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Infectious disease of the spine is infrequently seen in the rehabilitation setting. We examined
retrospectively 26 patients with spinal infections admitted to the rehabilitation centre over a 6-
year period to determine the demographic characteristics, clinical features and outcome after
rehabilitation.
Their ages ranged from 24 to 83 years (mean=56.4); 65.4% were males. The infection was

due to pyogenic bacteria in 14 patients (53.8%) and Mycobacterium tuberculosis in 12
(46.2%). Staphylococcus aureus was the causative agent in 69% of those with pyogenic
infections. A history of diabetes mellitus was present in 35.7% of the pyogenic group but in
only 8.3% of the tuberculous group. Localised back pain, fever and neurological de®cits were
the typical clinical manifestations. The most common site of infection was the thoracic region.
Surgery was performed on 24 patients and all received prolonged courses of antibiotics.
All but three patients completed the rehabilitation programme. The motor score for the

lower limbs and the modi®ed Barthel scores for activities of daily living (ADL) and mobility
improved signi®cantly (P50.05) for both pyogenic and tuberculous groups. The amounts of
improvement achieved were not signi®cantly di�erent between the pyogenic and tuberculous
groups except for ADL. Age, gender and the presence of diabetes mellitus did not appear to
signi®cantly a�ect the neurological or functional outcome in our study population. The
majority of patients (87.5%) were discharged to their own homes.
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Introduction

Infection of the spine encompasses a spectrum of
disease manifestations including pyogenic vertebral
osteomyelitis, spinal epidural abscess and tuberculous
spondylitis (Pott's disease).1 Infection of the spine is a
relatively rare condition, although reports have noted a
rising incidence in recent years.2 ± 5,9 There has been, in
particular, a resurgence of spinal tuberculosis in some
developed countries, such as the United States, over
the past decade.4,5 The human immunode®ciency virus
epidemic and rising intravenous drug abuse are
probable contributory factors.

Newer imaging modalities and early aggressive
treatment have improved the outcome of patients
with spinal infections, even for those with neurologic
dysfunction.6,8 Buchelt analyzed 122 cases of infectious
spondylitis and found that 17.8% of patients with
tuberculous and 22.7% of those with pyogenic
spondylitis had neurologic de®cits on admission.
Surgery was performed in all but two patients with
motor de®cits.6 Those treated surgically showed no
residual motor symptoms at follow-up evaluation. No
speci®c mention was made as to whether the patients

underwent rehabilitation. In general, published reports
on the outcome of rehabilitation have been very
limited. A Med-line literature search from January
1990 to December 1996 revealed only one recent series
of 13 patients with non-granulomatous spinal epidural
abscess reported from a rehabilitation perspective.7

This prompted us to describe our experience with
rehabilitating this interesting group of patients. The
aims of our study were to:

(a) delineate the demographic and clinical features;
(b) determine the outcome of rehabilitation with

respect to the neurological, functional and
bladder status;

(c) identify any di�erences in clinical and rehabilita-
tion characteristics between patients with pyogenic
and tuberculous spinal infections;

(d) determine if other factors, such as patient's age
and sex, and the presence of diabetes mellitus,
a�ected the neurological and functional outcome.

Materials and methods

A retrospective study of patients with an infectious
disease of the spine, rehabilitated at Tan Tock Seng
Hospital between January 1991 and December 1996,
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was performed. The diagnosis of spinal infection was
based on the clinical presentation, radiographic
evidence of a focal destructive vertebral lesion and/or
a paravertebral soft tissue mass as well as a positive
bacteriologic culture and/or histologic ®nding of
in¯ammation in biopsied spinal tissue. Only patients
with a pyogenic or tuberculous infection of the spine
were included in the study; those with a fungal or viral
etiology were excluded.

The study population was divided into two groups,
pyogenic and tuberculous spinal infections, and these
were compared for the following features: demo-
graphic characteristics, clinical presentation, risk
factors, results of radiographic imaging, surgical
treatment and length of hospitalisation. Di�erences
between groups were evaluated by the Student's t-test
or Mann-Whitney rank-sum test where applicable.
Statistical signi®cance was assumed at P<0.05.

