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INTRODUCTION

The hospital in Hornbæk (Fysiurgisk hospital) was established November 1952 in the
previously fashionable seaside hotel with the aim to treat children paralysed from
poliomyelitis. When the polio-epidemic came to an end, other patient categories with
severe physical disabilities were admitted.
In the early days up to 200, primarily children, were admitted. As the hospital in-
creasingly admitted adults, who were wheelchair bound, the need for a thorough
renovation of the building increased. September 1988 this modernization of the hos-
pital was completed, and today the hospital is staffed to receive 42 patients with
spinal cord lesions.
Initially the hospital was bought and ran by the Society and Home for the Disabled
(Samfundet og Hjemmet for Vanføre), but in 1980 it was taken over by the State, and
in 1995 the Copenhagen Hospital Cooperation (H:S), and established as a depart-
ment in the University hospital Rigshospitalet. Therefore in 1980 it became possible
to create an extensive cooperation with the other departments in Rigshospitalet
working with the many challenges individuals with spinal cord lesions face. Apart
from the service departments (Clinical Biochemistry, Microbiology and
Neurophysiology, Radiology, and Clinical physiology/Nuclear medicine) it is the
clinics for Neurosurgery, Urology, Plastic surgery, Gastroenterology, Orthopaedic
surgery including Hand surgery, Gynaecology and Obstetrics, Neurology,
Neuroanaesthesia including the Centre for Respiratory Disabled and the Pain Clinic,
Paediatrics including the Neuropaediatric Clinic, Psychiatry including the Clinic for
Sexology, and others. In addition, over the years the hospital has established coope-
ration with many other hospitals and research institutions within as well as outside
Denmark. Further the Clinic cooperates closely with the Patient Associations.
Within the Clinic for Para- and Tetraplegia, as it was renamed in 2000, as a con-
sequence of the changed patient clientele, the treatment and rehabilitation of the
spinal cord lesioned persons has always been accomplished within the Multi-
disciplinary team, consisting of nursing staff, physiotherapists, occupational thera-
pists, social workers, psychologists, and doctors, supported by the secretaries, as
well as all the other staff members in the cleaning and maintenance departments and
the kitchen.
This 50-year Anniversary Book gives among other information a State of the Art
insight to some of the many areas, which may challenge the spinal cord lesioned
individuals during their lives.

On behalf of the staff at the Clinic for Para- and Tetraplegia

Hanne Gregersen and Fin Biering-Sørensen
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SUMMARY
This is a survey on spinal cord lesions
(SCL) in Europe. Postal question-
naires were mailed to representatives
of the European Network of country
representa-tives of the International
Medical Society of Paraplegia
(IMSOP). 
Twenty-one representatives repre-
senting a population of 415.7 million
responded. The average annual inci-
dence of traumatic SCL was 17.2 per
million inhabitants. The incidence
for Spina Bifida (SB) was 6.6/mill./
year in average. For the other non-
traumatic SCL the incidence was
reported to be 8.0 in average. 
The number of hospitals/units treat-
ing acute traumatic SCL per million
inhabitants ranged from 3.9 to 0.16.
The number of beds available for this
function was 7.7 in median per mil-
lion inhabitants. The rehabilitation of
patients with SCL generally seems
centralised to fewer institutions than
the acute treatment, the median being
0.5 rehabilitation facilities per mil-
lion inhabitants, and the number 
of beds for rehabilitation of SCL
patients was in median 13.5 per mil-
lion inhabitants.
Although the information is mostly
subjective estimates the figures gives
a picture of the present situation in
Europe, in particular regarding facili-
ties available for treatment and reha-
bilitation of individuals with SCL.

The annual incidence of traumatic
spinal cord lesions (SCL) has in vari-
ous studies varied from 8 to 60 per mil-
lion inhabitants (1-13). A recent study

from Mississippi found even an inci-
dence for patients in hospitals and pre-
hospital fatal cases of 77 per million.
The rate for patients in hospitals was
59 per million (14). Most persons with
traumatic SCL, are males (3-5 to 1) in
their late teens or twenties, but they
seems in recent years to become older
(15). Most often they are injured in traf-
fic accidents, followed by falls or 
violence, depending on the part of the
world in focus.
McKinley et al. (16) found in a 5-year
prospective study of 220 SCL admis-
sions, 39% to be non-traumatic in aetio-
logy (spinal stenosis 54%; tumour
26%). They were significantly older
and more likely married, female, and
retired than the traumatic SCL indivi-
duals. In addition, more had para-
plegia and incomplete lesions. In
another study (4) the same proportion
of admissions were non-traumatic, the
aetiology being tumours in 44%, infec-
tions in 19%, vascular in 16%, and
Spina Bifida in 5%.
The literature on Spina Bifida gives the
incidences in cases per 10,000 births.
The incidences reported vary from 0.9
to 36 (17-31). This large variation
includes a significant decline from the
seventies and eighties to the nineties in
certain countries, further there are dif-
ferences associated with inclusion of
stillbirth and preterm terminations of
pregnancies. In addition, there are of
varying patterns of neural tube defects
in different populations (18,19,21-
23,26-28,32,33), and the use of folate
(28,34).
The aim of this paper is to give the
results of a survey on incidence of SCL

INCIDENCE OF SPINAL CORD LESIONS IN EUROPE
Fin Biering-Sørensen 

Clinic for Para- and Tetraplegia, Rigshospitalet, Copenhagen, Denmark
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in Europe, together with information
about hospitals, rehabilitation facilities
and beds available for these patients.

MATERIAL AND METHODS
All 34 national representatives of the
European Network of the International
Medical Society of Paraplegia (IMSOP)
were sent a questionnaire including
questions about: Number of inhabi-
tants in your country (population size).
Estimated number of new traumatic
spinal cord injuries per year. Estimated
number of new Spina Bifida cases with
spinal cord lesion per year. Estimated
number of other new non-traumatic
spinal cord lesions per year (due to
prolapsed disc, spinal stenosis,
spondylitis, epidural abscesses, tuber-
culosis and other infectious causes,
benign tumours etc. But not due to
progressive causes like multiple sclero-
sis or cancer). How many hospitals/
units in your country treat acute spinal
cord injuries. Estimated total number
of beds for this function. How many
hospitals/units/centres/facilities in
your country carry out rehabilitation of
individuals with spinal cord lesion.
Estimated total number of beds for this
function.
The received answers were collected,
and circulated to all the responders for
their approval. Here the data from
Israel, Kyrgyzstan and Turkey have
been excluded, as these countries geo-
graphically are entirely or mostly out-
side Europe.

RESULTS
Twenty-one country representatives
representing a population of 415.7 mil-
lion inhabitants of Europe responded
to the questionnaire.
In Table 1 the annual incidences per
million inhabitants are given.

The median frequency of traumatic
SCL was 15.7 per million per year, for
SB was the median 3.4, and for the
other non-traumatic SCL the median
was 8.9.
For those 14 countries reporting inci-
dences for traumatic as well as other
non-traumatic SCL the median propor-
tion traumatic/non-traumatic was 1.99
(range 0.5-3.3).
Table 2 gives the number per million
inhabitants of hospitals/units treating

Table 1 Trau- Spina Other
matic Bifida non-
SCL With trau-

Country SCL Matic
Austria 5.4

Belgium 12.0 2.0 25.0

Denmark 11.5 3.1 11.5

England 16.7

Estonia 33.3

Finland 10.8 02.9 03.9

France 16.7 05.0 05.0

Germany 10.1 10.1 0  5.1

Hungary 22.5

Iceland 14.8 03.7

Ireland 10.7 0  5.3

Italy 21.4 10.7

Netherlands 9.6 09.6

Norway 15.6 11.1

Romania 41.3

Slovenia 20.0 01.5 20.0

Spain 17.6 02.4 08.1

Sweden 15.7 06.2 05.6

Switzerland 26.7 02.7 13.3

Yugoslavia 12.1 17.3 08.0

Total 17.2 06.6 08.0
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acute SCL, beds for this function, hos-
pitals/units/centres/facilities car-
rying out rehabilitation of individuals
with SCL, and beds for this function as
well. The most decentralised system
for the acute treatment of traumatic
SCL seems to be Finland with 3.92 hos-
pitals per million inhabitants. Nearly
the same is true for Iceland, but they
receive only these patients in one hos-
pital, but have the high ratio because of
a numeric very little population. The

most centralised treatment in the acute
phase was reported for England and
Italy with 0.16-0.17 acute hospitals per
million. The number of beds available
for this function was 7.7 in median.
Except from the situation in Sweden,
Estonia and Iceland, the rehabilitation
of patients with SCL generally seems
centralised to fewer institutions than
the acute treatment of the traumatic
SCL, the median being 0.5 rehabilita-
tion facilities per million inhabitants.

Table 2 Hospitals treating Beds for acute Hospitals Beds for 
acute treatment Rehab SCL rehab of SCL

Country Number/mill. Number/mill. Number/mill. Number/mill.

Austria 1.00 6.25 0.38 22.50

Belgium 0.60 12.00

Croatia 0.40 10.00 0.20 10.00

Denmark 0.58 1.54 0.38 13.46

England 0.17 7.50 0.17 7.50

Estonia 1.33 66.67 2.00 83.33

Finland 3.92 0.20 4.90

France 0.42 1.67 0.50 13.33

Germany 0.71 0.27 13.98

Hungary 0.80 10.00 0.90

Iceland 3.70 3.70 11.11 29.63

Ireland 1.07 1.60 0.27 13.33

Italy 0.16 3.21 0.89 6.25

Netherlands 0.96 0.51 12.74

Norway 1.33 0.67 11.56

Romania 1.52

Slovenia 1.50 14.50 0.50 17.50

Spain 0.30 14.19 0.30 14.19

Sweden 0.67 7.87 3.37 21.35

Switzerland 1.33 0.53 33.33

Yugoslavia 0.94 107.36 0.75 13.77

Total 0.60 10.50 0.52 12.46
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The median number of beds for reha-
bilitation of SCL patients per million
inhabitants was 13.5.

DISCUSSION
The data presented here has to be inter-
preted with caution, as the information

Table 3 Country Study Incidence of Comments
year(s) traumatic

First author SCL per mill.
and year Per year
published

Gehrig 1968 Switzerland 1960-67 Approximately Alive at hospital 
(35) 15 admission

O’Gorman 1974, Ireland 1973 19.8 Adjusted for 72% 
cited from (39) coverage of hos-

pital admissions

Minaire 1978-79 France – 1970-75 12.7 Alive at hospital   
(40) Rhône-Alpe admission

Gjone 1978-79 Norway 1974-75 6.5 Alive at hospital 
(36) admission

Knútsdóttir 1993 Iceland 1973-89 24 (1973-82)
(37) 18 (1983-89)

Biering-Sørensen Denmark 1975-84 9.2 Surviving the 1990
(2) acute phase. Have 

SCL of some seve-
rity. Excl. ventila-
tor dependent

Garcia-Reneses Spain – 1984-85 8 Incomplete data   
1991(4) selected collection and 

hospitals delimitation

Köning 1989 Federal 19853 5.7 Alive at hospital 
(38) Republic of admission. in-

Germany direct calculation

Martins 1998 Portugal – 1989-92 57.8, incl. deaths 16% dead upon 
(8) central 25.4 for those arrival at hospital.

region surviving 40% died before 
release

Soopramanien Romania – 1992 At least 28.5 Extrapolation to  
1995 (41) Bucharest all Romania

Asbeck The 1994 10.4 Survivingthe acute
2000 (1) Netherlands phase. Have per-

sisting symptoms
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are collected on the basis of a postal
questionnaire, with only very few
explanations. Previous reported figu-
res on incidences of traumatic SCL
from Europe are very much in the
same range (Table 3):
The incidence of traumatic spinal cord
injuries was in average 17.2/mill./
year. As pointed out in the literature
incidence figures for traumatic SCL
may vary very much, depending on
the way the information is collected.
The incidence will become higher if
death at the scene of the accident or
during the early hospitalisation is
included (8,9,14).
It seems that most countries in Europe
do count those who reached the reha-
bilitation only, which imply a possibi-
lity for lower incidences (1,2). Other
criteria which may influence the mag-
nitude of the incidence is the period of
persistence and the seriousness of the
symptoms, which each representative
have accepted for inclusion in the
report (1,2), such criteria will lower the
estimated frequency. 
The reported incidences of non-pro-
gressive non-traumatic SCL apart from
SB varied somewhat. One of the rea-
sons for this variation may be a diffe-
rent tradition in treatment and rehabi-
litation of these patients. In particular
for many traditional Spinal Units this
group of patients is relatively new, and
several do not have the necessary beds
to take up this challenge in full (42). In
addition these patients may be treated
in several other departments than
those, which usually take care of the
traumatic SCL patients, therefore some
of the estimates may be too low as the
awareness of these patients can be low.
The proportion between the incidences
of traumatic and other non-traumatic
SCL are in median similar to those pre-
viously reported (4,16). 

There may also be differences in the
interpretation of traumatic and non-
traumatic SCL. This problem is partic-
ular prevalent when observing a case
of a light trauma in a person with a
spinal stenosis. Is this considered being
a traumatic or non-traumatic inciden-
ce? This can in particular be a problem
when considering the geriatric popula-
tion (43). The incidence rates in the lit-
erature on Spina Bifida is given as
cases per 10,000 births, and they vary
considerably, i.e. at a magnitude of up
to 40 times (17-31). Also in Europe
there are well known differences bet-
ween various populations (21,26,28,
32). Some of the variation observed in
SB frequencies may be associated with
the possible difference in inclusion of
stillbirth and preterm terminations of
the pregnancies.
The information on the number of hos-
pitals treating acute traumatic spinal
cord injuries seem to show that the
acute treatment is reasonable cen-
tra-lised in the reporting European
countries. Regarding the number of
available beds for this function, the
very high figures are most probably
due to a different interpretation of the
question. Thus it might be understood
as all beds in the departments, and not
just the number of beds in use for the
SCL patients. Furthermore the number
may also vary according to the use of
the beds, in the sense that they may in
some departments only be active for a
short acute period, while other units
use the “same beds” from the early
acute treatment and until the discharge
from the rehabilitation.
Apart from few exceptions it seems
that the rehabilitation of the SCL pa-
tients is even more centralised than the
acute treatment. For the number of
beds available for rehabilitation some
of the same precautions as mentioned
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Although the information included in
this presentation is mostly subjective
estimates it is found that the figures
give an interesting picture of the pres-
ent situation in Europe.
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SUMMARY
Spinal cord lesioned persons suffer a
significant risk for developing uri-
nary tract complications, thus regular
surveillance of blad-der and kidney
function is highly indicated. Investi-
gations should include ultrasound 
of the kidney and urinary tract or 
i.v. pyelography, renography and Cr-
EDTA-clearance, and ultrasound for
residual urine (RU). RU should pref-
erable be below 50 mL. Urodynamic
investigation are performed, and a
leakage pressure below 40 cm H2O,
and a maximal pressure below 60 cm
H2O are aimed at. With continuing
bladder dysfunction the urinary tract
should be investigated at least every
second year. Bacteriuria is only to be
treated with antibiotics if symptoms
on urinary tract infection occur.
Intermittent catheterisation is the pre-
ferred method of bladder emptying.
Permanent catheter should be avoid-
ed whenever possible. Pharmacologi-
cal treatment includes parasympa-
tolytics for detrusor hyperreflexia,
adrenerge α-receptor blocking agents
are used to decrease the urethral
resistance, including detrusor sphinc-
ter dyssynergia. Botulinum toxin
injected into the external urethral
sphincter and the bladder wall has
been successfully applied for treat-
ment of detrusor sphincter dyssyner-
gia and detrusor hyperreflexia.
Various operations are possible, but
irreversible procedures should be
avoided when possible due to devel-
opment of new treatment options
including neuromodulation.

Until the mid 1970s renal failure
caused between 5% and 58% (mean
30%) of the deaths in spinal cord
lesioned (SCL) persons, and renal fail-
ure and other urinary tract complica-
tions were the overall most frequent
causes of death in these patients (1,2).
However, the treatment modalities of
the urinary tract problems have
improved, and the mortality due to
related complications consequently
declined; yet problems associated with
the urinary tract, including urinary
tract infection (UTI) and incontinence,
are still of importance for many SCL
individuals, and may frequently lead
to significant morbidity.

BACKGROUND
Neurogenic bladder dysfunction can
be divided into two main types (3):
Suprasacral neurogenic bladder, which
imply, that the reflex arc between the
spinal cord segments S2-4 and the
bladder is intact (parasympathetic
innervation). Therefore the bladder can
have active detrusor contraction,
which can be elicited by reflex activity,
however hyperreflexia with inconti-
nence may often occur. At the same
time there is a risk for detrusor sphinc-
ter dyssynergia (DSD) giving rise to
infravesical obstruction and high
intravesical pressure.
Infrasacral neurogenic bladder implies
that the connection between the spinal
cord segments S2-4 and the bladder are
interrupted. Then the detrusor cannot
contract, and is flaccid with a risk for
over distension.

BLADDER MANAGEMENT
Per Bagi  and Fin Biering-Sørensen

Clinics for Urology and Para- and Tetraplegia, 
Rigshospitalet, Copenhagen, Denmark
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INVESTIGATIONS
During the initial admission either
ultrasound of kidney and the urinary tract
or i.v. pyelography should be performed
for evaluation of the kidneys and the
upper urinary tract morphology and
possible pathology. For evaluation of
the individual kidney function, and the
outflow renography is carried out. Cr-
EDTA-clearance is performed for eva-
luation of the total kidney function (4).
Ultrasound for residual urine (RU) is a
quick investigation. The RU should
preferable be below 50 mL, although
the absolute magnitude is not critical
as long as the upper urinary tract 
is normal and there are no bladder
emptying problems or infection.
Urodynamic investigation is performed
for evaluation of the bladder and ure-
thral function. The leakage pressure
should be below 40 cm H2O, and the
maximal pressure below 60 cm H2O (5).
With continuing bladder dysfunction
the urinary tract should be investi-
gated at least every second year, due to
the risk of development of urinary
stones and high bladder pressures.
Lifelong follow-up of the urinary tract is
necessary, as the SCL person due to
impaired sensibility do not have the
same possibilities to perceive symp-
toms, which - in neurologically intact
persons - might indicate a possible
deleterious state. The investigations
may consist of ultrasound of the kid-
neys and urinary tract or X-ray of the
urinary tract to exclude urinary stones,
and renography to evaluate kidney
and outlet function. If only one kidney
is functioning or an artificial bladder-
reservoir or other urinary diversion
has been performed, the investigations
should be carried out every year and a
Cr-EDTA-clearance added. Other in-
vestigations are performed when need-
ed (4).

THE INITIAL PERIOD 
If there is not normal bladder empty-
ing, the bladder should if possible be
emptied by sterile catheterisation at
intervals securing bladder-fillings of
no more than 500 mL (6,7). The fluid
intake should be regulated corre-
sponding to 4-5 times of bladder 
emptying per day. There may be a
requirement for measuring of the
diureses or the patient may have
polyuria, and a permanent catheter
may be needed. 
Bacteriuria is common with SCL. It is
therefore important that antibiotics are
only used when symptoms on UTI
occur, e.g. fever, increased inconti-
nence, spasticity or reflex sweating,
difficulty in bladder emptying, or
unclear or malodorous urine (3, 6).

REHABILITATION PERIOD
BLADDER EMPTYING METHOD
Intermittent catheterisation is the pre-
ferred method for emptying, because it
gives a high assurance of complete
bladder emptying with a modest risk
of complications (7,8). Provided the
emptying is sufficient, this method will
often secure that the bladder pressure
is sufficiently low in individuals with
suprasacral lesions, and incontinence
due to hyperreflexia may be avoided.
Likewise, for those with infrasacral
lesions, overdistension can be pre-
vented.
In a hospital facility sterile intermittent
catheterisation (SIC) should be pre-
ferred over a nonsterile procedure, as
long as the staff is doing the catheteri-
sations, as fewer cases of UTI occur (6).
Provided the SCL person has the nec-
essary hand function one should
change to clean intermittent self
catheterisation (CIC), and in general all
SCL persons with bladder emptying
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problems should be able to do CIC
before discharge. 
Reflex bladder emptying may be utilised
by individuals with suprasacral
lesions, and is typically elicited by
suprapubic tapping, but may also be
initiated by dilatation of the anal
sphincter (7,8). Due to the risk of high
intravesical pressure during reflex
bladder emptying, it is important to
secure acceptable pressure during
emptying, and sufficient emptying. If
not, CIC should usually be advised.
Abdominal pressure or Credé manoeuvre
are used primarily by SCL individuals
with infrasacral lesions (7). This emp-
tying method is discouraged due to the
risk that the applied pressure over the
bladder may result in vesico-ureteral
reflux. 
Permanent catheter should be avoided
due to the risk of developing UTI (3,7-
9). The use of an indwelling catheter,
either urethral or suprapubic, is virtu-
ally always associated with bacteriuria
within two weeks (6,7). In addition it
predisposes to urinary calculi and
bladder carcinoma, and a urethral
catheter further increases the risk of
local complications, including fistula,
epididymitis and scrotal abscess
(3,6,7,10). Thus, if it is not possible
within a few weeks to avoid a perma-
nent catheter, a suprapubic catheter
should be inserted, in order to decrease
the risk of urethral complications (3).
In some situations permanent catheter
may be accepted due to social, physical
or psychological reasons (3).
PHARMACOLOGICAL TREATMENT
Detrusor hyperreflexia may be re-
duced by parasympatolytics, and newer
drugs including tolterodine and oxy-
butynine exhibit a higher uroselectivi-
ty, and a more potent treatment
(3,7,11). Furthermore, there has been
good experience with parasympatoly-

tics for intravesical administration (12).
Imipramine can decrease incontinence,
partly because of a parasym-patolytic
effect, though the mechanism is not
fully understood (11).
Adrenerge a-receptor blocking agents can
decrease the urethral resistance and
may be used when the bladder empty-
ing is incomplete, including cases with
DSD (3, 7).
If the outlet obstruction may be due to
spasticity in the perineal striated mus-
cles spasmolytics like baclofene, tiza-
nidine or dantrolene may be indicated
(7).
Intratechal infusion of bachlofene can
reduce bladder hyperreflexia and DSD.
Likewise intrathecal administration of
clonidine seems to reduce detrusor
hyperreflexia (13,14).
Botulinum toxin injected into the exter-
nal urethral sphincter may reduce DSD
and decrease the urethral resistance
and improve the bladder emptying
(13). Botulinum injected into the blad-
der wall can be used for detrusor
hyperreflexia (15).
SURGICAL TREATMENT
Bladder enlargement operations may be
indicated in carefully selected cases of
severe intractable hyperreflexia with
urine incontinence and vesico-ureteral
reflux. The procedures are frequently
performed as an augmentation entero-
cystoplasty, where the bladder is
opened at the top, and subsequently
patched by a detubularized intestinal
segment in order to increase the blad-
der capacity as well as to decrease its
ability to contract (16,17). Similar
results may be obtained by performing
an auto augmentation of the bladder,
where a myomectomy of part of the
detrusor is performed (7,17).
Rarely, individuals with SCL experi-
encing insufficient bladder emptying,
yet not able to perform catheterisation
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per urethra, may benefit from su-
pravesical urinary diversion. A number
of different techniques may be applied,
thus depending on the indication as
well as the capabilities of the patient,
continent reservoir or incontinent con-
duit procedures should be carefully
selected (17,18). No matter which type
of diversion is chosen, these proce-
dures imply ureteral implantation into
a bowel segment, which is excluded
from the intestinal continuity. The
bowel may thus serve as a simple con-
duit ending in a wet ostomy (e.g.
Bricker conduit), or the bowel segment
is used to construct a reservoir, which
is connected to a dry ostomy via a con-
tinent valve mechanism (e.g. Indiana
pouch). A reservoir is emptied by CIC.
Between the emptyings a little plaster
may be placed over the opening. This
method is today found more cosmetic
acceptable than a Bricker conduit. The
continent reservoirs may give rise to
disturbances of the electrolytes with
metabolic acidosis and stone-forma-
tion.
Vesico-appendico-cutaneostomia is an
operation where the appendix is used
to make a connection between the
bladder and the abdominal skin, e.g. in
the umbilicus. The SCL individ-ual
will then be able to use CIC through
this canal. This operation is often com-
bined with a bladder enlargement and
sometimes with simultaneous closure
of the urethra (7). This solution may for
example be the choice for women who
have difficulty in CIC per urethram
due to adiposity or immobility (19,20).
In case of hyperreflexia with DSD and
high intravesical pressure, which can-
not be lowered satisfactorily by phar-
macological treatment, surgical relief
of an increased outlet resistance may
be indicated. This has commonly been
obtained by a sphincterotomy, how-ever

there is a significant incidence of treat-
ment failure and recurrence, and the
complications following the proce-
dure is not negligible (6). Furthermore,
the procedure is irreversible. Alterna-
tively, the use of a permanent stent to
bypass the sphincteric area has been
introduced, and this procedure seems
as efficient as the conventional external
sphincterotomy, and in addition is
reversible (7,21).

