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The impact of spinal cord injury (SCI) on later bone mineral status was studied in 35 adults
who had sustained their injury in childhood. The median age of the patients was 31 years, the
median age at injury 12.9 years and the median time period from injury was 19 years. The
methods used in the study were clinical interview and examination, measurement of bone
mineral density (BMD) of the lumbar spine and the proximal femur with dual energy X-ray
absorptiometry (DEXA) and estimation of bone turnover with biochemical markers. The
densitometric examination revealed that the BMD at the lumbar spine was within the normal
range but grossly decreased in the femoral region. Moreover, there was a signi®cant di�erence
in BMD between patients with high (C2 ±T6) and low (below T6) lesions in the lumbar spine
as well as in the femoral region. Patients with lower lesions had higher BMD values. The
markers of bone turnover which were studied were serum and urinary calcium and phosphate,
serum alkaline phosphatase and its isoenzymes, osteocalcin, carboxyterminal propeptide of
human type I procollagen (PICP), carboxyterminal telopeptide of type I collagen (ICTP) and
urinary deoxypyridinoline. These markers of bone metabolism showed no signs of ongoing
accelerated bone formation or resorption. The present study suggests that caution should be
observed in weight bearing training or mobilisation of patients with pediatric SCI or perhaps
with long standing SCI because of increased fracture risk. The prevention of dissociated
osteoporosis should be investigated further in order to avoid fractures of weakened bones. The
modes of prevention might be found in the use of modern pharmacotherapy of osteoporosis
and from correctly dosaged physical training.
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Introduction

Spinal cord injury (SCI) is known to lead to profound
perturbation of bone metabolism which results in
dissociated demineralisation of central and peripheric
bone.1,2

A new steady state between formation and
resorption of bone is reported to occur within 6
months to 2 years after the injury.3

Attemps to restore lost bone mineral density
(BMD) have been unsuccessful which has led to a
focus on prophylactic methods in preserving the
BMD. Several studies have not shown an increase
in BMD resulting from training programs with
mechanical orthosis, with prolonged training sessions
or with electrically induced ergometry training).1,4 ± 8

However, there has been shown to be a positive
in¯uence on BMD caused by regularly performed
passive standing as well as electrically induced cycle
training of paralysed limbs and this has also been
reported to have a bene®cial e�ect on the preserva-

tion of bone mass in osteoporosis found in
paraplegics.9,10

Antiresorptive compounds such as bisphosphonates
are promising agents for reducing bone loss in
immobilisation osteoporosis, although treatment mod-
alities are not yet established in humans.11 ± 14

During growth the trabecular bone of the
skeleton matures to its peak density at around
16 ± 20 years of age and then begins to decline
gradually.15,16 The accrual of periosteal cortical
bone, on the contrary, continues during life and
leads to an increase in the diameter of the shaft of
long bones.17

SCI in an adolescent, whose underlying rate of
bone turnover is high, leads to bone mineral loss
caused by immobilisation during the healing of the
fracture and afterwards by the reduced activity and
unloading of the paralysed limbs and trunk. In
young SCI patients, during the acute phase the
calcium balance becomes negative and can lead to
serious immobilisation hypercalcemia.18 Later on,
disproportioned growth of legs (hypotrophy),
secondary scoliosis, fractures and development of
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heterotopic ossi®cation are other known adverse
e�ects of SCI in children. In the general population
the main shortcomings related to osteoporosis are
increased risk of fractures and bone pain.

In an adolescent SCI-patient the development of
immobilisation osteoporosis interrupts the normal
process of accelerated bone formation connected to
growth. The aim of the present study was to
investigate the later bone mineral status of those
patients who had sustained SCI in childhood and,
especially, to study the question of whether bone
formation and resorption is equalised years after the
initial derangement of bone metabolism.

Patients

Ten females and 25 males who had sustained SCI in
childhood participated in this study. All the patients
were interviewed and clinically examined. The spinal
lesions were classi®ed according to the level and the
completeness of the injury in accordance with the
standards of neurological classi®cation of spinal cord
injury patients.19 Twenty-four patients in the study
group had complete paraplegia. Three patients had
incomplete paraplegia, three patients were tetraple-
gics and ®ve patients had incomplete tetraplegia
(Table 1).

