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Are early clinical manifestations of spasticity associated with
long-term functional outcome following spinal cord injury?
A retrospective study
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STUDY DESIGN: Retrospective study of a prospective cohort of patients with traumatic spinal cord injury (SCI).
OBJECTIVES: Determine the relationship between the occurrence of early spasticity, defined as the development of signs and/or
symptoms of spasticity during the hospitalization in traumatology, and the functional outcome 6–12 months following a SCI.
Secondly, to determine the specific impact of early clonus, velocity-dependent hypertonia and/or muscle spasms on the functional
outcome at the same timepoint.
SETTING: Single trauma center specialized in SCI care.
METHODS: One hundred sixty-two patients sustaining an acute traumatic SCI were included in the analyses. Comparative analysis
was performed to describe the characteristics of patients with early spasticity. Correlations were performed to determine the
relationship between the clinical signs of spasticity and the Spinal Cord Independence Measure (SCIM) scores collected
6–12 months after SCI.
RESULTS: 51.9% of the cohort developed clinical signs of spasticity during the hospitalization in traumatology (29.7 days) following
SCI. These showed a significantly lower total SCIM score and subscores compared to individuals without early spasticity at follow-up
(p < 0.05). After adjusting for confounding factors, the occurrence of early spasms was only clinical sign of spasticity significantly
associated with a decreased mobility at follow-up (r=−0.17, p= 0.04).
CONCLUSIONS: The development of signs and symptoms of spasticity, in particular the occurrence of spasms in the first month
following the injury may be associated with decreased functional outcome and mobility. Early assessment of spasticity following SCI
is thus recommended.

Spinal Cord (2021) 59:910–916; https://doi.org/10.1038/s41393-021-00661-1

INTRODUCTION
Spasticity, a sensorimotor disorder characterized by intermittent
or sustained involuntary muscle activation, is a common
secondary condition associated with upper motor neuron lesions
such as spinal cord injury (SCI) [1, 2]. Approximately 70% of
individuals with chronic SCI (>1 year post injury) will experience
involuntary muscle contractions (spasms), rhythmic oscillating
stretch reflex (clonus) and/or velocity-dependent hypertonia
below the level of injury [3]. Spasticity following SCI may have
both positive and negative impacts on the patient’s outcomes
[4, 5]. While spastic signs may compensate for muscle weakness,
facilitating transfers, sitting balance, and standing [3–5], it may
also lead to pain, disturbed sleep, and ineffective performance in
daily living activities [6].
The impact of the timing for spasticity onset has gained interest

in the SCI literature in the last years. As part of the spinal shock
emergence, spasticity after SCI is attributed to a hyperexcitability

state related to the development of supersensitivity of the motor
neural circuit after an acute loss of supraspinal excitatory input
due to the SCI [7, 8]. Accordingly, the development of spastic signs
is generally reported multiple weeks after the injury [3, 8].
However, recent evidence suggested that a significant proportion
(63%) of individuals with SCI may develop spastic signs as early as
within the first month following the injury [9], more precisely
during the hospitalization in traumatology (approximately 30 days
in Canada) [10]. While it was hypothesized that early onset of
spasticity signs could be associated with problematic spasticity in
the chronic phase and poorer rehabilitation outcomes, experi-
mental data rather suggested that spasticity is more prevalent in
incomplete SCI associated with higher neurofunctional recovery
[1, 11, 12]. Thus, the functional impact of the early onset of spastic
signs following SCI remains largely elusive.
We hypothesize that these conflicting results could be related

to the fact that the early onset of spastic signs (clonus, velocity-
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dependent hypertonia, and muscle spasms) developed during the
hospitalization in traumatology, may indicate a different impact
on the functional recovery following SCI. This information would
greatly help clinicians in estimating the prognosis, orient the
rehabilitation plan, and establish realistic long-term goals [4, 5]. It
may also help in identifying clinical sign of spasticity that could be
specifically targeted for treatment or for the elaboration of clinical
trials. The objective of this study was thus twofold. First, to
investigate the relationship between the occurrence of early
spasticity, defined as the development of spastic signs during the
hospitalization in traumatology, and the functional status in
the subacute to chronic period following SCI. Then, to determine
the specific relationship of the early development of clonus,
velocity-dependent hypertonia, and muscle spasms on the same
outcome, as assessed by the Spinal Cord Independence Measure
6–12 months post injury.

