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Abstract
Study design Retrospective study.
Objectives To investigate the epidemiological changes in persons with traumatic spinal cord injury (TSCI) over the past 7
years in Beijing Bo’ai Hospital, China Rehabilitation Research Center, China.
Setting Beijing Bo’ai Hospital, China Rehabilitation Research Center (CRRC).
Methods A database containing the records of all persons treated with SCI from 1 January 2013 to 31 December 2019 was
reviewed. Variables including demographic and clinical data were analysed. Comparisons were made with data previously
published in 2002.
Results During the study period, 2448 persons with recent TSCI were included in the analysis. The mean age at the time of
injury increased from 38.1 years to 40.2 years (P= 0.025). The percentage of elderly persons increased (8.8–14.6%, P=
0.036) and was higher than that in 2002. The percentage of retirees increased. Transport related injuries were the leading
cause of injury and the percentage of TSCI due to low falls increased 6%. Low falls were the most common cause for elderly
persons (y ≥ 60) and were even higher for elderly women. Persons with cervical injuries increased compared to the 2002-data
(44.1% vs 4.9%). The percentage of persons with incomplete SCI increased significantly over the study duration.
Conclusions Persons with TSCI are becoming older, and the percentage of elderly persons is increasing year by year. These
changes are likely due to a combination of population ageing in the region and changes in aetiology, with corresponding
changes including an increase in persons with cervical TSCI and persons with incomplete injury.

Introduction

The ageing population is now a global issue, with global
epidemiological surveys showing that the mean age of

persons with recent TSCI is increasing, especially in
developed countries [1–4]. In contrast to data from devel-
oped countries, a systematic review showed that the mean
age of persons with recent TSCI in developing countries
was 32.4 years [5].

TSCI in elderly persons appears to be different from that
in young people in terms of the common causes, level and
severity of injury, treatment strategies and prognosis of
recovery. Timely and adequate awareness of this new
change is essential for implementing better prevention
strategies, estimating the number of persons affected and
allocating health care resources effectively. Furthermore, it
is increasingly being addressed by researchers in the
countries concerned [6, 7].

China is now the world’s largest developing country, and
with rapid economic development, the number of privately
owned vehicles and the total length of the road network
have increased dramatically, leading to a significant
increase in traffic accidents and injuries. In addition, large
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scale urban construction and increased industrial production
have contributed to the occurrence of many accidental
injuries [8]. At the same time, China is already a country
with an ageing society, and its ageing population accounts
for 1/5 of the global elderly population [9]. China has a
large number of persons with spinal cord injury (SCI), but
due to the lack of a national registration system, the pro-
blems and needs of persons with TSCI are largely unknown,
with the small number of reported data varying widely from
region to region [10].

Beijing is one of China’s most economically developed
and ageing regions. In 2018, the city’s mean life expectancy
reached 82.20 years, and in 2019, the permanent population
reached 21.536 million, with 17.2% of the population being
older than 60 years of age [11]. With rapid economic
development and an ageing population, the epidemiological
profile of persons with TSCI in Beijing is likely to change
even more rapidly than in the past. Our research team
previously reported on the local epidemiology of persons
with TSCI in 2002 [12], and to the best of our knowledge,
there have been no published studies on the changing
demographics of TSCI in the Beijing area since then.
Therefore, the aim of this study was to investigate the
epidemiological changes in persons with TSCI at a regional
SCI center in Beijing, China, over the past 7 years, to
capture and analyse their characteristics. Referring to the
other national and regional studies mentioned above, we
assume that the mean age of persons and the percentage of
elderly persons increase year by year.

Methods

As a grade-A first-class general hospital in China specia-
lising in rehabilitation, our hospital is a designated hospital
for medical insurance and industrial injury insurance. In
addition, an all-in-one service chain has been established,
covering disability prevention, treatment at the acute stage,
early intervention, rehabilitation at the middle and late
stages, and community and family self-reliance. Our hos-
pital is also one of the priority referral hospitals for SCI
rehabilitation in the region, and persons with both traumatic
and non-traumatic SCI can be referred to us after acute
phase treatment.

