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STUDY DESIGN: Descriptive study.
OBJECTIVES: To describe functional outcomes using Spinal Cord Independence Measure III (SCIM III) following inpatient
rehabilitation among individuals with complete spinal cord injury (SCI) in the low-income setting of Nepal; to evaluate functional
changes from rehabilitation admission to discharge and to compare functional outcomes between neurological levels of injury (NLI)
at discharge.
SETTING: Spinal Injury Rehabilitation Centre (SIRC), Kavrepalanchowk, Nepal.
METHODS: We present data of all individuals with complete SCI who completed rehabilitation at SIRC in 2017. Data collected
included: demographics, aetiology, neurological assessment, admission/discharge SCIM III scores, and length of stay. Data were
analyzed using descriptive statistics. Pre/post-SCIM III scores were analyzed using Related-Samples Wilcoxon signed-rank test.
Comparative analysis between NLIs was done using the Kruskal Wallis ANOVA test followed by pairwise Mann–Whitney U tests.
RESULTS: Ninety-six individuals were included. Mean (SD) age was 33.5 (14.2) years, with a male/female ratio of 3.4:1. Median
admission and discharge total SCIM III scores for cervical, thoracic and lumbosacral levels were 10 and 21, 16 and 61, and 41 and
79.5, respectively. Median total SCIM III score change between admission and discharge were 11 (p= 0.003), 43 (p < 0.001) and 40
(p= 0.068) for cervical, thoracic and lumbar groups, respectively.
CONCLUSIONS: This study is the first of its kind to describe functional outcomes among individuals with complete SCI in the low-
income setting of Nepal. All SCI groups showed a positive trend in SCIM III from admission to discharge, with improvements
reaching statistical significance among groups with cervical and thoracic NLIs.

Spinal Cord Series and Cases            (2021) 7:93 ; https://doi.org/10.1038/s41394-021-00452-z

INTRODUCTION
Every year, an estimated 250,000–500,000 people sustain new SCIs
around the world [1]. Based on limited data from Nepal, 300–5000
per million individuals sustain new traumatic SCI annually [2]. Falls
are the most common cause of SCI in Nepal and South Asia,
followed by road traffic injury [3, 4]. In addition, natural disasters
known to cause SCI including earthquakes and landslides are
common in Nepal [5]. Males more commonly sustain injuries and
most of them are of working age with range 32–47 years [3].
Spinal cord injury carries high rates of morbidity and mortality

[1]. Initiating specialized SCI care that includes comprehensive,
interdisciplinary rehabilitation has been shown to reduce overall
morbidity and promote functional independence [1, 6, 7]. Given
the dynamic nature of recovery, it is important to assess the
functional status of patients throughout the course of inpatient
rehabilitation. Assessments of functional outcomes specifically
help the interdisciplinary team plan the rehabilitation process,
communicate with patients and families about prognosis, and
predict long-term functional outcomes [8]. Moreover, the evalua-
tion of the functional status with the neurological level is required
to assess the rehabilitation efficiency [9]. The Spinal Cord

Independence Measure III (SCIM III) is a disability scale used
worldwide to assess changes in an individual’s functional status
during SCI rehabilitation [10–12]. Individuals with complete SCI are
not expected to have significance neurologic recovery, but are
expected to have functional improvement with rehabilitation [13].
Therefore, they represent a fairly uniform population with more
predictable and uniform outcomes. Target SCIM III scores have
been reported for each neurological level of complete injury.
However, these targets were established in high-income countries
only [14]. Given differences in socioeconomics, medical/rehabilita-
tion treatment options, and assistive technologies between high-
and low-income countries, these targets may not be representa-
tive for our low-income context.
No study to our knowledge has evaluated SCIM III outcome

scores among individuals with complete SCI in low- and/or middle-
income countries. Therefore, the objectives of this study were (a) to
describe functional outcomes using SCIM III following inpatient
rehabilitation among individuals with complete SCI in the low-
income setting of Nepal (b) to evaluate functional changes from
rehabilitation admission to discharge (c) to compare functional
outcomes between neurological levels of injury (NLI) at discharge.

