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Summary

Bone mineral content (BMC) was measured by dual photon absorptiometry in the
lumbar spine, femoral neck and shaft, and proximal tibia in 26 individuals with
spinal cord lesions sustained 2 to 25 years previously. In average BMC of the
lumbar spine was within the range of normal values. BMC of the femoral neck and
shaft was in average 25°, lower than the normal values, and for the proximal tibia
more than 50°, lower than the normal value. Participants with cervical lesions had
lower BMC wvalues in the femoral bones than those with thoracic lesions. Neither
presence of spasticity nor daily use of long leg braces influenced the BMC signifi-
cantly. Participants with previous lower extremity fractures had lower BMC values
n the long bones compared with participants without fractures. The preservation of
the BMC of the lumbar spine may be due to maintenance of load on the spine while
sitting in a wheelchair.

Key words: Spinal cord injury; Tetraplegia; Paraplegia; Bone mineral content;
Spasticity; Long leg braces;, Lower limb fractures.

Osteoporosis is known to appear in patients after a spinal cord lesion (Chantraine
et al., 1986; Minaire et al, 1974), and the incidence of long bone fractures in the
lower extremities has been estimated to between four and seven per cent
(Comarr et al., 1962; Nottage, 1981; Ragnarsson and Sell, 1981).

However, measurement of bone mineral content (BMC) after spinal cord in-
jury has only been recorded in a few publications (Bergmann et al., 1977-78;
Griffiths er al., 1972; Minaire et al., 1981; Phillips et al., 1984). The two early
studies primarily measured BMC corresponding to the distal radius (Bergmann
et al., 1977-78; Griffiths er al., 1972), while the two more recent studies included
BMC measurements of the lower extremities in the course of a therapeutic trial
(Minaire et al., 1981, Phillips et al., 1984).

Correspondence to: Fin Biering-Serensen, MD, PhD, Center for Spinal Cord Injured, Rigshospitalet
University of Copenhagen, Havnevej 23, DK-3100 Hornbak, Denmark.
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The aim of the present study was to determine BMC in the lumbar spine and
the lower extremities in individuals with spinal cord lesions sustained some
years previously, and to investigate the relationship of BMC to the level of the
spinadl cord lesion, spasticity, usage of long leg braces, and experience of lower
extremity fractures.

Participants

Twenty-six individuals with spinal cord lesions were investigated 2 to 25 years
after the onset of their lesion.

Table I shows that 24 were men (aged 23-65 years) and 2 women (aged 20 and
46 years). Three of the participants (nos 10, 17, 23) were injured in childhood
(aged 5 to 10 years). Six participants were studied less than 6 years post injury,
and the other 20 participants 6 to 25 years after sustaining their spinal cord
lesion.

Six of the participants (no. 1 to 6) had complete cervical injuries regarding
motor function.

Spasticity was evaluated by the history and by demonstration of increased
tonus/reflexes/clonus in the lower extremities.

Mobilisation in long leg braces indicate use of the braces for standing and
walking mainly with forearm crutches, at least 1 hour daily on average.

Lower extremity fractures included fractures of the femur, tibia and fibula,
but not foot or toe fractures. Patients with fractures occurring before or at the
time of the spinal cord injury were excluded from the study.

Seven participants (nos 9, 10, 16, 17, 23, 24, 26) had a spondylodesis with
Harrington rod instrumentation, and one (no. 22) with Luque rods. In all in-
stances but one (no. 9) the rods were within the scanned area of the lumbar
spine.

Method

Measurements of BMC were made by dual photon absorptiometry using the
radiation energy peaks of 44 and 100 KeV from '33Gd as described by Schaadt
and Bohr (1982).

The BMC of the lumbar spine was determined as the total of BMC in the
second, third and fourth vertebrae (dimension mass, U = arbitrary unit). In the
femoral neck an average of five single scan integrals around the lowest value was
chosen to represent BMC (dimension U/cm). For the femoral shaft the results
were given as the average of five single scan integrals made transversely to the
bone axis at the middle of the bone (dimension U/cm). For the proximal tibia
the results were given as the average of five consecutive scan integrals made
transversely to the bone axis in the area just distal to the subchondral plates of
the tibial condyles (dimension U/cm) (Bohr and Schaadt, 1987).

The BMC measurements were highly correlated to bone mineral equivalents
and to bone specimens. The long term precision error in standards was within
1°,, and the in vivo precision error was within 2%, (Bohr and Schaadt 1985;
Schaadt and Bohr 1982).

