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Abstract

Spinal injuries are common and are associated with complications either directly related to the spinal injury
itself, including autonomic or cord related events, or indirectly related medical complications. These complications are
a frequent cause of morbidity and mortality and lead to an increase in the rates of hospitalisation, higher care costs,
and decreased quality of life. Our primary outcomes were the impact of management on in-patient outcomes of medical
complications, length of hospital stay, physical function on day three and discharge destination. Our secondary aim was to
assess the impact of injury characteristics, ASIA score and level of injury (above lumbar and lumbosacral spine) on these
outcomes.

In this retrospective observational study, we included 129 patients who were admitted to a state tertiary center
over a 6-month period. Binary logistic and Cox proportional hazards regression models were used to assess the relationships
between injury characteristics and management on inpatient outcomes. The models were adjusted for age, sex, baseline
functional status and Charlson’s Comorbidity Index.

The mean age of the study sample was 48.6 (SD 23.4) years and 61.3% were males. The majority of the patients
were ASIA E (92.2%) and 26 patients (20.2%) were treated surgically. Those who had a surgical approach were more likely
to have inpatient complications (Odds ratio (OR) 11.3, 95% CI 3.26-38.8), be discharged to care facilities (OR 12.2, 95% CI
1.71-87.3), are less likely to discharge early (Hazard ratio (HR) 0.15, 95% CI 0.09-0.26) and not be independent on day 3 post
admission (OR 51.9, 95% CI 7.21-374.0). These outcomes were also evident in those who were ASIA E compared to ASIA
A-D. Whether the injury was above lumbar or lumbosacral spine was not associated with any of the outcomes measured.

Severity of the spinal injury and surgical management are strongly associated with unfavorable in-patient
outcomes irrespective of basic demographic variabilities and therefore, are universally relevant.
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ment, Orthopaedic
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ertebral fractures with spinal cord injury (SCI),

whether complete or incomplete can be man-
aged either conservatively, through immobilization,
or via surgery [1]. A surgical approach is gen-
erally favored for an unstable fracture; however,
overall management options vary depending on a
host of factors including primary neurological state,
trauma mechanism, and vertebral fracture location.
Previous literature outlines that there is a better
chance of neurological recovery in patients with SCI
undergoing surgery for vertebral fractures, compared
with conservative management [2,3]. However, it is
unclear how surgical versus non-surgical approaches
impact on medical complications and other inpatient
outcomes such as length of hospital stay, functional
recovery and discharge destination.

The extent of neurological deficits (mostly based on
the American Spinal Injury Association (ASIA) classi-
fication [4]) has been considered the most important
predictive factor for functional outcome and progno-
sis, with the higher the spinal cord injury generally
resulting in worse deficits [5].

Complications can be either directly related to
the spinal injury itself (including autonomic or cord
related events) or indirectly related medical compli-
cations. Medical complications are a frequent cause
of morbidity and mortality, and lead to increased
rates of hospitalization, higher care costs, and de-
creased quality of life [6]. Medical complications can
affect almost all body systems. Risk factors for car-
diovascular disease are amplified in those with spinal
injuries and so place individuals at higher risk of car-
diovascular events [7]. Furthermore, due to physical
inactivity and hemostasis, patients are at increased
risk of pressure ulcers and venous thromboembolism,
with the rate of thromboembolism varying from 0.3%
to 31% following spinal surgery [8]. Patients with
SCI may also experience significant psychological
stress [9, 10].

Early mobilisation is known to promote the recov-
ery of physical function and so the impact of how
differing management, neurological deficit and level
of injury may impact functional status in the acute
phase is key to enhancing recovery. Optimising length
of hospital stay (LOS) is paramount to elevating effi-
ciency and quality of hospital management as it has a
large impact on overall health system costs. Reduced
LOS may have negative outcomes such as increased
rates of re-admissions, whereas prolonged LOS may
be associated with inpatients complications.

Understanding the impact of management options
and injury features on in-patient outcomes will help
to facilitate optimal care and avoid prolonged stays.

Additionally, it could help promote prompt discharge
planning and rehabilitation referrals.

The primary aim of this study was to investigate
the impact of management on in-patient outcomes of
medical complications, length of hospital stay, phys-
ical function on day three and discharge destination.
Our secondary aim was to assess the impact of injury
characteristics, ASIA score and level of injury (above
lumbar and lumbosacral spine) on these outcomes.

Study design

We conducted a retrospective study on all consec-
utive adult patients that were admitted under the
spinal team of a state tertiary center over a 6-month
period (August 2022 to January 2023). All patients
that had a spinal condition or injury documented as
their primary issue in their medical records were in-
cluded in the study.

