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A traumatic spinal cord injury (TSCI) is 
a life-changing event for an individ-
ual and their family/whānau. Vast 

costs are also associated with the extensive 
treatment, rehabilitation and lost productiv-
ity incurred.1 The incidence for TSCI varies 
worldwide.2,3 Recent multinational studies 
also suggest demographics are changing 
over time, with an increasing median age of 
TSCI and higher incidence in older adults.3,4 

Previously published data on the epidemi-
ology of TSCI in New Zealand is limited but 
suggests it may have one of the highest rates 
of TSCI in the western world, particularly 
among Māori and Pacifi c Islanders.5,6 Under-
standing the demographics of this specifi c 
cohort will support healthcare planning, 
shape clinical research priorities and assist 
patient care to achieve optimal quality of 
life, social and economic outcomes.

The aim of this study is to utilise the newly 
established New Zealand Spinal Cord Injury 
Registry (NZSCIR) to better understand 

the epidemiology and demographic trends 
of patients admitted for spinal rehabili-
tation following TSCI in New Zealand over 
a 10-year period, from January 2007 to 
December 2016.

Methods
Patient population and the NZSCIR

Currently two centres provide spinal 
injury rehabilitation care in New Zealand, 
the Auckland Spinal Rehabilitation Unit 
(ASRU) and the Burwood Spinal Unit 
(BSU, Christchurch). The units were estab-
lished with the aim that each location 
will serve half of the total New Zealand 
population (currently 4.69 million, 2018 
census); however, due to the skewed popu-
lation distribution in New Zealand the 
geographical catchment areas of each centre 
varies. The ASRU covers injuries sustained in 
the upper North Island, while the Burwood 
Spinal Unit (BSU) covers the lower North 
Island and the whole of the South Island.

ABSTRACT 
AIM: To investigate the epidemiology of traumatic spinal cord injury (TSCI) in New Zealand over a 10-year 
period.

METHODS: Ambispective data of all new patients admitted to New Zealand’s two spinal rehabilitation 
units between January 2007 and December 2016 (n=929) were collated. Variables assessed included age at 
injury, gender, ethnicity, date of injury, aetiology, length of hospital stay, injury level, neurological status on 
discharge and discharge destination.

RESULTS: The incidence of TSCI averaged 22 (95% CI 21–24) per million, increasing 6% a year. The average 
incidence for Māori (29 per million people (95% CI 25–34)) was 1.8 times higher than New Zealand European 
(16 per million people (95% CI 15–18)), and show an increase of 14% a year. The median age of TSCI increased 
from 43 to 48 years. Overall, falls (32%), transport (32%) and sports (22%) were the most common causes 
of TSCI. Cervical TSCI (54%) were most common, particularly in older adults (70% over 75 years) and Māori 
(61%) and Pacific Island (72%) patients. Surgical rates remained stable (77%) but length of stay in hospital 
decreased over the study period. 

CONCLUSIONS: The demographic of TSCI is changing in New Zealand. The median age of patients is 
increasing, as is the incidence, particularly for women, older adults and Māori patients. 
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In 2016, the NZSCIR was established in 
partnership with the Rick Hansen Institute 
(Canada), to collect relevant data on all 
patients sustaining a traumatic or non-trau-
matic SCI (NTSCI) in New Zealand. The 
NZSCIR prospectively records a minimal 
data set (MDS) (Table 1), comparable to the 
Rick Hansen Spinal Cord Injury Registry, for 
all patients admitted to both New Zealand 
spinal units and full prospective data on 
patients who give consent.8 The NZSCIR 
defi nes SCI as impairment of the spinal 
cord or cauda equina function resulting in 
either a motor or sensory defi cit or both.9 To 
support the aims of this study, retrospective 
admission data from both rehabilitation 
units was used to identify all patients 
admitted from 1 January 2007 to 31 July 
2016. MDS data (Table 1) were collected on 
these patients from electronic and hard copy 
medical notes and entered into the NZSCIR 
by three research assistants under the 
guidance of an NZSCIR Coordinator. Where 
data was unavailable, the respective fi elds 
were left ‘unknown’. 

These data were combined with fi ve 
months of prospective MDS data from the 
NZSCIR, providing a combined 10-year 
ambispective cohort from January 2007 
to December 2016. The inclusion criteria 
involved adult patients (age >16 years) 
admitted to either spinal unit for rehabili-
tation with a new TSCI. Patients with NTSCI 
were excluded from this study.

