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Retrospective study of rehabilitation outcomes following
spinal cord injury due to tumour

M Tan1 and PW New2,3

Study design: Retrospective study.
Objectives: To examine the rehabilitation outcomes for patients with spinal cord injury (SCI) due to tumour, with a focus on the
impact of pain on disability and length of stay (LOS).
Setting: Public hospital inpatient spinal rehabilitation unit, Melbourne, Australia.
Methods: Retrospective open-cohort case series of consecutive patients admitted between 1/7/1996 and 30/6/2008 with a diagnosis
of recent onset tumour causing SCI.
Results: In all 108 patients were admitted, of whom 62% (n¼67) were male. The median age was 61.5 years (interquartile range
(IQR) 53.6–74). Most patients had paraplegia (n¼97, 89.8%) and a metastatic tumour (n¼71, 65.7%) causing their SCI. For patients
with a primary tumour the Rasch motor functional independence measure (FIM) gain between admission and discharge (median 17,
IQR 4–23) was significantly greater (P¼0.006) than for those with secondary tumour (median 7, IQR from �4 to 15). Pain was present
in 52% of patients and had a significant adverse influence on the rehabilitation process, with FIM motor efficiencies of 0.09 in patients
with documented pain compared with 0.39 in patients without pain (P¼0.01). Patients with pain had significantly prolonged median
LOS of 56 days (IQR 32.5–84.5) compared with 42 days (IQR 20.5–72.5, P¼0.03) without pain.
Conclusion: Patients with SCI due to tumour have the potential to benefit from a focused, specialised SCI rehabilitation programme
to optimise their outcomes. Careful patient selection, modifying the focus of team goals and a close relationship with treating
oncologists and palliative care teams is essential.
Spinal Cord (2012) 50, 127–131; doi:10.1038/sc.2011.103; published online 11 October 2011

Keywords: spinal neoplasms; pain; non-traumatic spinal cord injury; rehabilitation; rehabilitation outcome; recovery of function

INTRODUCTION

The dual impairments of having a spinal cord injury (SCI) resulting
from a tumour can often result in devastating consequences for both
patients and their families. Each condition has separate implications
for symptom management, treatment, rehabilitation and prognosis.

Metastatic spinal cord compression occurs in about 5% of all cancer
patients, usually resulting in paraplegia.1,2 The incidence of metastatic
spinal cord compression varies by primary disease site and age.3

Typically, patients with metastatic SCI have primary tumours of the
prostate, breast or lung. Primary spinal cord tumours are rare,
accounting for 4–8% of central nervous system tumours and an
incidence rate of 0.74 per 100 000.4

SCI resulting from tumours account for between 10 and 26% of
admissions to spinal rehabilitation units.5,6 Previous reports on their
rehabilitation outcomes have been published.7–10 These patients can
have a relatively short survival,11,12 and have a peak age at the time of
diagnosis of between 50 and 70 years.13 With the ageing population
and improvements in early cancer diagnosis and treatment leading to
increased survival, the number of patients with SCI due to tumour
with the potential to benefit from rehabilitation is increasing.

Pain is a well-recognised complication in patients with cancer,
including those with spinal epidural metastasis.14 However, the impact
of pain on functional gains in rehabilitation has not been previously
reported. This retrospective case series was planned to examine the

rehabilitation outcomes for patients with SCI due to tumour, with a
focus on the impact of pain on functioning and length of stay (LOS).

METHODS
The Spinal Rehabilitation Unit at Caulfield Hospital, Victoria, Australia is a

10-bed inpatient unit located in a public hospital. It is funded by the State

health department and is one of two dedicated SCI rehabilitation units in the

State. The unit focuses on rehabilitation for patients with non-traumatic SCI.

Patients are referred from both private and public acute care hospitals. It is a

routine practice for the rehabilitation physician or trainee in rehabilitation

medicine attached to the unit to assess patients referred by acute hospitals to

determine suitability for admission. The assessment process excludes those who

are perceived to have a prognosis of less than 3 months. These patients are

directed to palliative care services.