A database containing the records of all persons with SCI
treated from 1 January 2013 to 31 December 2019 in our
hospital was reviewed. TSCI has been defined as the
impairment of the spinal cord or cauda equina function
resulting from the application of an external force of any
magnitude [13]. The exclusion criteria were as follows: (1)
SCI with non-traumatic causes; (2) hospital visits for re-
examination or other treatments (such as pressure ulcers,
spasm, neuropathic pain); and (3) incomplete medical records

or medical records with uncertain diagnoses. Approval from
the hospital ethics committee was obtained before commen-
cing the study (No. CRRC-IEC-RF-SC-005-01).

In data collection, the variables mainly referred to the
International SCI Core Data Set, as recommended by
Biering-Sorensen et al. [13]. The variables included sex,
age, occupation, marital status, aetiology, the presence of
vertebral fractures and associated injuries, whether spinal
surgery was performed, ventilator dependence at discharge,
and the neurological level and severity of injury. Assess-
ment of neurological severity was performed according to
the International Standards for Neurological Classification
of SCI [14]. Marital status was categorised as married,
unmarried, or other (divorced and widowed). Injuries
caused by falls were specifically classified as low falls (from
a height <1 m) or high falls (from a height of 1 m or more).
The types of associated injuries were selected from the
International SCI Core Data Set [13]. Elderly persons were
persons aged ≥60 years.

The demographic and clinical characteristics of the par-
ticipants in this study were compared with data from our
previous study in 2002 [12].

All of the data were gathered in a Microsoft Excel
spreadsheet (Redmond, WA, USA) by three researchers and
then cross-checked twice to ensure information accuracy.
Statistical analyses were performed using IBM SPSS Statis-
tics software, version 26.0 for Mac (IBM, Armonk, NY,
USA). Continuous variables are expressed as the means with
standard deviations. Categorical variables are expressed as the
numbers of cases and percentages. The mean age for each
year was compared with the Kruskal–Wallis H test for several
independent samples. The chi-square trend test was used to
compare the annual changes in the number of hospitalised
elderly persons or other groups. Differences with 2002 data
and differences between elderly persons by sex were assessed
by the chi-square test. The Kruskal–Wallis H test for several
independent samples was applied for between-different age
comparisons for aetiology and the level and severity of injury.
Statistical significance was set at P < 0.05.

Results

During the study period, 2448 persons with recent TSCI
were finally included in the analysis and 888 cases were
excluded for various reasons (Fig. 1).

Characteristics of the study population

The mean (SD) age was 39.1 (±16.7) years, up from 38.1
(±15.9) years in 2013 to 40.2 (±19.1) years in 2019 (H=
14.413, P= 0.025) (Table 1). The gradual increase in age
was observed for both sexes, with a significant increase in
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men (H= 23.870, P= 0.001). The gradual increase in age
was also observed in the transport and high falls groups,
with a significant increase in the transport group (H=
13.645, P= 0.034) (Table 2).

A total of 271 elderly persons were admitted to the
hospital, and the percentage of elderly persons increased
significantly over the study duration (χ2= 13.481, P=
0.036), from 8.8% in 2013 to 14.6% in 2019. Of these
cases, the percentage of elderly persons in 2018 and 2019
was already higher than in 2002 (χ2= 4.094, P= 0.043;
χ2= 1.705, P= 0.192). Inspired by the study by Thompson
et al. [2], we calculated that the percentage of persons ≥55
years increased from 16% in 2013 to 28.3% in 2019.

Fig. 1 Selection of persons with TSCI for the study cohort. Of the
3336 patients with SCI, 2896 had TSCI, and then after screening and
exclusion, information from 2448 patients was included in the final
analysis.

Table 1 Demography profile of
persons with recent TSCI from
2013 to 2019.

2013 2014 2015 2016 2017 2018 2019 Overall 2002

Characteristics

Number of cases 374 390 364 373 360 361 226 2448 1079

Age (mean; s.d.) 38.1
(15.9)

37.9
(15.3)

38.5
(15.9)

39.6
(15.4)

39.0
(17.7)

40.9
(18.1)

40.2
(19.1)

39.1(16.7) 41.7

0–14 (%) 6.7 5.1 6.6 5.9 11.1 10.2 11.9 8.0 –

15–29 27.3 26.7 25.3 22.8 20.0 15.0 19.9 22.6 –

30–44 28.6 34.9 29.9 31.4 26.9 25.8 24.3 29.2 –

45–59 28.6 24.4 28.0 29.8 30.8 33.8 29.2 29.2 –

60–74 8.3 7.4 9.3 9.1 9.7 13.3 12.8 9.8 –

75+ 0.5 1.5 0.8 1.1 1.4 1.9 1.8 1.3 –

≥60 8.8 8.9 10.1 10.2 11.1 15.2 14.6 11.1 11.8

Gender (%)