Sacral-anterior-root-stimulation may be
considered in SCL individuals with
preserved detrusor-function, high
intravesical pressure, large RU and
recurrent UTI. This technique implies
implantation of electrodes at the ante-
rior S2-4 nerve roots and tunnelling of
the cables to the abdomen, where a
radio receiver is implanted subcuta-
neously (7). The SCL person will then
with an external transmitter be able to
control the detrusor contractions and
hereby the bladder emptyings.
Artificial sphincter can in selected indi-
viduals be a possibility against inconti-
nence (7).
INCONTINENCE AIDS
Incontinence aids for SCL persons are
of great importance as the incontinence
can be a significant barrier for social
interaction (22,23). However, the men-

SCL individual controlling bladder emp-
tying with a sacral anterior root stimultor.
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tioned treatments often have to be sup-
plemented with one or more aids.
Diapers are available in many sizes
and forms to be used for different pur-
poses. 
For men penile-bags of various types,
including small diaper-bags for less
severe incontinence, and urisheaths
(condom catheter) connected to a leg-
bag for larger leakage, are available.
Use of urisheaths implies a risk for
ulcer formation, why the skin should
be inspected.
Women have unfortunately no effec-
tive urine collecting aid, but some with
less incontinence may use mechanical-
ly aids to close the urethra (24). How-
ever, if hyperreflexia is present these
devices are frequently insufficient.

TREATMENT COMPLIANCE
Impaired bladder function caused by
SCL may impact multiple areas of
quality of life, including an indivi-
dual’s ability to create and maintain
social relationships (23). Major factors
which may impair the persons indivi-
dual technique of bladder manage-
ment may be worry about inconti-
nence, or the devices ability to control
voiding, difficulties and increased time
demand for bladder care and compli-
cations. Consequently, attention should
also be addressed to the SCL person’s
compliance with bladder manage-
ment, and it is mandatory, that a care-
fully tailored bladder management
program be implemented for each
individual (22,23). 

COMPLICATIONS
The kidney function should be followed
closely and, if deteriorating, additional
investigations of the blad-der, in par-
ticular the intravesical pres-sure and
the outlet conditions, should be per-
formed.

UTI is the most frequent complication.
In case of recurrent infections it is
important to assure, that there is no
significant RU after bladder emptying
or urinary stones as background for
the infections. On the same time the
urine in individuals who perform CIC
will in approx. 50% of the instances
show bacteriuria. Therefore one should
only treat with antibiotics if there are
symptoms. When antibiotic treatment
is necessary antibiotics with little or no
influence on the normal flora should
be used. Single agent therapy - in
accordance with anti-microbial suscep-
tibility test - is preferred. It is advised
that the treatment is extended to at
least 5 days, and in case of re-infection
or relapsing UTI at least 7-14 days,
depending on the severity of the infec-
tion (3,6).
Regarding prevention of UTI general
cleanliness and local hygiene is impor-
tant. With recurrent UTI without treat-
able structural or functional causes, i.e.
urinary stones, outlet difficulties, RU,
or high bladder pressure, may long-
term low-dose antibiotics be the solu-
tion. This option should not be used
for SCL persons with permanent
catheter, due to the risk of developing
resistant bacteria. Permanent catheter
is the greatest risk for UTI in SCL indi-
viduals (6). It seems that cranberry
products may prevent UTI, but there is
a need for appropriate placebo-con-
trolled trials to confirm this (25).
Urinary stones in the bladder as well as
in the kidneys occur in 5-10% of SCL
individuals over a period of 5-10 years
(26). Treatment of these and structural
risk factors follows general urological
principles from non-SCL patients

FUTURE
At the present time promising devel-
opments are underway in the area of
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neuromodulation, including experi-
ments with electrical stimulation and
penile vibration to decrease the blad-
der hyperreflexia and increase the
bladder capacity (12-14,27). These new
possibilities may have great im-por-
tance for many SCL persons, who suf-
fer from detrusor hyperreflexia with
incontinence. Irreversible procedures
thus seems to be inappropriate in most
patients for the time being, due to the
possibilities for multimodal treatment
including local (intravesical or
intrathecal) and oral administration of
drugs in combination with mechani-
cal (urethral stent) and electrical or
other means of neuromodulation (13).

REFERENCES
1. Hartkopp A, Brønnum-Hansen H, Seiden-
schnur A-M, Biering-Sørensen F. Survival and
cause of death after traumatic spinal cord injury.
A long-term epidemiological survey from
Denmark. Spinal Cord 1997;35:76-85.
[Corrigendum Spinal Cord 1997;35: 862-864].

2. Selzman AA, Hampel N. Urologic complica-
tions of spinal cord injury. Urol clin NA
1993;20:453-464.

3. Burns AS, Rivas DA, Ditunno JF. The man-
agement of neurogenic bladder and sexual dys-
function after spinal cord injury. Spine 2001;
26;suppl 24:S129-36.

4. Linsenmeyer TA, Culkin D. APS recommen-
dations for the urological evaluation of patients
with spinal cord injury. J Spinal Cord Med
1999;22:139-42.

5. McGuire EJ, Woodside JR, Borden TA, Weiss
RM. Prognostic value of urodynamic testing in
myelodysplastic patients. J Urol 1981;126:205-9.

6. Biering-Sørensen F, Bagi P, Høiby N. Urinary
tract infections with spinal cord lesions:
Treatment and prevention. Drugs 2001;61:1275-
87.

7. Jamil F. Towards a catheter free status in neu-
rogenic bladder dysfunction: a review of blad-

der management options in spinal cord injury
(SCI). Spinal Cord 2001;39:355-61.

8. Weld KJ, Wall BM, Mangold TA, Steere EI,
Dmochowski RR. Influences on renal function
in chronic spinal cord injured patients. J Urol
2000;164:1490-3.

9. Weld KJ, Graney MJ, Dmochowski RG.
Differences in bladder compliance with time
and associations of bladder management with
compliance in spinal cord injured patients. J
Urol 2000;163:1228-33.

10. West DA, Cummings JM, Longo WE, Virgo
KS, Johnson FE, Parra RO. Role of chronic
catheterization in the development of bladder
cancer in patients with spinal cord injury.
Urology 1999;53:292-7.

11. Wein AJ, Rovner ES. Pharmacological mana-
gement of the overactive bladder. Contemp Urol
2001;13:suppl 6:22-35

12. Sullivan J, Abrams P. The overactive bladder:
neuropharmacological basis of clinical manage-
ment. Curr Opin Obstet Gynecol 1999;11:477-

13. Yoshimura N, Smith CP, Chancellor MB, de
Groat WC. Pharmacologic and potential biolo-
gic interventions to restore bladder function
after spinal cord injury. Curr Opin Neurol
2000;13:677-83.

14. Madersbacher HG. Neurogenic bladder dys-
function. Curr Opin Urol 1999;9:303-7.

15. Schurch B, Stöhrer M, Kramer G, Schmid
DM, Gaul G, Hauri D. Botulinium-A toxin for
treating detrusor hyperreflexia in spinal cord
injured patients: A new alternative to anticho-
linergic drugs? Preliminary results. J Urol
2000;164:692-7.

16. Nomura S, Ishido T, Tanaka K, Komiya A.
Augmentation ileocystoplasty in patients with
neurogenic bladder due to spinal cord injury or
Spina Bifida. Spinal Cord 2002;40:30-3.

17. Wein AJ. Neuromuscular dysfunction of
lower urinary tract. In: Walsh PC, Retik AB,
Darracott Vaughan Jr E, et al., eds. Campbell’s
Urology. Philadelphia: Saunders, 1998: 953-
1006.



18. McDougal WS. Use of intestinal segments
and urinary diversion. In: Walsh PC, Retik AB,
Darracott Vaughan Jr E, et al., eds. Campbell’s
Urology. Philadelphia: Saunders, 1998:3121-61.

19. Hakenberg OW, Ebermayer J, Manseck A,
Wirth MP. Application of the Mitrofanoff princi-
ple for intermittent self-catherization in quadri-
plegic patients. Urology 2001;58:38-42.

20. English SF, Pisters LL, McGuire EJ. The use
of appendix as a continent catheterizable stoma.
J Urol 1998;157:747-9.

21. Chancellor MB, Bennett C, Simoneau AR,
Finocchiaro MV, Kline C, Bennett JK, et al.
Sphincteric stent versus external sphincteroto-
my in spinal cord injured men: Prospective ran-
domized multicentre trial. J Urol 1999;1893-8.

22. Yavuzer G, Gök H, Soygür T, Arikan N,
Arasil T. Compliance with bladder management
in spinal cord injury. Spinal Cord 2000;38:762-5.

23. Hicken BL, Putzke JD, Richards JS. Bladder
management and quality of life after spinal cord
injury. Am J Phys Med Rehabil 2001;80:916-22.

24. Thyssen H, Bidmead J Lose G, Moller Bek K,
Dwyer P, Cardozo L. A new intravaginal device
for stress incontinence in women. BJU Int
2001;88:889-92.

25. Biering-Sørensen F. Urinary tract infection in
individuals with spinal cord lesion. Curr Opin
Urol 2002;12:45-9.

26. Biering-Sørensen F, Nielans H-M, Dørflinger
T, Sørensen B. Urologic situation five years after
spinal cord injury. Scand J Urol Nephrol
1999;33:157-61.

27. Læssøe L, Sønksen J, Bagi P, Biering-
Sørensen F, Ohl DA, McGuire EJ, Kristensen JK.
Effects of ejaculation by penile vibratory stimu-
lation on bladder reflex activity in a spinal cord
injured man. J Urol 2001;166:627.

19



20

SUMMARY
Colorectal dysfunction is reported by
nearly 40% of spinal cord lesioned
(SCL) individuals. Faecal inconti-
nence and constipation are major
issues. In the acute phase there is an
increased risk of paralytic ileus.
Whenever possible continuous ente-
ral nutrition should be maintained.
Initial intestine is atonic and digital
evacuation and enema may be neces-
sary for bowel evacuation. Due to the
risk of constipation the use of mor-
phine etc. should be avoided. It is
often necessary to add laxatives,
which soften the stool, e.g. lactulose
and magnesiumoxide, or increase the
volume, e.g. fleawort seed. Laxatives
with effect on the motility may in case
of constipation, e.g. bisacodyl and
natriumpicosulfate. With more severe
constipation enterokinetic drugs may
be used, e.g. Cisapride. Digital stimu-
lation of the anal canal or digital eva-
cuation is used regularly. Rectal laxa-
tives include the lubricating and soft-
ening enemas, which are used hours
before bowel evacuation, and contact-
laxatives, as suppositories or enemas
they stimulate the defecation reflex
after 5-20 minutes. Retrograde colonic
wash-out may be performed with an
enema conti-nence catheter. Malone
antegrade continence enema is anot-
her possibility. Colostomy may be 
the choice of surgical procedure.
Haemorrhoids and mega colon are
frequent complications.

Among 424 spinal cord lesioned (SCL)
individuals 39% reported that colorec-

tal dysfunction caused some or major
restrictions on social activities or on
their quality of life, and 30% regarded
colorectal complaints to be worse than
both bladder and sexual dysfunction.
In addition, faecal incontinence was
experienced by 75%, but the majority
only reported a few epi-sodes each
month (15%) or each year (56%) (1).
Another study reported that incon-
tinence affected the quality of life for
62% of SCL individuals, compared to
8% in the control population (2).
Furthermore only 19% felt a normal
desire to defecate, whereas the remain-
ing felt no desire to defecate (38%) or a
combination of abdominal discomfort
(37%) and headache, physical uneasi-
ness, and perspiration (25%) (1). 

ACUTE MANAGEMENT
In the acute phase of a spinal cord
injury, the patient has an increased risk
of paralytic ileus. It is important when-
ever possible to maintain continuous
enteral nutrition. This seems to
improve the integrity of the intestinal
mucosa and may decrease the risk of
septicaemia and reduce the morbidity
and mortality. Intravenous nutrition
may have to be used.
As long as the intestine is atonic digital
evacuation and enema may be neces-
sary for the bowel evacuation. Other-
wise there should be initiated a regular
bowel management program as soon
as possible.
Due to the risk of constipation the use
of morphine and similar drugs should
be restricted as much as possible.

BOWEL MANAGEMENT
Michael Staun and Fin Biering-Sørensen

Clinics for Gastroenterology and Para- and Tetraplegia, 
Rigshospitalet, Copenhagen, Denmark
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BOWEL TYPES
In SCL individuals with upper motor
neuron bowel or reflex-bowel, the reflex
arc between the sacral spinal cord and
the bowel is intact (3,4). Therefore the
bowel evacuation may be initiated
reflexogenic, e.g. by stretching of the
anal sphincter digitally, or by ’tapping’
over the bowel abdominally. The striat-
ed external anal sphincter will usually
be tightly closed with these spinal cord
lesions due to spasticity of the pelvic
floor. The spastic sphincter may con-
tribute to the occurrence of faecal
retention.
In SCL individuals with a lower motor
neuron bowel, including cauda equina
lesions the colon is ‘relaxed’ without
spinal cord mediated reflex peristaltic,
which may imply development of con-
stipation (3,4). Furthermore there is a
flaccid anal sphincter, resulting in a
risk of faecal incontinence. Therefore
the bowel content should not be too
soft. SCL individuals with these lesions
on the other hand have the possibility
to make use of abdominal pressure or
Valsalva manoeuvre during the bowel
evacuation.
In a study comparing SCL individuals
with upper and lower motor neuron
bowels it was found, that those with
upper motor neuron bowel demon-
strated increased frequency of defeca-
tion, increased frequency of faecal
incontinence, increased use of oral
medications for bowel care, increased
required time for defecation and more
diet modification than those with
lower motor neuron bowel. However,
there was no difference in the subjec-
tive difficulty of bowel care (5).

BOWEL EVACUATION
The procedures for bowel evacuation
should aim for, that no faecal inconti-
nence appears, simultaneously it

should not be too time-consuming and
constipation should be avoided.
Constipation may be difficult to avoid
due to the missing desire to defecate,
the general immobilisation and the
paralysis of the abdominal and per-
ineal muscles. The colonic transit time
is increased in SCL individuals, in par-
ticular if the lesion is above T1 (6).
Therefore one should also be aware of
diarrhoea, which may be paradoxical
and be caused by the constipation.
Furthermore the SCL often imply that
the voluntary ability to contract the
external anal sphincter is abolished,
which in combination with missing
anorectal sensibility increases the risk
of incontinence.
To avoid constipation the faeces
should be voluminous and wet. It is
therefore important from the begin-
ning to make sure that the SCL indi-
vidual has a diet rich on fibres (fruit,
vegetables, and coarse bread) and suf-
ficient liquid. It has also to be observed
that increasing dietary fibre in SCL
individuals not necessary has the same
effect on the bowel function as in nor-
mally functioning bowels. Indeed the
effect may be the opposite to that
desired (7).
It is often necessary to add laxatives.
Also, it may be for some SCL individu-
als an advantage to regulate the bowel
evacuation to appear according to a
scheduled time plan, not least if help is
needed for the bowel management.
The most optimal time will often be in
the morning shortly after breakfast, as
this stimulates the gastro colic reflex,
which causes increased colon motility
about 30 min. after the meal. In some
patients colonic massage from the
ascending colon towards the rectum
may be of help. Others may use digital
evacuation.
Either digital stimulation of the anal
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canal before defecation or digital eva-
cuation of the rectum was used regu-
larly by 65% (1).

LAXATIVES
In a large questionnaire study laxatives
were used by 39% of SCL individuals,
compared to 4% of normal controls (2). 
ORAL AGENTS
Laxatives can be divided in those pri-
marily functioning on the bowel content,
i.e. its consistency and volume, and
those with primary effect on the intesti-
nal motility. 
Laxatives with function on the bowel
content include agents, which soften
the stool, e.g. lactulose and magne-
sium oxide, and those, which increase
the volume, e.g. fleawort seed. By
increasing the volume of the bowel
content the peristalsis is stimulated.
This will imply evacuation of more
loose faeces.
Laxatives with primary effect on the
intestinal motility should first of all be
utilized in case of acute constipation. If
the constipation is chronic they may be
used in smaller doses distributed over
the day. This could be, e.g. bisacodyl
and natriumpicosulfate. In patients
with more severe constipation treat-
ment with enterokinetic drugs may be
used. The effect of Cisapride has been
investigated in two studies (8,9).
Cisapride appears to shorten transit
time in the left sided colon and about
50 % of the patients reported a subjec-
tive improvement in constipation. In a
recent study a newly developed proki-
netic drug Prucalopride was investi-
gated in a controlled study (10) and a
significant decrease in constipation
symptoms and colonic transit time was
found. Prokinetic drugs may become
an important adjunctive for the treat-
ment of constipation in SLC individu-
als.

RECTAL AGENTS
Rectal laxatives include the lubricating
and softening enemas, which are used
hours before bowel evacuation with
the purpose of lubricating the accumu-
lated stools in the rectum, and contact-
laxatives, which as suppositories or
enemas by contact with the mucosa
stimulate the defecation reflex after 5-
20 minutes.

RETROGRADE COLONIC 
WASH-OUT
Retrograde colonic wash-out may be
performed with an enema continence
catheter positioned in the rectum and
held there by a balloon filled with air.
The catheter is through a tube connect-
ed with a bag containing _-1 L luke-
warm water. When the bag is elevated
the water runs into the bowel, where it
stays for approximately a quarter of an
hour. Thereafter the balloon is deflated
and the catheter is removed and the
bowel is emptied for the instilled
water.
This method has proven to be effective
in selected adult individuals with neu-
rogenic bowel dysfunction, particular
to prevent faecal incontinence while
constipation was less successfully
treated (11). In children with Spina
Bifida the success rate seems even
higher. In the adult SCL individuals
there are major problems with retain-
ing the balloon in the rectum when
instilling the water.
Pulsed irrigation evacuation has been
tried for the clearing of faecal
impaction. It was found to be safe and
effective (12), and may in the future
become a useful addition to other
methods in the management of the
neurogenic bowel.

SURGICAL TREATMENT
Malone antegrade continence enema is a
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procedure where the appendix vermi-
formis is lead to the abdominal wall
where a small stoma is made. A tube
connected with a bag or a large syringe
can now be inserted in the stoma and
the colon may be flushed in the ante-
grade direction with _-1 L lukewarm
water. The procedure takes all together
approximately half an hour. It is
enough to cover the stoma with a 
plaster between the wash-outs. The
surgical procedure is minor and
reversible, and the procedure is thus a
suitable alternative to more extensive
procedures (11)

Colostomy. The choice of surgical proce-
dure should reflect the clinical pro-
blem. Patients with colon inertia will
do better with an ileostomy and seg-
mental resection of the colon should be
avoided. SCL individuals with rectal or
sigmoid dysfunction and pelvic dys-
function may do very well by diver-
sion of the descending colon. Thus, in a
study of 26 SCL individuals with
colostomy and 26 without, those with
colostomy were no worse off in regard
to quality of life, than those without.
The inference is that perhaps a co-
lostomy should be considered earlier
in SCL individuals with major bowel
dysfunction following SCL (13), which
is supported by another study, where
83% said their independence had
increased after colostomy, and 92%
wished colostomy had been offered
earlier, and none wanted their co-
lostomy reversed (14).

Sacral Anterior Root Stimulator has
showed in a large segment of the SCL
individuals implanted that it is used
for bowel evacuation with success.
(15). Therefore at the present time a
development work is in progress to
improve this technique for bowel eva-
cuation.

FUNCTIONAL MAGNETIC
STIMUALTION
Recently functional magnetic stimula-
tion (FMS) as a non-invasive method to
stimulate the colon in SCL individuals
has been evaluated. It was found that
FMS is able to stimulate the colon and
reduce the colonic transit time, thus
this method may in the future be one
possible option (16).

COMPLICATIONS
Beside constipation, and the prolonged
time needed for bowel evacuation,
haemorrhoids may be a significant and
recurring problem for SCL individuals.
They should be treated in the usual
way. Haemorrhoidectomy has been
found to be more common in SCL indi-
viduals compared to the normal popu-
lation, 9% vs. 1.5%, particularly among
those requiring manual evacuation (2).
A feeling of abdominal distension is 
not unusual. One of the reasons is that
many SCL individuals not are able to
evacuate flatus in the normal way as
they are sitting very heavy most of the
day. In addition they don’t have the
normal feeling or desire to evacuate
flatus. In such instances it may be
advantageous to have bowel evacua-
tion daily.
Megacolon was found in 73% of 128
consecutively admitted SCL in-
patients, and in 52% of these associ-
ated radiological constipation was
found. Independent correlates of
megacolon were more than 10 years
elapsed since acute injury, age over 50
years, and use of ≥4 laxative doses per
month (17). 
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SUMMARY
Spinal cord lesioned individuals
comprise a group of persons with the
highest risk of pressure ulcer devel-
opment. The single most important
etiological factor is excessive and/or
prolonged pressure. Other factors
include incontinence, inferior nutri-
tional status, alcohol and drug abuse
and other psychosocial factors. Pre-
vention, through identification and
elimination of risk factors, position-
ing and pressure relief is therefore of
paramount importance. Following
pressure ulcer development, treat-
ment can be either conservative or
surgical. The generally complex med-
ical nature and needs of these
patients and the high recurrence rate
of pressure ulcer, emphasizes the
need of a vigorous multidisciplinary
team approach in treatment and post-
operative rehabilitation.

