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Abstract
Study design Retrospective analysis of treated inpatients compared to expected neurorecovery from a propensity score-
matched national database cohort.
Objective Evaluate the effectiveness of buspirone on clinical neurorecovery following traumatic SCI when started during
acute inpatient rehabilitation.
Setting University-based hospital in Boston, USA.
Methods Chart review yielded thirty-one individuals with acute, traumatic SCI treated with buspirone during inpatient
rehabilitation from 2011–2017. Propensity score matching to a cohort of individuals from the spinal cord injury model
systems (SCIMS) national database was completed. Changes in upper extremity motor score (UEMS), lower extremity
motor score (LEMS), American Spinal Injury Association Impairment Scale (AIS), neurological level of injury (NLI), and
functional impairment measure (FIM) from admission to discharge and discharge to 1 year were computed and compared
between matched pairs (buspirone and mean national SCIMs cohort). A local control cohort not treated with buspirone was
similarly compared to a matched mean national SCIMs group to identify location-specific effects.
Results From admission to discharge from inpatient rehabilitation, 95% confidence intervals of changes in UEMS (−2.43 to
+2.78), LEMS (−1.02 to +6.02), AIS (−0.04 to +0.35), NLI (−0.42 to +1.08), and FIM (−4.42 to +6.40) were not
significantly different between those individuals who received buspirone and their propensity-matched SCIMS cohort.
Similarly, changes in these metrics were not significantly different at 1-year follow up. Buspirone group individuals with
initial clinically complete SCI demonstrated a higher 1-year conversion rate to incomplete injury (6 out of 14; 42.9%)
compared to the matched national SCIMS cohort (14 out of 70; 21.2%, p= 0.047) though this was not significantly different
from non-buspirone local controls (p= 0.25).
Conclusions Retrospective analysis shows no statistically significant difference in gross markers of neurorecovery following
acute traumatic SCI when buspirone is initiated indiscriminately during acute inpatient rehabilitation. In individuals with
clinically complete SCI, findings suggest possible increased rates of 1-year conversion to incomplete injury.

Introduction

Following spinal cord injury (SCI), loss of voluntary motor
control is due to both damaged motorneurons and disruption
of descending tracts from the brainstem that regulate loco-
motion via neurotransmitters including serotonin (5-HT)
[1]. Animal studies have shown 5-HT release within the
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ventral horn of the spinal cord plays a critical role in
locomotor system activation, modulation, and functional
recovery, with descending axons requiring these neuro-
transmitters to prime them for movement generation [1, 2].
Following SCI, an acute relative deficit of 5-HT occurs
caudal to the injury, often rendering motorneurons initially
unexcitable, even though these neurons are often not
directly injured [2, 3]. Functional recovery of locomotion
has been elicited with activation of 5-HT receptors in dif-
ferent spinalized animal models [4–6]. While this evidence
exists in animal models of SCI, clinically implementable
interventions to capitalize on 5-HT activation in humans
have been limited.

One such protentional medication is buspirone, a 5-HT
receptor 1A agonist commonly used to manage anxiety.
This United States Food and Drug Administration (FDA)-
approved medication has been shown to facilitate reflex
stepping, increase steps taken, and improve limb coordi-
nation in spinal cord injured mice [7]. In translation to
humans, lab-based investigations involving patients with
both complete and incomplete SCI have demonstrated
increased muscle strength and enhanced locomotor-like
activity when oral buspirone was combined with spinal cord
electrical stimulation and physical therapy [8, 9]. In addition
to potential neurofaciliatory effects, buspirone is an attrac-
tive therapeutic option because it is generally well tolerated
with limited side effects, even in individuals with SCI
[10, 11].

Based on this literature evidence and minimal risk for
adverse drug reactions, several physicians at our inpatient
rehabilitation hospital have begun prescribing buspirone to
potentially aid in neurorecovery after SCI. This study aimed
to evaluate the effectiveness of buspirone on motor recovery
following SCI when given in the acute inpatient rehabili-
tation setting.

Methods

Study design and population

This study drew retrospective data from a local hospital
model systems database and the National Spinal Cord
Injury Model Systems (SCIMS) database [12]. The National
SCIMS database is the largest SCI database in the world,
currently including de-identified data on more than 32,000
individuals with acute, traumatic SCI through September
2016 [13]. These data examine changes in neurological
function, functional independence, employment, and quality
of life, with up to 40 years of follow-up for each individual.