At the time of the study the median age of the
patients was 31 years (range 18 ± 63). The median
age at injury was 12.9 years (range from birth to
17.1 years) and the median time period from the
injury was 19 years (range 1.5 ± 57). The results of
the laboratory test of one of the subjects was
excluded from the study because of profoundly
altered blood chemistry and the lack of a valid
urinary sample. The changes of blood chemistry
were related to chronic alcohol abuse and to a
large decubitus with underlying osteitis. The
densitometry of the lumbar column and hip of the
same subject failed because of extreme scoliosis
(Cobb 4110 degrees) and advanced osteoporosis of
the luxated hips. Thus the ®nal group consisted of
34 patients.

This study has been approved by the ethical
committee of the Children's Hospital, University of
Helsinki, Finland. Informed consent was obtained
from the participants.

Methods

Densitometry
Hologic QDR-1000 X-ray bone absorptiometer with
software version 6.10 (Hologic, Inc., Waltham, USA)
was used for BMD measurements taken from the
lumbar spine (L2 ±L4), the proximal femur and from
speci®c sites at the proximal femur region (the femoral
neck, trochanteric area, intertrochanteric area, Ward's
triangle). The areas and calculations of the regions
measured were obtained automatically by the instru-
ment's computer program.

The de®nition for the term osteoporosis adopted for
this study was a decrease of BMD of more than
2.5 SD compared to peak bone density reference data
obtained from a Caucasian population (T-score). The
bone density reference data was provided by the
manufacturer of Hologic QDR systems.20

It was possible to measure the BMD of the lumbar
spine in 29 of the 35 patients. Spondylodesis and
extreme scoliosis obstructed the analysis of the BMD
from the lumbar spine in ®ve cases. In one of the cases
the degenerative changes of the lumbar spine formed
an obstacle to the analysis.

The BMD of the hip was measured in 27 hips. The
reason for the failure of the equipment to measure the
BMD in eight cases was the unsu�cient contrast
between mineralised and non-mineralised tissue.

Laboratory assays of bone metabolism

Blood and urine samples
Fasting blood samples were obtained from all
participants between the hours of 8 to 10 a.m. Serum
and urine samples were stored at 7208C until assayed.
The patients were instructed to collect their urine
starting at 8 a.m. and to continue for 24 h until the
next morning. To eliminate interassay variation,
urinary deoxypyridinoline (DPD), carboxyterminal
propeptide of human type I procollagen (PICP) and
the carboxyterminal telopeptide of type I collagen
(ICTP) were assayed in a single session.

Urinary calcium, phosphate and creatinine
Urine concentrations of ionised calcium and phosphate
were measured with standard methods. Serum and
urinary concentrations of creatinine were measured by
a modi®ed Ja�e method.

Alkaline phosphatase (AP) and its bone isoenzyme
(BAP)
The serum activity of AP and especially its bone
isoenzyme is high during childhood and also after-
wards in conditions of increased bone formation.
Isoenzymes of AP derived from liver and bone were
measured separately in 17 cases out of 34. Total serum
AP was measured with the Scandinavia method (SCE)

Table 1 Classi®cation of patients according to the level of
the lesion

Complete Incomplete
ASIA A ASIA BCD

Tetraplegia high (C2 ± 5)
intermediate (C6)

2
1

3
2

Paraplegia high (T1 ±T6)
low (T7 or below)

7
17

1
2

Total 27 8
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and polyacylamide gel electrophoresis was used to
measure its isoenzymes.

Osteocalcin (OC) assay
OC or bone Gla protein is a non-collagenous vitamin
K-dependent protein that is speci®c for bone tissue and
dentin. It is synthesised by osteoblasts and incorpo-
rated into the extracellular matrix of bone.21

Serum OC correlates with histomorphometric
parameters of bone formation and it is a marker of
bone turnover when resorption and bone formation
are coupled. Serum OC was measured by radio-
immunoassay.22

Urinary hydroxyproline (HYP)
Urinary HYP re¯ects the resorption rate of bone
although 50% is from non-bone sources. Urinary HYP
was determined with spectrophotometry.23

Urinary Deoxypyridinoline (DPD)
Pyridinolines are non-reducible cross-links that stabilise
the collagen chains within the extracellular matrix.24

They are speci®c for bone collagen and are released
from bone matrix during its degradation by osteoclasts
and excreted in the urine. Urinary DPD was measured
with a commercial competitive enzyme immunoassay
made by United Laboratories Ltd, Helsinki; the
reagent manufacturer was Metra Biosystems, Inc.,
Palo Alto, California. The results obtained were
corrected for the urine concentration with the
creatinine concentration of the sample.

