were similar to
those described in the earlier literature.?” On admission, the higher
levels of autonomy compromission in T-SCI, could be related to a higher
rate of associated lesions; moreover, these patients more frequently have
been undergoing to major surgery.”’ At discharge, functional status was
comparable in traumatic and nontraumatic cohorts, accounted approx-
imately a BI mean score of 60. Patients who were traumatically injured
got more improvement than the non-traumatic ones regard to BI scores
(p = 0.02), passing from a status of severe dependence in ADL (BI 20-40)
to an independence with supervision one (BI > 60). Furthermore, BI
efficiency and effectiveness were also higher in traumatic group,
showing a trend of these patients to obtain a greater improvement,
although without a statistical significance. In this study, analysis of FIM
outcome revealed a significantly improvement between admission and
discharge in traumatic SCI population (p = 0.004), showing greater FIM
gain for traumatic injured.?® *° In addition, the FIM effectiveness (T/SCI
42.2 vs NT/SCI 29) resulted significantly (p = 0.04) greater in traumatic
SCI patients. Furthermore, also the FIM efficiency was near to the level
of significance (p = 0.06). These results allow to state that traumatic SCI
population has a major trend to functional recovery.”” In regard to the
analysis of non-traumatic myelopathy subgroups, the only significant
difference has been observed in the FIM and BI scores between degen-
erative subset and vascular subset, the latter showing an higher grade of
dependence in admission ADL. However, no significant differences were
observed about functional outcomes, according to previous study.?®
Even though it had not statistical significance, the average LOS was
longer for patients with traumatic SCI than for patients with
non-traumatic SCI (T/SCI 58 + 41 vs. NT/SCI 51 + 44 days), which
spent a mean shorter period in the neurorehabilitation unit. This result
confirms international literature.>>?%*%and °! According to different
reports,'” NT/SCI patients generally presented a longer LTA - in our
study it was 299 days. In fact, non-traumatic lesions often arise insidi-
ously and gradually, whereby patients usually get a diagnosis only after
a prolonged period of specialist examinations. As reported in previous
studies,”*>? traumatic patients showed a greater gain (improvement) in
FIM and Barthel measures. In first instance, we can explain this result
with the fact the T/SCI injured reported lower scores on admission and
had a greater length of stay. Nevertheless, the major functional recovery
of T/SCI patients has been valued with functional outcome indices as
FIM effectiveness, that express an index independent of the score on
admission. This study has limited sample size, particularly concerning
the traumatic group. Patients were treated in a non-specialized
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rehabilitation centre as well, and they were not stratified based on spinal
levels. Although a recent prospective observational cohort, study re-
ported that patient preinjury and injury characteristics were sufficient to
predict outcomes with no further explanation provided by
comorbidity,>**° this aspect has not been analysed in the present study.
We also do not provide long-term follow-up maintenance. LOS was
longer for patients with traumatic SCI than for patients with
non-traumatic SCI and etiology was an independent predictor of LOS in
the regression analysis. In the regression analysis, etiology is not an
independent determinant of functional outcome. The bivariate associa-
tion of etiology with functional outcome in this study can therefore be
ascribed to differences between both groups regarding lesions charac-
teristics, and age. The independent influence of age on functional
outcome may be based on a reduced ability to recover and the effect of
co-morbidity in elderly patients. This study evidences that treatment of
non-traumatic SCI in specialized rehabilitation centers might be at least
as effective as treatment of traumatic SCI. Moreover, different ap-
proaches can furnish interesting information regarding the correct
rehabilitation protocols by using for example FE medialization,””>? in
order to investigate stress and strain shielding aging on the bony and soft
tissues. 07

5. Conclusions

Patients with non-traumatic SCI represent majority of our patients
with spinal cord injury. Substantial and significant differences were
observed between traumatic and non-traumatic spinal cord injured.
These differences concern mean age, sex, neurologic impairment and
injury extent on admission, lesion to admission time, and the entity of
functional recovery. In particular, older age negatively influence the
degree of disability on admission and the entity of functional recovery in
both populations. Non-traumatic lesions could have minor benefits after
rehabilitation therapy if compared with traumatic ones, cause their
presentation is often insidious and slow the timing of diagnosis and the
admission to a rehabilitation unit. This data suggest that can be useful a
different planning of rehabilitation intervention in the different cate-
gories of spinal cord injury. In particular elaborating a specific reha-
bilitation plan in NT-SCI could lead to a better functional recovery of
these patients.

