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Abstract
Study design Prospective cohort study.
Objectives To determine the extent of functional recovery between 6 and 12 months following a traumatic spinal cord injury
(TSCI) and to identify individuals achieving a small clinical functional improvement during this period.
Setting A single level-1 trauma center specialized in SCI care.
Methods A cohort of 125 patients sustaining TSCI was studied. The Spinal Cord Independence Measure (SCIM) version III
at 6 and 12 months post injury was used as the main outcome measure.
Results The observed functional improvement for the final cohort did not reach a clinically significant level between 6 and
12 months post injury. However, 30.4% of individuals achieved this level (≥4 points in the SCIM-III total score). This group
showed a higher proportion of motor-complete TSCI (AIS grade A or B) and showed a tendency toward older age and higher
trauma severity. Longer duration of intensive functional rehabilitation was the single factor associated with reaching a small
clinically important improvement in the SCIM-III total score.
Conclusions Functional status between 6 and 12 months following a TSCI may be considered clinically similar, regardless
of the level of injury. However, 30% may reach a small clinical functional improvement in the subacute to chronic phase
following TSCI, particularly individuals sustaining severe deficits and older age, which may highlight the importance of
functional compensation during this period for these patients.

Introduction

Traumatic spinal cord injury (TSCI) has profound effects on
patient’s physical and psychosocial wellbeing [1], asso-
ciated with a high economic impact [2]. The assessment of
functional recovery is essential for prognosis and designing

a personalized rehabilitation program, and is therefore of
central importance for patients and caregivers [3, 4].

Functional recovery after TSCI depends on the severity
of the injury, age, and rehabilitation care [5, 6]. When
investigating chronic functional outcome after TSCI, some
authors studied the functional status at 6 or 12 months after
the injury [7–9]. Alternatively, others have included patients
with a follow up of either 6 or 12 months interchangeably
[10–12]. Although combining patients with either 6-month
or 1-year functional assessment will maximize sample size
for analyses, such methodology assumes that functional
outcome remains similar during that period.

Hogel et al. [13] observed that the majority of individuals
with tetraplegia and paraplegia had a significant increase in
functional performance from 3 to 12 months after TSCI,
regardless of the initial neurological status. However, they
did study the pattern of improvement during this period,
particularly after 6 months where the intensive functional
rehabilitation (IFR) process is generally completed [14].
Wirth et al. [15] have investigated the functional recovery 1,
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3, 6, and 12 months after TSCI. Unfortunately, motor-
incomplete injuries were not included in the analyses, which
account for about 50% of all TSCI [16, 17]. Results showed
no significant change in the functional status from 6 to
12 months following motor-complete tetraplegia, while it
increased significantly following motor-complete paraplegia
[15]. However, the clinical significance of their results was
not discussed based on existing criteria defined for identi-
fying clinically significant improvement [18]. Another
limitation of their study relates to the use of the second
version of the Spinal Cord Independence Measure (SCIM-
II) that has been replaced by the third version (SCIM-III)
including a new item for transfer ground-wheel chair and a
modified scoring system for various sub-items [19].

Hence, the exact timing for reaching a chronic plateau
during functional recovery remains unclear in patients
sustaining a TSCI. Yet this information is important for
setting realistic goals and expectations for patients, opti-
mizing the use of resources and planning return to the
community. In addition, the identification of patients with
significant potential for functional improvement from 6 to
12 months post injury would also be very helpful to opti-
mize their specific rehabilitation needs. Thus, the purpose
of this study was twofold. The primary objective was to
determine the extent of functional recovery from 6 to
12 months post TSCI, based on the neurological level of
the injury. This will be accomplished by comparing the
SCIM-III total score obtained at these two time points. The
secondary objective was to identify patients achieving a
significant clinical functional improvement (4 points or
more in the SCIM total score) during this period, and
determine which clinical characteristics are associated to
this significant clinical improvement.