PREVALENCE
Due to the neurological deficit with
impaired or lost sensibility and mobili-
ty and to certain psychosocial circum-
stances, spinal cord lesioned (SCL)
individuals comprise a group of indi-
viduals with the highest risk for devel-
opment of pressure ulcers (1,2,5).
Studies from the United States have
reported a 30-40% prevalence of pres-
sure ulcers during the acute care phase
and rehabilitation period following
Spinal Cord Injury (1).
Treatment initiated in state-of-the-art
care centres (Model System Centres)
within 72 hours of injury was associ-
ated with a significantly lower preva-

lence - and with development of less
severe pressure ulcers than treatment
in Non-System Centres (1).
In community resident SCL individu-
als, one third were found to have pres-
sure ulcers (2). Based on a study of
4,065 SCL individuals from the
National Spinal Cord Injury Statistical
Centre, 15% had a pressure ulcer at
their first annual follow-up examina-
tion; 20% at year 5; 23 % at year 10; 24%
at year 15, and 29% at year 20 (1).
The recurrence rate of pressure ulcers,
irrespective of medical or surgical
treatment, has been found to be
around 31-35% (1,5).
Amongst SCL individuals 7-8% will
die from pressure ulcer-related compli-
cations (3,4).

GRADING
The table below shows the clinical
stages of pressure ulcers.

PATHOPHYSIOLOGY
Forces between the points of contact
with the environment generate stress,
designated pressure when forces are
perpendicular to, and shear when they
are tangential to the surface. The
response of the tissue to pressure or
shear is determined by the viscoelastic
and microvascular properties of the 
tissue (1).
Spinal cord injury produces changes in
the structure and physiology of the
skin before even the appearance of
ulcers. There is evidence of an in-
crease in collagen degradation in skin
and muscle, as well as an imbalance in
collagen biosynthesis following spinal

SKIN - DECUBITUS
Mary A. Knudsen and Fin Biering-Sørensen

Clinics for Plastic and Reconstructive Surgery and Burns
and Para- and Tetraplegia, Rigshospitalet, Copenhagen, Denmark.
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cord injury, rendering these struc-tures
highly vulnerable to pressure (1). 
Compression of skin and muscle
(which is highly sensitive to oxygen
depletion), compression and deforma-
tion of vessels and capillaries, initiates
a cascade of events, which ultimately
leads to ischemia and tissue necrosis.
Also, imbalance in internal interstitial
pressure gradients due to repeated
stress also induces damage to the colla-

gen network and cellular structures,
resulting in deficient metabolism and
lack of circulating nutrients. 
Pressure ulcers usually develop over
bony prominences, where tissue pres-
sure is highest. Thus the most obvious
exposed pressure points in the supine
position are the sacrum, iliac crests,
trochanters, elbows, shoulders, shoul-
der blades, knees, malleolar bones and
heals. In the sitting position the
exposed sites are the ischial tuberosi-
ties, crena ani and the spinal processes.
Pressure may also be caused by hetero-
topic calcifications, and may be influ-
enced by external factors like braces,
shoes, folds in the support surface or in
the clothing, mode of repositioning
(shear), type of wheel chair, psycho-
social assistance etc. Due to loss of sen-
sibility, it is also important to be aware
of the risk for ulcer formation from
contact with warm objects, i.e. bath-
water, warm taps, coffee cups, cigarette
embers, heating pad, and radiator.

RISK INDICATORS
Various studies have given contra-
dicting information regarding risk
indi-cators for pressure ulcer develop-
ment in SCL individuals. Demographic
factors have included the young as
well as the old age groups, male gen-
der, single marital status, and lower
educa-tional level. Among the SCL
related factors, pressure ulcers have
been found more frequently in individ-
uals with more extensive paralyses
and completeness of the SCL, longer
duration of the SCL, and less function-
al independence. Physical and psycho-
social aspects include lack of responsi-
bility for skin care, poor nutrition, use
of tobacco and alcohol, drug abuse,
low self-esteem and feeling of dissatis-
faction with life and one’s activities
(1,5).

Stage Characteristics

Stage Reactive hyperaemia. 
0 Redness   disappears on pres-

sure. Circulation intact. The 
condition is reversible with 
pressure relief.

Stage Hyperaemia. Redness does 
1 not disappear with pressure. 

Classic inflammatory signs. 
Initial tissue damage with 
aseptic inflammatory reaction. 
The condition is reversible 
with pressure relief.

Stage Blister formation, eventually 
2 ulceration. The lesion does 

not penetrate dermis. The 
condition is reversible with 
pressure relief. 

Stage The ulcer extends into the
3 subcutaneous tissue.Necroses, 

may be undermining or fis-
tulae. The lesion does not 
penetrate the fascia. Needs 
active treatment to heal.

Stage The ulcer has penetrated the 
4 fascia and down into the 

muscle and may be the bone. 
Necroses, undermining and 
fistulae. Often infected. Needs 
intensive treatment to heal.
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PREVENTION
Assessment of risk indicators for pres-
sure ulcers in SCL persons increases
awareness among professional health
care workers for the necessity of pre-
vention strategies and thus, improves
clinical practice (1).
It is extremely important to regularly
assess and document risk indicators,
once these have been identified, as the
SCL individual’s situation can deterio-
rate or improve. Risk assessment tools
can be applied to support clinical 
evaluation. Several tests, like the
Brandon -, Salzberg -, Norton scales,
and the Waterlow Pressure Sore Risk
Calculator have been used. However,
the predictive value of these tools are
imprecise in the SCL population, as
certain risk factors known to be of 
scientific importance are not included
(1).
Prevention strategies are aimed at
appropriate positioning, relieving pres-
sure exposed sites at regular intervals
to allow blood supply to the area, insti-
tuting pressure relief on appropriate
surfaces and at avoiding prolonged
immobilisation. 
In wheelchair positioning, postural
alignment, balance, weight distribution
and pressure reduction capabilities are
evaluated. Weight shifts several times
every hour should be encouraged.
Likewise in the supine position, turns
and changing of position should be

performed every second hour. Posi-
tioning directly on bony prominences
or on pressure ulcers should be 
avoided (1).
Pressure relief should be obtained by
using an optimal mattress and cushion
for each individual SCL person. With
regard to mattresses, a static mattress
may often be sufficient. 
Alternatively, a dynamic mattress may
be chosen when positioning becomes
difficult. For high-risk SCL indivi-
duals: tetraplegics, simultaneous pres-
ence of several ulcers or other injuries,
low-air-loss and air-fluidized beds
(Clinitron bed – Figure 1) may be
employed. Static– and dynamic wheel-
chair cushions are also available. Bed-
and wheelchair support surfaces have
to be individually adjusted.
Furthermore, it is important to be at-
tentive of possible pressure exposure
from bath chair, toilet seat, lift-sail etc.
Foam-padding and special designs
may be necessary. Moist skin or soak-
ing, due to moist clothes, sweat, incon-
tinence from urine or faeces, decreases
the resistance to pressure, friction dam-
age and bacteria-invasion and should
therefore be avoided. Maintaining ade-
quate protein, calorie, and fluid intake
to prevent negative nitrogen balance
and dehydration is essential (1).

MEDICAL TREATMENT
Following actual development of a
pressure ulcer, assessment of the indi-
vidual with the pressure ulcer is per-
formed, with identification of risk fac-
tors and determination of the nutri-
tional status. In addition, the pressure
ulcer is assessed, describing anatomic
location, the extent of the lesion, mar-
gin, the presence of undermining,
sinus tracts, necrosis, infection, and
bone and joint involvement. Generally,
stage 1 and 2 pressure ulcers can beFigure 1. Clinitron bed
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As the most important etiological fac-
tor is unrelieved pressure, the primary
treatment is aimed at total relief of the
ulcer area, on an appropriate pressure
relief mattress, to obtain healing and
avoid surgery. Treatment in the com-
munity thus implies, that considerable
help in the home may be necessary, as
the SCL individual often has to lie in
bed continuously. The wound should
initially be cleaned and dressed at least
once daily, depending on the amount
of exudation. This should be per-
formed cautiously with gauze or a
sponge and normal saline. Necrotic tis-
sue should also be debrided daily.
There are innumerable different dress-
ings on the market and the choice of
products will vary according to the
condition and stage of the pressure
ulcer and the preferences of the partic-
ular institution. It is important to apply
a dressing, which can establish and
maintain a moist environment in the
ulcer with concomitant dry surround-
ings and also to monitor that the dress-
ings are satisfactorily placed at all
times. Assessment of ulcer healing
should be performed weekly and if
progress is not confirmed within 2-4
weeks, the reason for this must be
analysed and alternative treatment
regime should be considered (1).
Several investigations have shown that
electrical stimulation around the ulcer
can accelerate wound healing. There is
however, no scientific evidence that
hyperbaric oxygen treatment, sub-
atmospheric pressure therapy, laser
therapy, ultrasound or application of
growth factors has a favourable effect
on wound healing (1).
Complications to medical treatment of
pressure ulcers include cellulitis, os-
teomyelitis and sepsis. Common causes
of sepsis include Bacteriodes fragilis,
Staphylococcus aureus and gram-neg-

ative rods. Diagnosis can be attained
partly clinically, partly by tissue or
bone biopsies. These complications
should be treated with antibiotics (1).

SURGICAL TREATMENT
In stage 3 and in particular stage 4
ulcers (see table above), surgical in-ter-
vention is often necessary to shorten
wound healing, to prevent osteomyeli-
tis, sepsis, protein loss, secondary amy-
loidosis and renal failure, Marjolins
ulcer (development of carcinoma in
long-standing ulcers – Figure 2) and to
improve hygiene (1,6).

Preoperative evaluation, including
identification of risk factors (i.e. white
blood count, erythrocyte sedimenta-
tion rate, haemoglobin, nutritional sta-
tus, incontinence, medical conditions,
smoking, spasms, contractures) and
wound care is of paramount impor-
tance to ensure success of the opera-
tion. Local wound - and urinary tract
infections should be treated. Scinti-
graphy and X-rays and in some cases a
CT or MRI scan should be performed
when osteomyelitis and heterotopic
calcifications or fistulas are suspected.
The purpose of surgery is to excise all
necrotic tissue and also in most cases,
to reconstruct the defect in order to

Figure 2. Marjolin ulcer - sacral
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obtain sufficient soft tissue covering
over the underlying bony promi-
nences.  A fascio-cutaneous flap occa-
sionally combined with an underlying
muscle flap or preferably a myocuta-
neous flap, from a neighbouring area,
is moved to cover the ulcer with main-
tenance of the blood supply through a
pedicle (Figure 3). Re-section of bony
promi-nences may be indicated. Skin
grafts or direct wound closure over
pressure bearing areas should be
avoided.
The operation with reconstruction com-
prises revision of the ulcer and closure
with a flap either in one procedure or
with 4–7 days interval. The ulcer is
excised including scar tissue, hetero-
topic calcifications, bursa, necrotic tis-
sue and bone. Tissue and bone cultures
are obtained. The defect is covered
with a large pedicled muscle and or
fascio-cutaneous flap to eliminate dead
space and ensure vascularity for opti-
mising wound healing. Antibiotic
treatment is continued for 6–12 weeks
in case of osteomyelitis.

Postoperatively, it is necessary with
pressure relief to secure healing of the
tissue. Usually total pressure relief is
maintained for 2-3 weeks and at least
6-8 weeks must be expected before the
area can be fully load bearing. If only
revision has been performed, total
pressure relief has to be maintained
until the wound has healed, which can
take many months. In the postopera-
tive period it is an advantage if the
patient can be placed on a dynamic air-
fluidized bed (Clinitron bed – Figure
1). This makes it possible for the
patient to lie directly on the flap with-
out compromising wound healing.
This is especially important if several
flaps are present or for tetraplegics.
Rigorous postoperative rehabilitation
and an educational programme to
teach methods to prevent recurrence is
essential following pressure ulcer
treatment.
The most common postoperative sur-
gical complication was wound dehis-
cence (31%) usually caused by deep
infection/abscesses or haematoma.

Large defect over left
ischial tuberosity in a 18
year old paraplegic patient.

A large Hamstring flap has
been prepared to cover the
superficial defect and a
pedicled Gracilis muscle
flap for eliminating dead
space.

The final result.

Figure 3.
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Eleven percent required re-operation,
the remainder healed secondary or
were grafted with split skin. Recurrent
ulcer in the same position was seen in
31% of SCL individuals (5).
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SUMMARY
The majority of spinal cord lesioned
(SCL) women had sexual intercourse
after the lesion, but describe practical
problems. Many of the women are
capable of achieving orgasm. SCL
women are normally fertile. At preg-
nancy there is an increased risk of uri-
nary tract infections. The babies are
usually delivered vaginally. In case of
prolonged labour or severe autonom-
ic dysreflexia caesarean section may
be necessary.

It has previously been stated, that there
is a lack of studies, comparing the sex-
uality and sexual functioning of spinal
cord lesioned (SCL) women with able-
bodied women (1). In spite of this, in
recent years, studies have given infor-
mation on these areas in SCL women.

SEXUAL FUNCTION
In a questionnaire investigation in-
cluding 472 SCL women with an av-
erage age of 32 years at their SCL, 87%
reported, that they had had sexual
intercourse before their SCL while 67%
had had it after the SCL (2). With
increasing duration of the injury the
number of women reporting to have
had sexual intercourse increased from
49% within the first year to 76% for
SCL women who were 11 or more
years after their SCL. This is in accor-
dance with a study by White et al. (3)
where women who had been involved
in a physical relationship or inter-
course since injury were younger at the
time of injury, and those involved in a

physical relationship had been injured
for a longer time than those who had
not had such a relationship. 
Sipski and Alexander (4) found that
although intercourse had been the
favoured activity pre-injury, kissing,
hugging, and touching were the fa-
voured activities post-injury, as given
in the following table:

SEXUAL FUNCTION IN WOMEN; PARTNERSHIP,
PREGNANCY AND DELIVERY
Lasse Raaberg and Fin Biering-Sørensen

Clinics for Obstetrics and Gynaecology, and Para- and Tetraplegia, 
Rigshospitalet, Copenhagen, Denmark

Depending of the level of the SCL 62%,
70% and 82% respectively, reported to
have had sexual inter-course for cervi-
cal, thoracic, and lumbosacral SCL.
Those women, who had had sexual
intercourse, reported the problems
given in the table below in relation to
intercourse (n=315) (2):

Kissing and hugging 76%
Penis-vaginal intercourse 68%
Touching 68%
Oral sex 56%
Manual stimulation 40%
Vibrator stimulation 24%
Anal intercourse 12%

Lack of enjoyment 45,1%
Difficulty with positioning 41,9%
Increased spasticity 26,3%
Lack of lubrication 23,2%
Bladder incontinence 16,5%
Autonomic dysreflexia 11,4%
Problems with Foley 
catheter 6,7%
Other 8,9%
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As reason for not having sexual inter-
course since the SCL 155 women
reported one or more of the following
causes: Not married (16,4%), uncom-
fortable with their body (16,6%), no
opportunities (31,8%), not important
(53,6%), and other causes (28,8%).
Although sexual activity continues
post-injury, the frequency of sexual
activity decreases with only around
50% having sexual activity at least
once a week (4,5).
Women that were injured during child-
hood or early adolescence, i.e. before
they have had any sexual experience
are usually not described separately,
but they constitute a group, which
need special attention  (6).

ORGASM
Before the SCL 79,1% of the women
had experienced orgasm, while 37,3%
of the women reported orgasmic abili-
ty after the SCL (2). This depended on
the time post injury, i.e. 18,0% achieved
orgasm within the first year, compared
to 49,7% 11 or more years post injury.
Among women with cervical SCL
31,7% had achieved orgasm, while the
corresponding frequencies were 40,5%
and 51,5% for women with thoracic
and lumbosacral SCL. Similar results
were found by Westgren et al. (7).
When comparing to able-bodied
women SCL women had lower levels
of sexual satisfaction and sexual drive
and higher levels of psychological
symptoms and negative affect. In SCL
women, sexual satisfaction decreased
with age, while it increased with age in
able-bodied women (1).
Sipski et al. (8) found, that less than
50% of investigated women with SCL
were able to achieve orgasm, com-
pared to 100% of able-bodied women.
Only 17% of women with complete
infrasacral lesion were able to achieve

orgasm, compared with 59% of those
with another SCL. The time to achieve
orgasm was considerable longer for
women with SCL compared to normal
women.
Although physical disabled women
compared to able-bodied may have
lower level of sexual activity, re-
sponse, and satisfaction, they have the
same sexual desire (9). Furthermore,
their description of the orgasm is in-
distinguishable from that of the able-
bodied (8).
Sildenafil citrate (Viagra‰) in combi-
nation with sexual stimulation in-
creased both subjective and physio-
logical parameters for sexual arousal in
SCL women compared to sexual stimu-
lation alone (10). Other drugs like
prostaglandin E1 and phentolamine
may also be of interest (11).
The neurophysiology of the orgasm is
not fully elucidated. An intact sacral
reflex arc seems to be important (8),
but not a necessity. Sensory pass ways
that bypass the spinal cord are likely
and indicates that there might be dif-
ferent responses to clitoral versus vagi-
nal/cervical stimulation (12).

VAGINAL LUBRICATION
Women with SCL, in particular if they
have a complete lesion, should be
aware of their vaginal lubrication
when sexually aroused.  If the vagina is
dry it is recommended to use a water-
based sliding-crème to avoid irritation
or ulcer of the vaginal mucosa during
sexual intercourse.

PELVIC FLOOR
Pareses of the pelvic floor due to SCL
may be trained using pelvic floor exer-
cises or another voluntary contraction
of the musculature. If the SCL has
caused paresis and not paralysis of the
pelvic floor muscles, then the part
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under voluntary control can be trained
normally. For SCL women our knowl-
edge about the pelvic floor function is
little, but it may be anticipated, that a
well functioning pelvic floor is of sig-
nificance for the sexual function, preg-
nancy, delivery and prevention of gen-
ital prolapse.

MENSTRUATION AND FERTILITY
Usually a SCL does not affect the men-
struation cycle. But approximately 60%
has post-traumatic amenorrhoea up to
1/2 year (5). The fertility is normal in
SCL women (2). 

MENOPAUSE
In SCL women the menopause usu-
ally occurs earlier than in able-bodied
women (2), but only 26% of the post
menopausal SCL women were on hor-
mone replacement therapy. After the
menopause the frequency of sexual
dysfunction is increased. At least some
of this is due to atrophy of the vulva
and the vagina and can be reversed by
local or systemic oestrogen.

PREVENTION
If SCL women want to use prevention,
2nd generation prevention pills with a
low oestrogen content are recommend-
ed. SCL women have an increased 
risk of deep venous thromboses, and
because p-pills also increase this risk
the choice of prevention is adjusted
individually. If the frequency of sexual
intercourse is low, condom should be
considered, and if the women have
had the children she wished sterilisa-
tion may be an option. 
Due to the risk for undiscovered uterus
perforation intrauterine devices (IUDs)
have generally been used with caution
in SCL women. But the LevoNova IUD
may be a possibility as it has a high

safety (0.1 pregnancies per 100 women
years), menstruation bleedings are
reduced and the hormone dose is little.
The risk of perforation is reported to
0.1-0.5% of the IUD users.

PARTNERSHIP
In a review it was found that divorce
rates after SCL have been reported to
be from 8% to 48%, but it appears that
the rates tend to decline to the normal
for the general population after the 
initial high-risk period. It was also
shown that a SCL person who strives
to minimise the impact of the disabi-
lity on a potential partner makes a
more attractive candidate for a long-
term relationship than an individual
who has come to rely on others (13).
Married SCL women have been found
to be no less sexually satisfied than
able-bodied women. Partner availabili-
ty may influence levels of sexual satis-
faction (1). It has also been shown that
women with disabilities who lived
with a significant other reported
greater sexual satisfaction and had a
higher level of sexual activity (9).
But on the same time women with a
disability were more likely to be single
and much less likely to bear children
than able-bodied women (9).

PREGNANCY
During pregnancy SCL women have
common pregnancy complications
with the same frequency as other
women, but there is an increased risk
of urinary tract infections (46%) (2).
Furthermore pregnancy in SCL women
implies a risk of autonomic dysreflexia
(12%), development of pressure ulcer
(6%), increased spasticity (12%), prob-
lems with transfer towards the end of
the pregnancy (11%), etc. (2).
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DELIVERY
With complete SCL above Th10 the
women is unable to feel pain during
labour, but there may be malaise in the
abdomen, reflex sweating, spasms or
autonomic dysreflexia (2). Labour may
begin without the SCL woman being
aware of it. If the lesion is below Th12,
there will be normal sensibility for
labour.
Premature delivery may occur due to
vigorous spasms in the abdominal
muscles or in severe cases of auto-
nomic dysreflexia.
The delivery can usually take place
vaginally, but should be lead by an
experienced midwife for the sake of
spare the pelvic floor and the sphinc-
ters. If the second stage proceeds slow-
ly, there may be a need for assisted
delivery by vacuum extraction.
When the delivery does not progress
or severe autonomic dysreflexia is pre-
sent caesarean incision may be neces-
sary, and is performed more frequently
in SCL than non-SCL women (2).
If anaesthesia is necessary during the
delivery epidural or spinal anaesthesia
is primarily used (2). Epidural block
may in addition to the pain relieving
effect moderate autonomic dysreflexia,
spasms and pelvic floor dyssynergy.

LACTATION
Women with SCL are less likely to
breast feed their baby post-injury com-
pared to pre-injury (2). The reason for
this is unclear, but the process is
important and mothers should be
encouraged breast feed their babies in
order to strengthen the mother-baby
relationship. Furthermore the benefits
of mothers’ milk have been proven
beyond doubt.

CHILDREN
It has been verified that there is no dif-

ferences between mothers with SCL
and able-bodied mothers, and no dif-
ference between children raised in
families with mothers with SCL and
children raised in families with able-
bodied mothers. In addition, no differ-
ences were found in dyadic or family
functioning with mothers with SCL or
able-bodied mothers (14).

