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Study Design: Retrospective database analysis.
Purpose: To identify risk factors that predict mortality following acute spine fractures in geriatric patients of Singapore.  
Overview of Literature: Acute geriatric spinal fractures contribute significantly to local healthcare costs and hospital admissions. 
However, geriatric mortality following acute spine fractures is scarcely assessed in the Asian population.
Methods: Electronic records of 3,010 patients who presented to our hospital’s emergency department and who were subsequently 
admitted during 2004–2015 with alleged history of traumatic spine fractures were retrospectively reviewed, and 613 patients (mean 
age, 85.7±4.5 years; range, 80–101 years; men, 108; women, 505) were shortlisted. Mortality rates were reviewed up to 1 year after 
admission and multivariate analyses were performed to identify independent risk factors correlating with mortality.
Results: Women were more susceptible to spine fractures (82.4%), with falls (77.8%) being the most common mechanism of injury. 
Mortality rates were 6.0%, 8.2%, and 10.4% at 3, 6, and 12 months, respectively. The most common causes of death at all 3 time 
points were pneumonia and ischemic heart disease. Based on the multivariate analysis at 1-year follow-up, elderly women had a 
lower mortality rate compared to men (p<0.001); mortality rates increased by 6.3% (p=0.024) for every 1-year increase in the patient’s 
age; and patients with an American Spinal Injury Association (ASIA) score of A–C had a much higher mortality rate compared to those 
with an ASIA score of D–E (p<0.001).
Conclusions: An older age at presentation, male sex, and an ASIA score of A–C were identified as independent factors predicting 
increased mortality among geriatric patients who sustained acute spine fractures. The study findings highlight at-risk groups for acute 
spine fractures, thereby providing an opportunity to develop strategies to increase the life expectancy of these patients.
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Introduction

In Asian countries, the proportion of people older than 

65 years has been increasing rapidly. According to official 
statistics regarding population trends, the percentage of 
elderly people in Singapore has grown from 6% to 12.4% 
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in the past 15 years, and this percentage is only expected 
to increase in the years ahead. As the population ages, the 
frequency of acute geriatric spinal trauma increases ex-
ponentially [1-4]; occurs despite low energy mechanism, 
such as minor falls [5-7], which increase proportional to 
the individual’s age [8,9].

As individuals age, their posture, protective reflexes, 
lower extremity proprioception, vision, and vestibular sys-
tem functions deteriorate. This deterioration coupled with 
other age-related comorbidities, such as osteoarthritis of 
the joints and neuromuscular or neurological disorders, 
has the potential to reduce mobility and postural stability, 
thereby predisposing them to falls [9]. In addition to hav-
ing an increased risk of falls, the frequency of osteoporosis 
in individuals of this age group is high, predisposing them 
to hip, spine, or distal radius fractures [10].

Vertebral fractures cause significant complications, 
including chronic back pain, height loss, kyphosis, and 
activity limitations [11-13]. These complications might 
be associated with increased mortality [14]. As such, the 
significance of the association between spinal trauma 
and mortality cannot be underestimated [15]. Given the 
significant costs of healthcare and rehabilitation [4], this 
study aimed to delineate trends among geriatric patients 
in Singapore who have sustained acute spinal trauma and 
to provide mortality data for an important demographic 
group that has scarcely been assessed locally.

Materials and Methods

After obtaining approval (IRB approva no., 2017/00419) 
from the Domain Specific Review Board (DSRB), Na-
tional Healthcare Group (NHG), Singapore, the electronic 
records of patients who presented to our hospital’s emer-
gency department and who were subsequently admitted 
between 2004 and 2015 with a history of traumatic spine 
fractures were retrospectively reviewed. We shortlisted 
patients older than 80 years of age who had sustained an 
acute single or multilevel spinal compression fracture 
(with or without spinal cord injury), confirmed by radiol-
ogy. We excluded those patients with fractures secondary 
to infections or neoplasms.