For technical reasons no BMC measurements were carried out on the lumbar



Table I Basic data for participants with bone mineral content (BMC) determinations

Age at Years Lower extremity
Participant Gender lesion since Neurological motor level Spasticity fractures since

No. (M/F) (years) lesion Cause of lesion Incomplete Complete +/= Mobilisation lesion

1 M 19 14 Traffic accident C5 C7 + wheelchair 0

2 M 21 14 Traffic accident C5 Cc7 + wheelchair 1

3 M 22 15 Traffic accident Cé6 + el-wheelchair 0

4 M 15 20 Diving accident Cé6 + wheelchair 0

5 M 28 10 Diving accident Cé C8 + el-wheelchair 1

6 M 19 14 Traffic accident C7 C8 + wheelchair 1

7 M 22 19 Diving accident C7 Th10 + wheelchair 1

8 M 19 4 Traffic accident Th4 + wheelchair 0

9 M 16 10 Traffic accident Th4 - wheelchair 0
10 M 53 23 Traffic accident Th5 - wheelchair 1
11 M 27 6 Traffic accident Thé Th8 - wheelchair 0
12 M 21 20 Traffic accident Th7 Th10 - wheelchair 1
13 F 28 18 Traffic accident Th8 + wheelchair 0
14 M 42 23 Haemangioma Th9 - wheelchair 0
15 M 28 2 Traffic accident Th10 + wheelchair 0
16 M 35 2 Fall Th10 + long leg braces 0
17 M 10 13 Traffic accident Th10 - wheelchair 4
18 M 24 19 Traffic accident Thll - wheelchair 0
19 M 41 8 Fall Thi12 + long leg braces 0
20 M 22 25 Crushed Thl2 + wheelchair 0
21 M 35 21 Traffic accident Thi2 - long leg braces 1
22 M 24 2 Falling tree Thi12 - long leg braces 0
23 M 7 17 Shell splinter Thl2 - wheelchair 4
24 M 40 4 Fall Thi12 L3 - wheelchair 0
25 M 21 16 Gun shot Thl2 L4 - long leg braces 0
26 F 18 2 Traffic accident L1 - wheelchair 0
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Table I Normal values of bone mineral content (BMC) in healthy men and women

Lumbar spine Femoral neck Femoral shaft Proximal tibia
BMC in U in Ujcm in U/cm in U/cm
Men (20-85 years)

(Number) 47 47 (42) (22)
Mean + 1SD 3811 + 582 2:845 + 0-389 3-905 + 0-437 694 + 1-12
Women (20-50 years)

(Number) 51) (51) (51) (26)
Mean + 1SD 3640 + 523 2:479 £ 0-314 3-231 £ 0-293 5:67 £ 0-85

U = arbitrary units in dimension mass.

spine for participant no. 2 (he was too broad to be placed between the nuclide
source and the detector). Participants nos 6, 10 and 17 had no measurements of
the femoral necks performed because of localisation difficulties at the scanning
procedure. In addition the method for BMC measurement of the proximal tibia
was not introduced when participants nos 2, 4, 5, 6, and 17 were scanned.

BMC measurements were usually performed on both lower limbs and the
results given as the average value of the right and left side. In normal populations
there is no significant difference between the two sides (Bohr and Schaadt,
1982).

In the present study all BMC values are calculated in per cent of the mean
values given in Table II. The data in Table II were obtained from healthy non-
selected men and women in the given age-ranges.

In comparing BMC in participants with complete cervical and thoracic motor
lesions, only those participants, who were at least 15 years old when the lesion
occurred, and minimum 6 years post-lesion, were included. The comparison
between those participants with, versus those without spasticity and long leg
braces were only carried out for participants with thoracic and lumbar lesions
acquired at the age of 16 years or older.

The difference in BMC between participants with and without late fracture(s)
of the lower limbs was investigated only among participants who were a mini-
mum of 10 years post-lesion. This was done to avoid a bias in the comparison
regarding this parameter.

Blood samples were drawn from all the participants to check the haemoglobin
concentration, ERS, serum-creatinine, -alkaline phosphatases (missing for
two participants), -albumin or -protein concentration (missing for eight par-
ticipants), -total calcium or -calcium ionised (missing for three participants),
and serum-phosphate (missing for three participants).

Statistical comparison between subject groups was carried out with the Mann-
Whitney rank sum test for unpaired data.

