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Objective: To describe the characteristics of spinal cord injury (SCI) individuals in Shanghai and examine their
treatment and rehabilitation for traumatic and complete SCI individuals.

Design: Community-based secondary data analyses.

Setting: Shanghai, China.

Methods: We analyzed gender, age at injury, complications, disturbances of function, treatment, etiology, and
severity of injury of SCI individuals that enrolled in “halfway houses”, government-supported community co-op
centers. Bivariate statistical analyses were conducted to examine the factors associated with complete and
traumatic SCI.

Results: We analyzed 808 SCI individuals who participated in halfway houses in Shanghai during 2009-2015.
The male-to-female ratio was 2.1:1. The proportion of middle or elder age groups at injury (age 46 to 60 and age
61 or over) showed a rising trend from 1970 to 2015. The leading causes of SCls in Shanghai were traumatic
injuries (58%), followed by disease (29.5%). The proportion of traumatic injuries decreased over time, while
the proportion of non-traumatic injuries rose significantly. A majority of traumatic injury individuals were aged
between 16-45.

Conclusion: The middle or elder age groups at injury among SCI individuals increased continuously from 1970 to
2015. The principal causes of injury in Shanghai were traumatic injuries and disease-related injuries. Men had a
higher prevalence of traumatic SCI in Shanghai. Preventive measures should focus on male and middle-aged
adults. As a fast-aging society in Shanghai, more effective prevention, medical care, and rehabilitation schemes
should be implemented for aging SCI individuals.
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Introduction

In a spinal cord injury (SCI), the structures and function of
the spinal cord are damaged by trauma, inflammation,
tumors, or other causes, resulting in impairment of
motor, sensory and autonomic function below the level
of injury."? Since no effective treatment is available to
cure SCI, patients live with the complications and bear
the financial burdens for their lifelong treatment.’ The
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etiology of injury can be traumatic or non-traumatic,
though trauma is a more frequent cause.* The incidence
of traumatic SCI varies across countries and regions,
ranging from 2.1 to 195.4 individuals per million per
year,”® with Asian countries reporting 12.1-61.6 individ-
uals per million.” To our knowledge, a nationwide data-
base of SCIs has not been set up in mainland China, so
existing studies in the literature have all been hospital-
based,'® and most of these studies have focused on trau-
matic SCL"™"? It is estimated that more than a million
SCI individuals lived in China in 2012, with 10,000 to
60,000 new SCI individuals being added every year.'*!?
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Shanghai is one of the most developed cities in China,
with a population of 24.26 million in 2014.'® An esti-
mated population of 10,000 or more SCI patients are
living in Shanghai, with 100-600 new patients each
year. But little research has been done regarding these
SCI patients in Shanghai. The few available reports
are all based on one or a few hospitals in the city. For
example, Hu e al.'” reported the incidence of SCI in
Songjiang, a suburban district in Shanghai, with an inci-
dence of 13.7 per million in the period of 1983-1991,
and Pan er al.'® reported that in another district,
Pudong, the incidence was 25 per million in the period
of 2005-2007. Cheng ez al."® described the epidemiolo-
gic features and effects of surgical treatment of SCI
patients in one Shanghai hospital. All of these studies
had two limitations: First, they were hospital-based in
a single district of Shanghai; second, the study period
was limited.

Rehabilitation enables people with SCI to return
home to their families and communities. However,
owing to limited resources in China, such as rehabili-
tation professionals, only a small proportion of SCI
individuals can receive routine rehabilitation immedi-
ately after their acute care hospitalization.?® In 2009,
the China Association of Persons with Physical
Disability, a government-supported national organiz-
ation, started community co-op centers called
“halfway houses” for SCI individuals in four pro-
vinces: Shanghai, Zhejiang, Henan, and Guangxi.”'
Its main goal was to help SCI individuals to return
to their communities and receive education on how
to improve their daily-living capabilities from rehabili-
tation professionals, thus preventing the complications
and aggravations of disability. In Shanghai, halfway
houses had been set up in all 17 districts by the end
of 2012, which makes Shanghai one of the first few
cities in China to achieve city-wide coverage.
Shanghai’s policy on halfway houses was adopted by
the China Association of Persons with Physical
Disability as the national guideline.*?