Female 22.5 22.1 26.9 22.3 25.6 29.1 24.8 24.7 24.2

Occupation (%)

Workers 28.9 21.8 25.0 24.9 20.8 19.4 17.7 23.0 29.9

Farmers 15.8 16.4 13.2 13.7 12.8 10.5 11.1 13.5 32.6

Students 9.4 9.0 12.1 9.1 14.4 14.1 15.5 11.7 –

Office clerks 10.7 7.4 6.0 7.0 10.0 6.6 12.8 8.4 5.7

Retired 5.9 3.6 7.1 6.4 5.3 6.9 7.5 6.0 –

Professional and
technical personnel

2.9 8.7 6.0 4.3 3.1 3.9 6.6 5.0 –

Self-employed 4.3 5.6 2.7 4.6 4.4 3.3 4.4 4.2 –

National civil
servants

5.3 4.9 4.1 3.8 2.2 3.3 2.7 3.8 1.5

Freelance 1.1 2.6 2.5 1.6 1.7 1.7 4.4 2.1 –

Soldiers 0.8 1.8 1.9 0.8 1.1 0.8 1.3 1.2 –

Enterprise
managers

0.3 1.8 1.9 1.1 0.8 1.1 0.9 1.1 –

The unemployed 12.3 15.1 16.5 13.7 14.4 21.1 12.4 15.2 –

Unrecorded 2.4 1.3 0.8 9.1 8.9 7.2 2.7 4.7 30.3

Marital status (%)

Married 75.1 73.6 74.5 78.6 70.3 74.8 71.7 74.2 –

Unmarried 24.6 24.4 25.0 19.6 27.5 23.8 26.5 24.3 –

Others 0.3 2.1 0.5 1.9 2.2 1.4 1.8 1.4 –

Values are percentages or otherwise indicated. The last column of the table is the data from previous study
in 2002.

300 H. Liu et al.



Despite the predominance of men in all years, the per-
centage of women increased gradually, from 22.5% in 2013
to 29.1% in 2018 (Table 1). Persons younger than 15 years
were mainly females, while other age groups were
mainly males (Fig. 2).

We observed that the percentage of workers and farmers
decreased and was significantly less than in the 2002 data
(χ2= 754.810, P < 0.001), while the percentage of retirees
increased. The percentage of married persons with TSCI
increased, peaked in 2016, and then declined. With the
increasing mean age, we observed an increasing percentage
of people who were divorced or widowed (Table 1), while a
gradual decrease in percentage was observed among per-
sons with vertebral injury, spinal surgery and associated
severe injuries (See Supplementary Table S1 for clinical
characteristics of persons with recent TSCI).

Aetiology

Compared to 2002 (χ2= 149.163, P < 0.001), high falls
were no longer the leading cause of injury and had been

replaced by transport (30.8%), but the percentage of both
high falls and transport declined, while the percentage of
low falls increased from 9.6% in 2013 to 15.5% in 2019
(See Supplementary Table S1 for clinical characteristics of
persons with recent TSCI).

The frequency distributions for the causes of injury dif-
fered significantly among age groups (H= 227.097, P <
0.001) (Fig. 3). As shown in Fig. 3, with increasing age,
persons with SCI caused by low falls gradually increased.
As expected, low falls were the most common cause for
persons aged 60 years and older (44.3%), followed by
transport (26.2%). In contrast, for those younger than 60
years of age, the most common cause was transport
(31.4%), followed by high falls (30.4%). In addition, in this
study, sports and leisure were the most common causes of
injury in the populations aged 14 years and younger
(55.9%).

Traffic accidents were the most common cause in female
persons. In total, 28.6% of persons who suffered a TSCI due
to transport were female compared with 22.9% for all other
aetiologies. However, the most common cause of injuries in

Table 2 Distributions of mean age by gender and aetiology from 2013 to 2019.