Aetiology was coded using the adapted 
International Classifi cation of External 
Causes of Injuries (ICECI), as per the Interna-
tional SCI Core Data Set.10 Sports, transport 
and falls were further classifi ed, including a 
free text description. ‘Other Traumatic Cause’ 
includes SCI following medical procedures 
which directly injured or caused vascular 
compromise (eg, ischaemia or infarction) to 
the spinal cord or cauda equina. 

Length of hospital stay was recorded in 
days, from acute admission at any New 
Zealand hospital to discharge from the 
spinal rehabilitation unit. International 
Standards for the Neurological Classifi -
cation of Spinal Cord Injury (ISNCSCI) on 
rehabilitation discharge was collected, 
giving a single neurological level (SNL) 
and an American Spinal Injury Association 
Impairment Scale (AIS) grade. Neurological 
level was categorised anatomically as C1-4, 
C5-8, Thoracic, Lumbosacral. The AIS is a 
standardised grading system used to classify 
the severity (completeness) of neurological 
injury in individuals with SCI.11 It is based 
on the testing of power in key muscle 
(motor) groups (graded as 0 (no movement) 
to 5 (full strength)), a dermatomal based 
sensory function examination combined 
with an anorectal assessment. The 5-point 
ordinal AIS classifi es individuals from “A” 
(complete SCI) to “E” (normal sensory and 
motor function) based on this assessment of 
motor, sensory and anorectal function below 

Table 1: NZSCIR minimal data set.

Age at injury

Gender

Ethnicity

NZ residency (Yes/No)

Date of injury

Aetiology (sports, assault, transport, fall, other traumatic cause, non-traumatic spinal cord 
dysfunction, unspecified/unknown)

Length of hospital stay (acute and rehabilitation phases)

Discharge destination

ISNCSCI* (SNL$ and AIS^) at discharge

*International Standards for Neurological Classification of Spinal Cord Injury; $Single Neurological Level; ^American 
Spinal Injury Association (ASIA) Impairment Scale.
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the injured neurological level.11 Patients 
with AIS Grade B injuries have some sensory 
function preserved but no motor function 
below the injured neurological level, AIS C 
injuries have motor function preserved with 
half the muscles below the injured level 
having a muscle grade less than 3 (full active 
movement against gravity but without resis-
tance), while AIS D injuries have a motor 
grade of 3 or more in at least half of key 
muscles below the neurological level.11

Analysis
The data were imported from NZSCIR into 

SPSS V25.0 to produce descriptive demo-
graphic and aetiologic summaries for the 
incident TSCI cases. The incidence rates 
were calculated using the New Zealand 
Census data from 2006 and 2013, and 95% 
confi dence intervals calculated using a 
Poisson approximation. 

Ethics approval
The study was approved by the University 

of Otago Ethics Committee (Health) 
HD19/029.

Results
Data from 929 patients were collected 

over the 10-year interval from January 2007 
to December 2016. 

The absolute number of cases of admis-
sions per year ranged from 72 to 126, 
with a mean of 93. Data showed a trend of 

increasing numbers per year (Figure 1). 
The proportion of male to female injuries 
decreased over the study period, with 
males accounting for 79% of admissions in 
2007 and 72% in 2016.  Comparisons of the 
fi rst and last years of the 10-year period 
show female admissions had more than 
doubled (15 in 2007 to 32 in 2016), while 
males only increased 1.4 times (57 in 2006 
to 83 in 2016).

The mean national annual incidence of 
TSCI was 22 per million people (95% CI 
21–24). The mean incidence of TSCI in men 
was 34 per million (95% CI 32–37) and 11 
per million people (95% CI 10–12) in women. 
Over the 10-year study period, the incidence 
of TSCI increased on average 6% per year 
(Figure 2). 

Age
The mean age of patients increased from 

43 years to 48 years over the 10-year period. 
In every age group, there was an increased 
annual incidence of TSCI, with the greatest 
increases in people over the age of 55. In 
the study’s fi nal year (2016) the age bracket 
of 55–74yr had the highest incidence of all 
age ranges (Figure 3).

Ethnicity
The highest incidence of TSCI was in the 

Māori population with mean rates of 29 per 
million people (95% CI 25–34), compared 
to New Zealand Europeans 16 per million 

Figure 1: Traumatic spinal cord injury (TSCI) admissions 2007–2016.
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people (95% CI 15–18) and Pacifi c Islanders 
17 per million people (95% CI 13–23) (Figure 
4). TSCI in Māori was 1.8 times more 
frequent than in New Zealand Europeans. 
 The rate of increase in incidence of TSCI in 

the Māori population was approximately 
14% throughout the study period while the 
incidence among the New Zealand European 
and Pacifi c Islander groups remained 
largely static.