METHODS
Study design
This is a retrospective study of a prospective cohort of patients admitted to
a single Level-1 University traumatology center specialized in SCI care.
Patients were admitted between April 2010 and September 2017. This
study was approved by the local institutional review board, and all
individuals were enrolled on a voluntary basis.

Participants
A total of 164 patients sustaining an acute traumatic SCI were considered.
Patients were included if they met the following inclusion criteria: (1) being
≥18 years of age at the time of trauma, (2) sustaining a traumatic SCI with
an American Spinal Association Injury Impairment Scale (AIS) grade A, B, C,
or D at admission, (3) neurological level of injury (NLI) between C1 and L1
(conus medullaris and cauda equina syndromes are not associated with
upper motor neurone syndrome and spasticity), (4) had a follow-up at 6 or
12 months post injury, and (5) information about spasticity collected by a
physiatrist or physiotherapist specialized in SCI care was available in the
medical chart during the hospitalization in traumatology. Patients were
excluded if they had any pre-existing neurological conditions (SCI, stroke,
Parkinson’s disease, etc.) associated with spasticity.

Main independent variables
The development of spasticity was noted based on the physical findings of
the physical medicine and rehabilitation (physiatry) and physiotherapy
teams, as well as symptoms reported by patients during the hospitalization
in traumatology. The expertise in SCI care in Quebec (Canada) has led to
the establishment of centers specialized in SCI care, organized into a
specific continuum of care consisting of three specific phases aiming to
decrease morbidity and mortality in this population [13–16]: (1)
hospitalization in traumatology (where medical stabilization is reached,
surgical stabilization is completed, rehabilitation plan is elaborated and
initiated); (2) inpatient functional rehabilitation (aiming to maximize
functional recovery); (3) reintegration and community maintenance. The
average number of days spent in the traumatology (acute care) center
following a traumatic SCI in Canada is 24 and 34 days for individuals with
para- and tetraplegia, respectively [10].
Three important clinical manifestations of spasticity were considered: (1)

presence of increased velocity-dependent muscle tone at physical
examination (Modified Ashworth scale score of >1); 2) spasms identified
at physical examination and/or reported by the patient, and (3) clonus
noted at physical examination and/or reported by the patient [3, 9, 11, 17].
Our cohort was then subdivided into two groups based on the
development of these spastic signs during the trauma hospitalization.
Group 1 included 78 (48.1%) individuals (“no early spasticity group”) who
did not develop spasticity during the hospitalization in traumatology, while
Group 2 (“early spasticity group”) included 84 individuals (51.9%) who
developed at least one of the three spastic signs during the hospitalization
in traumatology.

Covariates
Socio-demographic data included age, body mass index, and gender.
The initial severity of the SCI was reported using the AIS grade and the

NLI, based on the International Standards for the Neurological Classifica-
tion of Individuals with SCI (ISNCSCI) [18]. A trained spine surgeon or
physical medicine and rehabilitation specialist routinely perform the
neurological examination within the first 72 h of the injury. The severity
of the injury and the NLI were also assessed in a combined fashion, as
suggested by Whiteneck et al. in 2012, to create four clinically relevant
categories: (C1–C4 AIS grade A, B, C; C5-C8 AIS grade A, B, C; paraplegia

Table 1. Baseline characteristics of the entire cohort (N= 162) and
comparison of individuals sustaining an acute traumatic SCI who have
developed (N= 80), or not (N= 82), signs and symptoms of early
spasticity during the acute care hospitalization.

