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The course of bone mineral density and biochemical markers of bone

turnover in early postmenopausal spinal cord-lesioned females
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Study design: A prospective observational study.
Objective: To evaluate bone mineral density (BMD) and biochemical markers of bone
turnover in spinal cord-lesioned females in the early postmenopausal period.
Setting: Clinic for Spinal Cord Injuries, H:S Rigshospitalet, Denmark.
Material: In all, 18 early postmenopausal females with spinal cord lesions (SCL) of more than
2 years duration were recruited. In total, 11 completed the study.
Methods: Using dual energy X-ray absorption, BMD of the lumbar spine, femoral neck,
trochanter and proximal tibia was measured every 6 months for 30 months. Biochemical
markers of bone turnover in blood and urine were collected at the same time points.
Results: A significant increase in markers of bone formation in the blood was found and
markers of bone resorption in urine tended to increase. BMD values changed insignificantly but
for all regions decreased, except the lumbar spine.
Conclusion: An accelerated bone turnover occurs in early postmenopausal SCL females. At the
same time, we showed an insignificant decrease in BMD data from the lower extremity.
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Introduction

Bone loss in spinal cord-lesioned (SCL) persons is well
known.1–5 There is a correlation between the decrease in
bone mineral density (BMD) and fracture incidence.6,7

The overall fracture rate is 2% per year in the Danish
SCL population compared to 1% per year in healthy
controls.8 In the same study, the relative risk of femur
fractures in the SCL population was 23 times higher
than for the controls.
Normal females lose bone mass in the leg at a rate of

4% per year early after menopause.9 On average, the
bone loss is 20–25% over a 16-year period after
menopause regardless of region.10 In SCL females, the
trajectory of bone loss during and after menopause has
not been studied.
Antiosteoporotic treatment is not routine in persons

with SCL, but has been studied earlier and recently.11–14

The aim of this study was to follow the trajectory of
bone loss early after menopause in SCL women.

Materials and methods

Participants
In all, 84 females aged 38–59 years from the patient
register of the Clinic for Spinal Cord Injuries were asked
to participate in the study. In total, 51 of them agreed to
participate and then received a screening questionnaire.
A total of 18 subjects were included. Neurologically,
the participants were characterized by the level of SCL
and Frankel grade.15

They gave oral and written informed consent, and
the study was approved by the Ethical Committee of
Copenhagen Municipality no. 01-234/95.
The women were considered peri- or postmenopausal

if they had experienced irregular or discontinued
menstrual bleedings and/or classical climacteric symp-
toms (the latter symptom alone if hysterectomy had
taken place). The plasma level of follicle-stimulating
hormone was determined in subjects with climacteric
symptoms alone. Two subjects (nos. 2 and 6, Table 1)
were perimenopausal by study start and proved post-
menopausal within 18 months later, when their men-
struations completely ceased. Women were excluded if
they were using estrogen or other medication affecting
calcium homeostasis (eg steroids, bisphosphonates), had
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known metabolic disorders (except stable diabetes and
hyperthyroidism), known liver or intestinal disease,
malignancy, chronic alcoholism and a psychiatric
disease affecting an informed consent or cooperation.

Methods
Standard blood tests (hemoglobulin, P-creatinine, P-Ca,
PTH, TSH, alkaline phosphatases) were performed to
screen for any disease affecting calcium homeostasis.
Dual energy X-ray absorptiometry (Norland XR 26

MK1) measured BMD of the lumbar spine, hip and
tibia every 6 months for 2.5 years.
The spine, hip and tibia were measured in the

anteroposterior projection, with the patient in a supine
position with her heels in a standardized support device.
The proximal tibia was scanned in the small animal
program. Pixel size was 0.5� 0.5 cm. Test–retest proce-
dures for BMD measurements were carried out on three
participants.
Blood and urine samples were collected on the day

of examination for analysis of se-osteocalcin (precision
6.5%), se-alkaline phosphatases (precision 3%), urine-
hydroxyproline (precision 13 mmol) and urine-calcium
(precision 0.1mM). Urine parameters were corrected for
creatinine secretion (precision 2%).