Received: 28 January 2021 Revised: 16 September 2021 Accepted: 17 September 2021

1Spinal Injury Rehabilitation Centre, Sanga, Nepal. 2Faculty of Physical Therapy, Mahidol University, Salaya, Thailand. 3Department of Physical Medicine & Rehabilitation, Spinal
Injury Rehabilitation Centre, Sanga, Nepal. 4Department of Physical Medicine & Rehabilitation, Indiana University School of Medicine, Indianapolis, IN, USA.
✉email: khatriprakriti@gmail.com

www.nature.com/scsandc

http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-021-00452-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-021-00452-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-021-00452-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-021-00452-z&domain=pdf
http://orcid.org/0000-0001-5953-5286
http://orcid.org/0000-0001-5953-5286
http://orcid.org/0000-0001-5953-5286
http://orcid.org/0000-0001-5953-5286
http://orcid.org/0000-0001-5953-5286
http://orcid.org/0000-0001-6631-4289
http://orcid.org/0000-0001-6631-4289
http://orcid.org/0000-0001-6631-4289
http://orcid.org/0000-0001-6631-4289
http://orcid.org/0000-0001-6631-4289
http://orcid.org/0000-0001-6564-3937
http://orcid.org/0000-0001-6564-3937
http://orcid.org/0000-0001-6564-3937
http://orcid.org/0000-0001-6564-3937
http://orcid.org/0000-0001-6564-3937
https://doi.org/10.1038/s41394-021-00452-z
mailto:khatriprakriti@gmail.com
www.nature.com/scsandc


METHODS
This is a descriptive study. Data were collected for all individuals with
complete SCI admitted to Spinal Injury Rehabilitation Centre (SIRC) in 2017.
SIRC is the largest SCI rehabilitation centre in Nepal. The 51-bed centre
serves approximately 300 individuals with new SCI every year from every
district in the country. Interdisciplinary SCI rehabilitation is lead by a
physical medicine and rehabilitation physician and includes physical
therapy, occupational therapy, rehabilitation nursing care, psychology,
social work, recreational therapy, and peer counselling. Criteria for
eligibility were all individuals >3 years of age admitted to SIRC with
traumatic and non-traumatic SCI resulting in complete (American Spinal
Injury Association Impairment Scale A) injury who completed the entire
recommended rehabilitation stay. Completeness was defined as those with
complete injuries at the time of discharge from rehabilitation. Exclusion
criteria were (a) individuals unable to be accurately assessed using the
International Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI) (i.e., concomitant stroke or brain injury resulting in cognitive
impairment, paediatric patients unable to accurately participate) and (b)
individuals with concomitant orthopaedic or other neurological injury
persisting throughout the rehabilitation stay that would alter expected
recovery/outcomes following SCI (i.e., traumatic amputation, traumatic
brain injury resulting in hemiplegia, brachial plexus injury).
A total of 294 individuals with SCI who admitted to SIRC in 2017 were

screened for enrolment. Information collected included age, sex, aetiology,
ISNCSCI at admission and discharge, SCIM III scores at admission and
discharge, and length of stay (days). Standard care for individuals with SCI
at SIRC includes ISNCSCI assessment on admission and discharge by
physicians with significant training and experience in this assessment. The
ISNCSCI is a well-established tool used by clinicians and researchers to
accurately assess and quantify an individual with SCI’s neurological
impairment [15, 16].
Spinal Cord Independence Measure III (SCIM III) is a clinician-rated

instrument that was developed specifically to measure the level of
independence in overall daily life activities for individuals with SCI [10, 17].
It comprised of 19 items across 3 subscales: self-care (feeding, grooming,
bathing, dressing), respiratory and sphincter management, and mobility.
Mobility is subdivided into ‘room and toilet’ and ‘indoors and outdoors’.
Each item is marked based on its assumed clinical relevance to daily life
activities of the individual with SCI. The score ranges between 0 and 100
[11, 12, 18–20]. An improvement of at least four points results in a small,
clinically significant improvement, while an improvement of at least ten
points results in a substantial clinical improvement [21]. The SCIM III has
been shown to be a valid, reliable, and responsive instrument for use
among individuals with SCI [19, 20].
The SCIM III assessment has been part of standard care at SIRC for over 10

years. It is routinely performed on every patient with SCI on admission,
discharge, and at regular intervals throughout their stay. Providers including
physiotherapists, occupational therapists, and nurses with training and
experience administer and record the SCIM III. Admission scores are reported
within 1 week of admission and discharge scores are reported within 3 days
before discharge. The SCIM III self-care components were scored by
occupational therapists, respiration and sphincter management by nurses,
and physical therapists scored all mobility components. Total SCIM III score
and subscores (self-care, respiration and sphincter management (RSM),
mobility room and toilet and mobility indoors and outdoors at admission
and at discharge) were de-identified and entered into a database for analysis.