Included patients were generally received in the emer-
gency department and evaluated. Their history regarding 
the exact mechanism of injury was recorded. A complete 
neurological examination was performed to categorize 
patients according to their American Spinal Injury Asso-

ciation (ASIA) score. Patients were sent for initial X-rays, 
computed tomography (CT), and magnetic resonance 
imaging (MRI) scans to find evidence of acute spinal 
compression fractures. The presence of an acute fracture 
was confirmed by a senior spine surgeon and the radiolo-
gist. The presence of concomitant chronic osteoporotic 
fractures in the rest of the spine or other bones was also 
noted. Once a diagnosis was achieved, emergency surgery, 
elective surgery, or conservative management was planned 
depending on the nature of the injury, its severity, and the 
presence of comorbidities.

Demographic data including age, sex, ethnicity, date of 
admission, mechanism of injury, comorbidities at admis-
sion (diabetes mellitus, hypertension, hyperlipidemia, 
ischemic heart disease, or previous stroke), activities of 
daily living (ADL) status, ambulation status, mode of 
treatment, and length of hospital stay were collected from 
our computerized patient support system. Radiological 
data, including X-ray, CT, and MRI images along with 
their reports were reviewed from our picture archive and 
communication system to note the level of the fractures. 
The date of death and the exact cause of death were ob-
tained with approval from the National Registry of Dis-
ease Office.

All the statistical analyses were performed using IBM 
SPSS Statistics for Windows ver. 24.0 (IBM Corp., Ar-ver. 24.0 (IBM Corp., Ar-er. 24.0 (IBM Corp., Ar-. 24.0 (IBM Corp., Ar- 24.0 (IBM Corp., Ar- (IBM Corp., Ar-(IBM Corp., Ar-., Ar-, Ar-
monk, NY, USA). A p-value of <0.05 was considered 
statistically significant. Linear relationships between age 
and length of hospital stay were analyzed by calculating 
Pearson’s correlation coefficient (r). The strength of the 
correlation was considered stronger when the ‘r’ value 
was close to 1. Mortality rates at 3, 6, and 12 months were 
calculated, and the cause of death at each time point was 
analyzed. Multivariate Cox regression for 1-year overall 
survival was performed. Hazard ratios were calculated 
for variables significantly correlating with mortality. This 
study was performed in accordance with the ethical stan-
dards stated in the most recent version of the 1964 Dec-
laration of Helsinki or comparable ethical standards. The 
requirement of informed consent for patient inclusion 
was waived by the NHG DSRB.

Results

Electronic records of 3,010 patients who presented to our 
emergency department with acute spine fracture and who 
were subsequently admitted were reviewed; of which, 613 
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patients (mean age, 85.7±4.5 years; range, 80–101 years; 
men, 108; women, 505) met our selection criteria. Their 
demographic characteristics, comorbidities, mechanism of 
injury, level of fracture, and mode of treatment were tabu-
lated (Table 1). This sample revealed a preponderance of 
women (82.38%) among older people who sustain acute 
spine fractures compared with men (17.62%). Falls in the 
community accounted for the most common mechanism 
of injury (77.81%), with the remaining 18.27% experienc-
ing a traumatic sudden back pain that prompted their 
presentation.

The prefracture ADL status was categorized into inde-
pendent (464 patients, 75.7%) and assisted (149 patients, 
24.3%). Ambulation status was categorized into nonam-
bulant/needing assistance (42 patients, 6.8%), home am-, 6.8%), home am- 6.8%), home am-
bulant (116 patients, 18.9%), and community ambulant 
(455 patients, 74.2%). The sample predominantly included 
patients with osteoporotic compression fractures of the 
spine (85.92%) without spinal cord injury. Only a small 
percentage (1.47%) of patients had spinal cord signal 
changes on MRI. More than four in five fractures (83.47%) 
involved the thoracic and lumbar levels, with 47.4% in-
volving the thoracolumbar junction (T12–L1).

Table 1. Demographics and general characteristics of study popula-general characteristics of study popula-
tion (n=613)

Variable No. of patients (%)

Age (yr)

80–85 337 (54.98)

86–90 180 (29.36)

91–95   76 (12.40)

96–100   18 (2.94)

>100     2 (0.33)

Sex

Male 108 (17.62)

Female 505 (82.38)

Ethnicity

Chinese 563 (91.84)

Malay   26 (4.24)

Indian   18 (2.94)

Others     6 (0.98)

Presence of comorbidities

Hypertension 435 (71.00)

Diabetes mellitus 168 (27.40)

Hyperlipidaemia 339 (55.30)

Ischemic heart disease 150 (24.50)