Statistics
The coefficient of variation was calculated for the BMD
measurements test–retest.
Repeated measures analysis of variance was per-

formed on logarithmed data using PROC GLM in SAS.
Owing to the small number of subjects, the testing
was restricted to significance of linear contrasts. This
is equivalent to calculating a linear fit of the response
versus time and performing a one-sample t-test for the
hypothesis that the estimated slopes have mean zero.
After stratifying according to time since injury and to

Frankel grade, Mann–Whitney test was also performed.
The level of statistically significance was chosen at

0.05.

Results

Two persons dropped out because of continued use of
estrogen, which after initial confirmation they were
nevertheless not willing to discontinue. Three were not
menopausal according to the blood test, and one was on
steroid therapy (connective tissue disease), in spite of a
negation of this in the questionnaire. One dropped out
half way through the study because of recurrent airway
infections.
The remaining 11 women completed all the sessions.

For those who completed, the study age ranged from 43
to 58 years (median 52), time since menopause ranged
from 0 to 7 years (median 4) and time since SCL ranged
from 3 to 49 years (median 11). The patient character-
istics are described in Table 1.
For the test–retest procedure, the coefficients of

variation in BMD were all less than 3.3% (median
1.3%).
BMD of the femoral neck and trochanter and of

the tibia decreased by 7.6, 5.7 and 2.7%, respectively
(P-values 0.16, 0.14 and 0.14). BMD of the spine
decreased by 0.7% (P-value 0.29).
There were no differences in BMD values between

groups, neither after stratifying the subjects in two
subgroups according to time since lesion (subjects 4
and 6–10 versus the remaining, see Table 1) nor after
stratification by Frankel grade (seven subjects with
Frankel grade D and four subjects with grades A–C, see
Table 1).
Over the period of 30 months, osteocalcine and

alkaline phosphatase values increased by 36 and 8%,
respectively (P-values 0.01 and 0.05). Urine-calcium
increased by 106% and urine-hydroxyproline by 194%
(P-values 0.06 and 0.10). The results are presented in
Tables 2 and 3.

Discussion

Our results showed a decline in BMD of the femoral
neck, trochanter and tibia, which, however, did not
reach significance. A plausible reason might be the small
number of participants in the study. The bone loss in the

Table 1 Characteristics of 11 SCL women completing the study

Patient
number

Age at
inclusion Cause of lesion

Level of
lesion

Frankel
class

Years since
lesion

Years since
menopause

1 51 Spinal fracture L1 D 23 2
2 49 Spinal bifida L3 D 49 0
3 56 Spinal fracture T5 A 34 4
4 54 Spinal fracture T11 C 5 5
5 51 Spinal fracture C6 A 21 6
6 50 Spinal fracture T12 D 10 0
7 43 Spinal fracture L1 D 11 5
8 51 Surgical complication T1 D 5 3
9 58 Surgical complication C6 A 5 6
10 57 Spinal fracture C5 D 3 7
11 52 Spinal fracture T12 D 30 1
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femoral neck and trochanter is substantial and deserves
some consideration. The loss amounted to 3% per year,
and this seems to exceed what would be expected from
immobilization alone in a chronic SCL population over
a 2.5-year period.
In able-bodied females, there is an expected bone loss

of 4% in the leg per year in early menopause9 and of
20–25% in average regardless of region over a 16-year
period following menopause, and additionally it has
been shown that the bone loss in the femoral neck is
1% per year 10 years after menopause.10