All patients with a diagnosis of traumatic SCI admitted to
our inpatient rehabilitation hospital between 2011–2017
were eligible for this study. Inclusion criteria for this study

were: (1) adult patients over 18 years old at time of SCI; (2)
enrolled as part of the National SCIMS database; and (3)
had completed data for admission, discharge, and 1-year
follow up assessments. Admission and discharge medica-
tion lists were reviewed for all eligible patients to identify
all who had been prescribed buspirone during their inpatient
rehabilitation hospitalization. If buspirone appeared as a
new medication on their discharge medication list, regard-
less of treatment dose, the patient was stratified into the
buspirone group. All others were included in a non-
buspirone group that served as local controls. Per review
with prescribing inpatient physicians, there were no clear
criteria for starting patients on this medication. In addition,
discharge medications were reviewed for other primary
serotonergic medications, namely selective-serotonin reup-
take inhibitors (SSRIs) and serotonin/norepinephrine reup-
take inhibitors (SNRIs). To assess for implicit prescribing
bias, presenting characteristics between individuals who
were and were not prescribed buspirone were compared.
Exclusion criteria included treatment with buspirone prior
to admission to inpatient rehabilitation. To quantify differ-
ences in recovery outside of what was expected, a national
cohort of individuals with similar injuries and completed 1-
year follow up assessments from the SCIMS database was
used (see detailed methods below).

This study was approved by the Partners Human
Research Committee. In addition, The IRB approved the
use of de-identified data obtained from the National Spinal
cord Injury Statistical Center controlled access research
database.

Primary outcome and study variables

The primary outcome measures were changes in upper
extremity motor score (UEMS) and lower extremity motor
score (LEMS) at discharge from the acute inpatient reha-
bilitation hospital and 1-year follow-up assessment relative
to admission scores. Secondary outcome measures included
changes in American Spinal Injury Association Impairment
Scale (AIS) [14], neurological level of injury (NLI), and
functional impairment measure (FIM) at discharge from
acute inpatient rehabilitation hospital and 1-year follow-up
assessment relative to admission values.

Statistical analysis

Baseline characteristics of our study population which
influence neurorecovery were expectedly heterogeneous,
as is common with this clinical population. Given this,
propensity score matching to a cohort from the national
SCIMS database was completed. Patients enrolled in the
local hospital model systems were also enrolled in the
National SCIMS database, and therefore were selectively
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removed from the matched national cohort prior to the
analysis.

Each individual in the buspirone treatment group was
first manually matched with up to 10 national SCIMS
patients based on admission age (as quantified by the 15-
year age range entered in standard SCIMS reporting), NLI,
AIS, UEMS, and LEMS. These manual matches were
completed to ensure residual motor scores below the NLI
were as closely matched as possible. Since extended resi-
dual motor function is known clinically to indicate potential
for improved recovery, manual matching served to reduce a
potential confounder unable to be accounted for in our
mathematical model. For example, for an individual in the
buspirone treatment group with C6 AIS A SCI and with
LEMS of 0, all of the national SCIMS matches also had
LEMS of 0 (Table 1).

From these initial 1:10 pairings, propensity scores were
calculated based upon logistic regressions incorporating age,
NLI, AIS, UEMS, and LEMS using the statistical program R
to generate a non-parsimonious model (MachIt software
package, RStudio Inc. v1.1.463) [15]. Of note, if a matched
individual had incomplete data, they were omitted from the
model as any potential imputation was viewed as an
avoidable source of possible confounding. Individuals in the
buspirone group were then objectively matched to the
SCIMS national cohort in a 1:5 ratio (matching the 5 indi-
viduals with the nearest propensity score). Furthermore, we
used time from injury to inpatient rehabilitation admission as
a proxy of other acute comorbidities which may have
influenced neurorecovery, and ensured these values were
similar between each individual in the treatment group and
their matched SCIMS cohort using heteroscedastic t-tests.