Cerebrovascular disease   98 (16.00)

Presence of prior osteoporotic fracture 258 (42.10)

Mechanism of injury

Falls 477 (77.81)

Sudden back pain 112 (18.27)

Others   24 (3.92)

Type of injury

Spinal cord involvement     9 (1.47)

Isolated cervical compression fractures   15 (2.45)

Isolated thoracic compression fractures 149 (24.30)
Mu ltilevel compression fractures involving 

the thoracic and lumbar levels   91 (14.80)

Isolated lumbar compression fractures 272 (44.37)

Isolated sacral fractures   60 (9.79)

Others   17 (2.77)

American Spinal Injury Association score

A     4 (0.65)

B     0

C     3 (0.49)

D 171 (27.90)

E 435 (71.00)

Treatment

Surgery   28 (4.57)

Conservative 585 (95.43)

Table 2. Mortality rates and top 3 causes of death (n=613)

Variable No. of patients (%)

Mortality rates

At 3 mo 36 (6.0)

At 6 mo 50 (8.2)

At 1 yr   63 (10.4)

Causes of death at 3 mo

Pneumonia   9 (25.0)

Ischemic heart disease   7 (19.4)

Urinary tract infection (urosepsis)   5 (13.9)

Others 15 (41.7)

Causes of death at 6 mo

Pneumonia 14 (28.0)

Ischemic heart disease 11 (22.0)

Metastatic cancer 6 (12.0)

Others 19 (38.0)

Causes of death at 1 yr

Pneumonia 18 (28.6)

Ischemic heart disease 14 (22.2)

Metastatic cancer 10 (15.9)

Others 21 (33.3)
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Only 4.57% of patients ultimately underwent surgery, 
which was indicated mostly for pain due to compression 
fractures at the thoracolumbar junction. All the remaining 
patients (95.43%) were conservatively managed. In more 
than 50% of those who underwent surgery, a single-level 
percutaneous vertebroplasty was performed after a failed 
conservative approach for a thoracolumbar compression 
fracture. We also noticed that 42.1% of the patients had 
sustained prior osteoporotic fractures involving the spine, 
hip, and/or forearm. The average length of hospital stay 
was 12.2±32 days and was not influenced by the age of the 
patients (r=−0.034).

Stratification of the data at 3 months, 6 months, and 1 
year revealed the mortality rates and top three causes of 
death at each time point (Table 2). The mortality rates at 3, 
6, and 12 months were 6%, 8.2%, and 10.4%, respectively. 
At 3 months, the top three ranked causes of death were 
pneumonia, ischemic heart disease, and urinary tract 
infection. Pneumonia, ischemic heart disease, and meta-
static cancer featured as the top three ranked causes of 
death at each period at 6 months and 1 year.

Multivariate Cox regression for 1-year overall survival 
was performed. Variables including age, sex, mobility 
status, medical comorbidities, presence of old compres-
sion fractures, level of the spinal injury, ASIA score, and 
surgery performed were all found to influence mortality. 
Next, forward stepwise (likelihood ratio) selection was 
performed, which identified sex, age, and ASIA score, 
which remained in the final model and were independent-
ly correlated with mortality with statistical significance, 
thus predicting overall survival at 1 year (Table 3).

We found that elderly women had a lower mortality rate 
compared with men (p<0.001) within the 1-year follow-
up period. Considering age as a continuous variable with 
a hazard ratio of 1.063, we found that mortality rates 
increased by 6.3% (p=0.024) for every 1-year increase in 
age. In addition, the ASIA score (A–C) had a hazard ratio 
of 12.36, indicating that patients with an ASIA score of A–
C had a much higher mortality rate (p<0.001) compared 
with ASIA D–E patients.

Discussion

This study describes, over the course of 12 years, the epi-
demiology of elderly patients (age >80 years) who had 
sustained acute spine fractures and presented to a Singa-
pore tertiary hospital. The results provide practicing clini-
cians with valuable information about the mechanism of 
injury, the level of spine fracture, and the patient demo-
graphics. The majority were Chinese (91.84%), followed 
by Malay (4.24%) and Indian (2.94%) patients, mirroring 
our overall national demographic of 74.3%, 13.4%, and 
9%, respectively, across all age groups [16]; signifying that 
acute spinal trauma relatively equally affects the three 
main ethnicities of our country’s geriatric population.