This study aimed to answer three questions based on
the data collected from halfway houses in Shanghai: (1)
What are the socio-demographic and disease character-
istics of SCI individuals from halfway houses in
Shanghai, such as age, etiology of injury, and compli-
cations? (2) Which factors are associated with traumatic
injury? (3) Which factors are associated with SCI indi-
viduals with complete injury? The results of this study
will serve as a baseline to develop SCI prevention
measures and to develop effective community-based
interventions to improve the welfare of SCI patients in
Shanghai
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Materials and methods
Halfway houses and SCl patients
Halfway houses in Shanghai are non-residential day
treatment facilities in the community. They provide
persons with SCI with an opportunity to engage in
activity such as workshops with healthcare pro-
fessionals, receiving mutual emotional support, practi-
cing daily-living skills and rehabilitation training
methods from peer mentors, going on outings and
other co-op activities. At home, they also can exchange
information or ask for help via social media within the
larger group of halfway house members. They can also
receive suggestions and help from rehabilitation
doctors or nurses who are volunteers on the spot or
online and have been referred by halfway houses.
Furthermore, some individuals can also be referred by
halfway houses to receive systematic health education
and functional training in Shanghai Sunshine
Rehabilitation Center, the largest and comprehensive
public rehabilitation center in Shanghai for disabled
patients (including SCI persons) after hospital dis-
charge. To be enrolled in halfway houses, social
workers visited SCI patients at their homes to introduce
the idea of the halfway houses and encourage partici-
pation. SCI patients then visited the houses to be
enrolled. During their enrollment process, each
member filled out a paper form that recorded basic per-
sonal and injury information, which was later centrally
archived in the Management Information System of
the Shanghai Disabled Persons’ Federation. In 2015,
there were 21 halfway houses in Shanghai, with each
center having 10 to 96 members. This study analyzed
the data extracted from the Management Information
System of the Shanghai Disabled Persons’ Federation.
We included all 808 individuals with traumatic and
non-traumatic SCI who participated in halfway houses
in Shanghai between 2009 and 2015.

Data and measurement

The data included the individuals’ birth date, gender,
year enrolled in the halfway house, time of injury,
cause of injury, severity of injury, and treatment
received. Furthermore, disturbances of function were
collected based on a multiple choice question: “Do
you have these disturbances of function (i.e. breathing,
movement, sensation, and bladder or bowel control)
currently?” Complications were collected based on the
following question: “Do you have this complication
(i.e. bedsores, pain, urinary tract infections, and spasti-
city)?” with three possible answers (none; once had,
but not now; have now). The causes of injury were classi-
fied as congenital, disease, traumatic, or other. Trauma
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may occur in the course of traffic accidents, sports, falls
or tumbles, gunshot wounds, or violence and is often
associated with spinal fractures and dislocations.”?
Diseases that can result in SCI include inflammatory
disease, tumors, chronic degenerative tuberculosis,
degenerative disc disease, or lesions of the spine and
jatrogenic spinal cord injury.’*** Congenital diseases
can consist of spina bifida aperta and vascular malfor-
mation in the spinal cord, etc.” The severity of the
injury is described as either complete or incomplete,
according to the international standards set forth by
the American Spinal Association (ASIA).?%?’

The symptoms of spinal cord lesions depend on the
extent of the injury or non-traumatic cause, and they
can include deficits in the ability to perform basic
bodily functions, such as breathing, sensation, bowel
and bladder control. Deficit in sensation, or sensory
loss, refers to the loss of sensations such as pain, touch
or temperature. Deficits in motion, or motor loss, refer
to muscle weakness and the inability to use the body.
We defined urination disorders as urinary retention,
urinary incontinence or both, and disorders of defeca-
tion as constipation, fecal incontinence, or both. The
SCI complications included bedsores, pain, urinary
tract infections, and spasticity. The main medical and
rehabilitation treatments received included surgery,
medicine, traditional therapy (e.g., acupuncture, moxi-
bustion, and massage), physical therapy, rehabilitation
training, assistive devices (e.g., orthosis and prosthesis)
and other methods appropriate for SCI individuals.