References

—

Wyndaele M, Wyndaele J-J. Incidence, prevalence and epidemiology of spinal cord

injury: what learns a worldwide literature survey? Spinal Cord. 2006;44:523-529.

Katsuura Y, Osborn JM, Cason GW. The epidemiology of thoracolumbar trauma: a

meta-analysis. J Orthop. 2016;13(4):383-388.

Khallaf FG, Kehinde EO, Mostafa A. Growth factors and cytokines in patients with

long bone fractures and associated spinal cord injury. J Orthop. 2016;13(2):69-75.

Bickenbach J, et al. Chapter 2. A global picture of spinal cord injury. In:

Bickenbach J, Officer A, Shakespeare T, von Groote P, eds. International Perspectives

on Spinal Cord Injury. Geneva: World Health Organization; 2013.

Vervoordeldonk JJ, Post MW, New P, Clin Epi M, Van Asbeck FW. Rehabilitation of

patients with nontraumatic spinal cord injury in The Netherlands: etiology, length of

stay, and functional outcome. Top Spinal Cord Inj Rehabil. 2013;19(3):195-201.

https://doi.org/10.1310/sci1903-195.

Scivoletto G, Farchi S, Laurenza L, Molinari M. Traumatic and non-traumatic spinal

cord lesions: an Italian comparison of neurological and functional outcomes. Spinal

Cord. 2011;49(3):391-396.

Guttman L. Spinal Cord Injuries. Comprehensive Management and Research. Oxford:

Blackwell; 1973.

Kirshblum SC, Groah SL, McKinley WO, Gittler MS, Stiens SA. Spinal cord injury

medicine. 1. Etiology, classification, and acute medical management. Arch Phys Med

Rehabil. 2002;83(Suppl. 1):50-57.

McKinley WO, Seel RT, Hardman JT. Non-traumatic spinal cord injury: incidence,

epidemiology, and functional outcome. Arch Phys Med Rehabil. 1999;80:619-623.

10 Murray PK, Kusier MF. Epidemiology of non-traumatic and traumatic spinal cord
injury. Arch Phys Med Rehabil. 1994;65:634.

11 New PW, Rawicki HB, Bailey MJ. Non-traumatic spinal cord injury: demographic
characteristics and complications. Arch Phys Med Rehabil. 2002;83:996-1001.

12 McKinley WO, Tewksbury MA, Godbout CJ. Comparison of medical complications

following non-traumatic and traumatic spinal cord injury. J. Spinal. Cord. Med. 2002;

25(2):88-93.

N

w

EN

w

fe)}

N

@

)


http://refhub.elsevier.com/S0972-978X(21)00232-4/sref1
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref1
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref2
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref2
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref3
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref3
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref4
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref4
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref4
https://doi.org/10.1310/sci1903-195
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref6
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref6
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref6
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref7
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref7
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref8
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref8
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref8
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref9
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref9
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref10
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref10
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref11
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref11
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref12
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref12
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref12

A. Alito et al.

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Kleinhenz DT, Eltorai AEM, Huo S, Daniels AH. Traumatic cervical epidural
hematoma due to fusion mass fracture following elective rod removal. J Orthop.
2017;14(4):548-549.

Acharya AM, Cherian BS, Bhat AK. Diagnostic accuracy of MRI for traumatic adult
brachial plexus injury: a comparison study with surgical findings. J Orthop. 2020;17:
53-58.

Berney MJ, Horstmann E, Cassidy N. Traumatic spinal injuries on farms: patients
treated in the national spinal unit of Ireland 2005-2015. J Orthop. 2017;14(1):
211-215.