Methods

Patients

A prospective cohort of 125 patients sustaining a TSCI and
admitted to a single level-I SCI-specialized trauma center
between April 2010 and May 2016 was studied. Patients
entered the cohort at the time of admission after consent and
were followed at the same institution thereafter. They were
included if they sustained an acute cervical (C1–C8) or
thoraco-lumbar (T1 and below) TSCI requiring surgical
management in our institution and were aged 18 years or
more. Patients were excluded if they sustained a penetrating
trauma, received nonsurgical management or did not come
to one or both follow-up visits. Since the purpose of the
surgical management following TSCI is to decompress and
stabilized the spine, it generally represents the standard of
care for this population. Individuals that are not managed

surgically following TSCI were thus excluded as they are
generally to unstable to sustain spinal surgery and thus
represent a distinct population. Similarly, individuals sus-
taining penetrating SCI were showed to present different
characteristics and outcomes in comparison with individuals
with blunt trauma [20]. The institutional review board
approved this study and all patients were enrolled on a
voluntary basis.

Data collection

Socio-demographic (age and sex), clinical, and trauma
information was collected prospectively and updated on a
daily basis during the acute care hospitalization. The initial
severity of the TSCI was assessed upon arrival to the acute
SCI center within 72 h of the injury and the initial American
Spinal Injury Association impairment scale (AIS) grade
from A to D was reported using the International Standards
for Neurological Classification of SCI [21]. The neurolo-
gical level of injury was stratified as tetraplegia (C1–C8)
and paraplegia (T1–L2). The neurological status (AIS grade
and neurological level of the injury, as well as the AIS
motor score) was also assessed at the time of follow up at 6
and 12 months post injury.

Trauma severity (injury severity score—ISS) [22],
velocity (high vs. low), as well as the presence of con-
comitant traumatic brain injury (TBI) were noted. The
presence of TBI was noted by a trauma team specialized in
TBI based on the Glasgow coma scale, level of con-
sciousness, and presence of post-traumatic amnesia. The
presence of spasticity during acute care was collected based
on physical findings and symptoms reported by the patient,
and required one of the following three criteria: (1) presence
of increased velocity-dependant muscle tone at physical
examination (Modified Ashworth scale score > 1), (2)
spasm and/or clonus noted at physical examination, and (3)
spasm and/or clonus reported by the patient. Surgical delay
was defined as the time (in hours) between the trauma and
spinal surgery (time of skin incision), and was dichotomized
as <24 h vs. ≥24 h. Acute care hospital length of stay was
defined as the number of days from admission to discharge
from the acute SCI center.

The occurrence of non-neurological complications during
acute hospitalization was also determined. The most pre-
valent complications occurring after a TSCI [23] (pneumo-
nia, pressure injuries, and urinary tract infections) were
considered individually in the analyses. Pneumonia was
diagnosed using clinical features and confirmed by a radi-
ologist, using chest X-ray [24]. UTI were diagnosed using
criteria from the 2006 Consortium for Spinal Cord Medicine
Guidelines for healthcare provider [25], and pressure injuries
were diagnosed using clinical guidelines defined by the
National Pressure Ulcer Advisory Panel [26]. Complications

44 A. Richard-Denis et al.



occurring in less than 10% of patients (delirium, deep vein
thrombosis, atelectasis, pulmonary embolism, acute
respiratory distress syndrome, septicemia, etc.) were also
included, but were considered altogether and referred as
“other complications.” The discharge destination from the
acute care facility (IFR center vs. home with outpatient
rehabilitation vs. transfer to referred hospital/nursing home)
was also considered, as well as the length of stay in the IFR
center for the concerned patients. Finally, the final destina-
tion for individuals who underwent IFR was also noted
(discharge home vs. transitional rehabilitation facility (phase
3 rehabilitation) vs. nursing home/assisted group living). It is
important to mention that in our public healthcare system,
rehabilitation therapies are provided on an outpatient basis
upon return home based on the evaluation of the treating
multidisciplinary team in the acute care or IFR. Frequency
and duration of the outpatient rehabilitation support is gen-
erally based on the needs and regional resources available,
and was unfortunately not available in this study.