While acute immobilization in SCL patients results in
a rapid decrease in bone mass, leveling off at two-thirds
of original bone mass at 16 months after injury,4 chronic
immobilization is known to cause a slowly progressing
bone loss years after injury.2,3,16 Stratification of our
participants by duration of injury or completeness of
injury (Frankel grade) was performed to determine if
either of these variables had an effect upon bone loss
after the menopause, such association was not found.
Thus, the fairly large magnitude in bone loss of 7.6% in
the femoral neck and 5.7% in the trochanter appears
primarily to be the result of menopause. The reason for
the less apparent decline in BMD of the proximal tibia
could be the already low values here compared to
the other bone sites.1,2,4,17 Again, the results were not
statistically significant, and as such the above-mentioned
thoughts must be considered hypothetical.
The bone mineral content of the spine was unchanged

during early menopause in the SCL females of this
study. Preservation of normal spine BMD in persons

with SCL has been seen in many studies,1–3,16–19 as
opposed to findings in the general older female
population and in patients with endocrine disorders,
who do lose bone in the spine.20 In individuals with
SCL, however, secondary progressive skeletal abnorm-
alities can lead to significantly increased vertebral bone
densitometry results and thereby obscure an underlying
osteoporosis.21

In normal early postmenopausal females, the change
in biochemical markers of bone turnover correlates well
with the changes in BMD in spine and forearm, and
increases 50–100% from baseline values.22 Also in the
present study, bone turnover increased in the years
after the menopause. The increase reached significance
for variables of bone formation, but not for variables of
bone resorption. Confounders are the small number of
participants and range between 0 and 7 years after the
menopause. Still we see a clear tendency of loss in BMD,
suggesting that bone resorption must increase more than
bone formation as is the case in postmenopausal able-
bodied women.
In conclusion, SCL subjects seem to lose bone in the

femoral neck, but not in the spine and tibia, during and
after menopause to the same extent as normal post-
menopausal individuals. Biochemical markers of bone
turnover increase after the menopause of SCL women as
is also seen in postmenopausal able-bodied women. Our
findings may encourage physicians to use prophylactic
antiosteoporotic treatment at the time of menopause in
SCL females, as a part of the life-long treatment
strategy, which takes into consideration the whole

Table 2 Mean BMD values (and SD) for 11 women with SCL in percentage of the value at 0 months

Months

0 6 12 18 24 30

Lumbar spine (P¼ 0.29) 100 98 (0.28) 101 (0.30) 101 (0.26) 98 (0.27) 99 (0.29)
Tibia (P¼ 0.14) 100 101 (0.17) 100 (0.17) 99 (0.16) 97 (0.15) 97 (0.14)
Femoral neck (P¼ 0.16) 100 95 (0.19) 96 (0.18) 102 (0.16) 98 (0.15) 92 (0.16)
Femoral trochanter (P¼ 0.14) 100 98 (0.17) 98 (0.17) 100 (0.16) 101 (0.15) 94 (0.14)

P-values given for a one-sample t-test for the hypothesis that the estimated slopes have mean zero. This on the background of
repeated measures analysis of variance performed on logarithmed data

Table 3 Mean values of biochemical markers of bone turnover (and SD) in 11 women with spinal cord lesion in percentage of the
value at 0 months

Months

0 6 12 18 24 30

Osteocalcin (P¼ 0.01) 100 86 (3.8) 113 (8.8) 119 (4.2) 135 (4.3) 136 (6.4)
Alk. phosphatase (P¼ 0.05) 100 94 (43.2) 106 (48.9) 99 (51.1) 108 (76.5) 108 (35.7)
Hydroxyproline/creatinine (P¼ 0.10) 100 290 (10.5) 432 (8.8) 231 (9.4) 273 (19.0) 294 (15.8)
Calcium/creatinine (P¼ 0.06) 100 272 (150.2) 521 (283.7) 223 (81.2) 132 (36.5) 206 (121.4)

P-values given for a one-sample t-test for the hypothesis that the estimated slopes have mean zero. This on the background of
repeated measures analysis of variance performed on logarithmed data
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situation of SCL females. Further studies with partici-
pation of more women are needed to confirm the
findings and hypothesis of the present work.
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