Patients are generally considered ready for discharge when all inpatient goals

are achieved to allow a safe transfer of care to the ensuing destination. These

goals generally include optimising the patient’s functional status (especially

continence), carer needs and essential equipment, and environmental access

provisions. No third party has influence over the admission duration.

Case identification
The health information department at Caulfield Hospital used the Interna-

tional Classification of Diseases and Related Health Problems, 10th edition,

Australian modification15 coding to identify patients with tumour causing their

SCI who were discharged between 1/7/1996 and 30/6/2008. The medical files of

potential cases were reviewed by one of the authors (MT) to confirm that
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patients met the inclusion criteria. Only those who had a SCI due to a primary

or secondary tumour were included. Patients were excluded if they had a

chronic SCI or were re-admitted for late complications.

There were 116 patients that fulfilled the study criteria. Of these, eight

medical records were unable to be located (five records had been destroyed as

part of a previous hospital policy and three records were missing). We have

recently published the demographic characteristics, tumour aetiologies,

treatments and survival analysis of this cohort.12

Data collection
The medical records of eligible patients were reviewed by one of the authors

(MT) and pertinent details extracted. These included the following: demo-

graphic information (date of birth and gender); tumour diagnosis and type

(primary or secondary); dates of admission to the Spinal Rehabilitation Unit

and subsequent discharge. As the exact neurological level of injury was not

always documented, patients were grouped into either tetraplegia (C1-T1) or

paraplegia (T2-S5). The American Spinal Injury Association (ASIA) Impair-

ment Scale grades16 were dichotomised into complete (ASIA A, B and C) and

incomplete (ASIA D).

Functional independence measure (FIM) scores
The FIM is the most commonly used functional measure of disability and

rehabilitation outcome.17 It has separate motor and cognitive subscales,18 with

the cognitive subscale having a very high-ceiling effect in patients with SCI,

including non-traumatic SCI, so is of limited utility.19 Therefore, only the FIM

motor subscale was recorded within 72 h of admission and discharge by the

treating team, who were credentialed in its use. The raw FIM motor subscale

scores were converted by Rasch analysis tables20 to a linear score on a 100-point

scale with equal intervals to facilitate parametric analysis.

Pain
The presence of pain was recorded if documented in the patient notes along

with evidence of administration and titration of analgesia in the medication

charts. Allied health and multidisciplinary team meeting notes were examined

for references to pain interfering with participation in therapy. Pain was

categorised as either neuropathic, nociceptive or both according to the file

notes. The broad categories of analgesic medication administered were also

recorded. These included simple analgesics, opiates, non-steroidal anti-inflam-

matory drugs, anti-epileptic agents, tricyclic antidepressants, tramadol and

intrathecal pump.

Information collected was de-identified and recorded electronically into a

password-protected database. Database entry was performed using FileMaker

Pro software (version 10.0; FileMaker, Inc., Clara, CA, USA). Following

completion of data collection, a random sample of 10% of medical files were

rechecked and compared with the database for errors. If an error rate greater

than 5% was found, the study protocol required rechecking another random

sample of 40% of patient records and correcting any errors identified.

Data analysis
Statistical analysis was performed using Stata software (version 9; Statacorp,

College Station, TX, USA). Descriptive statistics were calculated for demo-

graphic characteristics and clinical features. Categorical variables were analysed

using the w2-test, with the Fisher exact method used where appropriate.

Continuous variables were tested for normality with the Shapiro–Wilk W test.

Continuous variables were described as medians (interquartile range (IQR)).

The two-sample Wilcoxon rank-sum (Mann–Whitney) test and Kruskal–Wallis

test for equality of populations was used for non-parametric data.