Data collection

We collected baseline characteristics including age,
sex, premorbid functional status and medical comor-
bidities (assessed using the Charlson Comorbidity
Index (CCI)) [11]. The CCI was classified as mild
(scores of 1-2), moderate (3—4) or severe (>5). Char-
acteristics of the injury itself included ASIA score and
level of injury (above lumbar and lumbosacral spine).
In patients with multiple contiguous vertebral frac-
tures, the level most consistent with the motor or
sensory deficit was considered the level of fracture.
Above lumbar included cervical and thoracic spine
fractures, while lumbosacral included the lumbar and
sacral spine. The ASIA score was divided into ASIA
E (normal sensation and motor function) and ASIA
A-D (abnormal motor and/or sensation function).
We considered surgical management, immobilisation,
and conservative management. Immobilisation was
inclusive of all fractures that were managed with
braces. Conservative management referred to those
that did not require immobilisation nor surgery and
were managed through analgesia and physiotherapy.

Outcomes recorded were medical complications,
discharge destination, length of hospital stay, and
day three functional status. Medical complications in-
cluded those that occurred at any stage during the ad-
mission and warranted review by the medical team,
with or without intervention undertaken. Length of
hospital stay was measured in days. Discharge desti-
nation was grouped as either direct discharge home
or to an external care facility (inclusive of transitional
care programs, rehabilitation centres and nursing
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homes) or death. Functional status was categorised
as independent and not independent (requiring as-
sistance of an aid or requiring personal assistance
(inclusive of 1 assist, 2 assist and bedbound)) and
was assessed by a musculoskeletal physiotherapist.
We chose to compare baseline functional status to day
three functional status as it was the average day of
initial comprehensive assessment post intervention
(intervention being day 1) performed by the physio-
therapist.

The study design (No. 47501) was approved by the
hospital’s Human Ethics and Research Committee as
a quality improvement project.

Statistical analysis

Cox proportional-hazards models were run to in-
vestigate the relationships with hospital LOS (the
event of interest was hospital discharge and those
who died are censored at their date of death). Haz-
ard ratios (HRs), 95% confidence intervals (ClIs)
and p-values were calculated. Binary logistic re-
gressions were performed for outcomes of medical
complications (event = “Yes”), discharge destination
(event = “Care/Death”) and day three functional sta-
tus (event = “Not independent”). Odds ratios (ORs),
95% Cls and p-values are provided. Due to quasi-
complete separation between ASIA score and the
outcomes, Firth’s correction for logistic regressions
was used. When quasi-complete separation is present
very large confidence intervals can be observed. Sep-
arate models were performed for management, ASIA
score and level of injury. Results are presented for
unadjusted models as well as models adjusted for pa-
tient age, sex, baseline functional status and CCI. Data
was analyzed using the R environment for statistical
computing [12].

Results

Demographic, injury and surgical data

In total, 129 patients, 61.2% male with mean age 48.6
(SD 23.4) years were enrolled (Table 1). The majority
of patients (83.7%) were independent at baseline and
72.1% of patients had a mild CCI score. A total of
26 patients underwent a surgical procedure (20.16%).
The majority of patients (92.2%) had normal motor
and sensory function directly following injury (ASIA
E), and 80.6% had an above lumbar injury.

Inpatient outcomes

Medical complications
In total, 48 (37.21%) patients had a medical com-
plication (Table 1). The most common complications

Table 1. Summary of patient and injury characteristics as well as inpatient
outcomes.

Parameters N (%)
Patient characteristics
Age (years)/Mean & SD 48.6 +23.4
Sex
Male 79 (61.24%)
Female 50 (38.76%)
Baseline functional status
Independent 108 (83.72%)
Independent with aid 17 (13.18%)
Require person assistance 4 (3.1%)
Charlson comorbidity index
Mild 93 (72.09%)
Moderate 14 (10.85%)
Severe 22 (17.05%)

Injury characteristics and management

Management
Conservative 43 (33.33%)
Immobilisation 60 (46.51%)
Surgical 26 (20.16%)
ASIA
A 2 (1.55%)
C 2 (1.55%)
D 6 (4.65%)
E 119 (92.25%)
Level of injury
Above lumbar 104 (80.62%)
Below lumbar 25 (19.38%)
Outcomes
Medical complications
Yes 48 (37.21%)
No 81 (62.79%)
Length of hospital stay
Median (IQR) 4(2-7)
Discharge destination
Home 101 (78.29%)
Care 25 (19.38%)
Death 3(2.33%)
Day 3 functional status
Independent 81 (62.79%)
Independent with aid 4(3.1%)
Require person assistance 44 (34.11%)

identified were those affecting the nervous system
(29% of those with complications, 16% of the to-
tal cohort). These included but were not limited
to delirium, cerebrovascular events and psychiatric
complaints. Other commonly encountered complica-
tions included those affecting the genito-urinary and
gastro-intestinal systems (20% of those with compli-
cations, 11% of the total cohort), with urinary tract
infections and retention, predisposing to acute kidney
infections accounting for the majority (Fig. 1).