A total of 23 patients (13 with pyogenic and 10 with
tuberculous infections) completed the rehabilitation
programme. For these patients, the outcome of
rehabilitation was assessed in the three areas of
neurological, functional and bladder status:

(a) Neurological outcome. Results of the neurological
examination of each patient on admission and
discharge from the rehabilitation unit were
recorded. Based on the International Standards
for Neurological and Functional Classi®cation of
Spinal Cord Injury, the strengths of 5 paired
myotomes for the upper limbs (C5 to T1) and
another 5 for the lower limbs (L2 to S1) were
graded according to the following scale: 0, total
paralysis; 1, palpable or visible contraction; 2,
active movement, full range of motion (ROM)
with gravity eliminated; 3, active movement, full
ROM against gravity; 4 active movement, full
ROM against moderate resistance; 5, (normal)
active movement, full ROM against full resis-
tance. The motor score for the upper limbs was
obtained by the summation of the grades for the
myotomes of both upper extremities and ranged
from 0 (complete paralysis) to 50 (normal power
bilaterally). The motor score for the lower limbs
were similarly obtained by summing up the
grades of the myotomes of both lower extremi-
ties. In addition, the presence or absence of re¯ex
anal contraction and deep anal sensation on per
rectal examination was recorded. The degree of
impairment for each patient was graded according
to the ASIA Impairment Scale (modi®ed from
Frankel): A, no sensory or motor function
preserved in the sacral segments S4 ± S5 (com-
plete); B, sensory but not motor function
preserved below the neurological level and
extending through the sacral segments S4 ± S5
(incomplete); C, motor function preserved below
the neurological level with the majority of key
muscles below the neurological level having a
muscle grade less than 3 (incomplete); D, motor

function preserved below the neurological level
with the majority of key muscles below the
neurological level having a muscle grade greater
than or equal to 3 (incomplete); E, normal
sensory and motor function (normal).

(b) Functional outcome. Assessment of the functional
outcome was based on the modi®ed Barthel
Index by Shah.15 This was an ordinal scale with
total score ranging from 0 (totally dependent) to
100 (completely independent). It consisted of ten
weighted items: feeding, bathing, grooming,
dressing, bladder control, bowel control, toilet-
ing, chair/bed transfer, mobility and stair
climbing. The ®rst seven items evaluated activ-
ities of daily living (maximum score of 70) and
the last three, mobility (maximum of 30). Rating
was performed by the occupational therapist,
physiotherapist and nurse in charge of the
patient.

(c) Bladder outcome. The patients' method of voiding
at the start of rehabilitation was registered. For
those admitted with an indwelling urinary cathe-
ter, this was removed and an intermittent
catheterisation regime instituted. This was con-
tinued until the patient was able to void
spontaneously with low post-void residual vo-
lumes (5100 ml). For those whose residual
volumes remained high, they or their carers were
taught the technique of clean intermittent cathe-
terisation. The method of micturition at the end of
the rehabilitation programme was recorded.

The motor and modi®ed Barthel scores on
admission and discharge were compared using the
Wilcoxon rank-sum test. In addition, the gains in the
motor scores for the lower limbs and the modi®ed
Barthel scores were computed by calculating the
di�erences between the scores on admission and
discharge. Factors, such as age, sex, presence of
diabetes mellitus and the type of infection (pyogenic
or tuberculous), were correlated with these gains to
determine if there were any signi®cant e�ects on
outcome. For age, the study population was divided
into two groups using the median age of 58.5 years as
the cut-o� value. The rehabilitation gains of those
aged less than 58.5 years were compared with those
58.5 years of age and older. Analysis was performed
using the Mann-Whitney rank-sum test.

Results

Epidemiology
Within the 6-year period, 26 patients with spinal
infection (14 pyogenic and 12 tuberculous) were
admitted for rehabilitation. Their ages ranged from
24 to 83 years, with a mean age of 56.4 years.
Seventeen were males (65.4%). These demographic
characterististics are tabulated in Table 1. The racial
composition was Chinese (65.4%), Malay (30.8%) and
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Indian (3.8%) which corresponded approximately to
the racial distribution of the general population. There
was no signi®cant di�erence in the mean age, gender
ratio and the racial composition between the pyogenic
and tuberculous groups.

Predisposing factors
Diabetes mellitus was present in six patients (23.1%).
Five of 14 patients (35.7%) with pyogenic infections
were diabetic but only one of 12 (8.3%) with TB spine
had such a history. A history of chronic alcoholism
was present in three patients, two of whom had a
tuberculous infection.

Prior to the diagnosis of spinal infection, seven
patients had infections elsewhere. Four patients (33%)
diagnosed to have TB spine were discovered to have
concurrent pulmonary tuberculosis. One of them
presented with a miliary picture with involvement of
the lungs, multiple sites of the thoracic spine as well
as the right temporal fossa of the brain. She had a
signi®cant past history of TB meningits with an
abscess in the right frontal lobe of the brain 1 year
before, which had been treated with a course of anti-
TB drugs.