2013 2014 2015 2016 2017 2018 2019 Overall

Characteristics

Number of cases 374 390 364 373 360 361 226 2448

Gender

Male 39.9 (14.5) 39.0 (14.7) 40.1 (14.7) 41.1 (13.8) 41.1 (15.8) 43.9 (15.3) 43.0 (16.9) 41.0 (15.1)

Female 31.7 (18.8) 33.9 (16.7) 34.0 (18.0) 34.1 (19.2) 33.1 (21.5) 33.5 (21.9) 31.5 (22.5) 33.2 (19.7)

Aetiology

Sports and leisure 13.7 (13.4) 17.7 (14.9) 9.8 (5.7) 15.8 (10.5) 15.1 (13.1) 16.7 (18.7) 16.9 (16.8) 15.4 (14.6)

Assault 33.5 (11.21) 35.8 (19.3) 37.2 (13.8) 34.0 (7.1) 18.5 (21.9) 26.0 (16.0) 8.5 (2.1) 31.0 (16.2)

Transport 37.7 (16.0) 36.5 (14.3) 40.2 (14.3) 37.0 (14.0) 38.8 (15.7) 42.1 (15.0) 40.6 (16.1) 38.8 (15.1)

Low fall 54.1 (15.8) 49.4 (18.9) 48.8 (17.6) 48.6 (16.7) 55.3 (16.8) 52.6 (19.6) 54.7 (21.5) 51.4 (18.1)

High fall 36.9 (12.6) 37.8 (12.1) 38.4 (13.3) 38.4 (12.2) 38.0 (13.9) 40.1 (12.2) 41.4 (14.2) 38.5 (12.9)

Others 39.3 (12.2) 37.6 (12.7) 34.7 (13.5) 42.0 (14.9) 43.5 (15.3) 44.1 (16.7) 43.6 (11.3) 40.6 (14.3)

Results are presented as the mean age at injury, with s.d. shown in brackets.

Fig. 2 Proportion of women and changes in sex among persons
with TSCI relative to age. The proportion of females was highest
among persons younger than 15 years of age; it declined, reaching a
minimum at 45–59 years of age and then slightly increased again.

Fig. 3 Distribution line chart for aetiology according to age. Per-
sons younger than 15 years had mainly sports and leisure injuries,
those aged 15–59 years had mainly transport or high fall injuries and
those older than 60 years were mainly low fall injuries (black line).
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elderly women was low falls, and the percentage was even
higher than in elderly men (48.4% vs 43.1%) (see Supple-
mentary Table S2 for clinical characteristics of persons with
recent TSCI among men and women in the elderly group).

Level and severity of injury

In all, 44.1% of persons with TSCI suffered a cervical
injury, which increased significantly compared to 4.9% in
2002 (χ2= 7980.190, P < 0.001). This increase can be
attributed mainly to an increase in C1–C4 injuries, from
65% of all persons with cervical TSCI in 2013 to 70.3% in
2019. The frequency distributions for the levels of injury
differed significantly among age groups (H= 305.567, P <
0.001) (see Supplementary Fig. S1 for distribution line chart
for injury level according to age). As shown in Supple-
mentary Fig. S1, the number of persons with tetraplegia
gradually increased with age. The most common level of
injury in elderly persons was C1–C8 (74.5%), while T1-S5
injury was more common in persons younger than 60 years
of age (59.6%). From Supplementary Table S2, it can be
further seen that the percentage of C1–4 injury in elderly
men gradually increased. Although C1–4 injury was also
very common in elderly women, the percentage of T1-S5
injury was much higher than in elderly men (χ2= 13.858,
P < 0.001).

The percentage of persons with incomplete SCI (AIS B,
C and D) increased significantly over the study duration,
from 47.8% in 2013 to 56% in 2018 (χ2= 14.395, P=
0.026). The frequency distributions for the severity of injury
differed significantly among age groups (H= 173.445, P <
0.001) (see Supplementary Fig. S2 for distribution line chart
for severity of injury according to age). As shown in Sup-
plementary Fig. S2, the number of persons with incomplete
SCI gradually increased with age. Complete injury (AIS A)
accounted for 51.2% of persons younger than 60 years of
age, while incomplete injury accounted for more, 78.6%, in
elderly persons. Supplementary Table S2 shows that the
percentage of elderly men with incomplete SCI increased
year by year, but no such change was found among
elderly women.