The incidence of complications varied depend-
ing on injury characteristics and management (Ta-
ble 2). Our cohort had more medical complications
if managed with immobilisation in comparison to
conservative management (38.3% vs 16.3% (95% CI
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Fig. 1. Distribution of complications according to system affected.

of difference)), but those managed surgically had an
apparent greater proportion of complications (69.2%
vs 16.3%). All patients that were ASIA A-D had med-
ical complications, compared to only 31.9% of those
that were ASIA E. The rates of complications for those
with above lumbar and lumbosacral spine injuries
were similar (36.5% vs 40%).

Using regression models, (Table 3) the unadjusted
data demonstrated those who were managed with
immobilisation were more likely to have complica-
tions than those managed conservatively (OR 3.05,
95% CI1.18-7.89), as were those who were managed
surgically (OR 10.6, 95% CI 3.36-33.4). ASIA A-D
showed a higher likelihood of complications (OR 44.4,
95% CI 2.21-892). After adjustment for baseline char-
acteristics, those managed surgically were more likely
to have complications than those managed conserva-
tively (OR 11.3, 95% CI 3.26-38.8). The likelihood of
complications in those immobilised in comparison to
conservative management was no longer statistically
significant (OR 1.29 (95% CI 0.41-4.07). Those with
ASIA A-D were still more likely to have complica-
tions than those with an ASIA E score (OR 22.3, 95%

CI 1.04-477). No relationship between level of injury
remained.

Length of Hospital Stay (LOS)

The median LOS for the entire cohort was 4 days
(IQR 2-7 days). LOS varied depending on injury
characteristics and management (Table 2). Regard-
ing management, both immobilisation and surgery
yielded a longer LOS in comparison to conserva-
tive management (median 4 (IGR3-8) & 7.5 (IQR4-15)
vs 2 (IQR1-3) respectively). ASIA A-D also revealed
significantly longer LOS in comparison to ASIA E
(median 20 (IQR15-30) vs 3 (2-6)).

Results from the survival analyses of unadjusted
data revealed (Table 3), those managed with immo-
bilisation were less likely to have an earlier discharge
in comparison to conservative management (HR 0.30
(IOR 0.20, 0.45)), as were those surgically managed
(HR 0.17 (IQR 0.10, 0.29). Those with ASIA A-D were
more likely to have a prolonged stay when compared
to ASTIA E (HR 0.12 (IQR 0.05, 0.31). After adjustment,
both ASIA score and management remained related

Table 2. Summaries of injury management and characteristics broken down by each outcome; complications, hospital length of stay, discharge
destination and day 3 functional status.

Complications Hospital stay ~ Discharge destination Day 3 functional status

Parameters Yes (N =48;37.2%) Median (IQR) Care/Death (N =28;21.7%) Not independent (N = 48; 37.2%)
Management

Conservative 7 (16.28%) 2 (1-3) 2 (4.65%) 5 (11.63%)

Immobilisation 23 (38.33%) 4(3-8) 17 (28.33%) 26 (43.33%)

Surgical 18 (69.23%) 7.5 (4-15) 9 (34.62%) 17 (65.38%)
ASIA

A-D 10 (100%) 20 (15-30) 10 (100%) 10 (100%)

E 38 (31.93%) 3 (2-6) 18 (15.13%) 38 (31.93%)
Level of Injury

Above lumbar 38 (36.54%) 4(2-8) 21 (20.19%) 38 (36.54%)

Below lumbar 10 (40.00%) 4(2-7) 7 (28.00%) 10 (40.00%)




Table 3. Unadjusted and adjusted model results. The events of interest for each model are complications, hospital discharge, discharged to care/death and independent on day three. All adjusted models

include patient age, sex, baseline functional status and Charlson comorbidity index.