In the group with pyogenic infection, one patient
had a preceding left wrist abscess. Bacteriologic
culture of the operative specimens from his spine
subsequently isolated Staphylococcus aureus. Another
patient had a history of a recurrent discharging sinus
in his left thigh for 2 years before he developed
symptoms and signs of thoracic cord compression.
This sinus was discovered to be caused by underlying
chronic osteomyelitis of the left upper femur which
had resulted in a Brodie's abscess. Although cultures
were persistently negative, he responded to anti-
staphylococcal chemotherapy. Finally, one patient in
the study had a urinary tract infection preceding that
of the spine. Escherichia coli was cultured from her
urine, blood as well as spinal tissue. This patient had,
in addition, a history of a blunt trauma to the back
caused by a fall 2 months prior to the onset of
symptoms.

These preceding infections probably resulted in the
haematogenous dissemination of bacteria to the spine.
Interestingly, none of our patients used illicit drugs
intravenously, a risk factor which has been increasingly
reported in other studies,2,3,5,7,10,12 or had AIDS.

Clinical features
The typical presenting symptoms were lower limb
weakness, urinary incontinence, spinal pain and fever
(Table 2) for both the pyogenic and tuberculous
groups. The most common site of infection in the
patients as a whole was the thoracic region (Table 3).
The focus of infection was in the thoracic spine in
83.3% of those with tuberculous infection whereas for
pyogenic infection, the site was fairly evenly distributed
throughout the various regions of the spine.

Bacteriologic ®ndings
The causative organism was identi®ed in 22 patients by
tissue and/or blood cultures (Table 4). Thirteen
patients were culture-positive for pyogenic bacteria;
Staphylococcus aureus was the commonest agent
identi®ed, accounting for 69% of this group. Myco-
bacterium tuberculosis was cultured from spinal tissue
in seven patients. In the remaining two patients, the
diagnosis of TB spine was established presumptively
based on the clinical setting and culture results from
sputum samples. Of the four patients who were culture-

Table 1 Demographic characteristics of the study popula-
tion

No. of Mean age Male: female
Groups patients (years) ratio

Pyogenic
Tuberculous
Overall

14
12
26

57.8
54.8
56.4

2.5:1
1.4:1
1.9:1

Table 2 Symptoms at presentation

No. of
patients

Symptoms Pyogenic tuberculous Total (%)

Lower limb weakness
Urinary incontinence
Spinal pain
Fever

14
10
8
8

12
7
7
4

26 (100)
17 (65.4)
15 (57.7)
12 (46.2)

Table 3 Location of infection

No. of
Site Pyogenic tuberculous Total (%)

Cervical
Thoracic
Thoracolumbar
Lumbar

4
4
3
3

0
10
1
1

4 (15.4)
14 (53.8)
4 (15.4)
4 (15.4)

Total 14 12 26 (100)

Table 4 Bacteriologic ®ndings

Organism No. of patients

Staphylococcus aureus
Mycobacterium tuberculosis
Group B Streptococcus
Escherichia coli
Klebsiella
Pseudomonas aeruginosa
Culture-negative

10*
9
1
1
1
1
4

*One patient had two organisms isolated: Staphylococcus
aureus and Group B Streptococcus
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negative, three demonstrated a histologic pattern
consistent with tuberculosis when their operative
specimens were analyzed and one responded to anti-
staphylococcal therapy. In total, TB spine was
diagnosed in 12 of 26 patients (46.2%).

Radiographic imaging
Plain radiographs were performed to evaluate the
spine. This was followed by a plain myelogram in
four patients, CT myelogram in ®ve and MRI of the
spine in 17 patients. The majority of patients had a
combination of both osteomyelitis and epidural abscess
(Table 5). For the group with pyogenic infection,
evidence of vertebral destruction (osteomyelitis) with-
out abscess formation was present in three (21.4%), an
epidural abscess was detected in ®ve (35.7%) and ®ve
patients had a combination of both. One patient who
had a myelogram demonstrating an extradural mass
indenting the contrast column was later found to have
pyogenic disciitis at surgery.

Radiographic features of vertebral osteomyelitis
were identi®ed in four (33.3%) of the patients with
tuberculous infection. Two patients had a large
paravertebral abscess with epidural extension. Signs
of both bone involvement and abscess formation were
present in ®ve (41.7%). One patient had multiple
tuberculomas in the thoracic spine.

Treatment
Surgery was performed in all but two patients, one of
whom had a pyogenic and the other a tuberculous
infection. The two patients were treated medically
because they were considered high anaesthetic risks.
Decompression laminectomies were performed in 11
patients and anterior decompression procedures in nine
(Table 6). Four patients underwent a combination of
anterior decompression and posterior fusion. All
received prolonged courses of antibiotics. The length
of stay in the acute hospital ranged from 17 to 227
days. The average length of stay was 45.2 days for the
pyogenic group and 69.8 days for the tuberculous
group (P=0.3) before transfer to the rehabilitation
unit.