Demographic information regarding ethnicity and medi-
cal co-morbidities were not included in the matching pro-
cess. While health-care outcome discrepancies exist
between ethnicities following SCI, no differences in self-
care and mobility outcomes have been observed across
racial and ethnic groups at 1-year follow-up [16]. Similarly,

the presence of medical comorbidities likely impacts length
of stay and return to acute care during rehabilitation, but
impact on functional outcomes is not clear [17].

Mean values for NLI, AIS, UEMS, LEMS, and FIM
were calculated for each of the matched SCIMS cohorts.
FIM gains and FIM efficiency (FIM gains normalized to
length of inpatient rehabilitation stay) were calculated at
discharge from rehab hospitalization only. Changes in NLI,
AIS, UEMS, and LEMS from admission to discharge and
admission to 1 year were computed and compared between
matched pairs (buspirone and mean national SCIMs cohort).
With regard to UEMS change, this metric was included
only for those with initial tetraplegia in an effort to not
dilute the population with individuals with paraplegia
without any expected upper extremity motor changes.

In order to account for any potential location-specific
effects on neurorecovery from our local center, an additional
15 individuals in the non-buspirone group were selected.
These individuals had similar 1:10 manual and 1:5 propensity
score matching to individuals from the national SCIMS
database. Changes in the same metrics were calculated, with
differences between the buspirone treated local group versus
national cohort compared to the difference between the local
non-buspirone group versus national cohort servings as an
estimate of any potential location-specific effects from our
center. Since all dosages of buspirone were grouped together
in the treatment group, post hoc analysis was performed to
assess if dosage played a potential role, analyzing daily pre-
scribed doses of <20mg vs daily doses of 20–60mg.

To assess potential effects on conversion from clinically
complete (AIS A) SCI to incomplete injury, subgroup ana-
lysis of all local individuals with initial AIS A and their
national SCIMS cohort were compared. Heteroscedastic t-
tests and chi-squared tests were used to analyze between
group differences with p-values of <0.05 treated as statisti-
cally significant. Standard deviations and 95% confidence
intervals were further calculated to quantify estimates of
effect size.

Table 1 Example of manually matched cohort from which propensity matches were calculated.

Buspirone
treatment

SCIMS
match 1

SCIMS
match 2

SCIMS
match 3

SCIMS
match 4a

SCIMS
match 5a

SCIMS
match 6

SCIMS
match 7

SCIMS
match 8a

SCIMS
match 9a

SCIMS
match 10a

Age (years) 15–29 30–44 60–74 45–59 15–29 15–29 30–44 15–29 15–29 15–29 15–29

NLI C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6

AIS A A A A A A A A A A A

UEMS 18 22 21 20 20 19 19 18 18 17 15

LEMS 0 0 0 0 0 0 0 0 0 0 0

Time from injury to
admission (days)

31 37 46 8 8 18 24 33 10 30 27

NLI neurological level of injury, AIS American Spinal Injury Association Impairment Scale, UEMS upper extremity motor score, LEMS lower
extremity motor score, SCIMS spinal cord injury model systems.
aIndicates individuals included in final, propensity-matched cohort.
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Results

One hundred and twenty-four adults with traumatic SCI
were admitted to our local rehab hospital during the study
window and had full admission, discharge, and 1-year data
recorded. Of these eligible patients, 31 were prescribed
buspirone during inpatient rehabilitation hospitalization and
were included in the buspirone treatment group for analysis
(Fig. 1). Daily prescribed doses ranged from 5mg to 60 mg
in this group. Demographics for this buspirone treatment
group and local non-buspirone group appear in Table 2. In
assessing for implicit prescribing bias, the buspirone treat-
ment group (n= 31) did not differ significantly from the
non-buspirone local individuals (n= 93) with regards to age
(p= 0.174), NLI (p= 0.649), AIS (p= 0.094), or time from
injury to admission (p= 0.370).