Discharge destination Day 3 functional status

Hospital stay

Complications

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Adjusted

Unadjusted

OR (95% CI) HR (95% CI) HR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

OR (95% CI)

Parameters

Management

Reference Reference Reference Reference Reference Reference Reference

Reference

Conservative immobilisation

437 (0.61, 31.4)
51.9 (7.21, 374)

5.38 (1.90, 15.2)
12.9 (3.84, 43.3)

2.14 (0.37, 12.4)
13.3 (1.82, 96.5)

6.68 (1.64,27.3)
9.01 (1.97, 41.3)

0.55 (0.35, 0.88)
0.15 (0.09, 0.26)

0.30 (0.20, 0.45)
0.17 (0.10, 0.29)

1.29 (0.41, 4.07)
11.3 (3.26, 38.8)

3.05 (1.18, 7.89)
10.6 (3.36, 33.4)

vs. conservative
Surgical vs. conservative

ASIA

444(2.21,892)  223(1.04,477)  0.12(0.05,0.31) 0.12(0.04,0.31) 115(5.54, >999)  99.1(3.08, >999) 44.4(2.21,892)  35.6 (1.28, 990)

A-Dvs. E
Level of injury
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1.41(0.52,3.83) 1.00(0.64,1.57) 0.76(0.48,1.21) 1.58(0.59,4.23)  3.31(0.81, 13.5) 1.17 (0.48,2.86) 1.91 (0.59, 6.13)

1.17 (0.48, 2.86)

Below lumbar vs. above lumbar

to LOS, whilst no relationship between level of injury
and LOS remained.

Discharge destination

78.29% of patients were discharged directly home,
while 2.33% died. Discharge destination varied de-
pending on management and injury characteristics
(Table 2). In comparison to being discharged home, a
higher number of those managed surgically were dis-
charged to care or died compared to those managed
conservatively (34.6% vs 4.65%), as were those that
were managed with immobilisation (28.3% vs 4.65%).
No patients that were ASIA A-D were discharged di-
rectly home compared to 84.9% that were ASIAE. The
rate of patients discharged directly home was simi-
lar depending on position of injury, with 79% above
lumbar and 72% lumbosacral discharged directly
home.

Using regression models (Table 3), unadjusted data
showed that those who were managed with either
immobilisation or surgically were more likely to
be discharged to a care facility or die than those
who were managed conservatively (immobilisation
OR 6.68, 95% CI 1.64-27.3; surgical OR 9.01, 95%
CI 1.97-41.3), as were those that were ASIA A-D
vs ASIA E (OR 115 (95% CI 5.54, >999). After ad-
justment, the relationship between ASIA score and
discharge destination remained (OR 99.1, 95% CI
3.08, >999). Furthermore, those managed surgically
were more likely to be discharged to care or die
than those managed conservatively (OR 13.3, 95%
CI 1.82-96.5). However, the relationship between
immobilisation and conservative management was
attenuated.

Functional status

At day three, 62.8% of patients were independent,
and the remaining 37.2% were not (Table 1). All of
those not independent at baseline remained not inde-
pendent at day three, whilst of the 108 patients who
were independent at baseline, 75% remained inde-
pendent on day three.

After sub-analysing with regression models (Ta-
ble 3), unadjusted results showed that patients with
an ASIA score of A-D (OR 44.4, 95% CI 2.21-892)
and those managed with either immobilisation or
surgical management in comparison to conservative
management (OR 5.38, 95% CI 1.90-15.2; OR 12.9,
95% CI 3.84-43.3, respectively), were more likely not
to be independent on day 3. After adjustment for
baseline characteristics including baseline functional
status, the relationship between the ASIA score and
surgical management with day 3 functional status
remained not independent (OR 51.9, 95% CI 7.21-
374.0)
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We investigated the impact of injury management
and characteristics on in-patient outcomes, inclu-
sive of complications encountered, LOS, discharge
destination and functional status on day three of ad-
mission. Surgery plays a key role in stabilisation of
an otherwise unstable spine but even simple spinal
surgery carries an inherent risk of complications and
the goal of managing spinal fractures is to ensure
spinal stability and preserve neurological function.
Non-operative management has limited benefit in
instability but has a role in a stable spine with no
neurological deficits. Several papers have considered
the timing of spinal surgeries to avoid post-operative
complications, with a trend of decreasing compli-
cations noted in groups with early surgery [13].
However, fewer studies have compared the incidence
of complications in surgical versus non-surgical man-
agement. Similar to our study, McCullough et al,
suggests that major complications are not improved,
and healthcare utilization is increased with surgical
procedures, specifically spinal augmentation when
compared to conservative therapy [14]. The most
encountered complications in our study were neu-
rological complications, inclusive of delirium, which
is one of the most prevalent complications in hos-
pital in-patients, particularly amongst older people.
Complications are further increased by patient co-
morbidities, as seen in our study with a more severe
CClindex impacting on risk of medical complications
versus a mild index [15]. However, after adjusting for
comorbidities there was still an impact injury man-
agement and severity on the risk of complications.