Kirshblum SC, Burns SP, Bierning-Sorensen F, et al. International standards for
neurological classification of spinal cord injury (revised 2011). J. Spinal. Cord. Med.
2011;34(6):535-546.

Hall KM, Cohen ME, Wright J, Call M, Werner P. Characteristics of the Functional
Independence Measure in traumatic spinal cord injury. Arch Phys Med Rehabil. 1999;
80(11):1471-1476.

Sulter G, Steen C, De Keyser J. Use of the Barthel index and modified Rankin scale in
acute stroke trials. Stroke. 1999;30(8):1538-1541.

Sinoff G, Ore L. The Barthel activities of daily living index: self-reporting versus
actual performance in the old-old (> or = 75 years). J Am Geriatr Soc. 1997;45(7):
832-836.

Koh GC, Chen CH, Petrella R, Thind A. Rehabilitation impact indices and their
independent predictors: a systematic review. BMJ Open. 2013;3(9), e003483.

Ng YS, Jung H, Tay SS, Bok CW, Chiong Y, Lim PA. Results from a prospective acute
inpatient rehabilitation database: clinical characteristics and functional outcomes
using the functional independence measure. Ann Acad Med Singapore. 2007;36(1):
3-10.

Gupta A, Taly AB, Srivastava A, Vishal S, Murali T. Traumatic vs non-traumatic
spinal cord lesions: comparison of neurological and functional outcome after in-
patient rehabilitation. Spinal Cord. 2008;46(7):482-487.

Pagliacci MC, Celani MG, Zampolini M, et al. An Italian survey of traumatic spinal
cord injury. The gruppo italiano studio epidemiologico mielolesioni study. Arch Phys
Med Rehabil. 2003;84(9):1266-1275.

New PW, Rawicki HB, Bailey MJ. Nontraumatic spinal cord injury: demographic
characteristics and complications. Arch Phys Med Rehabil. 2002;83(7):996-1001.
Cosar SN, Yemisci OU, Oztop P, et al. Demographic characteristics after traumatic
and non-traumatic spinal cord injury: a retrospective comparison study. Spinal Cord.
2010;48(12):862-866.

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.

Chafetz RS, Mulcahey MJ, Betz RR, et al. Impact of prophylactic thoracolumbosacral
orthosis bracing on functional activities and activities of daily living in the pediatric
spinal cord injury population. J. Spinal. Cord. Med. 2007;30(Suppl 1):5178-S183.
McKinley WO, Seel RT, Gadi RK, Tewksbury MA. Nontraumatic vs. traumatic spinal
cord injury: a rehabilitation outcome comparison. Am J Phys Med Rehabil. 2001;80
(9):693-699.

Milicevi¢ S, Bukumiri¢ Z, Karadzov Nikoli¢ A, Babovi¢ Jankovi¢ S. Demographic
characteristics and functional outcomes in patients with traumatic and non traumatic
spinal cord injuries. Vojnosanit Pregl. 2012;69(12):1061-1066.

66

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Journal of Orthopaedics 28 (2021) 62-66

New PW, Simmonds F, Stevermuer T. A population-based study comparing traumatic
spinal cord injury and non-traumatic spinal cord injury using anational rehabilitation
database. Spinal Cord. 2011;49(3):397-403.

Osterthun R, Post MWM, van Asbeck FWA. Characteristics, length of stay and
functional outcome of patients with spinal cord injury in Dutch and Flemish
rehabilitation centres. Spinal Cord. 2009;47(4):339-344.

Ones K, Yilmaz E, Beydogan A, Gultekin O, Caglar N. Comparison of functional
results in non-traumatic and traumatic spinal cord injury. Disabil Rehabil. 2007;29
(15):1185-1191.

Kocanli O, Komur B, Duymus TM, Guclu B, Yilmaz B, Sesli E. Ten-year follow-up
results of posterior instrumentation without fusion for traumatic thoracic and lumbar
spine fractures. J Orthop. 2016;13(4):301-305.

Surendran S, Patinharayil G, Karuppal R, Marthya A, Fazil M, Mohammed Ali S.
Arthroscopic capsular release and continuous upper arm brachial block in frozen
shoulder — a midterm outcome analysis. J Orthop. 2020;21:459-464.