INFORMATION
It is to be noticed, that Westgren et al.
(7) found, that less than 10% of the
women were offered information
about sexual function before dis-
charge and none of the partners were
offered information. This seems to be
an important area to be taken up by all
departments working with SCL
women.
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SUMMARY
We recommend in spinal cord le-
sioned (SCL) men with erectile dys-
function: If it is possible to obtain a
satisfactory erection but of insuffi-
cient duration, then try to use a
venous constrictor band to find out if
this is sufficient to maintain the erec-
tion. Otherwise we recommend silde-
nafil but on the same time to avoid
nitrates. If sildenafil is not satisfacto-
ry then use intracavernous injection
with prostaglandine E1. Some SCL
men may prefer cutaneous or intrau-
rethral application. We discourage the
implantation of penile prosthesis for
the sole purpose of erection. For man-
agement of ejaculatory dysfunction
we recommend penile vibratory stim-
ulation (PVS) to induce ejaculation as
first treatment choice. If PVS fails
electro ejaculation (EEJ) is the possi-
bility. Together these options give
almost 100% success.
Impaired semen profiles with low
motility rates are seen in the majority
of SCL men. However, home insemi-
nation with semen obtained by PVS
and introduced intravaginally in
order to achieve successful pregnan-
cies may be an option for some SCL
men and their partners. The majority
will further en-hance their fertility
potential when using either PVS or
EEJ combined with assisted reproduc-
tion techniques such as intrauterine
insemination or in vitro fertilization
with or without intracytoplasmic
sperm injection.

For several decades it was a general

belief that individuals with SCL and
cauda equina lesion were permanently
and completely impotent and sterile.
Fortunately, over time many investiga-
tions have proved that this is wrong.

ERECTION
The frequency of erection has been
found to be between 54 and 95%, and
successful coitus reported obtained in
5-75% (1). Generally is the possibility
to obtain erection higher among SCL
men with incomplete than complete
lesions. 
PHYSICAL MANAGEMENT
Erection can be prolonged by use of a
venous constrictive band (pubic ring,
elastic band, retention band, rubber
ring) carefully placed at the root of the
penis to trap blood, and thereby main-
tain penile rigidity for a longer period.
It is important to instruct SCL men 
not to use the band for more than 30
minutes at a time, to avoid ischemic
damage.
Artificial penile appliances of plastic
material can be of help to some indi-
viduals with no or insufficient erec-
tion.
Vacuum erection devices in the form of
vacuum pumps, either manual or elec-
tric, have been used for many years.
The device consists of a plastic cylinder
into which the flaccid penis is placed
and subsequently engorged with blood
by producing a vacuum within the
cylinder. When adequate erection has
been obtained, a venous constrictor
band is slid from the base of the device
onto the base of the penile shaft to
maintain the erection. The cylinder is
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then removed from the penis and sex-
ual intercourse may be initiated. As
advised above should the venous con-
strictor band be removed after 30 min-
utes, and the skin should be closely
monitored. SCL individuals in antico-
agulation therapy or those with a
bleeding disorder should not use this
system, as common, but normally
insignificant adverse effects include
bruises, petechiae and abrasions as
well as skin oedema (2).
PHARMACOLOGICAL
MANAGEMENT
Sildenafil citrate (ViagraTM) promotes
erection by inducing smooth muscle
relaxation in the corpus cavernosum
(3,4). It has been found that the effi-
cacy depends on sparing of either
sacral (S2-4) or thoracolumbar (T10-L2)
spinal segments (5). This mean ab-
sence of both psychogenic (nonsom-
esthetic supraspinally elicited) and
reflexogenic (somesthetic spinally
elicited) erections seemed to exclude a
successful treatment. On the other
hand SCL men with preserved func-
tion of at least one component of the
erection phenomenon (psychogenic/
reflexogenic) responded well to silde-
nafil (5). Sildenafil should be taken
about 20 to 60 minutes prior to inter-
course (4).
The first published double-blind, pla-
cebo-controlled trials (6,7) have shown
good erectile response in 75% of SCL
men. In addition, significant improved
satisfaction with sex life was reported
(6,8,9).
Adverse events seem in SCL men most
often to include headache and flush-
ing, but dyspepsia, dizziness, abnor-
mal vision, rhinitis/respiratory tract
infections/disorders, diarrhoea and
rash have also been reported. These
adverse events were generally tran-
sient and mild to moderate. None of

the SCL men experienced priapism
(5,7). No autonomic dysreflexia symp-
toms were reported (5).
Co-administration of sildenafil and
nitrate-containing medications (nitro-
glycerine, isosorbide dinitrate, amyl
nitrate, etc.) is contraindicated and
potentially lethal, because they syn-
ergistically potentiate vasodilation and
may cause excessive reductions in
blood pressure (3,4). This is of parti-
cular importance since some SCL indi-
viduals may use nitrate-containing
medications to treat autonomic dysre-
flexia. They must be warned about this
danger and advised to use nifedipine
in stead.
Apomorphine hydrochloride (Upri-
ma), a dopamin-like molecule, is the
first centrally acting agent for erectile
dysfunction. The sublingual formula-
tion of apomorphine results in rapid
action on erectile dysfunction by
enhancement of the natural erectile
signals from the brain through the
spinal cord. Whether this new agent
will be useful in SCL men remain to be
examined.
Intracavernous injection of vasoactive
drugs like papaverine, phentolamine,
and more recent prostaglandine E1 has
been used to produce erection (3). In
SCL men it is the general experience
that the denervated tissues are super-
sensitive to the drugs used for intra-
cavernous injection. Therefore the time
of erection is longer and the quality of
erection is better in men with neuro-
genic impotence compared with men
with vascular impotence. A success
rate up to 95% is not uncommon in
SCL men. The erection will usually be
obtained around 10 minutes after the
injection and last for 1/2-6 hours, on
the average 2 hours depending on the
dose.
To avoid sustained erection (priap-
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ism), the SCL men should begin with
low doses (papaverine 2-5 mg or
prostaglandine E1 1-2 _g) and gradu-
ally increase the dose if necessary. The
SCL men must be instructed to see his
doctor or hospital when erection lasts
for more than 4-6 hours, to have the
erection reversed. Sustained erection
may require aspiration of blood from
the corpora cavernosa and intracaver-
nosal injection of a _-adrenergic agent.
If the male partner is unable to per-
form the injection himself because of
motoric problems, the female partner
may be taught the intracavernous
injection technique. Disadvantages
with injection therapy are the risk of
prolonged erection and fibrosis in the
corporal tissue.
Cutaneous application. Transdermal
nitro-glycerine and topical application
of papaverine and prostaglandin E1
gel to the penis, scrotum and perineum
has shown some effect (3).
Intraurethral prostaglandin E1 (alpro-
stadil, MUSE) showed dissatisfying
results in SCL men. Adverse reactions
may be pain in the penis, with burning
sensation in the urethra and occasion-
ally bleeding from the urethra (10).
SURGICAL MANAGEMENT
Penile prosthesis surgically inserted has
been performed in SCL men for a num-
ber of years. However, complications
such as infection, tissue breakdown,
and extrusion of the prosthesis occur in
up to half of men with SCL (3). Because
of the high risk of complications and
the many other possibilities available
to obtain erection in SCL men we don’t
find indication for this kind of surgery
today for the purpose of erection only.
Sacral anterior root stimulation (SARS).
Brindley and co-workers (11) have
demonstrated that SARS for bladder
control can also be used to obtain erec-
tion. The best root is usually S2

Induction of erection may not be an
indication for this implant in SCL men,
but when it is in place it is possible to
use it for erection.

EJACULATION
The ability to procreate naturally is lost
in the majority of SCL males due to
ejaculatory dysfunction and abnormal
semen characteristics. The reported
ability to ejaculate during sexual stim-
ulation or masturbation range from 0
to 55% (median 15%) (12). The charac-
teristics of semen obtained by several
different methods of assisted ejacula-
tion in men with chronic SCL have
been consistently reported below nor-
mal levels (13), in particular, the sperm
motility rates.
In order to solve the problems of ejacu-
latory dysfunction in men with SCL
several methods of assisted ejaculation
have been used: 
CHOLINESTERASE INHIBITORS
Intrathecal injection and subcutaneous
administration of cholinesterase inhi-
bitors may result in ejaculation, but
due to many adverse effects, including
death due to malignant hypertension
and cerebral haemorrhage, with the
alternative procedures available it is no
more recommended (3). 
ELECTROEJACULATION (EEJ)
Rectal EEJ has been has been used for
treatment of ejaculatory dysfunction in
SCL men for many years (14). EEJ is
carried out with an electrical probe,
which is inserted rectally and placed in
contact with the rectal wall in the area
of the prostate gland and the seminal
vesicles. The procedure may require
anaesthesia before treatment. 
EEJ may be successful in obtaining
ejaculate from men with all types of
SCL. It is possible to induce ejaculation
with EEJ in 80-100% of all SCL men (3).
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PENILE VIBRATORY STIMULATION
(PVS)
The PVS procedure is performed with
the patient placed in the supine or sit-
ting position. The PVS activate the
ejaculatory reflex by application of a
vibrating disc primary against the
frenulum penis for periods of 3 min-
utes or until antegrade ejaculation
occurs. If no ejaculation has occurred
the stimulation period is followed by a
rest period of 1-2 minutes and stimula-
tion begins again.

plications from PVS and EEJ are rare.
In PVS, local skin abrasion is a com-
mon finding but no treatment has been
necessary other than a short rest peri-
od. In EEJ, there is a potential risk of
rectal injury (3). 
SURGICAL SPERM RETRIEVAL
If assisted ejaculation procedures fails
surgical procedures of sperm retrieval
are indicated (13). Successful sperm
retrieval from vas deferens and from
implanted sperm reservoirs have been
reported. Ejaculate through direct
stimulation of the hypogastric nerve
using an implanted nerve stimulator, and
direct spermatozoa aspirated from the tes-
ticle or epididymis have also been used.
Although the surgical techniques are
relatively easy to perform, an effective
non-surgical method must be prefer-
able (3).

FERTILITY
Despite the fact that nearly all SCL
men are able to produce an ejaculate
with PVS or EEJ the ability to procreate
is still impaired due to abnormal
semen characteristics (12). However,
successful pregnancies in partners of
SCL men have been reported using
either vaginal home insemination or
various methods of assisted reproduc-
tion techniques (16). 

FERTI CARE®‚ Personal vibrator for PVS.

The required time to induce ejacu-
lation by PVS ranges from 10 seconds
to 45 minutes (3). The highest rates of
ejaculation (antegrade plus retrograde)
were seen with a vibrator amplitude
level of 2.5 mm and a frequency of 100
Hz. Antegrade ejaculation was seen
only in men with cord lesions above
T10 (15).
SIDE-EFFECTS
All procedures of assisted ejaculation
in SCL men with lesions above T6 may
provoke an acute episode of autonom-
ic dysreflexia, if they are prone to this
syndrome. To prevent an episode of
autonomic dysreflexia nifedipine is
given sublingually 10 to 15 minutes
prior to PVS or EEJ in men with SCL
above T6. In general, significant com- Intracytoplasmatic sperm injection (ICSI).
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SEMEN CHARACTERISTICS
Nearly all data concerning semen
analyses in SCL men are from ejacu-
lates induced by PVS or EEJ and the
semen is, in general, characterized by
normal to high sperm count and low
sperm motility rates. The cause of the
problem is not yet determined (3). 

PREGNANCIES
HOME INSEMINATION 
PVS and vaginal self-insemination per-
formed by the couple at home is a
viable option for those SCL men with
adequate semen parameters. Most
studies reported, that multiple ovula-
tion cycles were used to achieve the
home pregnancies and the overall
pregnancy rate per couple is 25-61 %.
The unique advantage of PVS is the
possibility of home use. Furthermore,
it will allow the majority of SCL cou-
ples to perform the PVS procedure
themselves at the hospital when a spe-
cimen is required in connection with
assisted reproduction techniques (3).
Several successful pregnancies have
been reported (3, 16) using spermato-
zoa obtained by PVS or EEJ combined
with assisted reproduction techniques
such as intrauterine insemination or
in-vitro fertilization with or without
intracytoplasmic sperm injection. The
overall pregnancy rate per cycle from
those studies is about 25%, and this
rate is similar to the pregnancy rate per
cycle during natural procreation in
healthy couples wanting to become
pregnant (3).
Several fertility treatment options are
available to enhance the reproduction
prospects in SCL men and their part-
ners. The proper choice of treatment
should be made through coordinated
efforts of different specialities, which
may involve urology, gynaecology,
andrology and rehabilitation. It is also

of importance to inform the couples
about possible side effects from hor-
monal ovulation induction as well as
problems related to multiple births.
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SUMMARY
Respiratory problems and an inabili-
ty to cough are common in patients
with spinal cord lesions (SCL), and
the most com-mon cause of death for
SCL persons is pulmonary disease, in
particular pneumonia. In the initial
stage intubation and mechanical ven-
tila-tion may be necessary. Chest
physiotherapy and Continuous Posi-
tive Airway Pressure is to be started
soon after admission. Tetraplegics
with high lesions may need continu-
ing mechanical ventilation or phrenic
nerve pacing. Kyphoscoliosis, respi-
ratory exhaustion and sleep problems
are complications, which should be
looked for.

Life expectancy amongst individuals
with spinal cord lesions (SCL) has
improved considerably over the last
decades. The most common cause of
death today for SCL persons is pul-
monary disease, in particular pneumo-
nia (1). This illustrates the importance
of respiratory function in this popula-
tion, not only during the early period
after SCL, but throughout life.
The more cranial the SCL, the more
respiratory muscles – abdominal and
thoracic - are paralysed. If the lesion is
located in the cervical region then the
diaphragm is the only muscle left for
respiration. When the cervical lesion 
is above C5 the innervation of the 
diaphragm is also compromised and
permanent ventilator support may be
necessary.
It has been found that forced vital
capacity (FVC), forced expiratory vol-

ume in 1 s (FEV1) and inspiratory
capacity (IC) decrease with ascending
SCL from T10. FVC and FEV1 tended to
be larger in the supine than seated
position down to T1. Below this level
they were less than when erect. IC was
higher with descending injury level.
Expiratory reserve volume (ERV) was
generally smaller in the supine posi-
tion and reached highest values in both
positions at the T10 level (2).

THE INITIAL PHASE
INTUBATION AND MECHANICAL
VENTILATION 
The SCL patient must be admitted to a
facility where he can be monitored for
respiratory exhaustion/complications.
Patients not intubated at the scene of
accident may need intubation and
mechanical ventilation at a later point.
Intubation is mandatory when the vital
capacity (VC) falls below 10 mL/kg
body weight, respiratory rate (RR)
rises above 35 or a rise in PaCO2
occurs with a concomitant fall in blood
pH. We have recently shown in 2
patients that intubation of the trachea
can be avoided by non-invasive
mechanical ventilation via a facemask
for up to 5 weeks (Personal observa-
tion).
For the anaesthesiologist involved in
such patients there are specific con-
cerns: The airway may be difficult to
handle because of a stiff neck collar, the
presence of full stomach contents,
autonomic hemodynamic instability
and if several days have passed there is
a high risk of fatal cardiac arrhythmias 
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due to hyperkalemia after the use of
suxamethonium.
If mechanical ventilation is to be con-
tinued for more than one week, a 
tracheostomy should be performed.
The presence of a recent surgical
wound from an anterior stabilising cer-
vical spine operation warrants a delay
in performing a tracheostomy due to
the risk of infection of the osteosynthe-
sis material.
Mechanical ventilation may in the
early stages also be necessary for para-
plegics with more caudal SCL. Respi-
ratory muscle paralysis carries a great
risk for accumulation of bronchial
secretions because of insufficient abili-
ty to cough. Therefore, respiratory
complications such as atelectasis and
pneumonia may develop at any time.
Patients at risk for acute respiratory
failure are those whose VC is decreas-
ing over time (hours), particularly
when VC falls below 1.5 L or if RR is
rising and exceeds 30 per minute. At
increased RR the patient may still have
normal PaO2 and PaCO2 values for
some time in spite of clinical signs of
respiratory distress. Therefore, arterial
blood gas values should not be used as
the only parameter when evaluating
impending respiratory failure. It is
important to institute treatment, e.g.
respiratory support, before changes in
blood gas values occur. 
VC should be measured as early as
possible after admission in all SCL
patients with lesions above T6. Pro-
phylactic chest physiotherapy (CPT) is
important until the SCL patient can be
mobilised. The rationale behind this is:
When the diaphragm contracts and
descends in a tetraplegic individual,
the chest wall retracts rather than
expands. The FVC and the maximal
inspiratory force (MIF) are thus acute-
ly decreased by about 70%. As the

spinal shock resolves, paralysed inter-
costal muscles become spastic and
hence the chest wall becomes rigid
improving ventilatory function. Five
months after injury, the FVC and MIF
stabilise at about 60%, while maximum
expiratory force remains at 33% of pre-
SCL level (3).
CPT should be carried out before in-
sufficient cough and retained secre-
tions are present. Prophylactic use of
CPT and CPAP (Continuous Positive
Airway Pressure) or PEP (Positive
Expiratory Pressure) mask treatment
should be initiated as soon as possible
after admission, and continued 4-6
times per day – around the clock - to all
patients with lesions above T6, in par-
ticular in patients who were heavy
smokers before the accident. Also, the
presence of rib fractures constitute a
major risk for pulmonary complica-
tions adding to the inability to cough
due to pain or difficulties in titrating
effective pain treatment.

WEANING FROM MECHANICAL
VENTILATION 
The majority of SCL patients on me-
chanical ventilation will subsequently
be extubated and decannulated. In 600
SCL patients, it was found that 11.2%
had a tracheostomy performed (4). The
median time to decannulation was 31
days. More than 50% had no sequelae,
28% complained about the look of the
scar and 21% complained about diffi-
culty in swallowing possibly related to
the tracheostomy. Only one patient re-
ported problems that could be related
to a possible tracheal stenosis, former-
ly a dreaded complication of intuba-
tion and tracheostomy. Patients with
high cervical lesions may need perma-
nent tracheostomy and mechanical
ventilation or phrenic nerve stimula-
tion.
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THE CHRONIC PHASE
Respiratory problems have a great
impact on daily life of many SCL
patients. For many tetraplegics the
diaphragm is the only functioning res-
piratory muscle. The VC is generally
decreased by approximately one third.
Rehabilitation should focus on im-
provement of the VC and thus cough
function.
VC can be improved if the tetraplegics
exercise with an inspiratory resistance
using a respiratory mask. Employing
an expiratory resistance may further
increase peak flow, which is possibly of
importance for improving cough (5).

tetraplegic person. This “assisted
cough” is performed through the assis-
tance of a helper who uses both hands
to apply a sudden pressure inwards
and upwards at the upper part of the
abdomen. Simultaneously, the tetraple-
gic person coordinates the breathing
by closing and opening the vocal cords
in order to use the applied pressure
optimally. This technique increases
peak flow during the cough and thus
helps clearing the airway of secretions.
ELECTRICAL STIMULATION OF 
RESPIRATORY MUSCLES
Electrical stimulation of the abdominal
muscles improves FVC, FEV1, and
peak expiratory flow (6,7). Skin elec-
trodes over the paralysed but excitable
abdominal muscles are employed. It
has been demonstrated that an electri-
cally stimulated cough is not as power-
ful as a manually assisted cough, as
measured by peak flow. On the other
hand the SCL patient can independent-
ly control the electrically stimulated
cough. Multicentre studies of electrical
or magnetic stimulation of cough after
periods of training of abdominal mus-
cles are underway.
PHRENIC NERVE PACING
Tetraplegics with SCL above C5 may
need respiratory support. Some of
these patients are eligible for dia-
phragmatic pacing using phrenic
nerve electrical stimulation (8). 

This respiratory exercise should be ini-
tiated as soon as possible after the SCL
and continue life-long.
Paralyses of truncal muscles com-
promise cough. This implies a high
risk for mucous plugging of airways
leading to atelectasis and/or pneu-
monia. It is important that the person-
nel - and later on the relatives – are
taught how to support the cough of a

Respiratory muscle training mask may
improve peak expiratory flow.
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The prerequisite for diaphragmatic
pacing is the presence of normal
phrenic nerves, diaphragm and lungs.
Electrodes are placed around the
phrenic nerves, and subsequently tun-
nelled to a radio receiver implanted
subcutaneously in the pectoral region.
An external, battery- driven transmit-
ter emits coded radio signals via an
antenna to the radio receiver. The
transmitter controls contractions of 
the diaphragm and thereby tidal 
volume and RR. Diaphragmatic pacing
increases quality of life. Daily life
becomes easier because the patient
becomes less dependent on daytime
mechanical ventilation. Thus, the
tetraplegic patient is able to get around
without the need for a respirator on 
his wheelchair. The psychological
impact of such an intervention is 
obvious. Worldwide, approximately
1500 patients have phrenic pacers
implanted. Some patients use pacing
day and night, while others prefer to
maintain the tracheostomy using a
ventilator at night as this may give a
more quiet sleep.
HOME VENTILATOR THERAPY
A few SCL individuals having high
cervical lesions may go on to perma-
nent ventilatory assistance – some 
during night only – some for 24 hours
a day. In Denmark SCL individuals can
be cared for in a private setting.
Helpers are hired and trained to do all
the chores needed to maintain them in
their homes. There are two respiratory
care centres in Denmark dedicated to
this purpose. Helpers are – without
prior education or nursing skills -
trained to perform suction of the air-
ways, maintain ventilator equipment
and monitor them during sleep. 
Patients on daytime ventilation have a
respirator fitted to the electrical wheel-
chair. By using uncuffed tracheostomy

tubes they are able to speak freely dur-
ing ventilator treatment.

LATE RESPIRATORY 
COMPLICA-TIONS AND 
PREVENTIVE MEASURES
Some SCL individuals develop ky-
phoscoliosis, because of paralysis of the
trunc muscles, causing significant
restrictive lung problems. In turn, this
may contribute to the impairment of
the ability to cough and thus to recur-
rent lung infections. Persons at risk
should be monitored with regard 
to this to allow relevant respiratory
measures as well as orthopaedic sur-
gical straightening of the deformity to
be carried out in time.
Some tetraplegics having used their
diaphragm as the sole means to
breathe for many years, are found to
become respiratory exhausted with time
– particularly at night - developing a
need for respiratory support, prefer-
ably by non-invasive ventilation with
BiPAP (Biphasic Airway Pressure).
Significantly more sleep problems are
seen in SCL patients than in the normal
population (9). Most patients suffering
from OSAS (Obstructive Sleep Apnea
Syndrome) can be treated with nasal 
or full mask CPAP at night (10). Sleep
disordered breathing in tetraplegics is
not always diagnosed by ordinary
screening for irregular sleep, daytime
drowsiness and lack of ability to con-
centrate. In this respect SCL individu-
als differ from other persons with
OSAS and thus many SCL individuals
with OSAS may remain undiagnosed
(11). Night sleep studies should there-
fore be performed regularly every 2-3
years in tetraplegics – preferably with
transcutaneous CO2 tension measure-
ments to diagnose nightly hypoven-
tilation – in addition to continuous
oxygen saturation measurements. 
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Finally, it is advisable to vaccinate all
tetraplegic individuals against the flu
every year.
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SUMMARY
Today the rehabilitation of the
tetraplegic with C4-C7 lesions offers
the possibilities for improved upper
limb function. A professional team
approach is critical, and the team
should include rehabilitation medi-
cine specialists, physical and occu-
pational therapists as well as a hand
surgeon. It is essential that the patient
as soon as possible after the injury
receive intensive physio- and occupa-
tional therapy to prevent contrac-
tures.
The first hand surgery evaluation of
the patient should be at the latest 6 –
12 months following SCL. The main
goal of surgery of the tetraplegic
patient is to restore the function of
locomotion and grip because these
patients are totally dependent on
their upper limbs. 
There are a number of wellestab-
lished surgical procedures applicable
for improving upper limb function in
tetraplegia. Functional neuromuscu-
lar stimulation is another option. 