Of the 32,159 records in the SCIMS database, only 983
had complete admission, discharge and 1-year data. Of
these eligible 983 patients, a total of 460 were manually
matched to the local cohort groups (Fig. 1). Propensity
matching further distilled the SCIMS patients in final 1:5
ratio, yielding a total of 230 matched SCIMS participants
used for direct statistical comparison. Sampling with
replacement was used during this study and 6 of the 155

national SCIMS patients matched to the local buspirone
group were used twice, a compromise we felt was accep-
table given the 1:5 matching dilutes individual effects.
Propensity score matching with both the buspirone treat-
ment group (n= 31) versus matched SCIMS cohort (n=
155) and local non-buspirone control group (n= 15) versus
matched SCIMS cohort (n= 75) demonstrated a strong

Fig. 1 Study flowchart illustrating inclusion/exclusion and pro-
pensity score matching (PSM) process. *Of the 32,159 records in the
SCIMS database, only 983 had complete admission, discharge and 1-

year data available for matching. SCIMS = National Spinal Cord
Injury Model Systems Database.

Table 2 Demographics for buspirone treatment group and the local
non-buspirone control group who did not receive buspirone.

Buspirone treatment
group (n= 31)

Local non-buspirone
control group (n= 15)

NLI

C1-C8 20 (64.5%) 10 (66.7%)

T1-T6 3 (9.7%) 2 (13.3%)

T7-L3 8 (25.8%) 3 (20.0%)

AIS

A 15 (48.4%) 8 (53.3%)

B 6 (19.4%) 1 (6.7%)

C 6 (19.4%) 4 (26.7%)

D 4 (12.9%) 2 (13.3%)

Mean Time from
injury to admission

17.3 ± 12.2 days 15.1 ± 9.6 days
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match, with minimal standardized differences between
groups (Table 3, Supplementary Fig. 1). Of note, age did
differ by more than the typically accepted 10% standardized
difference, though as ages were reported in SCIMS in 15-
year increments, the 2.7 year mean difference between
groups is of unclear clinical significance.

From admission to discharge from inpatient rehabilita-
tion, changes in NLI, AIS, UEMS, LEMS, FIM, and FIM
efficiency were not significantly different between those
individuals who received buspirone and their propensity-
matched SCIMS cohort (Fig. 2). Further, when considering
location-specific effects by analyzing the 15 individuals
who did not receive buspirone from our institution com-
pared to their own propensity-matched SCIM cohort, there
was overlap in all 95% confidence intervals with the esti-
mates of buspirone treatment effect. Similarly, at one-year
follow-up, there were no significant differences in changes
in NLI, AIS, UEMS, LEMS, or FIM following buspirone
administration compared to the matched cohort. With
overlapping 95% CI, there were no statistically significant
differences in effects between the buspirone treatment
group and the local non-buspirone cohort.

When comparing patients within the local buspirone
group who received high-dose buspirone (≥20 mg per day)
(n= 10) versus low-dose buspirone (<20 mg per day) (n=
21), there was no statistically significant difference between
any outcome measure (Supplementary Table 1, p=
0.22–0.97). A total of 55 patients included in this cohort had

an SSRI or SNRI on their discharge medication list. Out of
the buspirone treatment group, 24 patients were also pre-
scribed SSRI or SNRI. In the control group, 31 patients
were prescribed SSRI/SNRI at discharge (p < 0.0001).

Within individuals with clinically complete SCI (AIS A)
who received buspirone (n= 15) 2 out of 15 (13.3%)
converted from complete to incomplete at discharge versus
9 out of 75 (11.6%) in this subgroup’s propensity-matched
national SCIMS cohort (p= 0.86). From admission to 1-
year post injury (n= 14), 6 out of 14 (42.9%) of the bus-
pirone group had converted from clinically complete to
incomplete SCI versus 14 out of 70 (21.2%) in the
propensity-matched cohort (p= 0.047). In assessing for
location-specific effects, only eight individuals had clini-
cally complete SCI in local non-buspirone cohort. There
was no statistically significant difference between conver-
sion rates of buspirone treated and local non-buspirone
groups (p= 0.25), though given these low sample sizes,
conclusions from this post-hoc analysis are limited.

Discussion

To our knowledge, this is the first study examining the
effects of buspirone on SCI neurorecovery in a clinical,
acute rehabilitation hospital setting. In this retrospective
analysis, our results did not show a statistically significant
difference in the changes of outcome measures at discharge

Table 3 Test of fit for propensity
matching, presented as mean
effect sizes for cases (buspirone
and local non-buspirone control
groups) and national SCIMS
propensity-matched controls, 1:5
matched (standard deviation).