Results

The blood tests showed, apart from two participants with recent infections
corresponding to subnormal haemoglobin concentrations and high ERS,
values which largely were within the normal range for the tests. In particular all
serum-creatinine, alkaline phosphatase, calcium, and phosphate values were
normal, apart from one subnormal phosphate value.
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Table III Bone mineral content (BMC) of participants in per cent of normal values

BMC in per cent of normal

Participant
no. Lumbar spine Femoral neck Femoral shaft Proximal tibia
1 120-1 62-6 77-8 47-6
2 — 79-8 76-1 -
3 1061 552 48-1 375
4 95-0 527 63-0 -
5 120-4 615 58:6 -—
6 111:0 S 65-0 e
7 91-0 71-7 825 —
8 120-0 868 87-1 83-6
9 127-2 90-0 72-2 43-2
10 151-2 —- 535 31-7
11 103-0 851 89-1 59-1
12 105-9 80-1 83-0 38-2
13 123-9 783 86-7 54-7
14 1152 66-8 73-8 50-4
15 90-2 668 822 54-8
16 134-3 69-2 87-8 38-9
17 90-4 — 31-2 -
18 1433 90-7 80-7 40-3
19 106-2 587 70-2 38-9
20 98-0 531 74-8 50-4
21 98-9 963 83.0 40-3
22 117-0 970 90-7 677
23 56-7 471 35-9 20-2
24 126-8 109-7 94-2 62-0
25 93-2 724 825 62-0
26 121-8 920 79-9 35-2
Average 110-7 749 734 47-8
Average with exclusion
of no. 10, 17 & 23 112:2 76-2 77-8 50-3

No. 10, 17 & 23 were injured in childhood (5-10 years of age).

Table IV Bone mineral content (BMC) in per cent of normal values for participants with
complete spinal cord motor lesions at the cervical {no. 1-6) and the thoracic (no. 9, 11-14, 18-
21) level. Minimum age at lesion was 15 years, and the measurements were carried out 6-23

years post-lesion

Cervical lesion

Thoracic lesion

BMC n median (range) n median (range) P value
Lumbar spine 5 111:0 (950-120-4; 9 106-2 (98:0-143-3)
Femoral neck 5 615 (52:7-79-8) 9 80-1 (53:1-96-3) 010
Femoral shaft 6 64-0 (48:1-77-8) 9 80-7 (70-2-89-1) <0-05
Proximal tibia 2 (37-5-47-6) 9 43-2 (38:2--59-1)

P-value for statistical significance of differences between the BMC values for cervical and thoracic
lesions was calculated by Mann-Whitney rank sum test for unpaired data.

Table III gives for all participants the BMC values in per cent of normal
values. On average the BMC values for the lumbar spine was 11¢, higher than
the normal value, while for the femoral neck and shaft the values were 25°,
lower than the normal values, and for the proximal tibia more than 50°, lower
than the normal values. Exclusion of the three participants who were injured in
childhood increase the average BMC values as illustrated in Table III.

In Table IV are shown the BMC in per cent of normal values for participants
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Table V Bone mineral content (BMC) in per cent of normal values for paticipants with thoracic
and lumbar spinal cord lesions with or without spasticity. Minimum age at lesion was 16 years,
and the measurements were carried out 2—-25 years post-lesion

With spasticity (n = 6) Without spasticity (N = 10)
BMC mean median (range) mean median (range)
Lumbar spine 112-1 113-1 (90-2-134-3) 115-2 116-1 (93-2-143-3)
Femoral neck 688 68:0 (53-1-86-8) 88-0 90-4 (66-8-109-7)
Femoral shaft 81-5 84-5 (70-2-87-8) 82-9 82-8 (72-2-94-2)
Proximal tibia 53-6 52-6 (38:9-83-6) 49-9 46-8 (35-3-67-7)
Years since lesion 9-8 6 (2-25) 12-3 13 (2-23)

Table VI Bone mineral content (BMC) in per cent of normal values for participant with
thoracic and lumbar spinal cord lesions using or not using long leg braces for a minimum of
one hour daily in average. Minimum age at lesion was 16 years, and the measurements were
carried out 2 to 25 years post-lesion

Using long leg braces (n = 5) Not using long leg braces (n = 11)
BMC mean median (range) mean median (range)
Lumbar spine 109-9 106-2 (93-2-134-3) 115-9 120:0 (90-2-143-3)
Femoral neck 787 72-4 (58:7-97-0) 81-8 85-1 (53-1-109-7)
Femoral shaft 82-8 83-0 (70-2-90-7) 82:2 83-0 (72-2-94-2)
Proximal tibia 49-6 40-3 (38-:9-67-7) 52-0 50-4 (35-3-836)
Years since lesion 9-8 8 (2-21) 12-1 10 (2-25)

Table VII Bone mineral content (BMC) in per cent of normal values for participants with or
without lower extremity fractures. The measurements were carried out minimum 10 years post-
lesion

With fractures Without fractures
BMC n mean median (range) n mean median (range)
Femoral neck 6 72-8 75-8 (47-1-96-3) 9 69-1 66-8 (52:7-90-7)
Femoral shaft 9 63-2 65-0 (31-2-83-0) 9 733 74-8 (48:1-86:7)
Proximal tibia 4 32-6* 35-0 (20-2-40-3) 8 48:3* 49-0 (37:5-62-0)
Years since lesion 9 16-8 17 (10-23) 9 17-8 18 (10-25)

*p <0:05 (Mann-Whitney rank sum test for unpaired data).

with complete spinal cord motor lesions at the cervical versus the thoraic level.
BMC values in the femoral shaft were significant lower for those participants
with cervical lesions.