We noticed that women were predisposed to acute spine 
fractures, which were predominantly due to minor falls 
[17]. This result is unsurprising, given a larger proportion 
of our national population older than 65 years are women 
[18]. Women also have a higher prevalence of osteopo-
rosis after menopause [19], and older patients have an 
increased frequency of falls [20]. Interventions to reduce 
acute geriatric spinal trauma can therefore be better chan-
neled toward preventing falls, reducing osteoporosis rates, 
and targeting women [21].

Thoracolumbar junction (T12–L1) fractures comprised 
the bulk of spinal injuries in our sample. The transition 
from the less mobile thoracic spine, with its adjoining 
sternum and ribs, to the more dynamic lumbar spine is 
known to subject the thoracolumbar region to greater 
biomechanical stress, accounting for the location of the 
injuries sustained [22,23]. Interestingly, those with a prior 
osteoporotic fracture had a greater chance of sustaining 
a subsequent spine fracture, with 42.1% of the patients 
within our cohort having sustained a prior osteoporotic 
fracture [24,25].

The most common cause of death after acute spine frac-
tures was pneumonia, followed by ischemic heart disease. 
Patients with acute spine fractures are likely to have great-
er pain, leading to immobility and thereby predisposing 
them to pneumonia [26,27]. They are also susceptible to 

Table 3. Multivariate Cox regression for 1-year overall survival

Variable p-value Hazard ratio (95% confidence interval)

Female sex <0.001 0.340 (0.200–0.579)

Age at admission   0.024 1.063 (1.008–1.120)

American Spinal Injury Association score (A–C) <0.001 12.363 (4.727–32.340)
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other pulmonary problems and are at an increased risk 
of subsequent nonvertebral problems [28]. Our results 
showed that approximately one in 10 patients died at 6 
months and at 1 year following an acute spine fracture. 
Therefore, it is important to prevent falls leading to acute 
spine fractures and subsequent morbidity.

Based on our analysis, the risk factors associated with 
increased mortality at 1 year include the male sex, an old-1 year include the male sex, an old- year include the male sex, an old-
er age, and an ASIA score of A–C. Although older age at 
presentation meant that patients were closer to their natu-
ral life expectancy, the presence of acute spine fractures 
was associated with a higher than expected mortality rate. 
An ASIA score of A–C indicates severe neurological com-
promise due to spinal cord injury. With its expected resul-
tant morbidity, there is a greater likelihood of mortality.

Of the patients who underwent surgery, 80% were pa-
tients with an ASIA score of D–E who underwent percu-
taneous vertebroplasty. We postulate that these patients 
performed better after surgery, given the procedure led 
to a faster recovery, increased stability, pain relief, and 
greater mobility compared with patients who were con-
servatively managed [29,30]. It was also likely that fitter 
patients with a lower perioperative risk were selected for 
surgery. These individuals likely had lesser comorbidities, 
better pre-existing function, and a resultant decrease in 
mortality rates compared with patients who did not have 
these advantages.

The main limitation of our study is that our sample 
population might not have been fully representative of the 
geriatric population with acute spine fractures. A signifi-
cant number of patients with acute compression fractures 
of the spine are treated in an outpatient setting; thus, they 
were not included in this study. In addition, we did not 
have data on the functional status of patients throughout 
the follow-up. This information is important, given im-
mobility is directly linked with the onset of pneumonia in 
functionally compromised patients. Despite these limita-
tions, we believe our study to be of clinical importance 
and useful for predicting prognoses.

Conclusions

We found that approximately one in 10 patients older than 
80 years of age died at 6 months and 1 year after sustain-
ing an acute spine fracture. We also found that (1) elderly 
women had a lower mortality rate compared with men; 
(2) the mortality rate increased by 6.3% for every 1-year 

increase in age; and (3) an ASIA score of A–C had a much 
higher mortality rate compared with ASIA D–E patients. 
An older age at presentation, the male sex, and an ASIA 
score of A–C were independent factors predictive of in-
creased mortality among geriatric patients who sustained 
acute spine fractures. Considering the associated morbid-
ity and mortality, preventing spine fractures in the elderly 
is a cornerstone in maintaining their quality of life.
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