Buspirone treatment & local control
groups (n= 46)

SCIMS match cohort
(n= 230)

Standardized
difference

Age 36.7 (16.66) 34.0 (15.26) 0.135

NLI Δ 8.717 (6.44) 8.872 (6.83) 0.019

AIS Δ 1.978 (1.25) 1.943 (1.09) 0.026

UEMS Δ 29.609 (17.76) 29.562 (17.60) 0.002

LEMS Δ 9.109 (15.10) 8.8407 (14.67) 0.015

Propensity Score 0.099 (0.02) 0.094 (0.02) 0.156

Fig. 2 Effect of buspirone
compared to SCI model
systems propensity-matched
peers (1:5), 95% CI. Mean =

Location effects specific to
our institution (15 individuals
who did not receive buspirone
compared to similarly matched
model systems peers, 1:5).
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from inpatient rehabilitation hospital or at 1-year follow-up.
One reason for this may be that these clinical measures are
not sensitive enough to detect slight improvements. Both
the NLI and AIS further take into account sensory deficits.
While serotonergic neurons do project to the dorsal horns,
where sensory information is processed, 5-HT is relevant
for transmission, processing, and control of nociceptive
signals [18, 19]. 5-HT can act to both diminish and
potentiate nociceptive pain, but the exact mechanisms
remain unclear. As such, it is currently unknown if sup-
plementation of 5-HT has any role in recovery of dimin-
ished sensation, which could in turn impact the clinical
measures of AIS and NLI.

Numerous studies have evaluated the effects of serotonin
agonists on lower extremity neurorecovery, though few
studies exist using buspirone or any other serotonin agonist
as a treatment for tetraplegia. Freyvert et al. showed that
transcutaneous epidural stimulation applied to cervical
spinal circuits could strengthen hand grip in individuals
with chronic tetraplegia, and the addition of buspirone
further enhanced grip strength [11]. These results suggest
that stimulation and buspirone interventions increase the
level of excitability of pre-motor spinal circuitries that
mediate hand function. While the mechanism is not fully
understood, Freyvert et al. hypothesized that buspirone may
serve as a priming agent to help facilitate neurorecovery. If
this priming effect is a key mechanism, the amount of
focused therapy may play a role in maximizing gains. This
was not accounted for in our study and may contribute to
why the buspirone group did not demonstrate any sig-
nificant effects beyond expected recovery on our clinical
metrics.

Structural and functional changes in 5-HT receptors on
motorneurons below the injury aide in residual locomotor
function. Following SCI, the depletion of descending 5-HT
caudal to the injury leads to a compensatory overexpression
of receptors, hypersensitivity to residual 5-HT input, and
constitutive activity (receptor activity in the absence of
5HT) [20, 21]. In animal models, these changes occur as
early as day 1 after injury [22]. This upregulation provides
motorneurons an enhanced response to residual descending
5-HT input and is a prime target for exogeneous 5-HT.
While these adaptive mechanisms are thought to be
responsible for residual motor output, excessive upregula-
tion may produce poorly regulated motoneuron excitability
and uncoordinated muscle spasms [20, 23]. Further inves-
tigation on potential spasticity effects is thus warranted.

By duplicating our methods on a subset of non-buspirone
individuals with SCI at our institution, we were able to
estimate location-specific effects in the assessed metrics.
These effects overlapped 95% confidence intervals with all
buspirone treatment group metrics, indicating no statisti-
cally significant relative changes with this medication.

Further, increased dosage of this medication was not found
to clinically alter expected recovery to a significant degree.
Buspirone is applied as a psychotropic drug at mean daily
dose of 20–30 mg [24, 25]. Recent findings suggest that
moderate release of 5-HT facilitates locomotion and pro-
motes the excitability of motoneurons, while stronger
release inhibits rhythmic activity and motoneuron firing
[26, 27]. Our results show no difference in high-dose or
low-dose buspirone. So, while buspirone is generally well
tolerated, its effects on neurorecovery and preferred treat-
ment doses remain to be elucidated.