The carboxyterminal propeptide of human type I
procollagen (PICP) and cross-linked carboxyterminal
telopeptide of type I (ICTP).

Serum PICP has been shown to be a marker of
bone formation and serum ICTP a marker of bone
resorption.25 Together with PICP, ICTP o�ers a
possibility of estimating the balance between type I
collagen formation and degradation. PICP and ICTP
were measured with a standard kit of radioimmunoas-
say provided by Orion Diagnostica, Finland.26,27

Statistical methods

The D-BASE III plus (Ashton-Tate) computer pro-
gram was used to store and process the data. The
statistical analyses were carried out using Statgraphics
software (Statistical Graphics Corp). A paired one-
tailed Student's t-test for dependent samples was used
to compare the BMD of the lumbar spines and hips.
Comparisons of BMD at various sites between the
subgroup means of the sample of patients was
performed using a one-way analysis of variance
(ANOVA). Post-hoc intercomparison of the subgroup
means was performed using Tukey's test.

A multiple regression was used to analyze the
in¯uences of body weight, height, age at injury, time

from injury and age at the time of examination to the
BMD of the lumbar spine, the proximal femur and the
femoral neck.

Results

Bone mineral density (BMD)
In the cases measured the BMD levels were within the
normal range in the lumbar spine (Table 2). The mean
BMD at the lumbar spine was 1.08 g/cm2 (range
0.84 ± 1.54, SD 0.17). This value represents 99.5% of
the age and sex adjusted mean (Z-score) and
70.04 SD of peak bone mass measured in 30-year
old persons of the same gender as the patients (T-
score) (Tables 2 and 3).

At the hips, accurate subtraction between bone and
soft tissues with the densitometer failed in seven out of
the 34 patients. The BMD at the proximal femur was
on an average 0.72 g/cm2 (range 0.39 ± 1.46, SD 0.23)
which is 72.05 SD of the age and gender adjusted
mean value (Z-score). The mean T-score was 72.61
and thus represents established osteoporosis.

Table 2 Bone mineral density (gm/cm2) in di�erent types of
SCI

Mean SD n Z-score

Lumbar spine
Complete paraplegia
Incomplete paraplegia
Complete tetraplegia
Incomplete tetraplegia
Entire sample

1.125
1.205
1.005
0.896
1.077

0.180
0.000
0.010
0.048
0.173

20
1
3
5
29

0.52
1.45

70.64
71.77
0.002

Proximal femur
Complete paraplegia
Incomplete paraplegia
Complete tetraplegia
Incomplete tetraplegia
Entire sample

0.753
0.733
0.621
0.687
0.724

0.272
0.197
0.129
0.128
0.230

17
2
3
5
27

71.56
72.11
73.19
72.74
72.05

Table 3 Bone mineral density of the patients compared to
young adults

% T-score(30) n

Lumbar spine
Complete paraplegia
Incomplete paraplegia
Complete tetraplegia
Incomplete tetraplegia
Entire sample

105
115
93
82
100

0.41
1.44

70.65
71.77
70.04

18
1
3
5
27

Proximal femur
Complete paraplegia
Incomplete paraplegia
Complete tetraplegia
Incomplete tetraplegia
Entire sample

80
74
60
65
74

72.42
72.27
73.32
72.96
72.61

14
2
3
5
24
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The BMD in the femoral neck was 0.69 g/cm2

(range 0.38 ± 1.38 SD 0.19). In Ward's triangle the
mineral density was 0.60 g/cm2 (range 0.22 ± 1.45,
SD 0.24). The lowest measurements were at the
intertrochanteric level where BMD was on an average
0.52 g/cm2, ranging from 0.24 to 0.94.

At the lumbar spine 10/29 of the patients had a T-
score which was under 71 SD and 3/29 of the patients
had T-scores less than 72 SD. None of the patients
had a T-score less than 72.5 SD at the lumbar spine.
At the femoral neck 21/27 of the patients had T-scores
under 71 SD, 19/27 had T-scores less than 72 SD
and 16/27 had a T-score less than 72.5 SD.

The dissociation between axial and peripheral BMD
(lumbar spine vs total femoral area) was statistically
signi®cant (t=7.36, df=25, P50.001).