No signs of
early
spasticity
N= 78
(48.1%)

At least one
sign of early
spasticity
N= 84
(51.9%)

p value

Age (mean ± SD) 47.8 ± 17.8 49.2 ± 18.1 0.60

Sex (N,% Male) 64 (82.1%) 67 (79.3%) 0.71

BMI (mean ± SD) 26.3 ± 5.3 27.0 ± 7.8 0.51

CCI (N,% no comorbidities)
N= 130

51 (85.0%) 63 (90.0%) 0.43

Injury Severity Score
(mean ± SD)

24.7 ± 8.0 24.0 ± 10.4 0.54

Concomitant TBI 28 (35.9%) 45 (53.6%) 0.02*

Initial AIS grade severity

Grade A 36 (46.2%) 29 (34.5%) <10−3*

Grade B 5 (6.4%) 18 (21.4%)

Grade C 8 (10.3%) 22 (26.2%)

Grade D 29 (37.2%) 15 (17.9%)

Neurological level of injury

C1–C4 24 (30.8%) 40 (47.6%) <10−3*

C5–C8 9 (11.5%) 22 (26.2%)

T1–T8 14 (17.9%) 8 (9.5%)

T9–L1 31 (39.7%) 14 (16.7%)

Grade/NLI groups (N,%)

C1–C4 AIS ABC 8 (10.3%) 32 (38.1%) <10−3*

C5–C8 AIS ABC 4 (5.1%) 17 (20.2%)

Para AIS ABC 37 (47.4%) 20 (23.8%)

All Ds 29 (37.2%) 15 (17.9%)

AIS motor score 60.3 ± 23.6 38.8 ± 25.5 <10−3*

Acute complications (N,%)

None 39 (50.0%) 16 (19.0%) <10−3*

Pressure injury 10 (13.8%) 23 (27.4%) 0.02*

Respiratory 10 (12.8%) 33 (39.3%) <10−3*

UTI 7 (9.0%) 20 (23.8%) 0.01*

LOS acute care (mean ± SD) 23.3 ± 13.1 36.0 ± 21.8 <10−3

SCIM scores at FU

Subscore 1 (N,%)ª 29 (37.2%) 18 (21.4%) 0.03*

Subscore 2 (N,%)ª 30 (38.5%) 20 (12.3%) 0.04*

Subscore 3 (mean ± SD) 27.3 ± 11.6 19.3 ± 12.3 <10−3*

Total score (mean ± SD) 76.3 ± 21.7 59.7 ± 28.5 <10−3*

BMI body mass index, CCI charlson comorbidity index, NLI neurological
level of injury, AIS American Spinal Injury Association Impairment Scale, UTI
urinary tract infection, LOS Length of stay, SCIM Spinal Cord Independence
Measure, FU follow-up 6–12 months’ post injury, TBI traumatic brain injury.
*p is significant if ≤0.05.
ªChi-square test on the proportion of individuals reaching maximum score.
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(T9 and below) AIS grade A, B, C; and all AIS Ds) [19, 20]. The AIS motor
score was also noted. The burden of associated injuries was evaluated
using the Injury Severity Score (ISS) [21]. The presence of concomitant
traumatic brain injury was diagnosed based on the Glasgow coma
scale and brain imaging at admission [22]. The presence of comorbidities
was assessed using the Charlson Comorbidity Index (CCI), which weighs
19 comorbidities based on the adjusted relative risk of 1-year mortality
[23]. The CCI score was then dichotomized into a score of 0 (no
comorbidities) vs. ≥1.
Since the presence of concomitant medical complications was shown to

be associated with the presence and severity of spasticity in the SCI
population [9, 24, 25], the following complications were noted during the
hospitalization in traumatology: (1) respiratory complications (e.g.,
pneumonia, pulmonary embolism; bronchitis; atelectasis; pneumothorax;
etc.), (2) urinary tract infections (UTI) and (3) pressure injuries. The
occurrence of respiratory complications was diagnosed using clinical
features and confirmed by a radiologist using chest X-rays [26]. UTI were
diagnosed using criteria from the 2006 Consortium for Spinal Cord
Medicine Guidelines for healthcare providers, based on the significant
presence of bacteriuria, pyuria (increased white blood cells in the urine), as
well as signs and symptoms of UTI [27]. Finally, the presence of pressure
injuries was diagnosed as per clinical guidelines defined by the National
Pressure Injury Advisory Panel (NPIAP) [28, 29]. The complication rate was
calculated, referring to the proportion of patients who developed one of
the above-mentioned complications during the hospitalization in trauma-
tology, and was expressed as a percentage. The length of stay was defined
as the number of days from admission to discharge from the traumatology
center.