Statement of ethics
We certify that all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during the
course of this research. SIRC’s ethical review committee and the Nepal
Health Research Council approved the study and provided oversight. The
need for informed consent was waived as the data analyzed for this study
were collected as part of SIRC’s standard of care. All data were de-identified
prior to analysis.

Statistical analysis
Data were analyzed using SPSS version 24.0 (IBM, New York, USA). All
continuous data did not assume normal distribution and were described as
median and interquatile range (IQR). The number and percentage (n, %)
were described for categorical data. Nonparametric statistics Wilcoxon
signed-rank test were used for comparing SCIM III scores at admission and
discharge. The Kruskal Wallis ANOVA test was used for comparing total
SCIM III and subscale of SCIM III scores among NLIs. Pairwise comparison

was done using the Mann–Whitney U tests. The relationship of NLI with
discharge total SCIM III score and with SCIM III score change were analyzed
using Spearman’s rank correlation coefficient. A two-sided p value <0.05
was defined as statistically significant.

RESULTS
Among the 294 individuals admitted for rehabilitation during the
study period, 166 were not eligible due to incomplete/non-SCI,
interfering conditions, or insufficient data. Of the remaining 128
individuals, 96 individuals completed rehabilitation and were
included in data analysis (Fig. 1). The mean (SD) age was 33.5
(14.2) years, ranging from 4 to 83 years old with a male-to-female
ratio of 3.4:1 (Table 1). The majority of individuals were young,
belonging to the age group 16–45 years. The most common level
of injury was thoracic (84.4%), specifically T11. The most common
mechanism of injury was fall, followed by road traffic injury.
Median (IQR) time between SCI and admission to the rehabilita-
tion facility was 27 (17–52) days. The mean (SD) length of stay at
the rehabilitation centre was 84.4 (40.6) days.
Median total and subscale SCIM III scores changed significantly

from admission to discharge (p < 0.001) and are presented in
Table 2. Median admission, discharge, and change in total SCIM III
by NLI are presented in Tables 3 and 4. Statistically significant
improvement in SCIM III score at discharge was noted among
individuals with both cervical and thoracic NLIs. The small
proportion of individuals with lumbosacral NLIs demonstrated a
positive trend in SCIM III prior to discharge (Table 3). Median SCIM
III subscale scores at the time of discharge for every NLI are
presented in Table 5. The total SCIM III discharge scores and
change in scores were inversely correlated with NLI (r= 0.466, p <
0.001 and r= 0.371, p= 0.001).

DISCUSSION
This study is the first of its kind to describe functional outcomes
among individuals with complete SCI in the low-income setting of

Individuals admitted in 2017 

(n=294) 

166 individuals not eligible: 

1) Non/Incomplete SCI (n=144)

3) Interfering conditions (n=4) 

4) Insufficient ISNCSCI documentation (n=18)

Individuals with complete SCI 

(n=128) 

Individuals with complete SCI 

(n=108) 

20 individuals excluded: 

1) SCIM III data incomplete (n=19) 

2) Age below three years (n=1) 

Individuals included  

(n=96) 

12 individuals did not complete rehabilitation.  

Fig. 1 Study enrolment. Individuals included and excluded from
study enrolment to completion.
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Nepal. All groups showed a positive trend in SCIM III from
admission to discharge, with improvements reaching statistical
significance among groups with cervical (p= 0.003) and thoracic
(p < 0.001) NLIs. For rehabilitation professionals participating in
the care of individuals with SCI, having expected SCIM III discharge
scores based on NLI may serve to inform the goals and duration of
individuals’ rehabilitation plan.
Aidinoff et al. performed a study to establish target SCIM III

values for each neurological level of complete SCI [14]. They did
this by calculating total and subscale SCIM III scores and gain at
discharge for 128 individuals with complete SCI from six different
countries. As all participants in this study were from high-income

countries, we were specifically interested in how our findings from
a resource-limited, low-income country would compare. Our
observed SCIM III discharge scores compared to Aidinoff et al.’s
[14] results appear relatively similar. Exceptions include consis-
tently lower mobility scores for individuals with tetraplegia in
Nepal. This may be explained by our rugged terrain; inaccessible
physical infrastructure, which limits individuals’ outdoor mobility;
as well as non-availability of powered wheelchairs in Nepal. In
addition, individuals with thoracic-level injuries in Nepal showed
comparatively lower respiration/sphincter management scores.
This may be related to the reality that our management options
for neurogenic bladder are substantially limited. We currently do
not have access to intervesicular agents including botulinum
toxins, vanillanoid compounds, propantheline or intravesicular
oxybutinyn. Surgical bladder augmentation, catheterizable
abdominal stomas, and cutaneous ileal conduit diversions are
not available. Electrical stimulation, sphincterotomy, artificial
sphincters, and stents are also not available. Most oral medications
(anticholinergics and alpha-adrenergic blockers), indwelling cathe-
ters, and clean intermittent catheters are readily available.
Ackerman et al. performed a study to analyze functional gains