Outcome assessment

The SCIM-III scale was used to assess the functional status 6
and 12 months post TSCI. The SCIM-III is a valid and
reliable scale specifically designed to assess the ability of
SCI patients to perform basic activities of daily living
[27, 28]. The SCIM-III assesses three domains: self-care (six
items); respiration and sphincter management (four items);
and mobility and transfers (nine items). The subscore for
self-care ranges between 0 and 20, while respiration/
sphincter management and mobility/transfers subscores both
range between 0 and 40 [27]. The total SCIM-III score can
thus vary from 0 to 100, with a higher score referring to a
higher function. The difference in the SCIM-III total score
between 6 and 12 months post-SCI was computed for each
patient, and dichotomized as reaching or not a small clinical
important difference, based on an improvement of 4 points
proposed by Scivoletto et al. [18].

Statistical analyses

Continuous data were reported using mean (±standard
deviation), while categorical data were reported using per-
centage. The functional recovery was first assessed at a
group level by comparing the mean SCIM-III scores
obtained at 6 and 12 months post injury (Fig. 2). Then, the
functional recovery was assessed individually and patients
were classified based on whether they have reached or not a
small clinical improvement (≥4 points) in the total SCIM-III
score during this interval of time. Mann–Whitney U tests
for continuous data and chi-square tests for categorical data
were then used to compare socio-demographic and clinical
characteristics between the two groups. Subanalyses were

conducted based on the neurological level on injury (tetra-
plegia vs. paraplegia). The neurological status change
between 6 and 12 months, namely the degree of com-
pleteness (AIS grade), neurological level of injury, and the
AIS motor score were also compared for the two groups in
order to better interpret the results. The percentage and
characteristics of patients reaching a significant clinical
improvement (≥10 points) was also noted [18].

A total of 14 variables were considered as potential
predictors of reaching a small clinically significant
improvement in SCIM-III total score from 6 to 12 months
post injury. The following variables were initially con-
sidered based on their potential influence of the functional
recovery [9–12]: (1) age; (2) sex; (3) motor completeness of
TSCI (complete AIS A/B vs. incomplete AIS C/D); (4)
neurological level of injury (tetraplegia vs. paraplegia); (5)
trauma velocity (high vs. low); (6) ISS; (7) occurrence
of any complication during acute care; (8) surgical delay
(<24 h vs. ≥24 h); (9) presence of early spasticity; (10) LOS
in acute care; (11) discharge destination (IFR center vs.
others); (12) length of stay in IFR; (13) discharge orienta-
tion after IFR; (14) functional status 6 months; (15) AIS
grade change from 6 to 12 months post injury; (16) AIS
motor score change from 6 to 12 months post injury; and
(17) change in the neurological level of injury between 6 to
12 months post injury. Univariate logistic regression ana-
lyses were first performed to select variables to be included
in the multivariable regression model without exceeding the
number of candidate predictors allowed for a cohort of 125
patients based on Green et al. [29]. Correlation analyses
were also performed to exclude collinear variables (r > 0.7).
A level of significance of 0.1 was used only at this step to
avoid a type 2 error. Significant variables (age, motor
completeness of the SCI, discharge in IFR, acute care, and
IFR length of stay and functional status at 6 months post
injury) were then included as candidate predictors in a
multivariable logistic regression, using a backward elim-
ination method to assess their potential influence on the
studied outcome. The same process was also used in addi-
tional analyses to determine factors associated with the IFR
length of stay (dependant variable) for individuals trans-
ferred to IFR after acute care (N= 92, 73.6% of the final
cohort), except that multivariable linear regression analyses
were used (general lineal model). All statistical analyses
were performed using the IBM SPSS Statistics 25 Software
(Chicago, IL) and results were considered statistically sig-
nificant when p < 0.05.

Results

As showed in Fig. 1, a total of 271 patients fulfilled the
inclusion criteria. A total of 146 patients did not show up at
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either 6 or 12 months follow-up visit and thus, 125 indi-
viduals with a mean age of 47.2 ± 17.3 years old were
included in the analyses. Individuals included in the final
cohort and individuals loss to follow up were similar in
terms of age (47.3 ± 17.3 vs. 56.6 ± 20.9 years old,
respectively, p= 0.19), level of injury (53.6% vs. 65.1% of
tetraplegia respectively, p= 0.06), and AIS grade (p=
0.25). The socio-demographic and clinical characteristics of
individuals sustaining tetraplegia (n= 69, 55.2%), para-
plegia (n= 56, 44.8%), as well as for the entire cohort (n=
125) are presented in Table 1. Patients with tetraplegia were
older, mainly sustained a motor-incomplete TSCI (AIS
grade C or D), and a lower burden of associated traumatic
injuries, which is consistent with the Canadian SCI popu-
lation [17]. These individuals also developed medical
complications (spasticity, pneumonia, UTI, and pressure
injury) in a higher proportion; they were hospitalized in

acute care longer and were less likely to be transferred to
IFR than individuals with paraplegia (Table 1).