Tetraplegic individuals with C4-C7 le-
sions will often, even when the lesion
is incomplete, have impaired function
of the wrist and finger muscles. In spite
of this situation it is possible for many
tetraplegics to utilize special mechani-
cal conditions in the hand to obtain
manual abilities, both without or with
aids. In addition, the development has
further increased the possibilities for
improved hand function through elec-
trical stimulation etc. 

OCCUPATIONAL THERAPY
In the acute phase of a spinal cord
lesion (SCL) it is important to prevent
contractures of the finger and hand
muscles. Functional training of the
impaired function in the upper limb 
is started when the patient’s condition
allows it. This includes training of the
decreased muscle strength, joint range
of movement, coordination, but also 
to teach the persons to compensate 
for impaired sensibility etc. This 
may imply restoration of the muscle
balance around the shoulder, improve
the quality of existing functions,
including stem, or to obtain new func-
tions.
For the tetraplegic individuals it is 
important to obtain as much hand
function as possible. This includes
evaluation of which grasps are pos-
sible. De-pending on the level of lesion
and the functions present there will be
a large variation regarding the grasps
each single individual can obtain. It
may be one- or two-hand grasps. Using
the tenodesis function many tetra-
plegics may beside the keypinch (later-
al pinch/grasp) be able to have a 
palmar grasp, which is formed by the
thumb, the palm, and the other 4 
fingers. 
The tenodesis function can be ob-
tained in tetraplegics with C6 lesions
with some function in the extensor
carpi radialis muscles, but paralyses of
the finger and hand muscles. It con-
sists of a passive grasp (the key pinch),
which is formed ´between the thumb
and the index finger when the wrist is
dorsiflexed:

UPPER LIMB FUNCTION
Pernille Leicht, Claus Falck Larsen and Fin Biering-Sørensen

Clinics for Hand Surgery and Para- and Tetraplegia, 
Rigshospitalet, Copenhagen, Denmark
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ELECTRICAL STIMULATION
Electrical surface stimulation of arm,
hand and finger muscles is increas-
ingly used to strengthening the mus-
cles. It seems to facilitate a better and
stronger grasp function. This is sup-
ported by findings done with use of
the functional electrical stimulation
device the Bionic Glove. It also result-
ed in an increase of the range of move-
ments, and most manual tasks tested
improved significantly with the use of
the assistive system, but on the same
time those who retained some dexte-
rity without the system hesitated to
use it when manipulating small objects
(1).
A specially designed splint with elec-
trical stimulation (Handmaster), which
can open and close a key and a palmar
grasp, has been developed. It may be
used therapeutically, as the functional
benefit seems limited to tetraplegics
(2).

ADL TRAINING
Functional training is the basis for 
the ADL (Activities of Daily Living)
training. The aim is, that each indivi-
dual according to his or her possibili-
ties obtain as many skills as possible
and hereby gain maximal indepen-
dence. This should be done consider-
ing, that the goals for the training must
be realistic and not too ambitious to
avoid overuse injuries in the upper
limbs the short as well as the in the
long run. Therefore it is important to
discuss the ADL goals with the SCL
person. How far each individual may
reach regarding ADL skills depend pri-
marily on the functions remaining
according to the neurological lesion,
but also on age, height, weight, and not
least motivation and psychological
condition. In addition, conditions like
contractures, spasticity, pain etc. may

The tenodesis function. From Gregersen
H et al. Ergoterapeuten 1978;8:275-80.

Two-hand grasps may be as a support
grasp, where the one hand is used as
support for a palmar grasp of the other
hand, or it may be as a double grasp
obtained be the base of the two hands.
There may be a need for a bandage,
training of the muscle strength, and
exercising the use of specific trick
grasps.
It is often necessary to adapt splints
individually. E.g. a spiral splint, which
stabilizes the wrist, and on the same
time make it possible for the tetraple-
gic himself to carry out activities like
eating, writing on a PC, drive an elec-
trical wheelchair etc.

A spiral splint.

If the shoulder function is seriously
impaired it may be necessary to supply
the individual with moveable armrest
(feeders), which may give the possibili-
ty of performing some functions inde-
pendently.
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influence the final result. One has to be
open towards the use of hoist and elec-
trical wheelchair instead of manual
transfer and manual wheelchair to
decrease deterioration of the remain-
ing upper limb function.
The ADL training in eating, personal
hygiene, bathing, and dressing and
undressing is carried out in a cooper-
ate effort between the occupational
therapists and the nursing staff. 
Due to the impaired hand function it is
essential to have the necessary aids
produced to make each SCL person as
independent as possible. It may be
standard aids, individually adapted
aids or special technical aids.

BOTULINUM TOXIN
The focal injection of botulinum toxin
in muscles to alleviate spasticity in the
forearm of incomplete tetraplegic SCL
individuals may give functional bene-
fits (3). The injections may have to be
repeated within some months.

HAND SURGERY
The tetraplegic individuals will loose
control of most or all of the 37 mus-
cles, which normally are acting on the
wrist and hand. Furthermore is the
sensibility of the hand and the fingers
in these situations impaired or absent.
Surgical treatment of the hand in the
tetraplegic patient is more than 50
years old. Later Moberg from Sweden
(4), Zancolli from Argentina (5),
Freehafer from USA (6) and Lamb and
Landry from Scotland (7) evaluated the
basic principles in the hand surgery
treatments of the tetraplegic patient.
The main goal of this surgery is to
obtain an efficient grasp or extend the
working field for the hand, to increase
the skills and hereby the independ-
ence. On the same time the need for
splints or aids may be diminished.

Hand surgery in the tetraplegic pa-
tient has to be part of a team ap-
proach. The team must consist of a
rehabilitation doctor, an occupa-tional
therapist, a physiotherapist and a hand
surgeon. It is essential that the patient
as soon as possible after the injury
receive intensive physio- and occupa-
tional therapy to prevent contractures.
Often there is a need for splints - espe-
cially in the nights.
The first hand surgery evaluation of
the patient should be at the latest 6 – 12
months following SCL provided ade-
quate therapy has been instituted (6,8).
A good timing of the hand surgeons’
first evaluation of the patient would be
at the time when the patient is
mobilised in a wheelchair and all the
other functions are stabilised. In a
group of men with SCL 76% ranked the
loss of arm and hand function highest
– above the loss of leg, bladder and
bowel, or sexual function (9).
The options for surgical reconstruction
of the tetraplegic upper limb are clari-
fied by an international classification of
each upper limb independently, based
upon the lowest functioning key mus-
cle and residual sensation (8):

Motor grouping

0    No muscle below elbow suitable 
for transfer

1    Brachioradialis grade 4 at least
2    Extensor carpi radialis 

longus plus above
3    Extensor carpi radialis brevis 

plus above
4    Pronator teres plus above
5    Flexor carpi radialis plus above
6    Finger extensors plus above
7    Thumb extensors plus above
8    Digital flexors plus above
9    Lacks intrinsics only
X   Exceptions
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This classification is only a guide for
the forearm and the hand. However,
the classification is useful in determi-
nation of the possibility for hand sur-
gery at the wrist and hand in the
tetraplegic patient. The classification
does not include the shoulder, and
thus the need and possibility for acti-
vating of the triceps must be evaluated
separately.
TENDON TRANSFERS
In evaluation of the available muscles
for tendon transfers, the muscles must
have an adequate strength. The 
muscles, which are going to be used in
tendon transfers, must have strength at
grade 4. Operating on the upper
extremity of the tetraplegic patient,
one should always address the proxi-
mal problems first. If the patient does
not have any function of the brachial
triceps muscle, this will be the first
muscle to activate. For activation of the
brachial triceps muscle the posterior part
of the deltoid muscle can be used (10).
This mus-cle is connected to the
brachial triceps tendon by the use of a
free tendon graft from the tibialis ante-
rior tendon or the fascia lata. The
biceps tendon can also be used to acti-
vate the brachial triceps. This transfer
should be considered if the patient has
an extension defect in the elbow
exceeding 30 degrees. Stabilisation of
the elbow activating the brachial tri-
ceps is very important for improving
the results of the more distal tendon
transfer - especially when using the

brachioradialis muscle for transfer, due
to the fact that brachioradialis and 
triceps works as antagonist. The tri-
ceps activation also improves the over-
head activities, transferring and pres-
sure lifts. 
Functional reconstruction of the hand
has two main stages: restoration of
wrist extension and construction of the
key grip. The restoration of the wrist
extension is only necessary in group 1
of the international classification; these
patients present a very weak wrist
extension. The only muscle they have
available for transfer is brachioradialis
which can be used to activate extensor
carpi radialis longus and brevis so the
patient get an active dorsal extension
in the wrist. This will improve the ten-
odesis grip (10).
If the patient has an active dorsal flex-
ion of the wrist e.g. group 3 to 4 is it
possible to provide him with an active
key pinch using brachioradialis to 
activate flexor pollicis longus, at the same
time securing a tenodesis at the inter-
phalangeal joint (10).
There are numerous other tendon
transfers available according to the
available muscles. However, only few
of these have been described with an
acceptable follow-up.
Following hand surgery procedures, the
patients generally need to be im-
mobilised in a bandage for 3 to 6
weeks. This period is often very trou-
blesome for the patient being more
dependent than before the operation.
Therefore, it is important carefully to
discus the operation and follow-up
treatment with the patient.
IMPLANTED ELECTRODES
In Cleveland, Ohio, USA an implanted
system FES (Freehand system) is
developed to facilitate a key pinch and
a palmar grasp in C5-6 tetraplegics. 
The system includes implantation of

Sensory grouping

O   If 2 point discrimination is 
greater than 10 mm on the    
thumb band the index finger

Cu  If 2 point discrimination is less 
than 10 mm on the thumb and 
the index finger
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epimyseal electrodes in up to 8 mus-
cles with hand and finger function.
These are selected after testing with
electrical surface stimulation and veri-
fication during surgery. There will usu-
ally concurrently be performed tendon
transfers. The grasps and their opening
and closing are controlled with a
shoulder transducer on the opposite
side. Today the system is implanted in
about 300 tetraplegics worldwide, and
a multicentre investigation of 51 adult
tetraplegics has shown that the grasp-
ing ability provided by the neuro-
prothesis is substantial and lasting,
and offers improved independence
(11).
This system is under continuous devel-
opment, and a new advanced neuro-
prosthesis provides additional control
of the forearm pronation and elbow
extension. The implanted components
include a 10-channel stimulator and a
joint angle trans-ducer. The shoulder
control is changed to a control by using
re-tained voluntary wrist extension
(12).

COMPLICATIONS
Shoulder problems constitute a special
challenge for many SCL persons. In a
prospective study of 53 SCL individu-
als until 15 years post-injury 72%

demonstrated radiological evidence of
degenerative changes, but only 11%
complained of pain in the shoulders.
The study found correlation between
development of degenerative changes in
the shoulders and higher level of
wheelchair activity, higher age, and
female gender (13). This may be due to
the sometime extreme load they are
exposed to in their daily life, during
use of manual wheelchair, transfers
to/from bed, toilet, car etc. A shoulder
exercise program may be used for pre-
vention.
The risk of shoulder impingement syn-
drome in wheelchair athletes, not least
elite tetraplegic wheelchair rugby
players is stressed (14).
There is also an increased risk of nerve
entrapment in SCL individuals, both to
the median nerve at the carpal tunnel
and of the ulnar nerve at the elbow, not
least due to the use of manual wheel-
chair. It has been shown the weight of
the SCL person and the push rim bio-
mechanics is related to the median
nerve function, and this should be
used prophylactic in manual wheel-
chair users (15).
Neuropathy of the shoulder (16) and
elbow is a risk due to the impaired or
absent sensation.
Reflex sympathetic dystrophy may be
seen in tetraplegics, and should be
managed in the same way as in other
patients. 

CONTINUOUS FOLLOW-UP
All tetraplegics should, in addition to
the initial evaluation be seen by a hand
surgeon if functional changes occur.
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SUMMARY
As life expectancy is increasing in the
population with spinal cord lesions
(SCL), the emphasis of late complica-
tions is becoming more important.
These include multiple challenges
within most body functions: Respira-
tory with pneumonia, athelectasis,
respiratory exhaustion, and sleep
problems. Cardiovascular with low
blood pressure, autonomic dysrefle-
xia, thromboembolism, and swollen
legs. Urinary with incontinence,
residual urine, urinary tract infection
and dilatation, urinary stone, de-
creased kidney function, and bladder
cancer. Bowel with constipation,
haemorrhoids, air in the intestines,
and megacolon. Skin with pressure
ulcers with osteomyelitis and Majo-
lain cancer, and erysipelas. Impaired
temperature regulation and reflex
sweating. Sexual function with im-
paired orgasm, vaginal lubrication,
erection, ejaculation, and fertility.
Muscle-skeletal with contractures,
spasticity, degenerative change,
shoulder impingements, nerve en-
trapment, overuse injury, osteoporo-
sis, fractures, heterotopic ossifica-
tions, and spinal deformities. Pain.
Endocrine and metabolic changes.
Neurological deterioration. Psycholo-
gical with depression and suicide.

The survival after a traumatic spinal
cord lesion (SCL) has improved. Be-
fore the 2nd World War died 60-80%
within the first year post-injury. In the
1960’ies the mortality decreased to
30%, in the 1970’ies to 15% and in the
1980'ies down to 6% (1). It has been

shown that the probability to survive
25 years after a SCL is 60.6% and 66.7%
for SCL men and women respectively.
The corresponding figures for the ge-
neral population of the same age are
66.9% and 76.5%. Correspondingly
70% of the SCL men and women will
still be alive after 19.5 and nearly 22
years respectively. The corresponding
figures for the general population of
the same age are 23.5 and 29 years. The
most common causes of death for the
SCL individuals were lung diseases, in
particular pneumonia, cardiovascular
diseases, and suicide (2).
Those early as well as late complica-
tions SCL individuals experience are
due to the functional changes the SCL
cause in every system below the level
of lesion.
Because some of the issues are elabo-
rated upon in other chapters they will
only be mentioned briefly in this chap-
ter to give the overall picture of the late
complications that may occur in SCL
individuals.

RESPIRATION
The most common cause of death is
pulmonary disease, in particular pneu-
monia (2). Due to decreased cough
function with secrete stagnation ath-
electasis is common.
Due to paralyses of the trunk muscles
kyphoscoliosis may develop. In severe
cases it can cause significant restrictive
lung problems. Some tetraplegic indi-
viduals are found to be respiratory
exhausted within time and may deve-
lop a need for respiratory support.
Significant more sleep problems have 

LATE COMPLICATIONS
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been observed in SCL individuals than
in the normal population.
See the chapter on RESPIRATION.

CARDIO-VASCULAR FUNCTION
LOW PRESSURE AND SLOW PULSE
With a SCL the blood vessels below the
level of the cord lesion will dilate due
to the decreased tone of the sym-
pathetic nervous system. Because of
this change the blood pressure de-
creases. This is more pronounced the
more cranial the cord lesion is located,
i.e. in tetraplegics a systolic pressure of
90-110 mmHg is normal. The low pres-
sure, and the often prolonged bed rest
can give orthostatic hypotension, which
may be relieved by gradual mobilisa-
tion to upright position, e.g. by use of a
tilt-table.

The heart is innervated by the proxi-
mal part of the sympathetic nervous
system (above T5), which for more cra-
nial cord lesions means that the pulse
will become slower.
AUTONOMIC DYSREFLEXIA
Autonomic dysreflexia is a condition,
which may occur in the acute stage and
during the rest of the life for SCL indi-
viduals with tetraplegia and paraple-
gia with levels of lesion at or above T6
(3). The condition may vary from a
mild to a life-threatening situation.
Autonomic dysreflexia is due to hyper-
activity of the thoracolumbar sympa-
thetic nervous system, which is with-
out the normal supraspinal control.
This hyperactivity is caused by vis-
ceral (from e.g. bladder, rectum,
uterus) and other somatic afferent
impulses from below the level of the
SCL. This mean, that a reflexogenic
vasoconstriction with blood pressure
increase may be triggered, which via
the baroreceptors (in the aortic arc or
carotic sinus) trigger a vagal brady-
cardia, but without a coordinated regu-
lation of the peripheral resistance due
to the SCL. The greatest risk is severe
hypertension with potential danger of
cerebro-vascular haemorrhage.
Clinically the cause may be disten-
sion, or instrumentation of the bladder
or bowel, urinary tract infection, kid-
ney or bladder stones, pressure ulcer,
burns, fracture, uterus contractions or
spasms during menstruation, sexual
activity, stomach ulcer, appendicitis
etc.
One or more of the following symp-
toms may occur: Pounding headache,
flushing, sweating proximal to 
the level of lesion, nausea, goose 
flesh without fever, anxiety, and car-
diac arrhythmia. There is slow pulse
and blood pressure up to 300/160
mmHg.

Orthostatic hypotension may be relieved
by gradual mobilisation to upright posi-

tion by use of a tilttable



55

Treatment include:
1)dCalm down the person. Sit up in a
comfortable position. Remove com-
pressing stockings, and loosen any
clothing or constrictive devices. 
2)dIf catheterisation or any other
manipula-tion of the patient is ongoing
it should be stopped until the symp-
toms have declined.
3)dBladder distension is the most com-
mon cause: Drainage systems should
be checked for possible obstructions
(clamp, kinks, filled urinary bag,
obstructed catheter), and a large blad-
der without catheter should be emp-
tied by catheter. Avoid manually com-
pressing or tapping on the bladder.
4)dOther treatable causes: Bowel dis-
tension due to faecal impaction: Apply
local anaesthetic jelly in the rectum,
but wait with the evacuation approxi-
mately 5 minutes.
5)dLocalised inflammation, ingrown
toenails, ulcer, fractures etc.
6)dPharmacological treatment:
a) Acute: Nifedipine 10 mg subligually,
glycerylnitrate 0.25mg - 0.5mg sublin-
gually (no nitrates if the person used
sildenafile within the last 24 hours), or
clorpromazine 1-2 mg i.v. All may be
repeated.
b) Less acute: Clorpromazine 12-25 mg
i.m./100 mg rectal, fentolamine 5-10
mg i.m./slowly i.v., or clonidine 0.15
mg s.c.,/i.m./slowly i.v.
Dihydralazine 2.5 mg i.v., may be
repeated with increasing doses up to
20 mg. Max. dose of 77.5 mg.
c) Preventive: If repeated attacks, tbl.
prazosine _-1 mg may be tried and can
be increas
THROMBOEMBOLISM
Because of high risk of deep vein
thrombosis and hereby lung embo-lus,
in particular within the first 12 weeks it
is advised to use antico-agulant pro-
phylaxis with e.g. low molecular

weight heparin, and indi-vidually
adjusted compression hose. Reinsti-
tution of prophylactic measures should
be considered in chronic SCL indivi-
duals if they are immobilised for a pro-
longed period. With documented deep
vein thrombosis mobilisation and exer-
cise of the lower extremities should be
withheld 48 to 72 hours until appropri-
ate medical therapy is implemented
(4).
SWOLLEN LEGS
Due to the paralyses of the lower limbs
the normal muscle pump doesn’t func-
tion. This implies a risk for swollen
legs and feet. The most important is to
keep the legs elevated whenever possi-
ble. Compressive stockings may also
help.

URINARY TRACT AND KIDNEY
Incontinence and residual urine due to
impaired bladder emptying, with risk
for development of urinary tract infec-
tions (UTI) are common. Permanent
catheter is the greatest risk for UTI, and
additional a risk for development of
bladder cancer.
Urinary stones occur in 5-10% of SCL
persons during 5-10 years.
Upper urinary tract dilatation and
decreased kidney function may occur, not
least due to high intravesical pressure,
and the outlet conditions should be
checked. 
See the chapter on BLADDER MAN-
AGEMENT.

BOWEL
Faecal incontinence and constipation are
major challenges. 
Haemorrhoids are another significant
and recurring problem.
Air in the intestines and feeling of dis-
tension is common.
Megacolon has been found in 73% of
admitted SCL in-patients.
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See the chapter on BOWEL MAN-
AGEMENT.

SKIN
Pressure ulcer is the complication,
which cause most days out of normal
function for SCL individuals. The risk
of osteomyelitis and malignant transfor-
mation (Majolain cancer) in chronic
ulcers are important to observe.
Erysipelas is common.
See the chapter on SKIN AND DE-
CUBITUS.

TEMPERATURE REGULATION
The temperature regulation is com-
promised. Afferent information to the
hypothalamic temperature centre is
abolished. The denervation causes 
that the SCL individual can’t sweat or
shiver below the level of the SCL.
Therefore the body is not able to ad-
just to either low or high temperatures
in the environment, but will become
relatively poikilothermic.
This implies that in particular tetraple-
gics may have problems at low as well
as high temperatures. In cold environ-
ment it is important for tetraplegics to
have sufficient cloths on, and in addi-
tion to drink warm liquid. In warm
environments it is necessary to stay in
the shade, drink cold liquid, and have
the possibility of a cold bath etc.
In addition, tetraplegics may not
always have fever even with serious
conditions.
REFLEX SWEATING
Above one third of SCL individuals
reports more or less frequent reflex
sweating, and for the majority this is
annoying. Tetraplegics seem to have
most problems with hyperhidrosis,
while it is seldom in SCL with lumbar
lesions. Its cause is not well under-
stood, but it is usually thought to be
due to the compromised temperature

regulation and autonomic dysfunction.
Probably reflex sweating is provoked
through the same mechanisms as auto-
nomic dysreflexia. Therefore before
treatment it is important to exclude
any treatable cause, such as urine
retention, constipation, decubitus, in-
fection, etc., as well as post-traumatic
syringomyelia. The efficacy of various
drugs has only to a limited extend been
tried out in controlled studies. ∝ -recep-
tor blockers, anticholinergics, and
painkillers may be used. 