Testing of the Rasch FIM motor discharge scores revealed a skewed

distribution that was not normally distributed. The FIM motor gain was

calculated by subtracting the discharge FIM motor score from the admission

score. The FIM motor efficiency was calculated by dividing the change in raw

FIM motor subscale scores by the LOS. The Wilcoxon signed-rank test was used

to measure the significance of the gain in raw FIM motor scores for the primary

and secondary tumour groups. The difference in raw FIM motor efficiency

between primary and secondary tumour groups was tested with the two-sample

Wilcoxon rank-sum test.

The effect of pain on the FIM motor efficiency and LOS were evaluated

using the two-sample Wilcoxon rank-sum test. The raw discharge motor FIM

was stratified by tumour type and the presence of pain issues, with effect of

pain on each tumour group being evaluated using the two-sample Wilcoxon

rank-sum test.

Statistical significance was defined as a Po0.05. Approval for this project

was obtained from the Research and Ethics Unit at Alfred Health.

RESULTS

There were 108 patients discharged during the study period. The
median age was 61.5 years (IQR 53.5–74, range 21–90). Most patients
were males 62% (n¼67). Paraplegia was much more common (n¼97,
89.8%) than tetraplegia 9.3% (n¼10; n¼1, 1% level not listed). There
were 37% (n¼40) of patients with incomplete SCI, and 44% (n¼48)
had complete SCI. The American Spinal Injury Association Impair-
ment Scale levels were not recorded in 20 subjects.

Most cases had a metastatic disease causing their SCI (n¼71,
65.7%) and a primary tumour was causative in 34.3% (n¼37). A
detailed breakdown of the specific diagnoses has been reported
previously.12

LOS and discharge destination
The median LOS was 47.5 days (IQR 25–80.5, range 4–237). The
majority (n¼67, 62%) of patients returned to their private residence,
11% (n¼12) required transfer to an acute hospital and did not return
to rehabilitation, 10% (n¼11) were discharged to a nursing home,
4.6% (n¼5) were discharged to an assisted living residence (for
example, hostel or supportive accommodation), 1.9% (n¼2) died
and 10.2% (n¼11) were transferred for palliative care. In all 75%
(n¼30) of incomplete SCI and 50% (n¼24) of complete SCI patients
returned home (Table 1). There was a trend for complete SCI patients
to be discharged to palliative care, however, this failed to reach
significance (P¼0.1).

FIM scores
FIM scores were missing from 21 hospital files and these patients were
excluded from any analysis involving FIM. Patients who died during
their inpatient stay were excluded from the analysis of FIM change.
Admission and discharge FIM motor scores are shown in Table 2.
Primary tumour patients had significantly better (P¼0.006) functional
improvement, with a median Rasch FIM motor gain of 17 (IQR 4–23)
when compared with secondary tumour patients, who had a median
gain of 8 (IQR from �4 to 15).

As expected, the incomplete SCI group demonstrated significantly
(P¼0.03) greater functional improvement, with a median Rasch FIM
motor gain of 12 (IQR 5–18), compared with the complete SCI group,
who had a median Rasch FIM motor change of only 4 (IQR 0–16).

The primary tumour group demonstrated a significantly better
(P¼0.04) FIM motor efficiency of 0.33 (IQR 0.10–0.68) compared

Table 1 Discharge destination

Incomplete Complete

n % n %

Private residence 30 75.0 24 50.0

Hospital 3 7.5 8 16.7

Nursing home 4 10.0 6 12.5

Assisted living residence 2 5.0 1 2.1

Deceased 0 0.0 2 4.1

Palliative care 1 2.5 7 14.6

Total 40 100.0 48 100.0
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with 0.16 (IQR from �0.10 to 0.45) for the secondary tumour group.
Furthermore, the incomplete SCI group had significantly better
(P¼0.003) FIM motor efficiencies (0.33, IQR 0.14–0.65) compared
with complete lesions (0.08, IQR 0.0–0.33).