Figure 2 presents the SCIM-III total score between 6 and
12 months following the injury based on the neurological
level of injury. The final cohort showed a statistically sig-
nificant increase of 2 points in the SCIM-III total score
between 6 and 12 months after TSCI. Within that group,
individuals with tetraplegia improved significantly by 2
points between 6 and 12 months post TSCI, while the
change in SCIM-III total score for individuals with para-
plegia did not reach a statistical significance.

Fig. 1 Flow chart of patients included in the final cohort for analyses

Table 1 Baseline characteristics
of the final cohort of individuals
with TSCI (N= 125) and
comparison for individuals with
tetraplegia (N= 69) and
paraplegia (N= 56)

Final cohort
N= 125

Tetraplegia N= 69
(55.2%)

Paraplegia N= 56
(44.8%)

p-value

Age (mean ± SD) 47.2 ± 17.3 51.1 ± 17.6 42.5 ± 15.7 0.02

Sex (% male) 80.0 81.2 78.6 0.81

SCI completeness (% AIS A or B) 39.2 29.0 51.8 0.01

ISS (mean ± SD) 22.7 ± 9.6 21.5 ± 11.0 24.2 ± 7.2 <10−3

Surgical delay (% <24 h) 42.4 33.3 53.6 0.01

Spasticity signs (%) 51.2 59.4 64.3 0.02

TBI (%) 44.7 52.2 64.3 0.24

Trauma velocity (% high) 51.2 47.8 55.4 0.41

Occurrence of any
complication (%)

55.2 50.7 37.5 0.17

•Pneumonia 20.0 25.5 14.0 0.21

•Urinary tract infection 14.4 16.4 18.6 0.79

•Pressure injury 15.2 21.8 11.6 0.28

•Other complications 31.2 29.1 46.5 0.09

LOS in days in acute care (mean
± SD)

25.2 ± 18.9 26.4 ± 21.9 23.4 ± 14.3 <10−3

Discharge destination after acute care

% IFR 73.6 66.7 81.6 0.01

% return home with outpatient
rehabilitation

18.9 24.6 12.2

% referred hospital/nursing home 5.6 7.1 4.1

LOS in days in IFR (mean ± SD) 75.4 ± 39.0 81.0 ± 47.2 69.0 ± 26.0 0.06

TSCI traumatic spinal cord injury, ISS Injury severity score, TBI traumatic brain injury, LOS length of stay,
IFR intensive functional rehabilitation

Bold values indicate statistical significance p < 0.05

Fig. 2 SCIM-III total score between 6 and 12 months following a
TSCI based on the initial neurological level of injury
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A total of 38 individuals (30.4%) achieved a small
clinical improvement from 6 to 12 months post TSCI
(Table 2). Figure 3 shows the functional status for both
groups. Individuals reaching small clinical improvement
had lower functional status 6 months after the injury

(67.6 ± 24.3 vs. 85.3 ± 22.4; p < 10−3). Their mean SCIM-
III total score improved significantly by 10 points from 6 to
12 months, reaching a closer functional status compared
with their counterparts but still statistically inferior (77.4 ±
23.2 vs. 83.8 ± 24.6, p= 0.004) (Fig. 3). Only 15 patients

Table 2 Comparison of the socio-demographic and clinical characteristics for patients reaching (Group 2) or not (Group 1) a small clinically
important functional improvement on the SCIM-III between 6 and 12 months post TSCI (N= 125)

Group 1 (improvement of
<4 points) N= 87 (69.6%)