Figure 2: Traumatic spinal cord injury (TSCI) incidence rates 2007–2016. 

Figure 3: Age-specifi c traumatic spinal cord injury (TSCI) incidence rates 2007–2016. 

Figure 4: Traumatic spinal cord injury (TSCI) rates by ethnicity.
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Aetiology
Over the 10-year study period the most 

common aetiology of TSCI was transport 
(32%), followed by falls (31%) and sports 
(21%). Aetiology varied signifi cantly 
according to age. Motor vehicle crash and 
sports were the most common mechanisms 
of injury in younger cohorts and falls was 
the most prevalent cause in patients over 60 
years (Figure 5).

A breakdown of the specifi c aetiology of 
sports-related TSCI are shown in Table 2. 
Team ball sports (eg, rugby) remained the 
most common sporting cause overall (20%), 
however rates varied signifi cantly with 

age. Team ball sports (eg, rugby) was the 
most common sporting mechanism in the 
16–30 age group, causing 31% of sporting 
injuries, while water sports (eg, diving) was 
the most common cause in 31–45 year-olds 
(23%) and wheeled non-motorsports (eg, 
mountain biking) was most common in ages 
46–75 (37%).

Surgical intervention 
Over the last 10 years the surgical rate 

remained stable, with 77% (range 66–83%) 
of patients receiving surgical management. 
Surgical management was most common in 
the 16–30 age group (88%). Rates of surgical 
intervention declined with age (Figure 6).

Figure 5: Aetiology of traumatic spinal cord injury (TSCI) by age group.

Table 2: Detailed sports aetiology.

 Sport Total %

Team ball sports eg, rugby, soccer, basketball 36 20%

Wheeled non-motorsports eg, mountain biking, cycling, skateboarding 32 18%

Individual water sports eg, diving, surfing, swimming 32 18%

Wheeled motor sports eg, motorcross, o� -roading 19 11%

Ice or snow sports eg, snowboarding, skiing 15 9%

Equestrian sports 13 7%

Aero sports eg, paragliding, skydiving 11 6%

Other eg, adventure, acrobatic, boating 19 12%
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Duration of hospital admission 
The length of stay (LOS) reduced from 

a median of 105 days in 2007 to 77 days 
in 2016 (Figure 7), a trend evident at both 
individual rehabilitation centres. The LOS 
did not appear to be infl uenced by ethnicity, 
with New Zealand Europeans (93 days), 
Māori (96 days) and Pacifi c Islanders (91 
days) sharing similar timeframes.

Neurological injury level 
Cervical level injuries were most common, 

accounting for 54% of all injuries (52% 
C1-4 and 48% C5-8), while thoracic injuries 
accounted for 28% of TSCI and 18% of 
patients had a lumbo-sacral injury. Cervical 
injuries were more common in the older age 
groups, peaking at 65% (57% C1-4, 43% C5-8) 
in the 61–75 age group (Figure 8). 

Figure 6: Percentage of traumatic spinal cord injury (TSCI) patients who underwent surgery.

Figure 7: Median length of stay (days) Traumatic Spinal Cord Injury (TSCI). 
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People identifying as Pacifi c Island and 
Māori had a higher proportion of cervical 
injuries, with 76% (54% C1-4, 46% C5-8) 
of Pacifi c and 61% (58% C1-4, 41% C5-8) 
of Māori patients with a cervical injury, 
compared to only 50% (50% C1-4, 50% C5-8) 
of New Zealand European patients. 

Impairment level on discharge
Over the 10-year period there was a 

decrease in the proportion of patients with 
an AIS-A impairment score on discharge. In 
2007, 40% of patients were discharged with 
an AIS A, in 2016 this number decreased 
to 30%. Over the same time period the 
proportion of patients with AIS D increased 

from 34 to 49% (Figure 9). AIS A injuries 
were more common in younger patients 
(41% of patients aged between 16–30 (Figure 
10) compared with the >75 age group (11%). 

Discharge destination 
The number of patients discharged home 

following rehabilitation steadily declined 
over the study period from a high of 88% 
in 2008 to 77% in 2016. Patients being 
discharged to their own home was less 
common in older adults (only 51% for people 
aged >75). However, the rates of patients 
discharged home did not differ across ethnic-
ities (New Zealand European (78%), Māori 
(78%) and Pacifi c Islander (86%)). 