Pain
Pain was present in 52% of patients and pain that adversely impacted
on rehabilitation was documented in 21% of cases, with the majority
involving patients with secondary tumours and due to nociceptive
pain (Table 3). Pain had a significant (P¼0.01) adverse influence on

the rehabilitation process, with FIM motor efficiencies of 0.09 in those
with pain documented as being present compared with 0.39 in those
without pain. Patients without pain demonstrated greater FIM motor
efficiencies in both the primary and secondary tumour groups, with
greater FIM motor efficiencies noted in the primary tumour groups
without pain (0.57 vs 0.29). Patients with pain also had a significantly
longer (P¼0.03) median LOS of 56 days (IQR 32.5–84.5) compared
with patients without pain, who had a median LOS of 42 days (IQR
20.5–72.5). Significantly lower motor discharge FIM scores were
observed in both primary and secondary tumour groups with pain
(Table 4). The presence of pain conferred a 30% reduction in the
median FIM motor discharge scores in the primary tumour group,
and a 56% reduction in the secondary tumour group.

Quality audit
A total of 10 medical records were randomly checked for data integrity
and all data items were validated to be correct.

DISCUSSION

This study has shown that patients with primary and secondary
tumours benefit from specialist inpatient SCI rehabilitation. Patients
with a primary tumour showed greater FIM motor gains and FIM
motor efficiencies, despite having a longer median LOS. The presence
of troublesome pain had a significant adverse impact on functional
gains and LOS.

Most studies to date of SCI due to tumour have concentrated on
prognostication and functional outcome without examining the effect
of pain. Previous studies have usually reported total FIM scores,10 with
only a few reporting separate motor and cognitive subscales. Our
results differ from previous studies that reported mean FIM motor
gains of 32(ref. 21) and 15(ref. 13) and are unique in that they reported
separate results for patients with primary and secondary tumours.
It would appear from our results that patients with secondary tumours
causing SCI have more problems affecting their outcome and progress
in rehabilitation than patients with a primary tumour. Pain is one
of these problems, but there may be others that were not formally
studied in this project.

Pain is generally a common sequelae post SCI. In a case series of
traumatic SCI patients, 92% of patients on admission required
treatment for pain.22 Another study in a cancer rehabilitation setting

Table 2 Admission and discharge motor FIM subscales

Primary Secondary

Raw FIM RASCH FIM Raw FIM RASCH FIM

Admission motor 34 (26 to 47, 13 to 81) 38 (33 to 45, 0 to 67) 31 (24 to 47, 16 to 75) 37 (31 to 45, 20 to 62)

Discharge motor 72 (37 to 81, 14 to 86) 60 (40 to 67, 10 to 74) 55 (24 to 73, 13 to 86) 50 (29 to 60, 0 to 74)

FIM gain 24 (5 to 36, �3 to 53) 17 (4 to 23, �12 to 32) 10 (�2 to 24, �55 to 48) 8 (�4 to 15, �57 to 32)

FIM efficiency 0.33 (0.10 to 0.68, �0.18 to 1.41) 0.16 (�0.10 to 0.45, �6.11 to 4.75)

Incomplete Complete

Raw FIM RASCH FIM Raw FIM RASCH FIM

Admission motor 47 (29 to 62, 21 to 81) 45 (35 to 53, 28 to 67) 26 (22 to 35, 13 to 75) 33 (29 to 39, 0 to 62)

Discharge motor 73 (55 to 81, 13 to 86) 60 (50 to 67, 0 to 74) 35 (22 to 58, 13 to 86) 39 (29 to 51, 0 to 74)

FIM gain 18 (7 to 28, �55 to 53) 12 (5 to 18, �57 to 32) 5 (0 to 22, �13 to 52) 4 (0 to 16, �33 to 31)

FIM efficiency 0.33 (0.14 to 0.65, �6.11 to 1.27) 0.08 (0.0 to 0.33, �0.68 to 0.75)

Abbreviations: FIM, Functional independent measure; IQR, interquartile range.
All values listed as median (IQR, range). Deceased patients excluded.