Group 2 (improvement of
≥4 points) N= 38 (30.4%)

p-value Individuals reaching
≥10 points N=
15 (12%)

Age (mean (SD)) 45.3 ± 17.0 51.7 ± 17.3 0.06 52.6 ± 17.8

(median (IQR)) 45.0 (30.0–60.0) 57.5 (37.0–65.3) 57.5 (36.8–68.3)

Sex (% male) 78.2 84.2 0.48 86.7

SCI completeness

% AIS A 28.7 39.5 0.01 46.7

% AIS B 3.4 13.2 13.3

% AIS C 13.8 23.7 13.3

% AIS D 54.0 23.7 26.7

Neurological level of injury

% C0–C4 24.7 21.2 0.57 33.3

% C5–C8 27.4 36.4 33.3

% T1–T8 9.6 3.0 0

% T9–L2 38.4 39.4 33.3

ISS (mean ± SD) 22.2 ± 8.7 24.0 ± 11.3 0.81 27.3 ± 15.9

(median (IQR)) 20.0 (17.0–26.0) 21.0 (16.0–29.0) 25.5 (16.8–29.0)

Surgical delay (% <24 h) 41.4 44.7 0.84 40.0

Spasticity signs (%) 44.8 57.9 0.24 80.0

TBI (%) 46.5 39.5 0.69 40.0

Trauma velocity (% high) 37.9 47.4 0.08 40.0

Occurrence of any
complication (%)

55.2 55.3 1.00 53.3

•Pneumonia 15.8 34.2 0.03 40.0

•UTI 15.8 15.8 1.00 20.0

•Pressure injury 15.8 18.4 0.79 33.3

•Other complications 31.6 39.5 0.41 40.0

LOS acute care (mean ±
SD)

27.0 ± 16.3 23.5 ± 26.3 0.04 17.4 ± 10.6

(median (IQR)) 24.0 (16.0–35.0) 16.0 (11.0–26.0) 16.5 (8.5–23.0)

Discharge destination after acute care

% IFR 60.9 92.1 0.01 93.3

% return home with
outpatient rehabilitation

27.6 2.6 6.7

% referred hospital or
nursing home

8.0 0 0

LOS in IFR (mean ± SD) 64.2 ± 38.2 86.0 ± 38.9 0.01 109.9 ± 38.1

(median (IQR)) 58.0 (31.0–89.0) 86.0 (58.0–125.0) 125.0 (87.0–130.5)

Discharge destination after IFR

% home 79.2 68.6 0.31 46.7

% transitional
rehabilitation facility

17.0 31.4 46.7

% nursing home 3.8 0 0

% unknown 0 0 6.7

SCIM total score at
6 months (mean ± SD)

85.3 ± 22.3 67.6 ± 24.3 <10−3 58.7 ± 25.1

(median (IQR)) 98.0 (71.0–100.0) 71.5 (57.3–85.3) 65.5 (36.3–81.5)

SCIM spinal cord independence measure, SCI spinal cord injury, ISS injury severity score, UTI urinary tract infection, TBI traumatic brain injury,
LOS length of stay, IFR intensive functional rehabilitation

Bold values indicate statistical significance p < 0.05
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(12% of the final cohort) reached a significant clinical
improvement (≥10 points) during this period. These indi-
viduals also showed a significant lower functional status at
6 months post injury compared with individuals not
reaching a significant functional improvement during this
period (58.7 ± 25.1 vs. 85.3 ± 22.4, p < 10−3) (Fig. 3). These
individuals then improve their functional status within the
next 6 months to reach 73.9 ± 25.1 at 12 months post injury,
which still consisted in a significant lower functional status
as opposed to individuals from Group 1 (p < 0.05). Socio-
demographic data for individuals reaching a significant
clinical improvement are also showed in Table 1. These
individuals were aged 52.6 ± 17.8 years old, sustained a
motor-complete SCI in a high proportion (46.7% of AIS A)
and sustained a high burden of associated injuries (ISS of

26.2+ /−15.6). In addition, a total of 80% of this subgroup
developed sign or symptoms of spasticity during acute care.