Neither presence of spasticity (Table V), nor daily use of long leg braces
(Table VI) seemed to influence the BMC significantly. As shown in Table VII
participants with previous fractures in the long bones of the lower extremities
had significant lower BMC values in the proximal tibia and a trend towards
lower values in the femur compared to BMC of participants without fractures.
It should be noted that 9 of the 15 lower extremity fractures occurred in the
three paraplegics who sustained their injury at childhood, and among them
were the lowest measured BMC values.

Discussion

From tibial bone biopsies, collected 2 years after spinal cord injury, Chantraine
et al., (1986) found that the distribution of cortical and cancellous bone was
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approaching that of normal subjects; thus suggesting that the bone remodelling
2 years post injury had reached a new steady state. Based on this finding it
could be assumed that the participants in the present study had reached a level
of relative stable BMC, and at least should have so five years after sustaining
their spinal cord lesion.

The average BMC of the lumbar spine in the participants was found to be a
little higher than that of normals. This can in part be explained by the high
BMC values in those participants with rod-spondylodesis in the scanned area.
According to previous hypothesis regarding osteoporosis in spinal cord injured
(Chantraine, 1978-79) it should have been expected that all bone below the
neurological level of lesion would decrease in BMC. But as is shown this did not
apply to the lumbar spine, not even in those participants with cervical cord
lesions. A reason for the maintained normal BMC in the lumbar spine after spinal
cord lesions might be that the lumbar spine continues to be weight loaded,
mainly while sitting in a wheelchair, when the primary period of immobilisation
has come to an end.

Regarding the level of BMC in the lower extremities after sustaining a spinal
cord lesion no data are available in the literature for comparison. The greatest
loss of BMC in the present study was found in the proximal tibia, which is in
accordance with findings in paraplegic rats (Verhas, 1980), where the greatest
calcium loss was observed in the metaphyseal-epiphyseal regions on either side
of the femoro-tibial joint.

We found lower BMC values in the femur of participants with cervical than
in those with thoracic spinal cord lesions. The reason for this is unknown, but
might be viewed in the light that Naftchi er al. (1980) found higher collagen
breakdown in tetraplegic than in paraplegic subjects. It should be recognised,
however, that the collagen destroyed belongs to the skin as well as to the bone
(Claus-Walker and Halstead, 1982).

No significant influence on the BMC values was found neither in those with
spasticity nor in those with the daily use of long leg braces. If one points out
trends in Tables V and VI, they are towards lower BMC values in those par-
ticipants with spasticity and the daily use of long leg braces for a minimum of 1
hour on average, and this tends to be shorter in these groups.

That spasticity did not protect against loss of BMC in the lower extremities
in the spinal cord injured can be seen in relation to the findings of Ragnarsson
and Sell (1981). They found that the incidence of lower extremity fractures
seemed not to be different in those with spastic or flaccid paralysis. Likewise
Abramson (1948) concluded that ‘the nature of the paralysis was not a factor in
bone disturbances’. On the other hand, Comarr er al. (1962) found, that
lower extremity fractures occurred more often with lower than with upper motor
neuron lesions.

According to previous studies (Abramson, 1948; Kaplan et al., 1978, 1981;
Strachan ez al., 1985) it might be expected that the use of long leg braces would
have resulted in higher BMC values in the lower extremities, although Wyse and
Pattee’s (1954) results did not support the hypothesis that weightbearing will
prevent osteoporosis after spinal cord injury. One reason for not observing any
difference in the present study might be that use of long leg braces do not give
rise to very much direct weight-bearing on the long bones because the weight to
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a great extent is transmitted to the braces through the femoral manchets. This
should, however, still cause weight loading to the femoral necks, but no differ-
ence in the BMC was found here either. Another reason can be that the extent
of weight bearing has not been sufficient long in the present study to show any
beneficial effect on the level of BMC. This should in particular be considered in
that Phillips er al. (1984) could demonstrate a significant increase in BMC in
the tibia when stimulating the leg by vibration. Furthermore it is a possibility
that the mechanisms for bone loss and retainment are different in the spine and
in the lower extremities.

The BMC was lower in participants with fractures of the lower extremities.
In the present study three of the participants with fractures had sustained their
spinal cord injury in childhood when the bone mass was not fully developed and
thus never reached a normal level (Nishiyama ez al., 1986).
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