We calculated the age at injury by birth date and the
mean time from the year of injury to the enrollment year
in a halfway house. The year of injury was divided into
five periods: 1970-1979, 1980-1989, 1990-1999, 2000—
2009 and 2010-2015. In this survey, as in previous
studies,'>?® the age at injury was divided into five
groups: < 15, 16-30, 31-45, 46-60 and > 61 years.

Statistical methods

Descriptive statistics included number of SCI individ-
uals, frequencies and percentages of the subpopulation
groups (gender, age groups at injury, complications,
etiology, severity and treatment distribution), and
mean of time from injury to enrolling in a halfway
house in Shanghai. The means of all continuous vari-
ables were presented with standard deviations (SDs).
The Pearson’s chi-square test was used to evaluate the
significance of differences in sex, age at injury, compli-
cations, etiology, and severity across the injury time
periods. Pearson’s chi-square test was conducted to
examine the factors related with complete and traumatic
SCI. All the statistical tests were two-sided, and a
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P-value less than 0.05 was considered significant. The
Statistical Package for Social Sciences for Windows
(SPSS for Windows 13.0) was used to perform descrip-
tive statistics and chi-square tests.

Results
General characteristics
There were 546 male (67.6%) and 262 female (32.4%) SCI
individuals (male: female = 2.1: 1). The mean time (+
SD) from injury to halfway houses enrollment was 12.8
+ 10.6 years (Table 1). The proportion of men and
women was almost equal before 15 years of age (Fig. 1),
and after age 60 the proportion of men was only 8 percen-
tage points greater than that of female cases. However,
male SCI individuals constituted more than 2/ 3 of all indi-
viduals in the age groups between 16 and 60 years old. The
main age groups of individuals were 4660 years (30.3%,
Table 1) and 31-45 years (29.5%). In short, male and
middle-aged persons had a higher prevalence of SCI.
From the 1970s to the 2000s, the proportion of the
16-30 age group decreased from 76.7% to 13.2%; mean-
while, the proportion of the age groups over 45 years
rose significantly (Table 1). The age groups of men
and women showed similar trends, i.e., the proportion
of 16-30 and 0-15-year-old SCI individuals at the
time of injury was reduced across time (Fig. 2).

Etiology of the injury
The principal cause of spinal injury was trauma, fol-
lowed by disease (Table 1). From the 1970s to the
2010s, the proportion of traumatic injuries decreased
by 31.9 percentage points and the proportion of
disease increased by 22.2 percentage points (P < 0.001).
The principal cause of SCI in individuals younger
than 16 was congenital (Fig. 3), while trauma was the
leading cause of SCI among individuals between 16
and 60 years old. However, disease turned out to be
the principal cause of SCI for individuals after age 60.
Those age groups between 16 and 30 years old were
most likely to sustain traumatic injury (Table 2), fol-
lowed by the age group of 31-45 years and 45-60 years.

Severity of injury

Complete injury accounted for 46.7% of the SCI indi-
viduals (Table 1). The proportion of complete injury
individuals in 2000-2009 was smaller than that of
incomplete injury in 2000-2009, which was much
smaller than that in other periods (Table 1, P <
0.001). Persons younger than 45 were overrepresented
among the complete injury group compared to persons
over age 45 (Table 3).Traumatic injuries were more
likely to be complete (Table 3, P < 0.001).
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Table 1 Characteristics of SCI individuals by year at injury in halfway houses of Shanghai, China.

Variables 1970-1979* 1980-1989  1990-1999 2000-2009 2010-2015 Total P-value
No. individuals 43 119 132 387 127 808

Years ** (mean, SD) 36.3, 3.2 28.3, 3.1 17.9,3.2 7.3,34 15,15 12.8, 10.6

Sex 0.074
male 33 (76.7%) 84 (70.6%) 93 (70.5%) 243 (62.8%) 3(73.2%) 546 (67.6%)

female 10 (23.3%) 35(29.4%) 39 (29.5%) 144 (37.2%) 34 (26.8%) 262 (32.4%)

Age at injury < 0.001
0-15 5(11.6%) 18 (15.1%) 15 (11.4%) 19 (4.9%) 6 (4.7%) 3 (7.8%)