As shown in Table 2, a higher proportion of motor-
complete TSCI (AIS grade A or B) was found in individuals
reaching small clinical functional improvement. The two
groups were otherwise similar in terms of sex, neurological
level of injury, ISS, surgical delay, presence of spasticity,
and TBI rate (p > 0.05) (Table 2). There was a tendency
toward older age and higher trauma velocity for Group 2
during this period (Table 2). Individuals from Group 2 were
also hospitalized for a shorter time in acute care, were more
likely to undergo IFR and were hospitalized around 20 days
longer in IFR. This group also sustained a higher incidence
of pneumonia during the acute care hospitalization com-
pared with Group 1. On the other hand, individuals not
reaching a small functional improvement between 6 and
12 months returned home directly after acute care in almost
30% compared with 2.6% in Group 1 (p= 0.01). The dis-
charge orientation after IFR was similar for both groups,
with around 75% returning home after IFR, around 25%
transferred to a transitional rehabilitation facility and less
than 3% to a nursing home after IFR.

Since the functional outcome is influenced by the neu-
rological status, the neurological status change between 6
and 12 months post injury was also noted and compared for
the two groups. As shown in Table 3, a total of 84.8% of the
final cohort remained with the same degree of completeness
of the injury (AIS grade) between 6 and 12 months post
injury, with a similar proportion for Group 1 and 2 (p=
0.42). The conversion rate of the neurological level category
(C1–C4, C5–C8, T1–T8, and T9 and below) as well as the

Fig. 3 SCIM-III total score between 6 and 12 months following TSCI
for individuals reaching a small (≥4 points) and a significant (≥10
points) clinical improvement, compared with individuals who did not
reach functional improvement during this period

Table 3 Neurological status
change between 6 and
12 months for patients reaching
(Group 2) or not (Group 1) a
small clinically important
functional improvement on the
SCIM-III between 6 and
12 months post TSCI (N= 125)

Entire
cohort
N= 125

Group 1 (improvement of
<4 points) N= 87 (69.6%)

Group 2 (improvement of
≥4 points) N= 38 (30.4%)

p-value

AIS grade conversion rate

% same grade 84.8 82.1 91.2 0.42

% 1 grade
improvement

11.6 14.1 5.9

% 2 grades
improvement

1.8 1.3 2.9

% deterioration 1,8 2.6 0

NLI category change

% same level 78.4 81.8 71.0 0.27

% 1 category
improvement

12.4 7.6 22.6

% 2 categories
improvement

1.0 1.5 0

% deterioration 8.2 9.1 0

AIS motor score
change (mean (±SD))

1.6 ± 3.9 1.6 ± 3.9 1.5 ± 4.2 0.94

AIS American Spinal Injury Association (ASIA) impairment scale, NLI neurological level of injury, SD
standard deviation
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AIS motor score change during this period were also similar
(Table 3).

The final multivariable logistic regression model showed
that a longer hospitalization in IFR was the single factor
significantly associated with reaching a small clinical
functional improvement, with a small odd ratio (OR= 1.01
95% CI (1.00–1.03)). This model was statistically sig-
nificant (X2= 5.9; p= 0.02) for reaching a small clinically
important improvement in SCIM-III total score from 6 to
12 months after the TSCI.

In order to better interpret the results, multivariable linear
regression analyses (using a general linear model) were
used to identify factors associated with the IFR length of
stay. The final multivariable linear regression identifying
factors associated with longer length of stay in IFR is shown
in Table 4. A total of 88 patients (70.4% of the final cohort)
were transferred to a specialized IFR after acute care. Pre-
sence of early spasticity, longer surgical delay (>24 h),
higher burden of associated traumatic injury, and lower
initial AIS motor score were significantly associated with
increased IFR length of stay. This model was significant
(F= 8.74, p= 0.004) and explained 52.3% of the variance
in the IFR length of stay.

Discussion

To our knowledge, this is the first study assessing the
clinical and statistical significance of functional changes
from subacute to chronic phase following TSCI. This study
showed, from a prospective cohort study including 125
individuals, a statistically significant 2-point increase in the
SCIM total score between 6 to 12 months after a TSCI. One
third of cohort reached a small clinically significant func-
tional improvement during this period. This finding high-
lights the importance of using an objective and validated
criteria for defining significant clinical improvement when
investigating the patterns of functional recovery in time.
Although this difference was statistically significant, it did
not reach a clinically significant level of 4 points. While this
increase is in accordance with previous work [13, 15], this

study is the first to have accounted for the clinical sig-
nificance of this result.