SEXUAL FUNCTION
Many SCL individuals may not obtain
orgasm. Due to physical limitations
there may be positioning problems when
having sex.
WOMEN
The vaginal lubrication may be im-
paired. At pregnancy there is an in-
creased risk of UTI. Delivery can be
performed vaginally, but caesarean
section may be necessary.
See the chapter on SEXUAL FUNC-
TION IN WOMEN, PARTNERSHIP,
PREGNANCY AND DELIVERY.
MEN
SCL men may have erectile as well as
ejaculatory dysfunction.
Impaired semen profiles are seen in the
majority of SCL men.
See the chapter on SEXUAL FUNC-
TION AND FERTILITY IN MEN.

MUSCULO-SKELETAL
CONTRACTURES
Contractures may limit the functional
capability of the person very much,
and should therefore be avoided.
Maintenance training at a physiothera-
pist who counteracts the contractures
by stretching of the muscles is impor-
tant.
It is important to prevent contractures
wherever possible. This could for in-
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stance be by lying at the belly during
the night to avoid contractures of the
hip flexors. Likewise the SCL person
can prevent the development of con-
tractures of the foot plantar flexors by
use of a standing frame or similar.
SPASTICITY
Spasticity and spasms are serious com-
plications to SCL.
See the chapter on SPASTICITY.
UPPER LIMB
Shoulder problems constitute a chal-
lenge, and the development of degen-
erative changes in the shoulders is 
correlated to higher level of wheel-
chair activity. Neuroarthropathy of the
shoulder and elbow is a risk due to the
impaired or absent sensation. There is
also an increased risk of shoulder
impingement and nerve entrapment both
to the median nerve at the carpal tun-
nel and of the ulnar nerve. 
See the chapter on UPPER LIMB
FUNCTION.
LOWER LIMB
Hip and knee problems may develop
in SCL individuals with incomplete
lesions who are walking. These in-
clude degenerative changes in the knees
due to overextension.
OVERUSE INJURY
Viewing changes in ADL it is impor-
tant to find out if there are activities,
which may cause overuse injury, and
accordingly to find modifications to
avoid the situation causing the prob-
lem. There has been an increased
awareness of the possible long-term
side effects of a high ambition level.
This implies a larger openness for the
use of e.g. hoists and electrical wheel-
chair to decrease the demand to the
upper limb during transfer and pro-
pelling the manual wheelchair. 
It is likewise important to be aware of
the negative implications of a weight
increase.

OSTEOPOROSIS AND FRACTURES
Bone mineral may be reduced to 50%
at the level of the knee with high risk of
bone fractures.
See the chapter on OSTEOPOROSIS.
HETEROTOPIC OSSIFICATIONS (HO) 
Posttraumatic neurogenic HO may
develop around the large joints below
the level of the SCL in 8-30%, and up to
35% will eventually have significantly
limited joint mobility (5), which may
reduce ADL, transfers and the sitting
position.

CT-scanning showing bilateral hip HO.

The cause of HO is unknown, but the
pathogenesis has been suggested to be
a transformation of primitive cells of
mesenchymal origin into osteogenic
cells (5).
The diagnosis in the early HO with
fever, swelling, and erythema may be
difficult to distinguish from cellulitis,
osteomyelitis, and thrombophlebitis
(5).
Alkaline phosphatase level increase
from two weeks after HO. Before the
HO can be visualised by X-ray, bone
scanning is the investigation of
choiceComplications of HO include
periph-eral nerve entrapment and
pressure ulcers (5).
The use of diphosphonates, non-
steroidal anti-inflammatory drugs and
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radiation for prevention and treat-
ment of HO remain controversial.
Limitations in ADL may indicate sur-
gical resection of HO, but recur-rences
are common.

pulmonary problems and affect the
ADL. Therefore they should be moni-
tored and surgical spinal intervention
may be indicated.

PAIN
Pain is experienced by a majority of
SCL individuals.
See the chapter on PAIN.

ENDOCRINE AND 
METABOLIC FUNCTIONS
The paralyses cause muscle atrophy.
This and diminished physical activity
implies insulin resistance, changes in
the blood lipid, increased regional fat
deposition, and increased blood pres-
sure. These conditions predispose to
diabetes and cardiovascular diseases.
To prevent these problems the SCL
individual may e.g. stop smoking, and
do physicaI activity using the arms or 
electrical stimulation of the lower
limbs.
See the chapter on EXERCISE AND
PHYSICAL TRAINING MODALITIES
FOR THE SPINAL CORD INJURED
INDIVIDUAL: POSSIBLE CLINICAL
IMPLICATIONS TO COUNTERACT
LIFE-STYLE DISORDERS.

NEUROLOGICAL
DETERIORATION
Post-traumatic syringomyelia has been
reported at incidences of 20-50%, and
seen as early as 2-3 months after injury.
See the chapter on SYRINGOMYE-
LIA.

PSYCHOLOGICAL
There is a high prevalence of de-pres-
sion among SCL individuals. Indivi-
dual and family education is needed,
and psychotherapy should be provid-
ed. If indicated selective serotonin
reuptake inhibitors (e.g. citalopram,
fluoxetine, paroxetine and sertraline)

CT scan of the same patient as above –
after surgery.

SPINAL DEFORMITY
After a spinal fracture there is a risk of
non-union, implant failure, Charcot
spine, and technical error. The overall
outcome of surgical management of
these post-traumatic deformities is better
if treated earlier as opposed to later (6).
Spinal deformities like scoliosis, severe
lumbar lordosis, and spinal kyphosis may
develop due to the paralyses, contrac-
tures and spasticity, not least in those
who had their SCL during childhood.
Some of these deformities may cause

Paralytic
scoliosis
before
corrective
spinal
surgery to
the left, and
after the
surgery to
the right.
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are safer and better tolerated than the
tricyclic antidepressants and monoa-
mine oxidase inhibitors. If efficient
during the acute treatment phase it
should be continued for at least 6
months (7).
Suicide was found up to 4.9 times more
common in SCL than in the general
population. The rate among marginal-
ly disabled was nearly twice as high as
in complete tetraplegics. These situa-
tions should be given special attention
during rehabilitation and follow-up
(8).

LIFE-LONG FOLLOW-UP
Due to the risk for multiple late com-
plications it is important that SCL indi-
viduals are followed life-long in desig-
nated centres familiar with this large
spectrum.
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SUMMARY
About 70% of persons with spinal
cord lesions are spastic 1 year after
injury, although not all need treat-
ment. For clinical assessment the
modified Ashworth and Penn scales
may be used. More precise evaluation
may be obtained by isokinetic meas-
urements. Before treatment of spastic-
ity is initiated otherwise treatable fac-
tors should be excluded. Physical
treatment including positioning,
stretching, application of cold, topical
anaes-thesia, and electrical stimula-
tion may diminish tone, but the
effects are generally short-lived and
to some extend debateable. Oral an-
tispastic medication is commonly
used, in particular baclofen, and
tizanidine. Less commonly used
drugs are diazepam, dantrolene and
clonidine. Intratechal medica-tion, in
particular baclofen, is very efficient.
The effect of cannabinoids seems
doubtful. Injection of Botolinum
toxin into motorpoints is effective in
relieving spasticity in specific mus-
cles. Most destructive surgical proce-
dures are rarely indicated today.

Spasticity may be defined as a motor
disorder characterised by a velocity-
dependent increase in tonic stretch
reflexes that results from abnormal
intraspinal processing of primary
afferent input (1). Clinically this may
imply enhanced tendon reflexes,
extended reflex zones, clonus, in-
creased muscle tone and increased

flexor-reflexes. Spasms are sudden in-
voluntary muscle-contractions, which
are characteristic for many spinal cord
lesioned (SCL) individuals, in particu-
lar corresponding to knee-extension
and hip-flexion.
Spasticity is one of the most common
and potentially disabling complica-
tions affecting SCL individuals.
Roughly 70% of persons with SCL are
spastic 1 year after injury, although not
all require treatment (2).

PATHOPHYSIOLOGY
Spasticity is caused by adaptational
changes in transmission in the spinal
networks distal to a lesion of descend-
ing motor pathways. Selective lesion of
the pyramidal tract does not lead to
spasticity, whereas lesion of descend-
ing pathways from the brainstem as
well as the cortical control of these
pathways does. In SCL individuals
impaired transmission in different
spinal inhibitory pathways, such as
reciprocal inhibition and presynaptic
inhibition has been found. This leads
to increased excitability of spinal
motoneurones, exaggeration of reflex
activity and increased muscle tone.
Likely, physiological changes in the
signalling properties of the spinal neu-
rones as well as more structural
changes such as sprouting are in-
volved. Changes in the mechanical
properties of muscles in SCL indivi-
duals have also been found. Such
changes may clinically be mistaken as
signs of spasticity.

SPASTICITY
Jens Bo Nielsen and Fin Biering-Sørensen

Department of Medical Physiology, Panum Institute,
University of Copenhagen and Clinic for Para- and Tetraplegia,

Rigshospitalet, Copenhagen, Denmark
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Spasticity is less severe in SCL indi-
viduals with complete spinal cord 
lesions, and is more severe in those
with minimal sparing of voluntary
movement (2).

ASSESSMENT
The degree of spasticity varies from
insignificant to very severe disability.
BIOMECHANICAL METHODS
Objective biomechanical techniques,
such as isokinetic dynamometers, are
of great value when a precise objective
and reproducible measure of spasticity
is necessary, such as in relation to
research projects and drug evaluation,
but they play no or only a minor role in
the daily clinical evaluation of spastici-
ty. The various techniques are based on
the application of well-defined passive
movements of specific joints (mostly

knee and ankle joint) and measure-
ment of the resistance to these move-
ments. This permits that the velocity-
dependency of the muscle resistance
(which is central to the definition of
spasticity; cf. above) and contributions
from intrinsic muscle resistance and
stretch-evoked muscle resistance may
be determined (3,4).
CLINICAL METHODS (5)
The most frequently used clinical
methods are the Modified Ashworth
Scale (6) and the Penn scale (7) for
spasticity and spasm frequency evalu-
ation, respectively. 

WHEN TO TREAT
Before treating spasticity otherwise
treatable factors should be excluded,
e.g. urinary tract infection, pressure
sore, deep vein thrombosis, hetero-
topic ossification, stool impaction,
unsuspected fracture, ingrown toe-
nails, markedly worsens the symptoms
and signs of spinal spasticity. In addi-
tion possible syringomyelia as cause of
increased spasticity should be ruled
out. Stress, emotional or physical, may
also have an impact on the degree of
spasticity present. Similarly, drugs that
are being taken for other co-morbid
disorders may adversely affect spastic-
ity, e.g. some antidepressants, includ-
ing fluoxetine, trazadone, and sertra-
line (1, 2).

0     No increased tone

1     Slight increase in tone, mani-
fested by a catch and release or 
by minimal resistance at the end 
range of motion (ROM) when 
the part is moved in flexion or 
extension / abduction or adduc-
tion etc.

2     Slight increase in tone, mani-
fested by a catch, followed by 
minimal resistance throughout 
the remainder (less than half) of 
the ROM

3     More marked increase in tone 
through most of the ROM, but 
the affected part is easily moved

4     Considerable increase in tone, 
passive movement is difficult

5     Affected part is rigid in flexion 
or extension, etc.

Modified Ashworth scale

0     No spasms

1     Mild spasms at stimulation

2     Irregular strong spasms less 
than 1 time/hour

3     Spasms more often than 1 
time/hour

4     Spasms more than 10 times/
hour

Penn scale
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When deciding to treat spasticity one
must have realistic goals. The motor
disability is most likely the result of
paresis, not spasticity itself, and relief
of spasticity may reduce pain and dis-
comfort, prevent or decrease medical
complications (decubitus or contrac-
tures), improve sleep, and facilitate
mobility, nursing care or hygiene, but
is unlikely to restore function (1, 2).
It should be considered that the neu-
ronal elements, which show exagger-
ated activity in spasticity, are impor-
tant also for the central control of nor-
mal voluntary movements. This makes
it sometimes difficult to treat spasticity
without also affecting the functional
ability of the SCL individuals.

PHYSICAL TREATMENT
PHYSICAL AND OCCUPATIONAL
THERAPY 
The most common physical measures
include proper positioning and stretch-
ing. Proper bed positioning early after
SCL may reduce long-term spasticity
and contractures. Stretching once to
twice daily diminishes tone, although
the effect is relatively shortlived (1,2).
Stretching should be performed gently
to avoid haematomas in the muscles or
fractures. 
Standing in tilt table or standing frame
has been shown to decrease spasticity,
and splints can improve range of
motion that develops as a result of
spasticity and contracture (1,2).
Modalities such as cold and topical
anaesthesia may decrease tendon reflex
excitability, reduce clonus, and
increase range of motion. A cold pack
should be used for roughly 20 minutes
for maximal effect, but its duration of
effectiveness is less than 1 hour (2).
ELECTRICAL STIMULATION
Various techniques of electrical stimula-
tion have been shown to be effective in

the treatment of spasticity. This
includes stimulation to the antagonist
muscle to achieve reciprocal inhibition,
or tetanic contraction to the spastic
muscle. Likewise functional electrical
stimulation has shown to decrease
spasticity in SCL individuals (2). A dis-
advantage may be that the muscles
stimulated become stronger, and this
may cause stronger spasms. It should
be noted that there is not universal
acceptance of the effect of electrical
stimulation on spasticity.
Electroejaculation using a rectal probe
has also shown to reduce paraplegic
spasticity and spasms for 3 to 24 hours
(1).
VIBRATORY STIMULATION
Likewise there have been indications
that penile vibratory stimulation for 
ejaculation can reduce spasticity and
spasms (8).

ORAL MEDICATION
If medical treatment is found indicated
one should always evaluate if the treat-
ment increase the paresis and eventual
compromise a standing or walking
function.
A Cochrane review found that 9 out of
53 studies met the inclusion criteria,
and they found only tizanidine to have
significant effect, while for other drugs
(gabapentine, clonidine, diazepam,
amytal and oral baclofen) the results
do not provide evidence for a clinical
significant effectiveness. Therefore
there is insufficient evidence to assist
clinicians in a rational approach to
antispastic treatment for SCL indivi-
duals (9).
Therefore it is not surprising that in
daily clinical practice the use of oral
medications is often a question of trial
and error. Most commonly used medi-
cations (2):
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All these drugs have potentially seri-
ous side effects, which should be care-
fully considered before administration.
They should only be continued if there
is a clear beneficial effect. Many other
drugs are used (10).
The possible use of cannaboid CB1
receptor agonists for suppression of
muscle spasm and spasticity in SCL
individuals is currently discussed, but
oral tetrahydrocannabinol seems to
undergo variable absorption and to
have a narrow therapeutic window,
making it difficult to predict an oral
dose that will be both effective and tol-
erable (11). A current randomised
placebo-controlled trial in 16 multiple
sclerosis patients showed no effect in
reducing spasticity (12).

INJECTION TECHNIQUES
This is effective for treating local spas-
ticity and facilitating functional goals,
with minimal systemic side effects and
no effect on cognition. Peripheral
blocks include motor point and nerve
blocks. 
Botulinum toxin is injected into motor-
points and will reduce or abolish the
release of acetylcholine from presynap-
tic motor axons and thereby weaken
the muscle. This chemical denervation
develops over the course of a few days
and lasts for 3 to 8 months. The useful-
ness depends on treating a few partic-
ularly crucial muscles (1,2).
Peripheral nerve blocks with alcohol or
phenol may damage the nerves, cause

pain at the injection site, and are physi-
cally destructive, producing scarring
and fibrosis. The effects last 8-12
months and are not fully reversible
(1,2).

INTRATHECAL MEDICATION
Intrathecal baclofen is indicated for SCL
individuals who do not respond or
have intolerable side effects from oral
medication. Intrathecal baclofen has
shown to decrease pain, improve sleep,
ADL, bladder and bowel program, and
decrease caregiver time. Objectively,
there is a reduction in Ashworth and
spasm scores (2). It is even found effec-
tive for treating upper extremity
hypertonia (13). If the decision for
administration of intrathecal baclofen
has been made, a lumbar puncture is
performed and a trial dose of baclofen
is administered. If satisfactory effect is
observed, a reservoir-pump may be
surgically positioned in a subcuta-
neous pocket at the abdomen and con-
nected with an intrathecal catheter. The
reservoir is filled every month or every
second month with baclofen in an
appropriate concentration. The pump
releases the baclofen continuously at a
preset amount. The treatment is very
efficient, and the SCL individuals
avoid the side effects of oral treatment,
in particular the drowsiness.
Intrathecal clonidine and morphine may
play a role, when baclofene is ineffi-
cient or there is increasing tolerance to
baclofen (2).

SURGICAL PROCEDURES
Peripheral ablative procedures in-
clude rhizotomy and peripheral
neurectomy, and central ablative pro-
cedures cordectomy, myelotomy and
stereotactic procedures (14). The
destructive therapies are today rarely
indicated (1,2). Spinal cord stimulation 

Medication Daily dose

Baclofen 10→200 mg
Tizanidine 2→36 mg
Diazepam 4→60 mg
Dantrolene 25→400 mg
Clonidine 0.05→0.4 mg
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of the upper lumbar segments can be
effective in the treatment of lower
extremity hypertonia in SCL individu-
als (15).
In intractable cases tendon elongations
and myotomies may be necessary due to
contractures.
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SUMMARY
Musculokeletal, visceral, and neu-
ropathic pain represent a major bur-
den in chronic spinal cord lesioned
(SCL) patients. Treatment of muscu-
loskeletal pain involves a careful ana-
lysis of underlying mechanisms and
treatment of inflammation, muscle
weakness, instability, stiffness, pos-
ture, and obesity. NSAID and parac-
etamol may be used for shorter peri-
ods.  Neuropathic pain presents itself
as spontaneous and evoked pain (e.g.
allodynia) and may be accompanied
by unpleasant abnormal sensations
(dysesthesias). Neuropathic pain
often have a delayed onset, it is long
lasting and difficult to treat. Drugs
usually provide only partial pain
relief.  For management of neuropath-
ic pain we recommend pharmacologi-
cal treatment with tricyclic antide-
pressants (e.g. imipramine) or anti-
epileptic drugs (e.g. gabapentin or
lamotrigine). Opioids (e.g. tramadol)
should be used with care because of
their obvious side effects.

The average reported frequency of
chronic pain in patients with spinal
cord lesion (SCL) is about 65%, with
one-third of those affected reporting
severe pain (1). The Spinal Cord Injury
Pain Task Force of the International
association of the study of pain (IASP)
broadly classifies SCL pain into noci-
ceptive (musculoskeletal and visceral)
and neuropathic pain (1).

MUSCULOSKELETAL PAIN
Shoulder pain, with a reported preva-

lence ranging from 30 to 60%, is most
common in tetraplegics. Common
shoulder pathologies in SCL patients
include shoulder joint degeneration
and chronic impingement syndrome
with rotator cuff tears, subacromial
bursitis, or supraspinatus tendinopa-
thy (2,3).
Musculoskeletal pain in elbow, wrist,
and hand related to extreme joint 
postures, high mechanical stresses, and
repetitive movements during wheel-
chair propulsion is also frequently
reported (review in (3)).
Neck pain in SCL patients has been
attributed to overuse, inflammatory
processes, mechanical spinal instabili-
ty, and hypoperfusion of tonically
active neck muscles. A recent study
found patients with orthostatic hy-
potension to have a higher frequency
of neck pain, which was made worse
by assuming the upright posture and
exercise and relieved by lying flat (4).
A “steal” effect was proposed to
explain it, and strategies to treat ortho-
static hypotension may be helpful.
Vertebral column pain due to secon-
dary changes following fractures, 
dislocations, and fixation, scoliosis,
mechanical instability, and osteopo-
rosis may also occur (3).
Other types of musculoskeletal pain
conditions include headache and 
heterotopic ossification. 
MANAGEMENT
Controlled studies and studies com-
paring different treatments strategies
are lacking. Chronic musculoskeletal
pain is often best treated by non-surgi-
cal means and should be directed at
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treating pain, inflammation, weakness,
instability, stiffness, posture, and obesi-
ty (3). Physiotherapy, well balanced
exercise programs with strengthening
and stretching exercises, wheelchair
and home/work modifications, and
education in basic biochemical princi-
ples and posture control may be help-
ful in prevention and treatment of
musculoskeletal pain (3). Prevention is
important and therefore these strate-
gies should be incorporated in early
rehabilitation. 
Reports on the use of TENS and
acupuncture in SCL patients are lim-
ited and controlled trials are not avail-
able (5,6). Patients with muscle pain
may experience pain relief. It has been
recommended that the use of TENS
should be relatively contraindicated 
in tetraplegics in the first two years
post injury since postural detrusor-
sphincter dyssynergia have been
reported (7).
Pain due to muscle spasms is best
relieved by spasmolytics.

VISCERAL PAIN
Visceral pain usually presents as dull
or cramping abdominal uncomfortable
and painful sensations, which may be
associated with nausea and autonomic
reactions. The pain may be related to
secondary bowel, bladder or kidney
problems, but it is likely that visceral
pain may occur in the absence of any
abdominal organ dysfunction. There is
little or no information on the mecha-
nisms and treatment of visceral pain
after SCL.