Outcome of rehabilitation
Upon transfer, a complete rehabilitation programme,
planned to suit each patient's needs, was instituted.
Apart from two patients with TB spine who discharged
themselves early against advice for personal reasons
and one patient with pyogenic infection who was
transferred to the acute medical unit for further
management, all the rest completed the programme.
The three patients who did not complete rehabilitation
were excluded from subsequent analysis.

(a) Neurological status Six patients, all with pyogenic
infections, were admitted with both upper and lower

limb weakness. The remaining 17 patients had only
lower limb involvement. For those with upper limb
weakness, the mean motor score for the upper limbs
improved from 35.9+6.8 to 43.1+4.1 (P50.05). When
the study group of 23 patients was examined, the motor
scores for the lower limbs were found to have improved
signi®cantly by the time of discharge from 24.2+18.6 to
33.7+16.9 (P50.05). Signi®cant improvement was
made in both the pyogenic and tuberculous groups
(Figure 1). The mean gain in motor score for the lower
limbs was 11.8+13.2 for the pyogenic group and
6.4+10.4 for the tuberculous group (P=0.229). Age,
gender and the presence of diabetes mellitus did not have
any signi®cant e�ect on the improvement in motor
score.

Of the study population of 23 patients, ®ve were
initially diagnosed as having complete spinal cord
lesions (ASIA A). Two of the ®ve improved to ASIA
C. Five of eight patients admitted as ASIA C
improved to class D and one of 10 patients improved

Table 5 Type of infection

No. of patients
Type Pyogenic tuberculous Total (%)

Epidural abscess
Vertebral osteomyelitis
Epidural abscess and
osteomyelitis
Others

5
3
5

1#

2
4
5

1*

7 (26.9)
7 (26.9)
10 (38.5)

2 (7.7)

#pyogenic disciitis. *intradural extramedullary abscess

Table 6 Types of surgical procedures

No. of patients
Type Pyogenic tuberculous Total (%)

Anterior decompression
Posterior decompression
Anterior decompression
and posterior fusion

3
7
3

6
4
1

9 (37.5)
11 (45.8)
4 (16.7)

Total 13 11 24 (100)

Figure 1 Neurological status ±mean motor scores for the
upper (UL) and lower limbs (LL)
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from ASIA D to E (Figure 2). Analysis of the
neurological status of the two patients who did not
undergo surgery revealed that one remained as ASIA
A and the other improved from ASIA C to D at the
end of the rehabilitation programme.

(b) Functional status The modi®ed Barthel scores for
Activities of Daily Living (ADL) and mobility improved
from a mean of 27.3+15.7 to 48.3+10.9 and 6.6+11.0
to 27.0+9.9 respectively at the end of rehabilitation.
These were statistically signi®cant (P50.001). Both
pyogenic and tuberculous groups achieved signi®cant
improvements in scores by the time of discharge
(P50.05) (Figure 3). The mean gain in ADL score for
the pyogenic group was 25.6+11.5 and that for the
tuberculous group, 15.0+11.3 (P50.05). But when we
analyzed the scores of patients who had only lower limb
involvement, there was no signi®cant di�erence in the
gains in ADL scores between those with pyogenic or
tuberculous infections (see Discussion). The amount of
improvement in mobility scores was also not signifi-
cantly di�erent between the two groups; 21.1+8.9 for
the pyogenic group and 19.4+13.3 for the tuberculous
group (P=0.852). Age, gender and the presence of
diabetes mellitus did not a�ect functional outcome both
in ADL and mobility.

Ambulation of some degree was accomplished in
16 patients by the time of discharge. Of these, only
three were able to walk independently without any
assistive device. The rest required some form of aid
such as a quadstick. Seven patients remained totally
wheelchair-bound.

(c) Bladder status On admission to the rehabilitation
unit, 15 patients were on indwelling urinary catheters,
one was able to perform clean intermittent self-
catheterisation, two needed diapers and the remaining
®ve patients voided urine normally. Where indicated,
bladder training formed an integral part of the
rehabilitation programme. At the time of discharge,
of the 15 patients who were initially catheter-
dependent, ®ve became fully continent and did not
require any device to assist drainage; six were able to
perform intermittent self-catheterisation and four
voided re¯exly by the tap-and-compress technique.
This is represented graphically in Figure 4.