Figure 9: Percentage of patients by discharge AIS score.

Figure 8: Age stratifi ed neurological level of traumatic spinal cord injury (TSCI).

ARTICLE



54 NZMJ 7 February 2020, Vol 133 No 1509
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Discussion
This study is the largest and most compre-

hensive report to date on the epidemiology 
and demographic trends of TSCI in New 
Zealand patients.5,6 The mean annual inci-
dence of TSCI in New Zealand over the 
10-year period is 22 (range 17–30) per million 
people. This rate is lower than previously 
reported (49 per million people in 1998) but 
is consistent with the current estimated glob-
al-incident rate of 23 per million.5,6,12 

The demographic of TSCI in New Zealand 
has changed over the last 10 years. While 
TSCI in men (34 per million) is three 
times more frequent than women (11 per 
million), the incidence is increasing faster 
in women (9% per year) than for men (6% 
per year). Epidemiological studies of TSCI 
in Japan have also noted a reduced male 
predominance, with the male to female 
ratio reducing from 4:1 in 1990, to 2:1 more 
recently (2004–2013).15 Over the 10-year 
study period the mean age of patients 
sustaining a TSCI increased from 43 to 48 
years. Concordantly incidence rates in the 
older age groups showed the biggest change, 
increasing 11% and 10% per year in the 
55–74 and >75 age groups respectively. 

Over the 10-year study period the leading 
causes of TSCI were falls (32%), transport 
(32%) and sports (22%). Comparatively, in 
1993 the reported leading causes of TSCI 
in New Zealand were transport (54%), falls 
(24%) and sports (11%).5,12 The pattern 
of decreasing transport-related TSCI and 
increasing number of TSCI from falls is 

consistent with other developed coun-
tries.2,4,12,14,15 Age infl uences aetiology, with 
falls more common in older adults (the cause 
for 70% of patients over the age of 75), while 
transport remains the most frequent mech-
anism in younger (16–30 years) cohorts. 

A 2016 systemic review identifi ed 
New Zealand as having the third highest 
proportion of TSCI as a result of sports 
injuries worldwide (behind Russia and Fiji) 
based on a rate of 20% reported in 1993.5,17 

This study’s recorded proportion of TSCI due 
to sports injuries of 22% remains high and 
would maintain New Zealand’s standing in 
this comparison. Globally, rugby is respon-
sible for 23% of all sporting-related TSCI 
and its popularity in New Zealand has been 
suggested as the reason for the high rates 
of sporting-related TSCI in this country.5 In 
1993, Dixon et al5 reported rugby caused 
74% of sporting TSCI in New Zealand.5 In 
comparison we identifi ed team ball sports 
(including rugby) to be responsible for 20% 
of all sports-related TSCI in New Zealand 
over the recent 10-year period.17 Interna-
tionally, diving is the most prevalent cause 
of sports-related TSCI (35%)17, however this 
was not the case in our New Zealand popu-
lation (18%). Water-related incidents caused 
4.6% of all TSCI in New Zealand, a rate 
almost half that of Australia (9.0%).12 While 
the global rate of TSCI related to cycling 
is recorded as 5.5%, we found wheeled 
non-motorsport (including cycling and 
mountain biking) represented 18% of sport-
ing-related TSCI in New Zealand.17 A recent 
study has shown cycling to be increasingly 

Figure 10: Age stratifi ed AIS score on discharge.
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popular in New Zealand with hospital 
admissions from cycling injuries increasing 
17% per year from 2012–2016.19 

Cervical TSCI was the most common level 
of injury, occurring in 54% of patients. This 
level of injury is more common in older 
adults, with 62% of patients over 60 having 
a cervical TSCI compared to 47% of patients 
aged between 16–30 years. This is consistent 
with other global studies, including a 
Canadian study that found the proportion 
of cervical injuries was 88% in people >75 
years, versus 46% in patients aged <35 
years.2 Our study found cervical injuries 
were more common in Pacifi c Islanders 
(76%) and Māori (61%) compared to New 
Zealand Europeans (50%). The higher 
incidence of cervical TSCI may be due to 
anatomical differences in the spine, with 
Māori having 1mm and Pacifi c Islanders 
having 2mm smaller cervical canal than 
New Zealand Europeans.20 Overall, the 
majority of patients received surgery for 
their TSCI (77%). The highest proportion 
of patients who had surgery were in the 
younger age groups (89% in under 30 years), 
consistent with recent Canadian studies.1,2 

Low-energy incomplete (particularly AIS D) 
cervical TSCI’s are often managed non-op-
eratively and the probable reason for the 
lower surgical rates in the older age groups 
(66% in >75 years).1,2

One key fi nding of the study was that rates 
of TSCI in  Māori were 1.8 times greater than 
New Zealand Europeans and increasing at 
a faster rate than both New Zealand Euro-
peans and Pacifi c Islanders. Further work 
is needed to understand the basis for this 
disproportionate representation in Māori, 
given Pacifi c Islanders have a lower rate of 
injury despite also having smaller cervical 
canals than New Zealand Europeans. 