NEUROPATHIC PAIN
Neuropathic pain is divided into
“above-level”, ”at-level”, and “below-
level” types, where “level” refers to the
level of the spinal cord that was injured
(1). Above level neuropathic pain

includes pain due to compressive
mononeuropathies (particularly carpal
tunnel syndrome) and complex region-
al pain syndromes. At level pain may
be caused by spinal cord trauma, nerve
root compression, or syringomyelia.
Below level pain is caused by the
spinal cord trauma. Neuropathic pain
is seen in an area with sensory deficits
and may be accompanied by dysaes-
thesia (unpleasant abnormal sensa-
tions e.g. tingling, pricking, and burn-
ing), allodynia (the elicitation of pain
in the affected area by non-noxious
stimu-lation with light touch or
innocuous cold or warmth), and
hyperalgesia (increased response to a
painful stimulus). Neuropathic pain
may have a late onset (up to a year or
more after SCL), and it is often long
lasting with a low tendency to spon-
taneous recovery. Concurrent infec-
tions or other illnesses may aggravate
the pain. The pathophysiology under-
lying at and below level neuro-pathic
pain is unclear. Proposed mechanisms
include loss of intraspi-nal or descend-
ing inhibitory mechanisms, neuronal
hyperexcitability and spontaneous
activity of spinal or thalamic neurons,
loss of balance between different sen-
sory channels, and structural changes
in spinal and higher deafferented neu-
rons (8) .
PHARMACOLOGICAL
MANAGEMENT
Treatment of neuropathic pain is usual-
ly difficult and there is at pre-sent no
established treatment algo-rithm for
neuropathic SCL pain (9). Presently,
there is little evidence for targeting
specific pain characters with specific
drugs. Randomised con-trolled trials
(RCT) on pharmacologi-cal treatment
after SCL are summa-rised in the Table.
Because of the different pain mecha-
nisms that seem to be involved in SCL
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pain, pharmacological treatment is
often only able to reduce pain partially, 
and combination of different therapies
may be appropriate.
Antiepileptic drugs
Lamotrigine stabilizes sodium chan-
nels and suppresses glutamate release.
Lamotrigine 400 mg daily showed no
effect on neuropathic pain in SCL
patients, although this RCT indicated
that lamotrigine might have an effect
on spontaneous pain in patients who
also have allodynia or hyperalgesia
(10). Adverse events include rash,
dizziness, somnolence, and other CNS-
related symptoms. Slow dose escala-
tion (initially increasing the dose with
25 mg every two weeks, later with 
50 mg every week to 400 mg daily) is
recommended to minimize the risk of
serious hypersensitivity reactions.
Gabapentin, which blocks a subtype of
calcium channels and has a partial
blocking action on sodium channels, is
frequently used in neuropathic pain
conditions. The most common adverse
events are dizziness, somnolence, con-
fusion and ataxia. Gabapentin is slow-
ly increased by 300 mg every to every
other day up to 2400-3600 mg daily
administered in three divided doses
with reduced doses in patients with
decreased renal function.
Antidepressants
Tricyclic antidepressants (TCA) have a
wide range of pharmacological actions,
but the main mechanism by which
TCAs relieves neuropathic pain is
thought to be by blocking the reuptake
of norepinephrine and serotonin. Side
effects are mainly attributed to seda-
tive and anticholinergic actions
(drowsiness, dry mouth, urinary reten-
tion, and constipation). TCAs are 
contraindicated in patients with heart
failure and glaucoma and ECG should
be monitored. More selective antide-

pressants (e.g. selective serotonin 
reuptake inhibitors (SSRI)) have fewer
side effects, but they seem to be 
less effective than TCAs with the full
range of actions (11). Both TCAs and
SSRIs have been reported to exacerbate
spasticity (12,13). Although the two
RCTs of antidepressants in the treat-
ment of pain associated with SCL were
negative, TCA’s (e.g. imipramine) 
are still considered to be the first drug
of choice for many neuropathic pain
conditions (11). However, side effects
often limit the use of these agents.
Starting with 25 mg daily, imipramine
is increased by 25 mg every two weeks
usually up to 150 mg daily in one to
two divided doses, but effective doses
vary among patients. 
Monitoring plasma drug levels may be
useful (optimal plasma levels of
imipramine plus desipramine is 300-
750 nM).
Opioids
Studies have shown efficacy of opioids
in different neuropathic pain states
(11), but their use is controversial for
chronic non-malignant pain condi-
tions. Only intravenous administration
of opioids have been evaluated in SCL
patients with conflicting results (see
Table).
Cannabinoids
The cannabinoid system, which is very
similar to the opioid system, might be
a future target for therapy of  neuro-
logical disorders including pain.
Presently, it is not well documented
that cannabinoids have an effect on
chronic pain.
NMDA receptor antagonists and
sodium channel blockers
N-methyl-D-aspartate (NMDA) re-
ceptors antagonists and sodium chan-
nel blockers have been used to treat
different neuropathic pain states,
although the clinically use of these



No. 
Study Active drug Dose and study duration total Outcome

/ SCL

Davidoff et Trazodone 6 weeks: 150 mg/day 18* Tra = pla
al. 1987 (15) hydrochloride 

Chiou-Tan et Mexiletine 2 x 4 weeks: 450 mg/day 11** Mex = pla
al. 1996 (16)

Drewes et Valproate 2 x 3 weeks: final dose 20** Val = pla
al. 1994 (17) 600-2400 mg/day

Finnerup et Lamotrigine 2 x 9 weeks, final dose 22** Ltg = pla
al.2002 (10) 200-400 mg/day [Incomple-

te: Ltg>pla]

Cardenas et Amitriptyline 6 weeks 84* Ami = pla
al.2002 (13)

Attal et al. Lidocaine i.v. 5 mg/kg (over 30 minutes) 16/10** Lid > pla 
2000 (18)

Canavero et Propofol i.v. bolus 0.2 mg/kg 32/8** Pro > pla
al. 1995 (19)

Attal et al. Morphine i.v. 9-30 mg infusion 15/9** Morp = pla
2002 (20)

Eide et al. Ketamine i.v. Ket: bolus 60 µg/kg + 9** Ket > pla
1995 (21) or alfentanil i.v. 6 µg/kg/min (17–20 min) Alf > pla

Alf: bolus 7 µg/kg + Ket = alf
0.6 µg/kg/min (17–20 min)

Loubser et Lidocaine s.a. 50-100 mg (titrated every 21** Lid > pla
al. 1991 (22) 5 minutes in 25 mg aliquots)

Siddall et Morphine i.t., Mor: bolus 0.2–1.5 mg 15** Mor = pla
al. 2000 (23) clonidine i.t., Clo: bolus 50–100 µg or Clo = pla 

or the combi- 300–500 µg (over 6 hours) Mor+clo > 
nation Comb: half of each dose pla

Herman et Baclofen i.t. bolus 50 µg 7** Bac > pla
al. 1992 (24)

Randomized controlled trials of pharmacological treatment of pain in SCL
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agents have been limited because of
unwanted psychotropic effects.
SURGICAL PROCEDURES
There is no evidence for long-term effi-
cacy of deep brain stimulation and

spinal cord stimulation for SCL pain
(5). Ablative procedures including dor-
sal root entry zone (DREZ) lesions may
have some effect on those with at-level
and unilateral pain (5). These proce-

Abbreviations: i.v. = intravenous; i.t. = intrathecal; s.a. = subarachnoidal; pla = placebo. * parallel study design;
** cross-over study design.
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dures carry the risk for exacerbation of
weakness and sensory loss and new or
increased neuropathic pain. A new
method of computer assisted DREZ
microcoagulation which records and
ablates areas of focal hyperactivity in
several segments of the spinal cord is
suggested to have a higher success rate
than standard DREZ (14), but the long
term efficacy and side-effects of this
method needs to be evaluated.

PSYCHOSOCIAL PROBLEMS
Chronic pain syndromes may cause
increased disability, social limitations,
cognitive, affective, and depressive
symptoms; and these factors can con-
tribute to increased pain. Careful eva-
luation of these aspects is important,
and non-pharmacological types of
treatment such as physical therapy,
psychological support with cognitive
behavioural treatment etc. are impor-
tant. High levels of activity should be
encouraged.
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SUMMARY
A posttraumatic syringomyelia (PTS)
is a cystic expansion in the tissue of
the spinal cord seen after a traumatic
spinal cord injury. The incidence of
PTS is reported at 20-50%. Symptoms
may vary considerably, with new or
increasing sensibility disturbances or
pareses, increased spasticity, pain or
hypersensitivity, autonomic dysre-
flexia, new bladder- or bowel-mana-
gement problems, or hyperhidrosis.
The diagnosis may be difficult and
the symptoms have often been misin-
terpreted. There have been reported
cases with PTS diagnosed from 3
weeks to 33 years after injury. The
pathophysiological mechanism is not
known. But a two-stage process may
include an initial cavitation and a se-
condary extension of the cavity. The
treatment is still controversial. In the
acute stage alignment of the vertebral
bodies should be achieved to avoid
spinal canal stenosis. If a PTS devel-
op correction of the obstruction of the
subarachnoid space and thereby
opening of the CSF pathways is pre-
ferred. Efforts should be directed to
achieve lysis of adhesions tethering
the spinal cord. The results of surgical
intervention have so far not been very
encouraging. There seems to be a ge-
neral agreement about the importance
of early treatment to be able to stop
the further development of the syrinx
with even more deterioration of the
patients’ neurology or abilities. A
regular and frequent follow up of the
patient with spinal cord injury is the
best way to ensure that PTS is dia-

gnosed and managed early in order to
avoid further disability.

DEFINITION
Syringomyelia and hydromelia are
both cavitations in the spinal cord.
Hydromyelia is a cystic expansion of 
the central canal of the spinal cord. If
the cystic expansion is situated in 
the tissue of the spinal cord it is a 
syrin-gomyelia (1), which can be seen
following intraspinal tumours, arach-
noiditis after infections, radiation
necroses and vascular malformations,
and not least after a traumatic spinal
cord injury.
There is a certain agreement to define
posttraumatic syringomyelia (PTS), also
called progressive post-traumatic 
cystic myelopathy, as a cystic expan-
sion in the spinal cord with an exten-
sion corresponding to at least two ver-
tebrae, and which has the signal inten-
sity as liquor on magnetic resonance
imagine (MRI), i.e. low on T1 weighted
and high on T2 weighted images.
Cavitations in the spinal cord with an
extension of less than the height of two
vertebrae are called cysts. The cavita-
tion is often decentral in the spinal
cord but may communicate with the
central canal (2,3).

INCIDENCE
A case of PTS was first reported in
1943. The incidence of PTS was prior to
the introduction of MRI usually given
as 0.3-3.5%. After the more widespread
use of MRI a marked increase of this
diagnosis has been experienced with
PTS incidences reported at 20-50%,
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when counting symptomatic as well as
asymptomatic cases.

SYMPTOMS
Clinical symptoms related to the de-
velopment of PTS may vary consid-
erably in individuals who often have
neurological deficits. In many in-
stances symptoms never develop.
When symptoms are experienced it is
often with pain, which not always are
localised to specific dermatomes or
nerve roots. New or increasing sensi-
bility disturbances, also dissociated,
development of new pareses, increased
spasticity, pain or hypersensitivity,
autonomic dysreflexia, new bladder-
or bowel-management problems, or
hyperhidrosis at various parts of the
body are reported (4,5,6). 

DIAGNOSIS
The diagnosis may be difficult and the
symptoms have often been misinter-
preted. One of the reasons is the large
variation in symptoms, and the vary-
ing time post injury symptoms are
observed. There have been reported
cases with PTS diagnosed from 3
weeks to 33 years after a spinal cord
injury (7, 8). The problem is not least
seen when patients after an incomplete
spinal cord injury is discharged with
normal or nearly normal function
(ASIA E), but several years later deteri-
orate to end up with e.g. complete
tetraplegia (9,10).

PATHOPHYSIOLOGY
The pathophysiological mechanism for
the development of PTS is not known.
But the most attractive theory is still
the one suggested by Williams et al.
(11), and later supported by other
investigators (2, 5,12,13). This two
stage process include an initial cavita-

tion either by liquefaction of hemato-
myelia, myelomalacic necrosis, release
of lysosomial enzymes, or by ischemia
and phenomena of tethered cord at the
origin of traction-distension produced
by arachnoiditis. The secondary exten-
sion of the cavity is thought to be a con-
sequence of transmission of ongoing
pressure pulses from the epidural
venous system. Subarachnoid scarring
and adhesions around the syrinx may
cause blockage of the normal cere-
brospinal fluid (CSF) wave, which is
being created by the epidural venous
pulsations. The pulse pressure is trans-
mitted to the PTS cavity. This repetitive
‘sloshing’ and ‘sucking’ of CSF may
cause the extension of the syrinx in 
rostral and caudal direction. Therefore
activities, which increase intrathoracic
or abdominal pressure, like cough,
straining, and weightlifting exercises,
may expand the cyst. 
During the later years there have been
an increasing focus on a chronic
mechanical stress to the spinal cord in
the development of PTS. Perrouin-
Verbe et al. (2) showed the occurrence
of a syrinx was significantly correlated
with spinal canal stenosis. Abel et al.
(14) likewise found there were indica-
tions that patients with more than 15
degrees of posttraumatic kyphosis and
more than 25% of stenosis were twice
as likely to develop PTS.

TREATMENT
Due to the lack of a precise patho-
physiological mechanism the treat-
ment is still controversial. 
In the acute stage when the spinal cord
injured patient is admitted to a hospi-
tal a plain x-ray and a MRI (CT-scan) of
the spine should be taken. In case of
instable fractures and/or luxations,
this should be attended at once so that
alignment of the vertebral bodies is
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achieved whereby stenosis of the
spinal canal is avoided.
The initial treatment of the vertebral
injury could be the first step in the pre-
vention of the development of PTS.
If at a later time a PTS develop several
surgical procedures have been used in
the last four decades, in-cluding drain
from the syrinx to the subarachnoideal,
pleural, or peritoneal space; spinal
cord untethering; duroplasty (pseudo-
meningocele); myelotomy; cord tran-
section; omental grafting; and combi-
nations of the above procedures.
Treatment has evolved over the years.
Drainage-procedures were preferred
earlier but seem to have little or no
place in surgical treatment of PTS
today (15). Omental grafting has been
abandoned (16).
Modern surgical treatment of PTS 
has come to reflect the treatment of
hindbrain related syringomyelia with
correction of the obstruction of the 
subarachnoid space and thereby open-
ing of the CSF pathways. Efforts
should be directed to achieve lysis of
adhesions tethering the spinal cord
(2,9,16,17).
The results of surgical intervention
have so far not been very encourag-
ing. Only seldom are improvements
seen in the patients’ neurological
deficits or their general activities of
daily living. However, there seems to
be a general agreement about the
importance of early treatment to be
able to stop the further development of
the syrinx with even more deteriora-
tion of the patients’ neurology or abili-
ties (2,4,6,9,17,18,19,20,21).

FUTURE
In the initial stage of a spinal cord
injury with a fracture it seems impor-
tant to make a sufficient reduction of
the vertebral fracture to avoid spinal

canal stenosis, which may be part of
the genesis for PTS (2).
Whether obliteration of the PTS with
neural tissue transplantation is going
to be a treatment of choice remain to be
determined (21,22). Maybe grafting of
gene-modified autologous neural tis-
sue will be a possibility.
In addition, Biyani and Masry (12)
state in their literature review, that the
regular and frequent follow up of the
patient with spinal cord injury for this
complication, as well as other compli-
cations, is the best way to ensure that
PTS is diagnosed and managed early
in order to avoid further disability.
This could imply MRI at regular inter-
vals, more often in the first years post-
injury, and more seldom later on if no
signs of PTS are observed.
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SUMMARY
Spinal cord injury (SCI) patients 
display a specific form of deminer-
alization typified by an exclusively
sublesional topography. The dem-
ineralisation is the same in both
tetraplegics and paraplegics. This
demineralization predominates on
the long bones with a partial pres-
ervation of the trabecular bone of the
lumbar spine. The most affected is
the trabecular metaphyseal-epiphy-
seal areas of the distal femur and the
proximal tibia.
Low bone mass is a major and the
best characterized determinant of
fractures occurrence. Currently, the
best method of measuring low bone
mass (bone density) is Dual-energy 
X-ray Absorptiometry (DXA).
Risk factors for osteoporosis in-
cludes cigarette smoking, excess alco-
hol consumption and vitamin D defi-
ciency, among others.
The types of interventions to im-
prove bone density in patients with
SCI that have been reported have
involved either electrical 
stimulation of muscles or pharma-
cologic targeting of bone metabolism
with bisphosphonates.
Any intervention to prevent the oc-
currence of osteoporosis should be
initiated as soon as possible after
injury, before bone density loss is
detectable.
Fractures of the lower extremity
should be treated with interlocking,
intramedullary nails or splints, de-
pending on site of fracture.

Osteoporosis is well known in spinal

cord-injured (SCI) patients. Although
the terms immobilization and disuse
have been applied to describe these
changes in bone density, the patho-
physiology is likely to be complex. In
the acute injury period, there is an
increased urinary excretion of calcium
and hydroxyproline and accelerated
bone remodelling. The increase in uri-
nary calcium cannot be attributed sole-
ly to lack of exercise or to prolonged
inactivity because a greater degree of
hypercalciuria is found in SCI patients
than in agematched controls after pro-
longed bed rest.
This bone demineralisation has an
important functional consequence due
to risk of pathologic fractures of the
lower limbs. The preferential site of
these fractures is the distal femur
(lower third) and the proximal tibia
(upper third) (1). A highly increased
risk for femur fractures (RR = 23.4, 
p< 0.001), and lower leg fractures 
(RR = 5.2, p< 0.001) compared to con-
trols has been found (2).
Previous absorptiometric studies have
shown an important decrease of bone
mineral density. The aver-age amount
of bone loss during the first year after
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injury is about 40 % to 70 %, depend-
ing on the site and age of the patient
(3,4).

PATHOPHYSIOLOGY
Low bone mass is the most important
predisposing factor for osteoporotic
fractures. Bone mass is affected by
peak bone mass and the degree of sub-
sequent bone loss. These two processes
are regulated at the level of the bone
remodelling units, which in turn are
responsive to an interaction between
genetic and environmental factors.
BONE REMODELLING
A knowledge of the process of bone
remodelling is important in order to
understand how bone mass can be
altered by heritable and environmental
influences. Skeletal remodelling pre-
dominates once longitudinal growth
ceases. The cyclical process occurs in
microscopic elements called “remodel-
ling” units (Figure). Bone remodelling
begins with bone resorption and ends

with new bone formation. Cells called
osteoclasts, which originate from the
monocyte-macrophage lineage, carry
out bone resorption. New bone is
formed by osteoblasts, cells of the
fibroblast-stromal lineage that produce
several bone matrix proteins and syn-
thesize a lattice for subsequent mine-
ralization.
Each remodelling cycle is balanced –
resorption equals formation – and last
between 90 and 130 days. Maintenance
of bone mass during remodelling
ensures a ready source of calcium for
the body, and a persistent reservoir of
stored calcium. However, remodelling
cycles can become imbalanced, and
over several cycles this can result in
significant bone loss.
RISK FACTORS FOR 
OSTEOPO-ROSIS
A number of factors have been identi-
fied that increase the likelihood of
developing osteopenia (low bone
mass). 
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• Age
• Female gender
• Hypogonadism (incl. Premature 
• menopause)
• Glucocorticoid therapy
• Previous fragility fracture
• Low body weight
• Cigarette smoking
• Excess alcohol consumption
• Low dietary calcium intake
• Vitamin D deficiency
• Late menarche
• Physical inactivity
• High caffeine intake
• Maternal history of hip fracture
Osteopenia is a major and the best
characterized determinant of frac-tures
occurrence. Therefore, the risk factors
noted for osteopenia also increase risk
for fractures. Falls and propensity to
fall are other major considerations with
respect to fracture risk (5).

METHODS OF MEASURING BONE
DENSITY
A number of techniques are now avail-
able to measure bone mass at various
skeletal sites. The values obtained from
these measurements represent the
bone mineral density (BMD). Current-
ly, these provide the best assessment of
fracture risk and have an established
role in clinical practice.
Dual-energy X-ray Absorptiometry (DXA)
is widely regarded as the diagnostic
method of choice. In this test, differen-
tial absorption of two X-ray frequen-
cies by soft tissue and bone enables
bone mass to be calculated. It is
applied to both the axial and appendic-
ular skeleton, with the femoral neck,
lumbar spine and radius being the sites
most commonly assessed. The meas-
urements can take as little as 1-2 min-
utes and are achieved at a very low
dose of radiation.
Quantitative computed tomography

(QCT), though available in few centres
only, can be used to measure bone
mass both in the axial and appendicu-
lar skeleton. The radiation dose is 
significantly higher than for DXA.
Quantitative ultrasound (QUS) is most
commonly applied to the os calcis and
reflects both bone mass and architec-
ture. It is portable, relatively cheap and
free of ionizing radiation. 
Radiography is an insensitive method
for assessing bone loss but plays a
major role in the diagnosis of fracture.
Biochemical markers of bone turnover are
a number of products of collagen
breakdown or of bone cells. These can
be measured in the serum or urine and
provide information about the rate of
bone loss at the time of measurement.
At present, however, their use is main-
ly restricted to research applications.
The wide variation in levels of markers
within and between individuals means
that they are unsuitable as diagnostic
tools.

PREVENTION OF OSTEOPOROSIS
AND FRACTURES
Osteoporosis prevention should take
place from early childhood into old
age. Many of the risk factors listed
above are relevant. Avoidance of
smoking and excessive alcohol con-
sumption is among these. Later in life
vitamin D supplementation has shown
to reduce fracture incidence in some
elderly populations. The types of inter-
ventions to improve bone density in
patients with SCI that have been
reported have involved trically stimu-
lated cycling exercise training for 12
months (3 days per week) in 10 motor-
complete SCI sub-jects increased the
BMD of the proxi-mal tibia by 10%, but
those improvements were lost after 6
more months of reduced-frequency
exercise (one per week). No changes



78

were observed in the lumbar spine or
in the femoral neck. The lack of effect
of electrically induced exercise upon
the regions about the hip, as well as the
positive effects about the knee is con-
sistent in several studies.

The effect of standing on bone has been
reported in several other studies, but
verticalization and the gate with ortho-
sis are insufficient means of preven-
tion. 
Treatment with bisphosphonates is 
known to be powerful inhibitors of
bone resorption by osteoclasts. The bis-
phosphonates have the ability to reach
bone directly with almost no
extraskeletal side-effects. Several stud-
ies have shown decrease in bone loss
using different kind of bisphospho-
nates. A study using alendronate 10
mg per day orally in 3 years, improved
femoral neck density 10-18% in some
subjects (unpublished data).
Side-effects due to oral alendronate are
limited to the gastro-oesophageal tract
and alendronate should therefore be
swallowed with 180–250 mL of water

in the morning, and the patient should
stay up for at least 30 minutes and
until breakfast has been eaten. Due to
poor bioavailability alendronate is
given on an empty stomach with water
only. 

TREATMENT OF OSTEOPOROTIC
FRACTURES
Patients with established SCI have
numerous altered physiologic factors
that affect the management of long-
bone fractures. Significant spasticity
may preclude use of non-operative
management for shaft fractures. Cast
may cause skin breakdown and splints
may not provide adequate immobiliza-
tion, and osteoporosis may prevent
adequate fixation.
In displaced femoral neck fractures pros-
thetic replacement may be neces-sary,
although dislocation after surgery may
occur as well as late subluxation and
disluxation. 
In intertrochanteric fractures an in-
tramedullary hip fixation is currently
the preferred operative method.
The treatment of choice for displaced
femoral fractures or non-displaced frac-
ture, which lose reduction during non-
operative methods, is interlocking,
intramedullary rodding. Locking is
necessary because the femoral canals

Electrically stimulated cycling exercise
training for spinal cord lesioned individual

Femur fracture
in a spinal cord
lesioned individual.
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are wide and rotational deformities as
well as non-union cannot be prevented
with standard nails.
Distal femur/proximal tibia fractures are
best treated with well-padded splints
or a knee immobilizer. Long leg casts
are not recommended.
Tibial shaft fractures can be treated non-
operatively if minimally or non-dis-
placed. Displaced fractures require an
interlocking, intramedullary nail.
Distal tibia, ankle, and foot fractures
respond to splinting (7).