Discussion

The results of this study showed that there was a significant
increase in the mean age of persons with recent TSCI during
the study period. The gradual increase in age was observed
for both sexes and in the transport and high falls groups
(these two groups were the most common causes of injury,
together accounting for more than 50%). More importantly,
we found that the percentage of elderly persons increased
dramatically from 8.8% in 2013 to 14.6% in 2019. This

increase even tended to accelerate year by year. In 2019, we
had a ward renovation; thus, there was a reduction in
admissions, but the percentage of elderly persons was still
very high. In addition, the percentage of persons aged 55
years and older reached 28.3% in 2019. These findings
clearly confirm our hypothesis regarding the changes of an
increased mean age of persons with TSCI and the percen-
tage of elderly persons, which reflect population ageing in
the region.

The mean age at time of injury was 39.1 years, which is
still low compared to the mean age in developed countries
such as the United States (42.2 years) [1], Norway
(47 years) [4], Spain (48 years) [3] and Italy (54 years) [15];
however, our result is among the highest among developing
countries [5]. This result is less than the mean age of par-
ticipants in the 2002 multicentre study in Beijing (41 years)
[12] and lower than the mean age of persons in a single-
centre study in Tianjin (50 years), another neighbouring city
[16]. The number of children with TSCI in the Tianjin
single-centre study was significantly lower than that in our
study, which our analysis suggests might have been due to
the well-known treatment of paediatric SCI in our hospital,
which attracts some paediatric SCI patients from other
provinces and cities.

In addition to the increase in the mean age and the per-
centage of elderly persons, our study found that the
aetiologies also showed some significant changes. Com-
pared to our previous study (Supplementary Table S1),
transport became the leading cause of injury, followed by
high falls, but both were on the decline. The percentage of
low falls increased from 9.6% in 2013 to 15.5% in 2019,
while this aetiology accounted for only 8.3% in 2002. Our
study showed that the percentage of workers and farmers
decreased and was significantly lower than that in the 2002
data. Moreover, the percentage of retirees increased
(Table 1). Despite the predominance of male persons in all
years, the percentage of female persons increased gradually.
The change in marital status is an important indicator,
which is influenced in part by the ageing of the TSCI
population. A previous study showed that married persons
with SCI had better rehabilitation training outcomes and
positive influences on the application of family and social
life [17].

The increasing number of cars, new drivers and poorly
designed roads as well as the lack of separation between
pedestrians and motor vehicles have led to a large number
of traffic accidents in China [18]. A study of the demand for
pre-hospital emergency calls in Beijing found that traffic
incidents and falls accounted for half of all trauma-related
demands and were growing rapidly [19]. The decline in the
percentage of high fall injuries could be related to the
continuous improvement of the safety production system in
recent years, as well as increasing attention from the public
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and the government. It might also be related to the gradual
decrease in large-scale construction projects once economic
development reached a certain stage. Since high falls were
mainly associated with young male workers, these changes
may not only led to an increase in the mean age but also
influenced the occupational and sex characteristics of per-
sons with TSCI. China has become an ageing society, and
Beijing, the capital of China, has become an ageing city
[20], which could lead to an increase in the number of low
falls among the elderly. One local study showed that the use
of emergency medical services for low falls increased from
7.12% to 9.45% as the percentage of the elderly population
increased between 2010 and 2017 [21]. This is true for
elderly persons of both sexes, and our study showed that
percentage of low falls was even higher for elderly women
(Supplementary Table S2). In addition, our study showed a
high percentage of elderly persons with TSCI due to traffic
accidents, which could have been due to the high rate of
non-motor vehicle accidents in recent years (such as those
involving bicycles, tricycles, electric bicycles, electric
wheelchairs for disabled people and power vehicles) [22];
thus, more attention is needed to address this problem.
Notably, for the paediatric persons in our study, the
aetiology was mainly sports and leisure (55.9%), with many
cases being due to dance practice. These cases could con-
stitute a specific type of SCI that is rarely seen in other
countries and further research is needed because the
mechanism of injury remains unclear [23]. Largely due to
this factor, our study showed a high percentage of female
persons aged 0–14 years (Fig. 2).