This study also showed that the functional improvement
between 6 and 12 months was similar for individuals with
tetraplegia and paraplegia (Fig. 2). A total of 30.4% of the
cohort achieved a small clinical functional improvement,
while only 12% of the cohort achieved a significant functional
improvement during this period. This suggests that the
functional status may reach a plateau before 12 months post
injury. In other words, our results suggest that the functional
recovery following TSCI tends to stabilize between 6 and
12 months post injury regardless of the neurological level of
injury. This result is important knowing that individuals with
tetraplegia in our cohort mainly sustained incomplete injuries,
which is generally associated with higher neurological and
functional outcomes when compared with complete injuries
[2, 3]. It may however explain why patients with tetraplegia
showed a statistically significant improvement in functional
recovery as opposed to patients with paraplegia. However,
this difference was not found clinically meaningful.

Individuals who reached a small functional improvement
between 6 and 12 months post injury (Group 2) showed a
statistically lower functional status at 6 months compared
with their counterparts. This may be explained by the fact
that this group showed a higher severity of the TSCI, which
is also associated with higher trauma velocity (Table 2).
While this group improved their functional status from an
average global SCIM score of 67–77 in the next 6 months
(Fig. 3), Group 1 remained stable during this period. While
this result may reflect a ceiling effect in Group 1 consisting
of a high proportion of less severe injuries (AIS D), it also
mostly highlights the importance of the distinction between
the neurological and functional recovery in individuals with
TSCI. Indeed, this study showed that individuals who
reached a small clinical functional improvement between 6
and 12 months post injury were actually sustaining more
severe TSCI.

While it is well recognized that individuals with high
severity of SCI have poorer potential for neurological
recovery, some of them will convert to motor-incomplete
injuries [30] and/or will develop functional compensation,
referring to changes in function independently of the neuro-
logical recovery [31]. Functional compensation consists in the
use of assistive devices (wheelchairs, functional orthosis,
computer technologies, etc.), adapted or new movement
strategies, and/or the use of other procedures (such as tendon
transfer surgery) aiming to reduce the handicap [31–33]. Our
results showing that both groups sustained a similar neuro-
logical recovery during the studied period (Table 3) suggest
that functional compensation (as opposed to neurological
recovery) may be the main process of recovery in the sub-
acute to chronic period following TSCI. Since the functional
compensation consists in the main purpose of the IFR phase,

Table 4 Factors associated with length of stay in intensive functional
rehabilitation: results of the final general linear model N= 88

Predictive factors Beta coefficient (95% CI)

Absence of early spasticity −17.6 (−31.3;−4.0)

Surgical delay Initial 13.0 (0.5;25.4)

ISS 1.1 (0.4;1.9)

Initial AIS motor score −0.7 (−1.0;−0.5)

R2: 52.3%

AIS grade American Spinal Injury Association (ASIA) impairment
scale, LOS length of stay, ISS injury severity score
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our final multivariate logistic regression model further sup-
ports this result. This model showed that the IFR length of
stay was the single factor significantly associated with
reaching a small clinical functional improvement during this
period. While the information on the rehabilitation therapy
provided on an outpatient basis upon the return to community
was not available in this study, these results may still reflect
the importance of the specialized and coordinated rehabilita-
tion resources provided throughout the continuum of care
following TSCI.

The final linear multivariate regression model performed
as an additional analysis to identify predictors of IFR length
of stay showed that the development of early spasticity,
higher surgical delay, higher burden of traumatic injuries,
and lower initial AIS motor score as significant factors
associated to longer IFR stay. These are few characteristics
generally associated with more complex medical and
rehabilitation management [11, 34], which may translate
into a longer rehabilitation phase. Results of this study may
thus support rehabilitation efforts for more complex cases of
TSCI as they may exhibit functional improvement in the
subacute to chronic phase following TSCI.