Table 3 Pain

n % Tumor type SCI

Primary Secondary Incomplete Complete

Pain issues documented

during admission

56 51.9 19 37 16 31

Pain adverse impact

on rehabilitation

23 21.3 6 17 7 13

Nociceptive pain

impact on rehabilitation

15 13.9 2 13 5 7

Neuropathic pain

impact on rehabilitation

7 6.5 3 4 2 5

Pain type

Nociceptive 44 40.7 10 34 14 23

Neuropathic 13 12.0 8 5 2 9

Pain medications

Simple analgesics 36 33.3 9 27 12 23

NSAIDs 23 21.3 7 16 6 14

Anti-epileptics 10 9.3 5 5 1 7

TCAs 8 7.4 7 3 1 5

Tramadol 6 5.6 3 3 0 5

Opiates 44 40.7 12 32 13 23

Intrathecal pump 1 0.9 1 0 0 0

Abbreviation: NSAIDs, non-steroidal anti-inflammatory drugs; SCI, spinal cord injury;
TCAs, tricyclic antidepressants.
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reported that SCI rehabilitation reduces pain and depression com-
pared with controls.14 The influence of pain on FIM motor efficiencies
reported here was not surprising and to our knowledge has not
previously been quantified.

It is important that the prognosis should be considered when
assessing a patient with a SCI due to tumour for rehabilitation.
Factors such as the patient’s performance status and visceral metas-
tases can be useful when attempting to prognosticate functional
outcome for patients.23 Knowledge of the prognosis is crucial during
the assessment process, as those not appropriate for a specialist SCI
rehabilitation programme can be redirected to more appropriate
settings. This needs to be tempered, however, with the limited
alternative options besides palliative care.

Given the varying survival of patients with SCI due to tumour,10,12

rehabilitation teams must balance the goals and prognosis with an
appropriate LOS to optimise time for patients to be out of hospital.
This group of patients has unique issues that separate them from other
causes of SCI. Consequently, the rehabilitation team needs to modify
their therapy paradigm and inpatient goals. These patients may not be
able to participate as fully as other patients, they may deteriorate and
need transfer back to an acute hospital,24 a palliative care unit, or may
die. Close and effective communication between the rehabilitation,
oncology and palliative care teams are crucial to optimising patient
outcomes, especially pain management. On the other hand, in those
patients with a better prognosis, it is also important to plan post
discharge rehabilitation in order to continue therapy for functional
goals, if appropriate. Patients should also have periodic post discharge
SCI medical rehabilitation reviews. These are to monitor and treat
relevant SCI issues and advise the patient, general practitioner and
other medical specialists of relevant management options.

Given the number of patients admitted over the study period, it
would be very difficult to prospectively recruit larger numbers of
patients with SCI due to tumour in a rehabilitation population within
a shorter timeframe, without major resources and cooperation from
multiple centres.

A limitation of this project includes the various weaknesses asso-
ciated with any retrospective study. Inaccuracies from incorrect
documentation may exist and there were problems with missing
FIM scores. This study also reflects the experience of a single unit.

The information regarding pain must be interpreted somewhat
cautiously. The definition of pain was limited by the retrospective
nature of this study and the absence of any measure of pain intensity.

The presence of pain was based on medical file documentation and
medication prescription. The main concern we have is the likelihood
that our approach under-estimated the true prevalence. Our preva-
lence of 52% is lower when compared with other reports in the SCI
literature.22,25 Prospective information to characterise the study
population further, such as with the use of formal psychological and
pain assessments, would add weight to our findings. Future prospec-
tive studies may examine this.

Further research is needed into rehabilitation for patients with SCI
from tumour. Areas for focus include the selection criteria and team
processes to optimise a short inpatient stay balancing functional
improvement and reduction in the burden of care and the prevalence,
treatment and impact of pain.
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