16-30 33 (76.7%) 66 (55.56%)  31(23.5%) 51 (13.2%) 18 (14.2%) 199 (24.6%)

31-45 5(11.6%) 33(27.7%) 62 (47.0%) 116 (30.0%) 22 (17.3%) 238 (29.5%)

46-60 0 2(1.7%) 23 (17.4%) 163 (42.1%) 57 (44.9%) 245 (30.3%)

61+ 0 0 1(0.8%) 38 (9.8%) 24 (18.9%) 63 (7.8%)
Complications*** < 0.001
none 1(2.3%) 13(10.9%) 22 (16.7%) 101 (26.1%) 4(11.0%) 151 (18.7%)

at least one once, but not now 26 (60.5%) 67 (56.3%) 77 (58.3%) 203 (52.5%) 86 (67.7%) 459 (56.8%)

at least one now 16 (37.2%) 39 (32.8%) 33(25.0%) 83 (21.4%) 27 (21.3%) 198 (24.5%)

Etiology < 0.001
congenital 3(7.0%) 10 (8.4%) 8(6.1%) 9 (2.3%) 3(2.4%) 3 (4.1%)

disease 6 (14.0%) 29 (24.4%) 29 (22.0%) 128 (33.1%) 46 (36.2%) 238 (29.5%)

traumatic injury 34 (79.1%) 79 (66.4%) 89 (67.4%) 207 (68.5%) 60 (47.2%) 69 (58.0%)

other 0 1(0.8%) 6 (4.5%) 43(11.1%) 18 (14.2%) 8 (8.4%)

Severity < 0.001
incomplete 19 (44.2%) 52 (43.7%) 61 (46.2%) 238 (61.5%) 61(48.0%) 431 (63.3%)

complete 24 (55.8%) 67 (56.3%) 1(53.8%) 149 (38.5%) 66 (52.0%) 377 (46.7%)

*Year at injury; **time from injury to enrolling in halfway houses in Shanghai; ***includes bedsores, pain, urinary tract infections, and
spasticity.

Treatment received
The treatment choices for SCI and its complications in

Depending on the severity of the injury and the
characteristics of the SCI individuals, it was expected

different SCI patient groups are related to the etiology
of the injury (Table 4). Surgery and rehabilitation train-
ing were the main choices for traumatic SCI individuals,
while medicine, assistive devices, and rehabilitation
training were leading options for the disease-initiated
SCI individuals.
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that there would be different treatment received.
The proportion of complete-injury individuals receiving
surgery, traditional therapy, and physical therapy was
significantly greater than that of incomplete-injury indi-
viduals, many of whom preferred rehabilitation training
and assistive devices (Table 4).
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Figure 1. Distribution of gender by age at injury

Figure 1 Distribution of gender by age at injury.
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Figure 2 Percentages of age groups by year at injury of SCI individuals (A: male; B: female). The age at injury was divided into five
groups: < 15, 16-30, 31-45, 46-60 and > 61 years.

Complications and disturbances of function
Among SCI individuals, 24.5% had at least one compli-
cation currently, and 56.8% had at least one complication

before they enrolled in the halfway houses but reported
none currently (Table 1). In this study, the disturbances
of function were as follows: 44.2% of patients had
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Figure 3 Distribution of etiology by age at injury. The etiology was classified as congenital causes, disease, traumatic causes, or
other.
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Table2 Characteristics of SCl individuals in traumatic vs. non-
traumatic groups.

Non-traumatic,

Variables Traumatic, n (%) n (%) P-value
Sex 0.004
female 133 (50.8%) 129 (49.2%)
male 336 (61.5%) 210 (38.5%)
Age at injury < 0.001
0-15 19 (30.2%) 44 (69.8%)
16-30 145 (72.9%) 54 (27.1%)
31-45 147 (61.8%) 1(38.2%)
46-60 136 (565.5%) 109 (44.5%)
61+ 22 (34.9%) 41 (65.1%)
Year at injury < 0.001
1970-1979 34 (79.1%) 9 (20.9%)
1980-1989 79 (66.4%) 40 (33.6%)
1990-1999 89 (67.4%) 43 (32.6%)
2000-2009 207 (53.5%) 180 (46.5%)
2010-2015 60 (47.2%) 67 (52.8%)

observable respiratory problems; about half (47.9%) had
motor loss, and only 15.3% could stand or walk for
short distances; about one tenth (9.7%) had no sensory
disorder, while the rest suffered partial sensory disorder
(50.9%) or had loss of sensation (39.5%); and 80.6%
had urination disorders, with 78.8% having disorders of
defecation.