It is also worth noting that the development of spasticity
during acute care was associated to longer IFR length of
stay, which is consistent with previous results [34]. Indeed,
the development of early spasticity (during the acute care
hospitalization following TSCI) was previously suggested
to impede the IFR process and to increase the likelihood of
transfer to inpatient transitional rehabilitation after IFR.
However, how the presence of early spasticity impact the
functional recovery process remains unclear in the litera-
ture. Indeed, while the spasticity following SCI was showed
to be associated to pain, limited mobility, and reduced
quality of life [35], this study also showed a growing pro-
portion of early spasticity in individuals reaching a small
and clinically significant functional improvement during the
studied period. This finding may thus suggest that presence
of early spasticity may also have a positive influence of the
functional recovery process. However, future work should
better study this clinical issue.

Individuals reaching a small clinical functional
improvement between 6 and 12 months were more likely to
undergo IFR and remained hospitalized longer both in acute
and IFR than their counterparts. This result may again
reflect the high severity of the injury for this group,
requiring more complex medical care and being more vul-
nerable to medical complications such as pneumonia
(Table 2), which was also shown to independently impact
the long-term functional outcome [24, 36, 37]. Motor-
complete TSCI generally involves younger patients, which
is in accordance with the previous literature and results of
this study [14, 17]. Because of the severity of their injuries
and the complexity of their management, patients with

severe TSCI should be managed in trauma centers and IFR
facilities specialized in SCI care [38, 39]. Critical functional
objectives should be achieved in this subgroup for safe
return to the community, which may translates into longer
IFR stay and explain results of this study.

Individuals reaching a small functional improvement
between 6 and 12 months post injury were also significantly
older than Group 1. This result is more likely related to the
demographic characteristics of the aging TSCI population,
frequently sustaining central cord syndrome, involving
more severe impairment of the upper extremities [40]. Due
to its motor-incomplete nature, it is generally associated
with higher potential for neurological and functional
recovery and may explain the strong tendency toward older
age found in Group 2 [30].

Limitations

The main limitation of this study consists in the high rate of
loss to follow up. Indeed, more than 40% of patients eligible
did not present at either 6 or 12 months follow-up
appointment. Due to their severe limitations in mobility
and sphincter management, individuals with SCI generally
present 20–30% loss to follow-up rate [41]. The higher rate
found in this study was most likely related to the fact that
both follow up at 6 and 12 months was required to be
included in the final cohort for analyses. However, this
limitation may have not influenced results of this study since
the baseline characteristics between individuals who were
lost to follow up and those included in the final cohort were
similar. It is also important to mention that the studied cohort
was also similar to the Canadian SCI population [14].

Another limitation relates to the lack of information
pertaining to the social environment and network, as well as
functional status prior to the injury. These factors may
influence function and return to community following
TSCI, and should be considered in future studies. Finally,
future studies may investigate the functional gain in the
specific SCIM subscores in order to better understand and
support functional improvement in the community setting
during that period.

Conclusions

This prospective study among 125 TSCI patients showed
that the functional status improved by a statistically sig-
nificant 2 points in the SCIM-III total score from 6 to
12 months post injury. However, this functional improve-
ment did not reach a clinical significant level of 4 points.
Nevertheless, 30% of the final cohort did reach a small
clinical functional improvement during this period. These
individuals sustained more severe TSCI (AIS grade A or B)

50 A. Richard-Denis et al.



and showed a higher tendency toward older age and high
trauma severity compared with their counterparts. While
these results may be partly explained by the presence of a
ceiling effect for individuals with less severe TSCI—such
as the central cord syndrome generally associated with older
age—, results of this study still show the potential for
individuals with severe TSCI to significantly improve their
functional status between 6 and 12 months post injury.
Since the neurological recovery during this period was
similar between the two groups, results may suggest that
functional compensation is the main process underlying
functional recovery in the subacute to the chronic phase
following TSCI. Specialized and coordinated rehabilitation
should be provided to support functional compensation
throughout the continuum of care following TSCI. How-
ever, future work should investigate the impact of rehabi-
litation resources provided upon community reinsertion on
the functional recovery during the subacute to chronic
period, in order to adapt community resources accordingly.
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