LOS is significant from a patient and hospital sys-
tems perspective. It is a complex parameter affected
by a multitude of different factors. It can vary greatly
by the labour of care, personal and familial circum-
stances, and availability of rehabilitation beds. It is
known that people with more co-morbidities tend
to have longer hospital stays [16]. In this study, the
average LOS in those with a severe CCI score was
12 days versus 4 days for those with a mild CCL
However, even after adjusting for CCI, there was
still an impact of injury management and severity
of neurological deficit on LOS. In our study, surgical
management and ASIA score of A-D directly influ-
enced LOS. This could be explained by those needing
surgery or immobilisation and those with neurolog-
ical deficits having a greater degree of injury. Our
study revealed that level of fracture showed no sig-
nificant difference in patient outcomes. The literature
regarding effect of spinal fracture level on patient out-
come is sparse, with more of a focus on fractures with
an associated spinal cord injury.

Early mobilisation is a key component of enhanced
recovery principles and is highly encouraged post-
spinal surgery. To date, few studies have investigated
functional outcome post-surgical procedure as a pri-
mary outcome as it is hard to justify [17]. A meta-
analysis evaluating the benefits of surgical versus
non-surgical management in osteoporotic fracture,
showed surgical intervention was the most effective
method in improving functional status [18]. Similarly,
a study comparing management in lumbar stenosis
showed patients treated surgically had greater im-
provement in functional status [19]. However, in both
cases, functional status was assessed at a later stage
(3 months and 1 year) and so it would be important
to see whether the pattern of differential outcomes
observed in our study would persist if evaluated at
a later stage. Functional ability can be affected by a
host of factors including pain, fear of falling and poor
participation with allied health, thus functional out-
come can differ from patient to patient irrespective
of injury characteristics and management. Of note,
day 3 functional outcome in our study was largely as-
sessed in the immediate post-operative period, while
traditionally functional outcome is reviewed at later
stages post-injury. Perhaps future studies could focus
on function as a primary outcome at a later stage.

A substantial proportion of patients with spinal in-
juries require rehabilitation after discharge. Discharge
placement can be challenging, particularly when the
patient may not be living within the hospital’s catch-
ment. Often the need for placement is not recognised
until the acute phase has resolved and so recognising
predictive factors on admission can facilitate identify-
ing discharge destination earlier.

Study limitations

The study has some limitations. Firstly, it is retro-
spective, thus making some of the interpretations less
exact and heavily reliant on the accuracy of documen-
tation. However, the advantages of this retrospective
design is that it is low in selection bias. Secondly,
whilst further subdivision of level of injury may have
yielded more specific data, in consideration of the
sample size of this study, using the end of the spinal
cord at the 1% lumbar spine as a cut off, dividing level
of injury into above lumbar and lumbosacral spine
was found to be most optimal for our cohort. Thirdly,
the incidence of medical complications is reliant on
clear documentation from the medical and surgical
teams regarding its investigations and proposed in-
tervention and therefore, some complications may
have been omitted. Also, the patients that received
surgical interventions may have been more prone to
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complications prior to the surgery and this may partly
explain the differential proportion of complications.
Thus, the results of our study may be explained by
residual confounding. Furthermore, the patients were
assessed by different examiners every time and so are
subjective and open to differences. Functional status
may have been assessed by 2 different allied health
professionals on day 1 versus day 3, yielding potential
inconsistences. Finally, mechanism of injury and frac-
ture type was not included in our study and may have
impacted outcome. Also the study did not analyze
fracture characteristics and management (i.e. conser-
vative vs immobilization vs surgical). Overall, this
study provides valuable information to gain a better
understanding on the factors that impact in-patient
outcome post-spinal injury.

Conclusion

In summary, severity of the spinal injury (measured
by ASIA score) and surgical management (compared
to conservative and immobilisation techniques) are
strongly associated with unfavorable in-patient out-
comes including medical complications, prolonged
length of stay, reduced baseline functional status and
being less likely to discharge directly home, irre-
spective of basic demographic variabilities including
age, gender, and co-morbidities. Further large-scale
prospective studies are required to identify and mod-
ify risk factors of patients undergoing spinal surgery
and those with severe injury to minimize these ad-
verse outcomes.
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