Outcome variables
The main outcome variable was defined as the functional status as
assessed by the third version of the Spinal Cord Independence Measure
(SCIM) questionnaire completed 6–12 months post injury. The SCIM is a
reliable and sensitive questionnaire specific to SCI, aimed at evaluating
the patient’s ability to perform daily living activities independently [30].
The same research assistant supported patients when answering the
questionnaire, to ensure a homogeneous interpretation. This research
assistant was not involved in patient care nor data analysis. The SCIM
assesses three specific areas of function: (1) self-care, (2) respiration and
sphincter management, and (3) mobility. The total score includes all
three subscores and a higher score indicates a higher functional level.
The 12 months post-injury SCIM questionnaire was preferably used.
If the information was not available at this timepoint, the 6-month post-
injury SCIM questionnaire was used to increase study power, as the
functional status in this population has previously been shown to be
similar at these two timepoints [31].

Statistical analysis
Descriptive analyses were performed to describe baseline characteristics of
the entire cohort and comparison analyses were performed to compare
characteristics of the two groups. Mean and standard deviation (SD) were
reported for continuous variable while percentage were used for categorical
variables. The normality of distributions for continuous variables was first
verified using kurtosis and skewness analysis. Non-normal variables (ISS and
SCIM subscore 1 and 2) were transformed using log transformation and
dichotomization using top box scoring (defined as the percentage of
individuals reaching the highest score possible for this subscore), respec-
tively. Chi-square and Student t tests were then used to compare categorical
and continuous variables, respectively.
Bivariate correlations were first carried out between the presence of at

least one of three signs of early spasticity and the total SCIM score, in order
to verify the main hypothesis of this study. Bivariate correlations were also
performed between each spastic sign (clonus, velocity-dependent
hypertonia, and spasms) and the total SCIM score. Bivariate correlations
were then used to assess the relationship between each of the potential
confounding variables (consisting of the baseline variables presented in
Table 1) and the outcome. Significant variables at the univariate level were
then entered as covariates in a partial correlation model investigating the
relationship between the development of signs of early spasticity and the
functional outcome. Secondarily, analyses were carried out for each SCIM
subscore (self-care, sphincters and respiratory management and mobility)
as the dependent variable. All statistical analyses were performed with
SPSS software (release 26.0.0.1) with a significance level of 0.05.

RESULTS
Amongst the 164 eligible patients, 2 were excluded based on
the presence of neurological deficits potentially associated with
spasticity prior to the traumatic SCI. The final cohort available for
analysis included 162 patients. Table 1 presents the baseline
characteristics for patients who did and did not develop signs
and symptoms of spasticity during the hospitalization in
traumatology. A total of 51.9% (N= 84) presented at least one
sign or symptom of spasticity (early spasticity group). Within
that group, 73.8% (N= 62) of patients developed spasms, while
the development of hypertonia and clonus was reported in
46.4% (N= 39) and 39.3% (N= 33), respectively. A total of 26
individuals (31.0% of individuals with early spasticity) developed
spasms and hypertonia. Similarly, 22 individuals (26.2%) devel-
oped spasm and clonus. Finally, ten individuals (6.2% of the
early spasticity group) developed all three signs/symptoms of
spasticity during the hospitalization in the traumatology center.

Table 2. Comparison of the functional status 6 to 12 months post-injury for individuals who have developed spasms, hypertonia and/or clonus
following an acute and bivariate correlations between spastic signs developed during the acute care phase and SCIM scores 6-12 months following
traumatic SCI (N= 162).

Spasms p Hypertonia p Clonus p

No
N= 100
(61.7%)

Yes
N= 62
(38.3%)

No
N= 123
(75.9%)

Yes
N= 39
(24.1%)

No
N= 129
(79.6%)

Yes
N= 33
(20.4%)

SCIM score

Total score 76.0 ± 21.7 54.2 ± 28.6 <10−3* 68.4 ± 26.2 65.3 ± 28.5 0.55 67.6 ± 26.5 61.6 ± 28.0 0.92

Subscore 1 35 (35.0%) 12 (19.4%) 0.03* 36 (29.3%) 11 (28.2%) 0.90 36 (27.9%) 11 (33.3%) 0.54