Length of stay in the rehabilitation unit ranged
from 15 to 150 days with an average of 73 days. There
was no signi®cant di�erence in length of hospitalisa-
tion between the pyogenic and tuberculous groups.
The majority of patients (87.5%) were discharged
home. One patient was transferred back to the acute
unit for management of septicaemia and two patients
were discharged to nursing homes.

Discussion

This is the ®rst study to be done in Singapore on
patients with spinal infections. It focused on a select
group ± those with residual neurologic dysfunction who
had received rehabilitation at a specialised unit. World-
wide, there has been few published reports examining
patients with such infections from a rehabilitation
perspective. Weingarden in his study of 13 patients
with non-granulomatous spinal epidural abscesses
admitted over a 5-year period found that such an
entity was uncommon in the rehabilitation setting.7

Our present series supports this; infections of the spine
as a whole were infrequently seen in our rehabilitation
department. Over the 6-year study period, only 26

Figure 2 ASIA status on admission (adm) and discharge
(dch)

Figure 3 Functional outcome ±modi®ed Barthel scores for
ADL and mobility

Figure 4 Bladder status at discharge for 15 patients
admitted with an indwelling urinary catheter
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patients with such a condition were admitted. This
accounted for approximately 4% of the total number
of admissions to our spinal rehabilitation programme.
There are a few possible explanations for this: ®rstly,
infections of the spine are uncommon and secondly,
recent advances in imaging modalities, medical
therapies and surgical techniques have resulted in
improved clinical outcomes.4,12 On the other hand,
the mortality rate is high for those with severe disease
or delayed diagnosis and treatment, and this group of
patients often succumb to their illness or the
complications thereof.2,3

The study population (mean age=56.4 years) was
generally older than the patients with traumatic spinal
lesions rehabilitated at our centre (mean age=35
years). This is probably because many of the
conditions that predispose to a spinal infection are
more prevalent in older patients.10 Pyogenic infections
accounted for 53.8% of cases and tuberculosis of the
spine, the remainder. No di�erences between the
pyogenic and tuberculous groups were found for the
demographic characteristics studied and the clinical
features at presentation. In the pyogenic group,
Staphylococcus aureus was the most common bacteria
cultured. Risk factors for such infections included
diabetes mellitus, a history of chronic alcoholism and
prior blunt trauma to the back. A preceding focus of
infection was identi®ed in three patients, namely, skin,
urinary tract and bone. These ®ndings were in
concordance with many other studies.1 ± 3,6,10,11,13,14

In the tuberculous group, 33% showed preceding
extravertebral manifestations of tuberculosis. This was
also comparable with the rates (10 ± 42%) reported in
other series.6,9

Recent studies have attributed a rising incidence of
spinal infection to increasing intravenous drug
abuse.2,3,5,7,10,12 Interestingly, none of our patients
belonged to this high risk group. This may be because
of the strict drug laws in Singapore and the sti�
penalties faced by drug addicts. The incidence of
`main-lining' locally among drug abusers is also
relatively low.

The most common level of infection for the patients
as a whole was the thoracic region. When analyzed
separately, the focus of infection was in the thoracic
spine in 83.3% of those with tuberculosis but fairly
evenly distributed throughout the various regions for
those with a pyogenic infection. Other reports have
found that generally, spinal infections are more
commonly localised to the lower thoracic and lumbar
spine.6,9 Buchelt found no statistical di�erence in the
level of involvement between those with tuberculous
and pyogenic spondylitis.

In this series, 23 of 26 patients completed the
rehabilitation programme. Signi®cant improvements
were made in the motor scores for the lower limbs as
well as in the modi®ed Barthel scores by the time of
discharge. When the extent of improvements made
were analyzsed, there was no di�erence between the
pyogenic and tuberculous groups, except for Activities

of Daily Living. The likely reason for the exception is
that while six out of 13 patients with pyogenic
infection had upper limb weakness, none in the
tuberculous group had upper limb involvement. As
upper limb strength and dexterity play an important
role in ADL, it is not surprising that those with such
weakness had lower initial scores and made greater
gains from rehabilitation, thereby resulting in the
apparent better improvement noted in the pyogenic
group. Age, gender and diabetes mellitus were not
found to have any signi®cant in¯uence on the
neurological and functional outcome in our study
but as the sample size is small, these ®ndings will need
to be con®rmed in larger trials.

To the best of our knowledge, no other study in
recent years has compared the rehabilitation char-
acteristics between patients with pyogenic and
tuberculous infections of the spine. The main
limitation of our study, however, has been the small
sample size. It would be interesting for future research
to identify prognostic indicators of rehabilitation
outcome and to examine whether further neurological
and functional improvement occur after discharge
from inpatient rehabilitation.
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