In all, 44.1% of persons with TSCI in our study suffered
in a cervical injury, which was a significant increase com-
pared to 4.9% in 2002. This increase can be mainly attrib-
uted to an increase in C1–C4 injury. For a variety of
reasons, the severity of neurological impairment was not
collected or analysed in the 2002 study, although this
variable was supplemented for our paper. The results
showed that the percentage of persons with incomplete SCI
increased significantly over the study duration. In marked
contrast to young people, elderly persons were pre-
dominantly tetraplegic, and most had incomplete injuries
(Supplementary Figs. S1 and S2). Our data showed that
elderly women had significantly higher rates of paraplegia
than elderly men. Elderly persons with TSCI are often
caused by minor trauma based on spinal degeneration. Wu
et al. [24] analysed 22,951 hospitalised persons with spinal
degenerative diseases from 2008 to 2014 at a leading
orthopaedic hospital in the region. The results showed that
there was a higher percentage of male persons(P < 0.001)
younger than 45 years with lumbar degenerative spinal
diseases(LDD); however, in persons who were older than
45 years and had LDDs, a higher percentage was female
(P < 0.05). The exact causes of this phenomenon remain

unclear. Possibly related to these factors, there was a gra-
dual decrease in persons with vertebral injury, spinal sur-
gery and associated severe injuries.

Although the majority of elderly persons with TSCI
suffer incomplete injuries, most cases involve central cord
syndrome, and these persons have poor upper limb and
hand function; thus, their ability to live on their own is
significantly limited [25]. In addition, elderly persons are
more likely to develop complications, have limited phy-
siological reserves to overcome traumatic injury and have
an increased risk of death [26]. These new situations will
undoubtedly pose an increasing challenge to spine surgery
and rehabilitation physicians and related institutions.
Since the majority of elderly persons have incomplete
spinal cord injuries and are expected to regain good
function, striving for the ideal treatment for this group
could have a significant impact on prognosis. For exam-
ple, Ahn et al. [6] found that even after researchers
adjusted for influencing factors such as injury severity,
neurological level and trauma severity, diagnosis and time
to surgery remained delayed in elderly persons. Addi-
tionally, Inoue et al. [27] showed that delaying surgery
solely because of advanced age, fear of complications and
other factors did not seem desirable. Truchon et al. [28]
found that the amount of rehabilitation therapy was
positively associated with the change in motor function in
a nonlinear fashion in persons with TSCI and that raising
the amount of therapy received through an increase in
therapy intensity could lead to reduced resource utilisation
and increase cost savings. These findings could be useful
in our daily medical practice.

Given the large sample size, we were able to examine
changes in detail by cross-tabulating several demographic
and injury factors. Furthermore, the categorical variables in
this study refer to the International SCI Core Data Set, as
recommended. The chief limitation of the current study was
the potential for selection bias implicit to a single-centre
analysis. This study might not reflect the actual situation of
persons with TSCI in Beijing; thus, it is impossible to
estimate the regional incidence of persons with TSCI. Data
from the Second National Sample Survey of Disability and
the 2006–2016 Statistical Bulletin on the Development of
People with disabilities in China showed that 41.46% of
persons with disabilities do not receive any rehabilitation
services [29]. In addition, family models play a dominant
role in the life of the elderly in Beijing [30], and many
families believe that elderly persons with SCI only require
care. Thus, it is true that there is a proportion of elderly
persons with TSCI who do not receive rehabilitation or who
are referred to other, non-specialised rehabilitation centres.
Because our institution is regionally recognised as a referral
centre for persons with SCI, our findings, as mentioned
earlier, might overestimate the percentage of persons with
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severe injuries and surgical treatments and underestimate
the percentage of elderly persons.

In conclusion, this paper enhances our understanding of
the regionally changing epidemiological characteristics of
persons with TSCI through a retrospective survey of a large
number of persons. The results of the study confirm our
hypothesis that persons with TSCI are ageing and the per-
centage of elderly persons increases year by year. These
changes are likely due to a combination of population
ageing in the region and changes in the aetiology of TSCI,
with corresponding changes including an increase in per-
sons with cervical TSCI and persons with incomplete
injury. Based on the findings of this study, we strongly
recommend that a new multicentre prospective epidemio-
logical survey of persons with TSCI in the region be initi-
ated as soon as possible to calculate the latest incidence rate
and better assess the injury characteristics in this new
situation. At the same time, we should promote campaigns
for the prevention of low falls, particularly among elderly
persons, and explore better treatment and rehabilitation
options based on their unique pathophysiology.
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