Demographic information from this 
study maybe useful to identify preventative 
strategies aimed at reducing the numbers 
of TSCI. While we did not stratify aeti-
ology data by gender, the increasing rates 
in both older adults and female patients 
are possibly explained by an increasing 
rate of trauma in older adult women from 
low energy falls resulting in incomplete 
cervical TSCI (eg, central cord syndrome), 
a trend noted worldwide.2,4,13–15 While the 
reason for increasing falls in older adults is 

multifactorial, most falls happen at home. 
Therefore, programmes to raise awareness 
and improve home safety and design are 
important to consider in future health 
resource allocation.4 In addition, a focus 
on cycle safety may need to be a priority in 
New Zealand. 

There seems to have been signifi cant 
progress in reducing the number of rugby 
and transport-related TSCI. “RugbySmart” 
was introduced in New Zealand by Accident 
Compensation Corporation (ACC) and 
New Zealand Rugby Union (NZRU) in 
2001, which focused on educating rugby 
participants about physical conditioning, 
injury management and safe techniques 
in the contact phases of rugby. This coin-
cided with a reduction in the rate of SCI 
arising from scrums in rugby union.21 In 
2007, new rugby scrum laws were imple-
mented, which have been implicated in the 
reduced rate of rugby-related TSCI in South 
Africa17 and may partly explain the reduced 
rate in our study. Further analysis of the 
cohort of people injured playing rugby is 
planned. The reduction in transport-re-
lated TSCI is postulated to be a result of 
improved car safety (seatbelts, air bags etc), 
improved roading and more awareness/
advice on road safety.2,4,15 Of note, the New 
Zealand Ministry of Transport reports a 
41% decrease in both morbidity and 50% 
reduction in mortality from motor vehicle 
crashes from 1993 to 2016.18 

The strengths of this study include the 
large patient numbers and the 10-year 
timeframe. However, the majority of data 
were retrospectively gathered and thus 
limited by the extent and quality of data 
initially recorded and recovered. The 
prospective collection of NZSCIR data from 
2016 onwards will negate these issues in the 
future. The data in this study may underes-
timate the true fi gures as some TSCI patients 
in New Zealand, specifi cally patients with 
minor defi cits, are not always referred for 
SCI rehabilitation.

This study represents the fi rst signif-
icant epidemiology publication based 
on information from the recently estab-
lished NZSCIR. These insights help health 
providers understand our current patient 
population and have highlighted areas 
where further analysis may identify 
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opportunities to improve outcomes. It has 
initiated further studies on the over-repre-
sentation of Māori patients in this cohort 
and the changing status of rugby-related 
injuries. It directs health professionals 
and funders to anticipate a future where 
older adults will make up an increasing 
proportion of patients requiring treatment 
and rehabilitation. Collecting identical 
data to our parent Canadian-wide registry 
provides a unique opportunity to contin-
ually compare demographics and treatment 
practices on a country-wide basis with a 
respected and established international 
leader in SCI research. 

Conclusion
This study provides the most current, 

extensive and accurate epidemiology 

review of TSCI in New Zealand and has 
identifi ed important demographic trends 
in this patient cohort. The incidence of 
TSCI is increasing particularly in older 
adults, women and Māori. Falls are the 
most common cause of TSCI particularly 
in older adults, while cervical TSCI are the 
most common level of injury, with higher 
rates in Māori and Pacifi c Islanders. We 
confi rmed a high proportion of sporting-re-
lated TSCI compared to other countries, 
with the highest rates in team ball sports 
(eg, rugby), individual water sports (eg, 
diving) and wheeled non-motorsports (eg, 
cycling/mountain biking). Despite previously 
recorded high rates of rugby-related TSCI in 
New Zealand, these have moderated. Future 
New Zealand public health resourcing and 
prevention strategies need to be cognisant of 
the trends demonstrated.
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