among individuals with motor complete (AIS A and B) SCI during
a post-acute rehabilitation programme in the high-income
setting of the United States [22]. They found median SCIM III at
rehabilitation admission of 42, at discharge 50, with a statistically
significant median improvement of 5 points. This admission SCIM
III score of 42 is notably higher than our finding of 16 (14.25–17).
This difference may be due to the active presence of rehabilita-
tion services within the acute tertiary care hospitals in the States,
while many of our patients had received very little rehabilitation
prior to admission to SIRC. Furthermore, the median time from
injury to rehabilitation in Ackerman’s study was 98.5 days vs. 27
(17–52) days in our study, another factor that likely contributes
to this difference.
This study includes data from just one centre in Nepal, therefore

generalizability of these SCIM III scores to other populations may
be limited. In addition, while a sample size of 96 is relatively large
for studies including individuals with complete SCI, the small
number in subgroups limits our ability to compare data across
settings. As described above, only 96 of 128 potentially eligible
individuals were included in data analysis. Incomplete documen-
tation and individuals not completing rehabilitation led to this

Table 2. Total and subscale SCIM III admission and discharge analysis (n= 96).

Domains Admission SCIM III median (IQR) Discharge SCIM III median (IQR) p value

Total SCIM III score 16 (14.25–17) 60.5 (48.25–66) p < 0.001

Self-care 6 (4–6) 18 (13-19) p < 0.001

Respiration and sphincter management 10 (10–10) 26 (19.25–30.75) p < 0.001

Mobility room and toilet 0 10 (7–10) p < 0.001

Mobility in/out/even 0 8 (6–9) p < 0.001

Table 3. Admission and discharge total SCIM III scores among individuals with cervical, thoracic, and lumbosacral neurological levels of injury
(n= 96).

NLI n (%) Total SCIM III scores, median (IQR) p value

Admission Discharge Change

C1–C8 11 (11.4) 10 (10–10) 21 (19–25) 11 (9–15) 0.003*

T1–T12 81 (84.4) 16 (15.5–17) 61 (53.5–66) 43 (35–49.5) <0.001**

L1–S5 4 (4.2) 41 (16.5–65.5) 79.5 (73–88.25) 40 (20.25–57.5) 0.068

IQR interquartile range, NLI neurological level of injury.
*p-value < 0.05 and **p-value < 0.001.

Table 1. Demographics and injury details of enroled individuals with
complete spinal cord injury.

Demographics Total subjects
(n= 96), n (%)

Age (years)

3–15 5 (5.2)

16–30 42 (43.8)

31–45 30 (31.3)

46–60 16 (16.7)

61–75 2 (2.1)

>75 1 (1)

Sex

Male 74 (77.1)

Female 22 (22.9)

Type

Paraplegia 85 (88.6)

Tetraplegia 11 (11.4)

Mechanism of injury

Fall injury 54 (56.2)

Road traffic accident 28 (29.2)

Assault 5 (5.2)

Other (traumatic) 5 (5.2)

Non-traumatic 4 (4.2)
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exclusion of a large portion (25%) of eligible individuals. At our
centre, individuals may not complete rehabilitation for a variety of
reasons include leaving early against medical advice and/or being
transferred to acute care hospitals due to complications. The
absence of these individuals in analysis may skew the results.
Finally, we did not assess inter-rater reliability of the SCIM III in this
study, which may limit our findings.

A recommended next step would be a multi-centre study
including other low- and middle-income countries to further
establish target SCIM III scores by NLI across settings. Specific to
our context, the following are warranted: identifying and
removing barriers to completing SCI rehabilitation; exploring
interventions to improve sphincter and mobility outcomes among
individuals with SCI in Nepal.

Table 4. Total SCIM III scores at admission and discharge by neurological level of injury.