Machino M, Ito K, Kato F, et al. Kinetic changes in the spinal cord occupation rate of
dural sac in cervical spondylotic myelopathy. J Orthop. 2021;24:222-226.

Horn SD, Smout RJ, DeJong G, et al. Association of various comorbidity measures
with spinal cord injury rehabilitation outcomes. Arch Phys Med Rehabil. 2013;94(4
Suppl):S75-586.

Filardi V. Finite element analysis of the foot: stress and displacement shielding.

J Orthop. 2018;15(4):974-979.

Filardi V. Flatfoot and normal foot a comparative analysis of the stress shielding.

J Orthop. 2018;15(3):820-825.

Filardi V. Healing of femoral fractures by the meaning of an innovative
intramedullary nail. J Orthop. 2018;15(1):73-77.

Filardi V, Portaro S, Cacciola G, et al. Finite element analysis of sagittal balance in
different morphotype: forces and resulting strain in pelvis and spine. J Orthop. 2017;
14(2):268-275.

Filardi V. Numerical comparison of two different tibial nails: expert tibial nail and
innovative nail. Int J Interact Des Manuf. 2018;12(4):1435-1445.

Filardi V. Characterization of an innovative intramedullary nail for diaphyseal
fractures of long bones. Med Eng Phys. 2017;49:94-102.

Tisano A, Alito A, Milardi D, Filardi V, Bruschetta D. Statistical investigation about
spinal clinical asymmetry in a school population. J Orthop. 2020;22:336-340.
Filardi V. Stress distribution in the humerus during elevation of the arm and external
abduction. J Orthop. 2020;19:218-222.

Filardi V. Hallux valgus (HV): a multi-approach investigation analysis. J Orthop.
2020;18:166-170.

Filardi V. Stress shielding analysis on easy step staple prosthesis for calcaneus
fractures. J Orthop. 2020;18:132-137.

Filardi V. Stress shielding FE analysis on the temporomandibular joint. J Orthop.
2020;18:63-68.

Filardi V. Tibio talar contact stress: an experimental and numerical study. J Orthop.
2020;17:44-48.

Filardi V. Healing of tibial comminuted fractures by the meaning of an innovative
intramedullary nail. J Orthop. 2019;16(2):145-150.


http://refhub.elsevier.com/S0972-978X(21)00232-4/sref13
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref13
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref13
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref14
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref14
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref14
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref15
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref15
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref15
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref16
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref16
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref16
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref17
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref17
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref17
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref18
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref18
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref19
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref19
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref19
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref20
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref20
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref21
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref21
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref21
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref21
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref22
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref22
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref22
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref23
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref23
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref23
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref24
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref24
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref25
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref25
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref25
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref26
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref26
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref26
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref27
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref27
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref27
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref28
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref28
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref28
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref29
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref29
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref29
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref30
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref30
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref30
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref31
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref31
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref31
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref32
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref32
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref32
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref33
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref33
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref33
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref34
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref34
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref34
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref35
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref35
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref36
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref36
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref36
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref37
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref37
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref38
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref38
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref39
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref39
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref40
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref40
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref40
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref41
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref41
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref42
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref42
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref43
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref43
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref44
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref44
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref45
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref45
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref46
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref46
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref47
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref47
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref48
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref48
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref49
http://refhub.elsevier.com/S0972-978X(21)00232-4/sref49

	Traumatic and non-traumatic spinal cord injury: Demographic characteristics, neurological and functional outcomes. A 7-year ...
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Set up and evaluation of outcomes
	2.3 Statistical analysis

	3 Results
	3.1 Patients characteristics, aetiologies and duration of hospital stay
	3.2 Neurological outcomes analysis
	3.3 Functional outcomes analysis

	4 Discussion
	5 Conclusions
	References