Discussion

To the best of our knowledge, this study was one of the
first few community-based SCI studies in China.
Although there is still a selection bias among SCI
patients chosen to participate in the halfway house
activities, the sample is more representative at the city
level than hospital-based or district-based SCI patient
samples. The results provide first-hand evidence that
will be useful in designing the prevention, treatment,
and rehabilitation of SCI individuals in Shanghai, as

Table 3 Characteristics of SCI individuals with incomplete or
complete injury.

Variables Incomplete, n (%) Complete, n (%) P-value
Sex 0.347
female 146 (55.7%) 116 (44.3%)
male 285 (52.2%) 261 (47.8%)
Age at injury 0.015
0-15 27 (42.9%) 36 (57.1%)
16-30 96 (48.2%) 103 (561.8%)
31-45 121 (50.8%) 117 (49.2%)
46-60 150 (61.2%) 95 (38.8%)
61+ 37 (58.7%) 26 (41.3%)
Etiology < 0.001
traumatic 267 (56.9%) 202 (43.1%)

non-traumatic 229 (67.9%) 110 (32.4%)
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well as in other cities in China or in other developing
countries.

We found more male SCI individuals than female
individuals in Shanghai, especially in the patient
population older than 16, possibly reflecting the differ-
ent risk exposures between men and women. Similarly,
our results indicated that individuals aged 31 to 60
years old were more likely to experience SCI than
other age groups. Therefore, middle-aged men should
be the top priority for SCI prevention efforts in
Shanghai.>7!%1213.2931 Byt we found that the pro-
portion of women diagnosed after 60 years of age had
increased, possibly because of less family commitments;
therefore, aging women are also worth special attention
in the prevention of SCI.'"""?

The main finding of this study is the rising age at
injury in SCI individuals in Shanghai over the last
four decades. This might reflect two different demo-
graphic events. First, Shanghai has become an aging
society since 2000; 28.8% of the city’s residents were
older than 60 at the end of 2014.%* The life expectancy
of the enrolled population had increased from 73.4
years in 1978 to 82.3 years in 2014.>* Since other cities
in China have also entered into an “aging society”
mode, there is no doubt that the average age of SCI indi-
viduals has increased simultaneously in those locales.**
For example, the high-risk age group for SCIs had
shifted from 20-39 years in 1982-1986°> to 30-40
years in 2002°° in Beijing. Studies from North
America,””° Finland,*! and Brazil** revealed the
same pattern of increasing age at injury for SCI individ-
uals. Second, the increasing age at injury could be
related to changes in etiology over time. This study
suggested that the main etiology of SCIs in Shanghai
were traumatic injuries, which was in line with other
studies.'?*%4243 While the proportion of traumatic inju-
ries decreased, the proportion of non-traumatic injury
rose significantly from 1970 to 2015. The continuing
increases in tumorigenesis, osteoporosis, and degenera-
tive diseases** in an aging society like China may con-
tribute to the increase in non-traumatic SCI. In fact,
non-traumatic SCI individuals were more likely to
have incomplete injury and have a more favorable prog-
nosis after active treatment.® It has been predicted that
the number of people older than age 60 in China will
be 438 million by 2050,'° so the country’s health care
system needs to be prepared to treat more non-traumatic
SCI individuals.