NLI n (%) Total SCIM III scores, median (IQR) p value

Admission Discharge Change

C4 6 (6.3) 10 (10–10) 21 (17.75–23.5) 11 (7.75–13.5) 0.027*

C5 3 (3.1) 10 (10–10) 24 (19–39) 14 (9–29) 0.109

C6 2 (2.1) 10 (10–10) 22 (19–25) 12 (9–15) 0.18

T1 1 (1) 20 (20–20) 55 (55–55)) 35 (35–35)

T2 1 (1) 15 (15–15) 58 (58–58) 43 (43–43)

T3 4 (4.2) 16.5 (16–22.3) 57.5 (49.3-59) 41 (27–43) 0.066

T4 4 (4.2) 15 (14.3–15.8) 62.5 (56.8–73.5) 47 (42.5–58.3) 0.068

T5 8 (8.3) 16.5 (16–31) 63 (60.5–65.8) 43.5 (29.8–49.8) 0.012*

T6 7 (7.3) 16 (14–16) 63 (52–66) 47 (38–50) 0.018*

T7 3 (3.1) 16 (12–16) 40 (28–49) 28 (12–33) 0.109

T8 8 (8.3) 16 (13.8–16) 56 (38–70.5) 43 (26.5–54.5) 0.012*

T9 6 (6.3) 16 (14.8–19.5) 55 (43–65.8) 40.5 (23.5–49.8) 0.028*

T10 12 (12.5) 16 (15–17.5) 63.5 (54.8–66) 45.5 (38.5–48.8) 0.002*

T11 17 (17.7) 16 (16–23.5) 61 (58–70) 45 (38–51.5) <0.001**

T12 10 (10.4) 16 (16–16.3) 62.5 (55–65.8) 47 (35.75–50.5) 0.005*

L1 2 (2.1) 40 (16–64) 77.5 (72–83) 37.5 (19–56) 0.18

L3 2 (2.1) 42 (18–66) 83 (76–90) 41 (24–58) 0.18

There were no participants with C2, C3, C7, C8 and L2 levels of injury.
*p-value < 0.05 and **p-value < 0.001.

Table 5. Median discharge SCIM III subscale scores by neurological level of injury.

NLI Median (IQR)

Self-care RSM Mobility RT Mobility IO

C4 3 (0.75–4.5)* 18 (13.75–21.25)* 0 (0–0.5) 0

C5 4 (4–7) 18 (15–21) 2 (0–7) 0 (0–4)

C6 4 (4–4) 15 (15–15) 1 (0–2) 1 (0–2)

T1 16 (16–16) 24 (24–24) 9 (9–9) 6 (6–6)

T2 20 (20–20) 20 (20–20) 10 (10–10) 8 (8–8)

T3 13.50 (12.3–17) 28 (21.3–31) 9 (8–10) 5.5 (4.3-6)

T4 19 (15.25–19.75) 29 (28.25–35) 10 (10–10)* 8.5 (5–9.8)

T5 17.5 (15.3–19)* 28 (23.5–30)* 10 (9–10)* 8 (6–9.8)*

T6 19 (14–19)* 26 (23–31)* 10 (9–10)* 8(6–8)*

T7 12 (6–15) 17 (10–18) 6 (5–10) 6 (5–7)

T8 18.5 (10.3–19)* 26 (10–34)* 9 (5–10)* 8 (4.5–9)*

T9 14 (6.8–19.3)* 26.5 (21.8–29.5)* 9 (5.3–10)* 8.5 (4.5–11.8)*

T10 18.5 (16.3–19)* 26.5 (20.5–29)* 10 (7–10)* 9 (6.5–15.5)*

T11 19 (16.5–20)** 28 (22–33)** 10 (8.5–10)* 8 (6–9)*

T12 19 (16.5–20)* 26.5 (21.3–31.5)* 10 (9.5–10)* 8 (6–9.3)*

L1 17 (14–20) 31 (29–33) 10 (10-10) 19.5(9–30)

L3 19.5 (19–20) 31 (31–31) 10 (10-10) 22.5 (15–30)

IO indoors and outdoors, IQR interquartile range; NLI neurological level of Injury, RSM respiration and sphincter management, RT room and toilet.
*p-value < 0.05 and **p-value < 0.001.
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CONCLUSION
This study is the first of its kind to describe functional outcomes
among individuals with complete SCI in the low-income setting of
Nepal. All SCI groups showed a positive trend in SCIM III from
admission to discharge, with improvements reaching statistical
significance among groups with cervical and thoracic NLIs.

DATA AVAILABILITY
The datasets generated and analyzed during the current study are available from the
corresponding author on reasonable request.
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