The results of ANOVA showed that at the lumbar
level there was a statistical di�erence in BMD between
tetraparetics (n=5) who had lower BMD values than
paraplegics (n=20), paraparetics (n=1) and tetraple-
gics n=3 ((df(3,25), F=3.2387, P50.04)) although the
post-hoc intercomparison showed no essential differ-
ence between the subgroups (Table 3).

At the hip level ANOVA showed no evidence of
di�erence between the subgroups.

The sample was divided into two groups in order to
study the in¯uence of lesion level on BMD at lumbar
levels and in the proximal femur region. The group A
(n=14) consisted of C1 ±T6 lesions and group B
(n=15) of lesions at and below T7. The mean BMD in
group A at lumbar level was 0.98 g/cm2 (SD 0.12,
range 0.84 ± 1.32) and 1.16 g/cm2 (SD 0.18, range
0.86 ± 1.54). In group B, at the proximal femur
region, the corresponding results were 0.61 g/cm2

(SD 0.14, range 0.39 ± 0.89) and 0.83 g/cm2 (SD 0.24,
range 0.57 ± 1.46). These di�erences between groups A
and B were also statistically signi®cant at lumbar
((df(1,27), F=9.90079. P50.004)) and hip ((df(1,25),
F=7.2388, P50.01)) levels.

Multiple regression analysis showed that BMD of
the proximal femur (b=0.49, P50.01) and the femoral
neck (b=0.57, P50.01) correlated to bodyweight but
not to body height, age at the time of injury, age at the
time of examination or to the time elapsed since
injury.

Biochemical estimation of turnover
Biochemical markers of bone metabolism showed no
signs of still ongoing accelerated bone formation or
resorption (Table 4). No indications of therapeutic or
other interventions could be predicted with indices of
biochemical activity.

Discussion

In the present study a clear dissociation of BMD was
found between lumbar spine and hip levels in pediatric

SCI patients years after the injury. The BMD values
were within the normal range at the lumbar spine but
indicated serious osteoporosis at hip level. In eight out
of 35 cases the equipment failed to measure the BMD
due to insu�cient contrast between the femur and
surrounding soft tissues. In these cases the BMD values
were probably very low but are not seen in sample
means and in the comparisons.

These results are in agreement with other studies
which con®rm the dissociation of mineral status
between peripheral and axial bone after an acute
phase of paraplegia.1,2

Bone mineral density is highly correlated with bone
strength.28 The risk of osteoporotic hip fracture is not
quite the same for the general population and for
paralysed persons because there is less weight bearing
at hip level in a sitting position than when standing.
However, advanced osteoporosis and augmented
fracture risk has to be taken into consideration when
standing is used as rehabilitation means in chronic and
possibly spastic SCI persons.

Axial weight loading through sitting in a wheel-
chair has been used to explain the con®nement of
the BMD de®cit to the paralysed extremities.1,2,29 In
animal experiments the skeletal mass has been
consistently shown to depend on skeletal loading.30

The bone mineral loss is also con®ned to
neurologically a�ected upper limbs in tetraplegics,
although it is less pronounced.29,31 No exact
aetiology of this diminution of bone mass seems

Table 4 Biochemical markers of bone turnover

Mean SD n Reference range

Formation
Serum alkaline phosphatase
Total
Bone isoenzyme

170
68

86
33

32
16

60 ± 275 u/l
5110 u/l

Serum osteocalcin
Males
Females

7.2
3.8

5.2
2.5

23
10

4.0 ± 8.0 ug/l
2.0 ± 6.0 ug/l

Serum PICP 126 38 33 50 ± 170 ug/l

Resorption
Serum ICTP 4.4 2.5 33 1.5 ± 4.5 ug/l

Fasting urinary
calcium

2.95 1.7 25 418 years 1.25 ±
5.50 mmol/l

Urinary hydroxyproline
18 ± 20 years

21 ± 65 years

0.28

0.12

0.2

0.11

4

22

0.1 ± 0.22 mmol/
24 h/M2

0.07 ± 0.18 mmol/
24 h/M2

Urinary deoxypyridinoline
Males 20 ± 50 years

Females 20 ± 50 years

5.8

8.3

1.8
nmol/
5.5

nmol/

19
nmol
9

nmol

1.0 ± 8.0
creatinine
2.0 ± 9.0
creatinine
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to be known although reduced muscle mass and
motor activity as well as altered circulation may be
factors of importance.