Subscore 2 39 (39.0%) 11 (17.7%) 0.004* 38 (30.9%) 12 (30.8%) 0.99 38 (29.5%) 12 (36.4%) 0.44

Subscore 3 27.1 ± 11.4 16.8 ± 11.8 <10−3* 23.6 ± 12.7 21.7 ± 12.3 0.41 23.0 ± 12.6 23.6 ± 12.5 0.80

Pearson coefficient (r)

Total score N/A −0.40 <10−3* N/A −0.05 0.53 N/A 0.01 0.92

Subscore 1 N/A −0.17 0.03* N/A −0.01 0.90 N/A 0.05 0.54

Subscore 2 N/A −0.22 0.004* N/A −0.001 0.99 N/A 0.06 0.45

Subscore 3 N/A −0.40 <10−3* N/A −0.06 0.42 N/A 0.02 0.80

SCIM spinal cord independence measure.
*p is significant if ≤0.05.
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Individuals with at least one sign of early spasticity showed
significantly lower total SCIM score and subscores at follow-up
compared to individuals without early spasticity (p < 0.05) (Table 1).
Individuals with early spasticity sustained a lower proportion of
complete SCI (AIS grade A), higher proportion of cervical (C1–C4)
injuries and a lower AIS motor score, as compared to the non-early
spasticity group. A higher proportion of traumatic brain injury, of
medical complications and a longer length of stay in the
traumatology center were also found in the early spasticity group
as compared to the “no early spasticity group” (Table 1). Both
groups were however similar in terms of age, body mass index,
sex, and presence of comorbidities.
Table 2 presents the SCIM scores (total and subscores) at follow-

up for individuals who have (or have not) developed early signs
and/or symptoms of spasticity. Results show that all functional
scores were decreased in individuals who developed spasms
during the hospitalization in traumatology, as compared to
individuals who did not (p < 10−3). Individuals with early onset
of hypertonia or clonus showed similar functional scores with
individuals who did not (Table 2).
Table 2 also presents results of the bivariate correlations

between each spastic sign and the SCIM scores (total and
subscores) following SCI. The development of spasms was the
only clinical manifestation of early spasticity related to the total
SCIM score at follow-up, with a moderate correlation coefficient
(r=−0.4, p < 10−3). The development of spasms during acute care
was also significantly associated with the three functional
subscores with similar correlation coefficients (Table 2). On the
other hand, the presence of clonus and hypertonia was not
associated with the functional outcome at follow-up (p > 0.05).
Based on the results showing that the early onset of spasms was

the only clinical sign of spasticity consistently associated with the
functional outcome, partial correlations were then carried out
between the development of spasms during the hospitalization in

traumatology and the SCIM scores (total and subscores) at follow-
up. Table 3 also shows all confounding variables that were
revealed significant at the univariate level with the outcome
(p < 0.05), and thus entered in each partial correlation model as
covariates. After adjusting for these confounding factors, the
occurrence of spasms during the acute care hospitalization was
only significantly associated with a decreased mobility (SCIM
subscore 3) at follow-up (r=−0.17, p= 0.04). In order to assess
the impact of combined signs and symptoms of spasticity,
additional analyses among individuals with early spasms showed
that the additional presence of hypertonia and/or clonus had no
impact on the functional scores (total and subscores) compared to
individuals with early spasms only (Table 4).

DISCUSSION
This is the first study, to our knowledge, to have assessed the
relationship of an early onset of spasticity on the functional
outcome in the subacute to chronic period following a SCI. This
study identified that the development of muscle spasms within
the hospitalization in traumatology (<30 days) following the injury
may be detrimentally associated with long-term functional
outcome. More specifically, the presence of early spasms was
independently associated with decreased mobility (transfers,
walking indoors/outdoors, stairs management) in the subacute
to chronic phase following a traumatic SCI.
The incidence of spasticity in this study was 51.9%, which is

inferior to the ≈70% prevalence of spasticity usually reported in
the chronic SCI literature [1, 3, 32]. Considering that this study was
completed during the hospitalization in traumatology (first month
following the injury), this finding may suggest that a majority of
individuals experiencing chronic spasticity will develop signs and/
or symptoms of spasticity within the first month following a
traumatic SCI. We have also observed a high proportion of cervical

Table 3. Partial correlations between occurrence of spasms and SCIM scores 6–12 months following traumatic SCI after accounting for confounding
factors (N= 162).