REFERENCES
1. Keating JF, Kerr M, Delargy M. Minimal trau-
ma causing fractures in patients with spinal
cord injury. Disabil Rehabil 1992;14:108-9.

2. Vestergaard P, Krogh K, Rejnmark L,
Mosekilde L. Fracture rates and risk factors for
fractures in patients with spinal cord injury.
Spinal Cord 1998;36:790-6

3. Biering-Sørensen F, Bohr H, Schaadt O.
Longitudinal study of bone mineral content in
the lumbar spine, the forearm and the lower
extremities after spinal cord injury. Eur J Clin
Invest 1990;20:330-5

4. Dauty M, Perrouin-Verbe B, Maugars Y,
Dubois C, Mathe JF. Supralesional and suble-
sional bone mineral density in spinal cord-
injured patients. Bone 2000;27;305-9

5. Wark JD. Osteoporotic fractures: background
and prevention strategies. Maturitas 1996;23:
193-207

6. Mohr T, Pødenphant J, Biering-Sørensen F,
Galbo H, Thamsborg G, Kjær M. Increased bone
mineral density after prolonged electrically
induced cycle training of paralysed limbs in
spinal cord injured man. Calcif Tissue Int
1997;61:22-5

7. Garland D, Shokes L. Management of long-
bone fractures in patients with SCI. In Eltorai
IM, Schmitt JK eds.: Emergencies in chronic
spinal cord injury patients. Eastern Paralyzed
Veterans Association, pp163-71, 2001 



80

SUMMARY
Spinal cord injury (SCI) causes dra-
matic neuromuscular changes in the
paralysed muscle. These changes
include reduction in muscular force
and in cross-sectional area of skeletal
muscle as well as increased intramus-
cular connective tissue and adipose
tissue. In addition, the muscular con-
tent of oxidative enzymes as well as
glucose transporter protein, together
with insulin sensitivity decreases dra-
matically. Electrical stimulation (ES)
can beneficially increase glycolytic
and oxidative enzymes in muscle and
cause a muscle fibre type shift to-
wards slower and more oxidative
fibres. This is accompanied by im-
proved insulin sensitivity and en-
hanced aerobic capacity of the whole
body. This contributes to counteract
the risk for inactivity associated 
diseases (diabetes, adiposity and car-
diovascular disease) in individuals
with SCI. The cross-sectional area of
muscle fibres and the whole muscle
improves with ES and may contribute
to counteract development of decubi-
tus and bone fractures.

Exercise for the spinal cord injured
(SCI) individual serves many pur-
poses; the most important being the
ability to reduce the morbidity and
mortality rates evolving from the sec-
ondary medical sequelae after disrup-

tion to the spinal cord. Improvements
in cardiovascular fitness have been
limited by the use of the smaller upper
body musculature (1), the inability for
blood redistribution below the level of
the injury (1,2) and a dysfunctional
autonomic system (3,4). 
ES of the paralysed lower limbs has
gained acceptance as a valid exercise
modality for the SCI individual.
Stimulation of the lower limbs can
increase muscle strength and muscle
oxidative capacity (5-7), improve car-
diovascular conditioning (8,9),
enhance bone mass (10), reduce the
incidence of decubitis ulcers (11) and
improve self image and quality of life
(12).

LOWER PARALYSED LIMBS AND
ELECTRICAL STIMULATION
MUSCLE HYPERTROPHY 
Muscle atrophy is one of the most dra-
matic changes in skeletal muscle after a
SCI. Following a SCI, there is a pro-
gressive muscle fibre atrophy of all
fibre types accompanied by the prolif-
eration of fibrous interstitial tissue and
fatty infiltration. Dark angular atroph-
ic fibres, target-targetoid fibres and
proliferative changes of the sarcoplas-
mic reticulum have also been reported
during this time (13).
ES training can significantly reduce the
amount of atrophy observed in indi-
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viduals with SCI, although this has not
been shown in all studies. Studies
involving ES training for three (14) and
six months (15) have reported no sig-
nificant increase in fibre cross-sectional
area, while increases of 294% and 142%
have been noted mainly in the type II
fibres after ten weeks and eight months
of ES training, respectively (7,16). In
addition, ES training when introduced
within the first four weeks of injury
has been shown to reduce the level of
disuse atrophy experienced within the
paralysed muscles (6).
MUSCLE CONTRACTILE 
CHARACTERISTICS
The twitch and tetanus from human
muscle paralysed for at least three
years have been shown to have con-
tractile properties during repetitive
activation that is characteristic of a
fast-fatigable whole muscle (17). The
outcome however is not consistent
across studies (18). Neurophysiologi-
cal measurements after ES training
demonstrate that the contractile prop-
erties of paralyzed human muscle
revert toward the normal values seen
in slow muscles, with slower contrac-
tion times (19) and greater resistance to
fatigue (18,20).
MUSCLE FIBRE TYPE 
TRANSFORMATION
The vastus lateralis muscle shows a
heterogeneous fibre type population in
sedentary able-bodied individuals,
however within 12 months of a SCI,
the percentage of type IIX fibres can
increase from 20% pre-injury to 100%
(6,21). Similarly, the myosin heavy
chain composition of individual fibres
shows a significant alteration in the
paralysed muscle with 41% of fibres
co-expressing MHC IIa and MHC IIb
in the vastus lateralis muscle after six
months of injury (22).
ES has been shown to return skeletal

muscle fibre types to within ranges
seen in able-bodied controls (6,7,15),
however the alteration seen in the
paralysed muscle is not always consis-
tent between individuals and is not
shown in all studies (14). Importantly,
ES training has also been shown main-
tain the heterogeneity of the fibre type
population if applied during the acute
phase of the injury (6).
METABOLIC ENZYME ACTIVITY
Only limited data exists on the effect of
ES training on paralyzed human skele-
tal muscle enzymes. Oxidative enzy-
matic capacity in paralyzed muscle is
well below the level seen in a seden-
tary able-bodied group of subjects
(21,23). It has been shown that early
after the onset of training, the gene
expression and formation of glycolytic
and oxidative enzymes in-creases, as
does the content of glucose transporter
(GLUT-4) and the insulin sensitivity of
the muscle (24,25). After four and ten
weeks of ES training, the concentration
of oxidative enzymes can increase by
up to 160%, returning to the limits
expected in an able-bodied population
(7,26). A similar up-regulation of the
glycolytic enzyme capacity has also
been demonstrated after ten weeks of
ES training, although this is been
shown to be inconsistent (7,24).
METABOLIC RESPONSES TO 
ELECTRICAL STIMULATION
Both motor center activity and feed-
back from working muscle is impor-
tant for the magnitude of substrate
mobilisation of glucose and fatty acids.
Involuntary exercise in SCI individuals
showed that mobilisation of glucose
from the liver was impaired resulting
in a gradual drop in plasma glucose
during exercise (4), indicating that
neural mechanisms are crucial for the
matching of glucose mobilisation to
peripheral glucose uptake during exer-
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cise. During ES exercise in the SCI indi-
vidual, the energy is primarily glyco-
genolysis and high levels of lactate
have been found both in muscle and
blood, and a relative low fat combus-
tion and fatty acid uptake is seen in
contracting muscle of the SCI indivi-
dual (27).
CARDIOVASCULAR RESPONSES TO
ELECTRICAL STIMULATION
Circulation has been studied recently
in SCI patients. Interestingly, the rise in
cardiac output with increasing exercise
workload follows the linear curve of
healthy able-bodied individuals (28).
Thus, the correlation between oxygen
uptake and cardiac output is unaltered
in SCI during electrically induced leg
exercise. This indicates that even in the
absence of intact neural pathways, car-
diac function is coupled to metabolic
needs via blood born mechanisms.
Despite a difference in obtainable max-
imal heart rate between para- (170
bpm) and tetraplegics (110 bpm), both
can reach similar levels of maximal
oxygen uptake and cardiac output.
Thus, at maximal exercise, paraplegics
only have a minor increase in stroke
volume and a large heart rate increase,
whereas tetraplegics compensate for
the limited heart rate reserve by prefer-
entially increasing the stroke volume.
Furthermore, it was shown that ES
cycling with cuffing both legs did not
result in any significant in-crease in
heart rate (29). Interestingly, when the
cuffs were released in the resting state,
the heart rate rose to the levels seen
during exercise without the cuff. The
results indicate that either substance in
the blood released with exercise (nor-
epinephrine or CGRP) or the blood
itself is the signal towards increased
heart rate and cardiac out-put during
exercise in this situation. Determina-
tion of sympathetic nerve activity 

as a norepinephrine spillover from
contracting muscle confirms a marked-
ly impaired norepinephrine response
in the tetraplegic versus paraplegic
individuals. At this stage the most 
likely explanation for heart rate regu-
lation during exercise in SCI indivi-
duals, is the increased venous return
that follows with muscular contrac-
tion.

CLINICAL BENEFITS OF ELECTRI-
CAL STIMULATION EXERCISE
SPASM
ES techniques, duration, frequency of
stimulation and electrode placement,
all appear to have different clinical out-
comes in regards to the frequency and
intensity of spasticity. A significant
reduction in the intensity of spasm
may last up to 24 hours, with eight
hours being the average time of relief,
after an acute bout of ES in approxi-
mately half the SCI population (30,31).
The efficacy of ES has been shown to
be directly proportional to the pre-
treatment clonus that an individual
experiences (31).
DEEP VEIN THROMBOSES
During the first three months of injury,
deep vein thrombosis (DVT) is clini-
cally prevalent in 16 – 75% of all SCI
individuals (32). In combination, anti-
coagulant medications and pneumatic
pressure have been shown to decrease
the occurrence of DVT from 40% with
pneumatic stockings alone to 25% with
the combination (33). While, the appli-
cation of ES to the lower limbs in com-
bination with low dose heparin
reduced the incidence of DVT to 0%
(32). In one pilot study an improved
fibrinolytic activity was shown up to
100 mins after ES was applied to the
calf muscle, accompanied with a mild
to moderate improvement in venous
blood flow (34).



83

BONE DEMINERALIZATION
Bone mass loss of up to 50% in the
proximal tibia and femoral neck is seen
(9). Excretion of markers of increased
bone metabolism reaches a peak one to
six months after injury (35). Etiology
for the increase in bone resorption has
been linked to reduced gravitational
loading, reduced blood flow and a
decrease in the protein matrix that pre-
vents recalcification (36). Data suggests
that ES commenced within two weeks
of a SCI, may reduce the bone dem-
ineralization (37).
The effects of ES training in individu-
als with a chronic SCI are still unclear.
One study showed no improvement in
bone mineral density (BMD) of the
femoral neck, trochanter or Ward trian-
gle after six months of ES cycling (38)
and a second reported a 10% improve-
ment in the proximal tibia after 12
months of ES cycle training (9). A fur-
ther study found that the increases if
observed in BMD are site specific at the
insertion site of the bone (39).
DECUBITIS ULCERS
The integumentary system is particu-
larly vulnerable damage following a
SCI. Although theoretically prevent-
able, decubitis ulcers develop in 50% of
patients with a complete SCI (40). The
application of ES may reduce the num-
ber of decubitis ulcer that result after a
SCI by altering the pressure of the seat-
ing interface and by increasing tissue
blood flow (41,42). The application of
ES may also reduce the healing time
once a decubitis ulcer develops (40,43).

CONCLUSION
Exercise for any individual when per-
formed in moderation provides many
benefits both physiological and psy-
chological. Exercise for the SCI indi-
vidual is not only a leisure time activi-

ty but also a way of minimising the
secondary medical complications that
exist after a disruption to the spinal
cord. While upper body training is
important for improving wheelchair
locomotion particularly in the early
phases of rehabilitation, the ability to
exercise the lower limbs with ES has
provided a means of whole body exer-
cise.
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SUMMARY
A multidisciplinary patient-record
and database in one (SCIBase) has
been created. The aims are to
strengthening the multidisciplinary
teamwork, to improve the quality of
the daily documentation, to allow 
the record to be read on computers
several places at the same time, 
and to make quality assurance
easier.
SCIBase is used by doctors, nurses,
physiotherapists, occupational thera-
pists, social workers, psychologists,
and secretaries, and is approved by
the Danish Data Protection Agency.
The programming is performed in
PowerBuilder, and data are stored in a
Sybase database. The system is func-
tioning under Windows, and the
printing is in Microsoft Word. The
structure is flexible to allow changes
to be made when the need arise with
the development. Data are online
transferred from the patient adminis-
trative system.
The SCIBase structure is based on
checklists for each professional group
delivering data to the system. Except
from the nurses record is all written
clinical documentation electronically
available.
Data form the database can in anony-
mous form be transferred to Micro-
soft Access, for further analyses or
data-export.

The Clinic for Para- and Tetraplegia
introduced 1999 a multidisciplinary
electronic patient record (ERP), which
on the same time was a clinical data-
base, i.e. the data are only typed into
the system once, and can thereafter be
reused in other connections. The sys-
tem is named SCIBase (SCI = Spinal
Cord Injury).
The use of personal computers (PC) is
now the routine among all profession-
al groups taking part in the clinical
management of the spinal cord
lesioned (SCL) individuals, i.e. they all
provide their respective inputs to
SCIBase.

AIMS
The major aims for introducing SCI-
Base was:
1. To strengthening the multidiscipli-
nary teamwork at the Clinic.
2. To ensure high quality of informa-
tion in the patient records of the SCL
individuals treated, rehabilitated and
followed-up in the Clinic. This
includes the use of checklists for basic
information by all the professional
groups, doctors, nurses, physiothera-
pists, occupational therapists, social
work-ers, and psychologists. In this
way it also secured that newly
employed will have the information
included. On the same time data need
only to be written once.
3. To make it possible for all personnel 

MULTIDISCIPLINARY ELECTRONIC PATIENT
RECORD AND CLINICAL DATA BASE IN ONE FOR
SPINAL CORD LESIONED INDIVIDUALS (SCIBase).
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taking part in the treatment, rehabilita-
tion and follow-up of the SCL indivi-
duals to review the information in the
record from all clinical professionals at
the PC. This means the paper record is
not necessary, and many individuals
may simultaneously review the same
record.
4. To make quality control easier. This
includes using the outcome measures,
which are part of the clinical database.

BACKGROUND
The Clinic has an uptake area corre-
sponding to East-Denmark, Greenland
and the Faroe Island. This covers a
population of approximately 2.5 mil-
lion The Clinic receives traumatic as
well as non-traumatic SCL patients.
Every year is approximately 60 patients
admitted with new lesions – approxi-
mately half are non-traumatic. Further-
more the Clinic has over 200 admis-
sions related to complication treatment
and specific rehabilitation tasks. At the
outpatient clinic are 300 SCL individu-
als seen yearly. Geographically the
admissions to the Clinic are in Horn-
bæk, 50 km north of Copenhagen, and
the outpatients are received in the hos-
pital in Copenhagen. The doctors are
the same.
It is the hope in the future that SCI-
Base shall cover all Denmark, i.e. West-
Denmark as well, at the Para-plegia-
function, Viborg hospital.

RECORD INFORMATION
SCIBase is build up on the basis of
structured profession specific check-
lists. These checklists were developed
to make sure that the most important
information related to the SCL individ-
uals is collected. The clinical personnel
are responsible for collection of their
respective information to the record.
Doctors fill in checklists at admission,

during admission, at discharge, and at
any later follow-up control.
The admission checklist is filled in
when the SCL patient is admitted to
the Clinic for his or her primary reha-
bilitation after the SCL. This checklist
includes information as any other pa-
tient record, i.e. information about pre-
vious diseases and symptoms, includ-
ing possible operations and hospitali-
sations, known allergy, tobacco and
alcohol habit. Then it includes infor-
mation related to the SCL: date and
type of injury, possible associated
injuries, treatments performed, respi-
ratory and urological status, etc.
The discharge checklist is filled in when
the SCL person is going to be dis-
charged from the Clinic after the pri-
mary rehabilitation period. It in-cludes
information of possible diseases and
complications during the rehabilitation
period, more detailed information
about the sexual function, spasticity,
pain, etc. and its treatment, urological
investigations performed etc.
The follow-up checklist is filled in every
time the SCL individual come for con-
trol in the Clinic, or when relevant dur-
ing the admission. It includes informa-
tion about symptoms, complications,
and diseases, and possible hospital
admissions and treatments since the
last contact to the Clinic. Furthermore
detailed information about the bladder
and bowel emptying, the sexual func-
tion, spasticity, pain, etc. and its treat-
ment, urological investigations per-
formed etc. In addition it includes
basic data on activities of daily living
(ADL), social and psychological situa-
tion, etc.
Nurses fill in a checklist at discharge
from the primary rehabilitation. This
includes detailed data about the blad-
der and bowel emptying method at
discharge. Furthermore information
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about the skin condition and pressure
ulcers at admittance, developed during
the stay in the Clinic, and at discharge.
In addition they during admission fill
in information of height and weight,
for the calculation of body mass index
(BMI), residual urine, and blood pres-
sure.
Physiotherapists fill in checklists during
admission as well as at discharge covering
muscle strength, all kinds of skills
related to transfers, mobility, and vari-
ous ADL.
Occupational therapists fill in checklist
during admission as well as at discharge
including muscle strength of the upper
extremity, a range of ADL, together
with detailed information about
tetraplegic individuals hand function.
Social workers fill in a checklist at dis-
charge with data related to pre-injury
civil status, housing conditions, educa-
tional level, work situation, and infor-
mation about post-injury compensa-
tion possibilities, applications submit-
ted regarding new housing, education,
pension, etc. Furthermore a follow-up
checklist to keep record on which of
the applications have been successful
is used.
Psychologists fill in a checklist at dis-
charge with data about psychological
crises pre-injury, the use of psycho-
logical or psychiatric assistance during
acute and the rehabilitation phase
post-injury. In addition information
about their coping is included.
In addition to the above mentioned
checklists are the following classifica-
tions made available for use at various
time points, both during the acute and
primary rehabilitation phase, and at
later control visits to the Clinic:
ASIA/IMSOP (American Spinal Injury
Association/International Medical So-
ciety of Paraplegia) international neu-
rological classification for spinal cord

injury (1). The physician fills in this
classification, at least twice, around
admission and discharge for primary
rehabilitation.
FIM (Functional Independence Measure)
(2) is filled in at least 3 times: at admis-
sion, midway during rehabilita-tion,
and at discharge from the primary
rehabilitation. The treating nurse,
physiotherapist and occupational ther-
apist in co-operation perform the scor-
ing.
Physicians as well as physiotherapists
use Modified Ashworth Scale for spasti-
city when relevant.
Much of the information in the check-
lists is primarily entered by ticking
boxes and similar. After finishing en-
tering data the information is trans-
ferred to the record. For the doctors
and nurses record a transformation to
normal text is performed. The data in
the other checklists are printed out
more directly as they have been en-
tered on the PC.
Continuations for free text is available for
day-to-day information, which is to be
communicated in the record. These are
not made as checklists, and the data
therefore cannot be retrieved as easy as
the previously described information.
The doctor’s record is made as a com-
mon record, in the sense that free text,
i.e. conclusions or other important
extracts, from the physiotherapist’s,
occupational therapist’s, social work-
er’s, and psychologist’s records can be
copied from their own record into the
common record, to make in easier to
have a total overview for the particular
patient. On the same time it is always
possible to have the more detailed
information by looking up the particu-
lar professions’ record.
Finally, several other schemes are available
in SCIBase, including many research
data sheets. This includes a data sheet
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for everyone in the SCIBase who have
died. Data related to the death may be
retained in SCIBase for 75 years.
Updated review including previous 
diseases, admissions and urological
investigations can always be gener-
ated in SCIBase. 
Discharge letter from the primary re-
habilitation is made semi-automatical-
ly on the basis of the information col-
lected in the mentioned checklists and
classifications. Multidisciplinary infor-
mation in the discharge letters is se-
cured.
In addition, all schemes etc. for each
single SCL individual can be retrieved
as they are arranged according to the
date they were entered. 

MANUALS
Manuals are developed for each pro-
fessional group for the filling in of the
various data sheets. In these are de-
scribed how the fields should be filled
in, and in particular information are
given regarding how the various an-
swer possibilities shall be interpreted.
This because many of the collected
data are stored according to interna-
tional classifications (1-6), and guide-
lines used in other similar databases
for SCL individuals (7).

SECURITY
All information in the database is se-
cured with an unique Central Person
Register Number for each patient.
Every access to the system has to be
performed with a password, and each
person is approved for specific writing
and reading rights according to their
function in the Clinic. The system
entrances are logged by name of the
person entering the database and what
he/she has been doing.
SCIBase is approved by the Danish
Data Protection Agency. 

TECHNICAL SOLUTION
The programming of SCIBase data-
base is made in PowerBuilder, and the
data are stored in a Sybase database.
The system is running under
Windows. The printout to the record is
made in Microsoft Word. 
Anonymous analyses of the data and
data export can be carried out in
Microsoft Access.
The structure is flexible to allow
changes to be made when the need
arise with the development, e.g. new
investigations or treatments. 
When a new patient is entered with his
or her Central Person Register number
demographic data and information on
the general practitioner etc. are online
transferred from the patient adminis-
trative database system. Then Central
Person Register number and name of
the patient will automatically occur on
every printout from SCIBase. This 
minimise the risk for misplacing paper
record pages.
The doctors’, nurses’, physiothera-
pists’, occupational therapists’, social
workers’ and psychologists’ records
can be read directly on any PC in the
inpatient facility and the outpatient
clinic.

RESULTS
In the daily treatment, rehabilitation
and follow-up the SCIBase facilitate
the multidisciplinary work around
each SCL individual. This not least
because the various personnel cate-
gories get more daily insight to the oth-
ers work. 
Some of the experiences gained dur-
ing the first year’s use of SCIBase in
the multidisciplinary team are summa-
rized in the table. In addition, it was
reported that the use of common clas-
sifications in different professional
groups and international standards
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gave an extra insight and awareness.
Further it was pointed out that
SCIBase implies a possibility for crea-
tion of better quality indicators and
evaluation methods. With this purpose
SCIBase has already delivered data to
and international project (8). SCIBase
in general increase the possibility for
research.
Finally the present SCIBase is found to
be an appetizer for further develop-
ment.

DISCUSSION
Avoidance of redundant entering and
reuse of data are possible due to the
stringent structure of SCIBase, in com-
parison to many EPRs, which primari-
ly function as word processor patient
charts (9). Because of the structure it is
also possible to validate many of the
data in SCIBase, e.g. only specific
answer possibilities are available, and
fields with numbers can be defined.
In our experience it is decisive that

each user/discipline find their respec-
tive checklists meaningful. 
It is not the ambition at the present
time to abandon the paper record, not
least because many information are
available in paper only. Further, not yet
it was found meaningful to use resour-
ces for scanning and indexing of the
additional information. In the future
we wish all information to be available
in a multimedia EPR (10).
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