The present study showed that the BMD at the
proximal femur and in the femoral neck was connected
with body weight but not with body height, age at
time of injury, age at examination nor with the time
elapsed since injury. A similar correlation was not
found for the BMD of the lumbar spine. Such a
decline of the BMD in the femoral area may be in
related to the smaller degree of weight loading on the
legs, which depends of the body weight and the type of
spinal lesion.

An increase in BMD after immobilisation for
reasons other than paralysis has been shown to require
prolonged and rigorous training. Even then, bone mass
increases by only a few percent, although the reported
increase in strength can be as high as 60%.32 Daily and
long-term loading of the axial skeleton maintained by
sitting in a wheelchair can ful®ll skeletal loading criteria
for maintaining the BMD, which is not true for inferior
extremities. Despite these demands for intense loading
training in order to maintain bone mass, there is also
scienti®c evidence that lesser training can be useful. In a
study by Goemare et al.9 the BMD of the femoral shaft
was higher in paraplegic patients who performed
passive weight bearing than in patients who did not.9

In healthy young persons peak bone mass is a major
determinant of bone mass later in life, but regular
exercise also has an in¯uence on BMD. In a study of by
VaÈ limaÈ ki et al.33 on the determinants of peak bone
mass, the authors showed that BMD at the femoral
neck was 7.6 ± 10.5% higher in subjects with the most
regular exercise compared with those with the least
exercise.31

The initial resorption of bone by osteoclastic
activity which dominates over osteoblastic activity in
SCI patients has been reported to have a time limit. In
a histomorphometric study the reduction in the
amount of trabecular bone averaged from 8% to
33% over 6 months before a new steady state was
reached in paraplegic patients.3 Osteoclastic activity
returned to normal at about 40 weeks while the bone
volume remained constant after the 25th week.34 On
the other hand an increase of osteopenia in the
paralysed limbs with time after the injury has also
been reported.29

In our study the T-scores showed the presence of
osteoporosis of the peripheral bone (Table 3). In the
adolescent SCI-patients the amount of remineralisa-
tion of the axial bone after the initial accident is not
known. Without successful, and to date still not
evidence-based prevention, the peripheral bone mass
seems to remain grossly reduced.

The BMD in the lumbar and hip regions correlated
to the level of neural lesion. One possible explanation
for this is the advanced mobility and more extended
use of musculature amongst those with low lesions
when compared to those with higher lesions. The
possible role of spastic/¯accid conditions could not be

discriminated in this study because of the small
number of ¯accid lesions. Although the lesion level
was an important determinant of BMD there was not
a statistically signi®cant di�erence between patients
with complete and incomplete neural lesions.

The actual dynamic state of bone metabolism was
assessed with biochemical markers which re¯ect whole
skeletal bone formation and resorption rates. The
markers of bone formation (BAP, OC, PICP) as well
as the markers of bone resorption (HYP, DPD, ICTP)
used in this study were within reference values. The
clinical performances of urinary HYP and DPD
measurements are comparable in the case of large
changes in bone resorption. For modest changes
urinary DPD is more accurate and has a higher
discrimination power than urinary HYP.35 The
measurement of cross-linked carboxyterminal telopep-
tide of type I collagen (ICTP) in serum has been
suggested as a marker of bone resorption.25 Together
with PICP, ICTP o�ers a possibility for estimating the
balance between type I collagen formation and
degradation. In a steady-state situation the levels of
these two peptides should show a change in the same
direction.25

It has been reported that the development of bone
mass in patients with pediatric SCI never reaches
normal levels, which exposes these patients to
fractures.1,36 In the present study the BMD in the
lumbar spine reached the level of the general reference
population, which shows that at least the mineralisa-
tion of central bone returns to normal levels in
adolescents with pediatric SCI after initial phases of
SCI. The amount of bone mineral loss at hip level was
shown to remain at alarmingly low values. This exposes
these patients to below threshold values of osteoporotic
fractures with all the consequences associated with
delayed healing and prolonged immobilisation.

Our results suggest that there is a need to develop
pharmacological and physical modalities in order to
prevent bone mineral loss in pediatric SCI-patients
during the initial weeks and possible months of
immobilisation, and secondarily to discover what are
reasonable treatments for avoiding mineral loss in
peripheral bone.
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