Confounding factorsª Dependant variable
(outcome)

Correlation coefficient (r) p value

Gender, acute care LOS, CCI, presence of acute complications, AIS motor
score, AIS grade, AIS grade/NLI, ISS (log)

SCIM total score −0.11 0.23

Acute care LOS, presence of acute complications, AIS motor score, AIS
grade, AIS grade/NLI, ISS (log)

Subscore 1 0.06 0.45

Age, CCI, presence of acute complications, AIS motor score, AIS grade, NLI,
AIS grade/NLI, ISS (log)

Subscore 2 −0.10 0.27

Acute care LOS, presence of acute complications, AIS motor score, AIS
grade, AIS grade/NLI, ISS (log)

Subscore 3 −0.17 0.04*

LOS length of stay, AIS American Spinal Injury Association Impairment Grade, ISS Injury Severity Score, NLI neurological level of injury; CCI Charlson comorbidity
index, log, transformed using logarithmic transformation.
*p is significant if ≤0.05.
ªConfounding factors were identified based on their significant association (p < 0.05) with the respective outcome at the univariate level.

Table 4. Comparison of functional scores (SCIM total score and subscores) at follow-up for individuals experiencing early signs and symptoms of
hypertonia and/or clonus in addition of spasms during acute care (N= 62).

Early spasms only
N= 25 (40.3%)

Early spasms and hypertonia and/or clonus
N= 37 (59.7%)

p value

SCIM total score 47.9 ± 27.0 58.5 ± 29.3 0.15

Subscore 1 2 (8.0%) 10 (27.0%) 0.06

Subscore 2 3 (12.0%) 8 (21.6%) 0.33

Subscore 3 13.8 ± 10.2 18.8 ± 12.5 0.09
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traumatic SCI in individuals who developed early spasticity and a
lower incidence of complete SCI (AIS A) in that group. When
looking at specific groups combining the level and severity of the
SCI, results also suggest that early spasticity may be prevalent in
individuals sustaining severe cervical injuries (C1-C8 AIS A, B, and
C) and less commonly following paraplegia or functional-
incomplete (AIS D) SCI. Considering that a recent Canadian
study by Holtz et al. [1], suggested that the prevalence of
problematic spasticity (defined as requiring anti-spasticity
medication >1 year following SCI) is particularly high in
individuals sustaining cervical AIS B and C injuries, may indirectly
suggest that the early development of spasticity (within the first
weeks following the injury) could be indicative of problematic
spasticity requiring pharmaceutical treatment in the chronic
phase. Recent neurophysiological evidence may potentially
explain this result, providing evidence for lesser corticospinal
and larger reticulospinal influences to spastic muscles in humans
with SCI, with these imbalanced contributions being important
for motor recovery [12].
We have observed that the independent presence of spasms

during acute care was associated with decreased mobility at
follow-up. It has been suggested that spasms may impede
mobility by decreasing motor control, disturb balance and/or
cause pain impeding effective transfer and ambulation [6]. While it
has been suggested that hypertonia of leg extensor muscles may
enable supporting the body for facilitating transfers and locomo-
tion [33, 34], our results did not show an independent and
consistent association between early hypertonia (or clonus) and
function. We also observed that the addition of hypertonia or
clonus to early spasms did not influence the total SCIM score nor
the mobility (subscore 3) compared to the occurrence of early
spasms alone (p > 0.05). However, the co-occurrence of spasms
and hypertonia (or clonus) showed a tendency (p= 0.06) toward a
higher proportion of individuals reaching the maximum self-care
score (subscore 1) compared with individuals with spasms alone,
which may suggest a possible beneficial influence of early
hypertonia (and clonus) following SCI on this functional aspect.
This study highlights the importance of an extensive assess-