In addition, the confounding effects of concomitant use
of other serotonergic medications remains to be seen. While
a large percentage of patients in the treatment group
received both buspirone as well as an SSRI/SNRI, it is
reasonable to postulate that additional serotonergic phar-
macology would potentially be helpful. In pre-clinical SCI
animal studies, fluoxetine was been shown to be neuro-
protective as well as a facilitator of functional recovery
[28, 29]. Furthermore, in humans with chronic motor-
incomplete SCI, one dose of the SSRI escitalopram acutely
increased muscle activity seen on EMG, despite no
improvement in locomotor function [30]. Similar to bus-
pirone, preferred dosing of SSRIs/SNRIs to augment
functional neurorecovery following SCI has yet to be
determined.

In the buspirone group, the rate of conversion from
clinically complete (AIS A) to incomplete injury at 1-year
post injury was significantly higher than that of the matched
SCIMS cohort. This may be due to the higher degree of 5-
HT receptor alterations seen in complete injuries compared
to incomplete injuries. While exogenous 5-HT agonists
improve motorneuron excitability in acute spinal transection
animal models, the same may not be as effective for more
clinically-relevant, incomplete SCI paradigms such as
spinal cord contusion. Hayashi et al demonstrated that
neither direct nor indirect 5-HT agonists improved motor
function after incomplete contusion lesions in an animal
model, despite 5HT receptor upregulation [6]. With
increased spared supraspinal serotonergic projections,
incomplete SCI may not display a sufficient degree of
receptor changes to affect motor function when exposed to
5-HT agonists alone. Given our small sample size for this
sub-analysis (n= 14) and the insignificant between our
local, non-buspirone clinically complete cohort (n= 8),
these results point to the need for further robust studies
specifically assessing this clinically important metric with
greater scrutiny. Additional studies on 1-year conversion to
incomplete injury, taking into account buspirone dosage
and continuity of medication throughout the year post injury
are further needed.

Initially, the difference in SSRI/SNRI exposure and
potential effects on neurorecovery were considered. The
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specific medication as well as dosage for both classes of
serotonergic medications were recorded from chart
review of the discharge medication list for the local
buspirone group. Ultimately, there were too many vari-
ables including variable use of specific drug, new versus
chronic drug exposure, and dosage. While not analyzed in
this study, this is clinical data that can inform the future
studies in analyzing serotonergic pharmacology for neu-
rorecovery following SCI.

Limitations

The limitations of this study should be considered when
interpreting the clinical significance of our results. As a
retrospective study, we were unable to decipher precise
drug exposure. The start date of buspirone treatment during
inpatient rehabilitation and timing of drug discontinuation
was also unclear and warrant additional investigation. Fur-
thermore, it was not known if patients continued to take
buspirone throughout the year after injury or whether it was
self-discontinued or discontinued by another provider.
Additionally, our use of propensity score matching for the
control group assumes that individuals from the national
SCIMS database were not newly prescribed buspirone
during their acute inpatient rehabilitation stays. While not
commonly prescribed long-term in the rehabilitation setting
for neurorecovery, we are unable to say with certainty
whether or not buspirone was given as a chronic medication
during the rehabilitation stay or prescribed as a new medi-
cation on discharge for these SCIMS patients from other
institutions as discharge medication lists were not available.
As noted above, our 1:5 matching does dilute individual
effects such as this.

The outcomes used in the study (UEMS, LEMS, AIS,
NLI, and FIM) are routinely documented outcomes during
inpatient rehabilitation and provide insight into gross
functional assessment after injury. This study is unable to
assess potential nuanced functional improvements and
future studies may consider relevant outcome assessments
involving force contraction measurements, EMG, handgrip
strength testing, etc.

Conclusion

Retrospective analysis comparing local individuals
treated with oral buspirone during inpatient rehabilitation
compared to a propensity-matched SCIMS database
cohort did not show a statistically significant difference
in gross measurements of neurorecovery following
acute traumatic SCI. In individuals with clinically com-
plete SCI, findings suggest possible increased rates of 1-
year conversion to incomplete injury, though further

well-powered studies are needed to examine these
findings.

Data availability

The datasets generated during and/or analyzed during the
current study are available in the National Spinal Cord
Injury Model Systems (SCIMS) Database and can be
requested per their internal policy upon approval
[https://www.nscisc.uab.edu/Research/PublicDataRegister].
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