Compared to the proportion of complete SCI individ-
uals in developed countries, the rate in Shanghai was
still relatively high. For example, the United States
reported the proportion of complete SCI in all SCI
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Table 4 Medical treatment and rehabilitation received for SCI individuals by the severity of injury and etiology.*

Assistive
devices (eg., Physical
Total Medicine Rehabilitation orthosis, therapy Traditional Other P-

Variables (n) Surgery(%**) (%) training (%) prosthesis) (%) (%) therapy (%) (%) value
No. 808 53.8 49.0 46.9 411 21.3 17.0 17.7
individuals
Severity <

0.001
incomplete 431 48.5 48.0 49.4 441 15.3 11.4 23.0
complete 377 59.9 50.1 44.0 37.7 28.1 23.3 1.7
Etiology <

0.001
congenital 33 24.2 48.5 39.4 54.5 21.2 27.3 9.1
disease 238 529 68.1 55.0 57.1 26.5 21.4 16.4
traumatic 469 63.5 45.8 46.1 34.8 21.3 15.6 109
injury
other 68 4.4 4.4 27.9 221 2.9 5.9 735

*Patients could receive more than one type of treatment; **percentage based on cases.

individuals as 55.6% in 1973-2003 but decreased to 34%
in recent years.** Canada has reported that approxi-
mately two thirds of SCIs in that country were complete
in the 1950s, but the proportion decreased to 45% in the
1980s*® and 35% in 1997-2001.%” This means the pro-
portion of complete SCI individuals in Shanghai still
has room to decrease. The most promising way to
reduce complete SCI individuals would be to reduce
traumatic injuries, since our study shows that traumatic
injuries were more likely to be related to complete
injuries.

Shanghai, as one of the most developed regions in
China, has the resources to spend on effective programs
to prevent and treat SCI individuals. This study
suggests several steps for the city to improve the
welfare of SCI individuals. First, it is essential to estab-
lish a surveillance system. In the future, comprehensive
data must be collected and analyzed to help identify
and track individual SCI patients in Shanghai.*’
Second, similar to other countries and regions, trau-
matic injuries are still the principal cause of SCI in
Shanghali, so it is recommended that exposures to trau-
matic risks be reduced with improved security
measures, especially in high-risk industries,*® and in
traffic* and law enforcement'®* to reduce the inci-
dence of accidents. Last but not least, more research
on halfway houses will help evaluate the effectiveness
of these interventions and improve care for SCI individ-
uals in Shanghai. This research revealed that one-
fourth of those with SCIs still suffered from compli-
cations, which was similar to the result obtained in
other regions in China.** In addition, disturbances of
function remained a serious problem. It is necessary
to take further steps to relieve these burdens.
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Literature suggests that rehabilitation could improve,
substitute for, and help reconstruct impaired functions.
The sooner such rehabilitation is initiated, the more
likely patients are to improve in their ability to
manage their activities of daily living and even partially
restore their ability to work, thus elevating their living
quality and life quality. But before 2009, most SCI indi-
viduals could not receive any rehabilitation services
after their medical discharge because of limited
resources. Currently in China, the number of individ-
uals in halfway houses has exceeded 3,000. More
such houses could be established in the communities
with high concentrations of SCI individuals across
cities in China.”!

The study has a few limitations to acknowledge. First,
we conducted a census of all SCI individuals enrolled in
halfway houses. However, not every SCI patient has the
same probability of being enrolled in halfway houses,
since some individuals may not be aware of this organ-
ization or are not interested in enrolling. This potential
selection bias indicates that the study population may
not be fully representative. That is to say, the data in
this study only represent SCI individuals admitted in
the halfway houses program; ergo the interpretation of
the results may not be applicable to all SCI individuals
in Shanghai. Furthermore, the size of the study popu-
lation was limited. Given the national SCI prevalence
of 1 in 1,370 individuals in China in 2010, there are
about 10,000 SCI individuals in Shanghai. Despite
this, our study sample still represents a non-trivial
portion of SCI individuals in that city. Finally, infor-
mation about the level of injury, cause of injury, and
complications is still lacking more significant detail in
the original database.



Conclusions

In summary, this article covered selected SCI individuals
from halfway houses in Shanghai, among whom years
of injury spanned for four decades (1970-2015). The
results are important for a baseline assessment of the
SCI population in Shanghai and are crucial for preven-
tion and treatment policy improvement for SCI individ-
uals. The government agencies of China need to
implement effective policies to target high-risk groups,
such as middle-aged men, for injury prevention.
Additionally, more research is needed to understand
the trajectory of SCI individuals’ recovery in halfway
houses, such as treatment effectiveness, complications,
and disturbances of function of SCI individuals.
Finally, the establishment of a SCI database should be
added to the agenda as soon as possible.
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