ment of spasticity early after a SCI by acknowledging its various
clinical manifestations. In particular, assessing the occurrence of
spasms (reported by the patient or noted at physical examination)
during the hospitalization in traumatology is of primary impor-
tance. Early assessment and interventions (e.g., repetitive goal-
oriented therapy, stretching, muscle strengthening, splinting/
orthosis, targeted pharmacologic treatment, etc.) for spasticity
may create a transient plastic state of the neuromotor system
allowing higher motor re-learning and neurofunctional recovery
[9, 35, 36]. Pharmaceutical interventions such as anti-spastic drugs
should be considered in cases of problematic spasticity, but
clinical judgment is warranted due to the lack of evidence of
clinically significant effectiveness [37]. In addition, medical
complications should be prevented, monitored, and treated
closely by the acute rehabilitation team. Indeed, while early
complications can impede functional recovery [37], it has been
suggested that the nociceptive input due to pressure injuries, UTI,
and pneumonia can increase spasticity [3, 9, 38]. It is interesting to
note that individuals who developed early spasticity sustained a
greater proportion of traumatic brain injury as opposed to the no
early spasticity group. This supports the literature that suggests
that traumatic brain injury-induced spasticity, as another central
nervous system lesion, may develop rapidly, as early as 1 week
following the injury [39]. Thus, it might not be surprising to note a
higher incidence of early spasticity in individuals with concomitant
diagnosis (SCI and traumatic brain injury). Table 1 also shows a
higher AIS motor score in individuals who did not develop early
spasticity, also reflecting the high proportion of individuals with
AIS D SCI within that group. Because the motor function and
presence of concomitant traumatic brain injury are acknowledged

to influence the functional outcome [40], these two variables were
considered as potential confounding factors in the analyses. The
AIS motor score was significantly associated with the total SCIM
scores and all subscores at the univariate level, and was thus
included in all partial correlation models to verify the hypotheses
of this study (Table 3). However, despite being significantly
different between individuals with vs. without early development
of spasticity, the presence of concomitant traumatic brain injury
was not significantly associated with the outcome at the
univariate level and was thus not included in the multivariable
analysis.
Although physiatrists and physical therapists systematically

assessed spasticity for all SCI individuals in our institution
throughout the trauma hospitalization, the main limitation of
this study relates to its retrospective nature. Therefore, we have
not collected information pertaining to the severity, precise
onset, and location of spasticity during the acute care, although
such data could be helpful for future prospective studies to
better understand its relationship with the functional outcome.
Considering that we have only assessed spasticity during the
hospitalization in traumatology, the timeframe for observing
spasticity onset has been variable for all included individuals. It is
also possible that patients have developed spasticity after
discharge from the trauma center, but this study suggested that
a great proportion of individuals might develop spasticity signs
within the first month following the injury. But more importantly,
assessing spasticity during the hospitalization in the traumatol-
ogy center has the advantage of providing early information on
the spasticity development process that can be used for early
prognostication, particularly for planning and achieving the
rehabilitation phase during which restoring function is a major
aim. It is also important to mention that treatment (non-
pharmaceutical or pharmaceutical) of spasticity during the
hospitalization was not assessed in this study. However, it should
be mentioned that the general consensus in spasticity is to
initiate pharmaceutical treatment when deemed harmful or
bothersome by the patient and/or involved healthcare profes-
sionals [3, 36, 41]. As pharmaceutical measures for spasticity are
not generally used prophylactically, it is very unlikely to have
influenced spasticity onset. However, authors acknowledge that
the relationship between the use of pharmaceutical treatment
and functional recovery remains largely elusive and could have
influenced results of this study.
This study is the first study, to our knowledge, to investigate

the potential impact of early spasticity on the functional
outcome in the subacute to chronic period after traumatic SCI.
Results show that the occurrence of at least one sign and/or
symptoms of early spasticity was associated with decreased
functional scores at follow-up. More precisely, the development
of early spasms was the single clinical manifestation of spasticity
associated with decreased mobility in the subacute to chronic
phase, when adjusted for confounding factors. It is thus possible
that the early development of spasms is associated with
subsequent problematic spasticity, which may impede mobility
by decreasing motor control, disturbing balance and/or cause
pain during transfer and ambulation. This study highlights the
importance of the assessment of spasticity early after a SCI by
acknowledging the various clinical manifestations of spasticity,
particularly by assessing the occurrence of spasms (reported by
the patient or noted at physical examination) during the
traumatology hospitalization.
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