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Study design: This cross-sectional study was conducted by comparing bone mineral density
(BMD) of paraplegic and quadriplegic patients.
Objectives: The purpose of this study was to investigate the relationship between the bone
mineral loss and injury level in spinal cord injury patients.
Settings: Experiments were conducted at Yoneda Hospital and Research Center of Health,
Physical Fitness and Sports, Nagoya University, Nagoya, Japan.
Methods: Lumbar spine (L2-4), proximal femur (femoral neck, trochanter region and Ward's
triangle) and whole body BMD were measured in ten paraplegic and ten quadriplegic patients
using dual-energy X-ray absorptiometry (DXA, HITACHI BMD-1X).
Results: Signi®cant di�erences were observed in the lumbar spine, trochanter region and
upper extremities BMD between paraplegic and quadriplegic patients (P50.05, P50.05 and
P50.01, respectively), but not in the femoral neck, Ward's triangle, head, pelvis, lower
extremities or whole body BMD.
Conclusion: These results suggest that the injury level in¯uences on the lumbar spine, upper
extremities and trochanter region BMD. From a biomechanical standpoint, it is possible to
explain that the di�erences in mechanical loading exerted on bones also a�ected the di�erence
of lumbar spine BMD in the two groups.
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Introduction

Osteoporosis is a common complication of spinal cord
injury (SCI).1 ± 4 As fractures derived from osteoporosis
frequently occur in SCI patients during daily life and
rehabilitation programs,5 prevention of bone mineral
loss afer SCI is important. Biering-Sorensen et al1

observed bone mineral loss in the paralysed limbs of
SCI patients in a 3-year prospective study, mainly in
the femoral neck and the proximal tibia. Garland et al4

also reported that most of the bone loss occurred
rapidly during the ®rst 4 months and stabilized after
12 ± 16 months to two thirds of the original bone mass.
These results suggest that demineralization in SCI
patients is caused by immobilization and disuse due to
paralysis. Although these studies demonstrated that the
demineralization occurred rapidly in the paralyzed area
after injury, the mechanism of bone mineral loss was
not clearly described.

Our previous study showed that high intensity
compressive stress e�ectively increased the lumbar

spine and whole body bone mineral density (BMD) in
healthy male powerlifters.6 Granhed et al7 also found
that bone mineral content (BMC) of the lumbar vertebra
in powerlifters was signi®cantly higher than in controls
and also biomechanically estimated that the load on the
third lumbar vertebra during a deadlift exercise was
18.8 ± 36.4 kilo newton(kN). These results suggest that
the strain magnitude, site speci®city, and distribution of
strain throughout the bone structure are important
factors in the adaptive response of bone.8

Our SCI patients were divided into two groups
(paraplegia and quadriplegia) according to their injury
level. Paraplegia is paralysis of the lower part of the
body, including both legs. In contrast, quadriplegia
refers to paralysis of the upper and lower body,
including both arms and legs. The paralyzed area may
markedly in¯uence the BMD, but few studies have
focused on the relationship between the injury level
and bone mineral loss.

In this study, the BMD of SCI patients was measured
and the possible mechanisms which a�ect the di�erence
in bone mineral loss were discussed by comparing the
BMD of paraplegic and quadriplegic patients.
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Methods

Subjects
Twenty men with SCI participated in this study, ten
with quadriplegia and ten with paraplegia. All subjects
were wheelchair dependent, had no history of
metabolic bone disease and were not taking medica-
tion known to a�ect mineral metabolism as assessed by
self-reports. All subjects signed an informed consent
statement. Table 1 shows the characteristics of the
subjects. There were signi®cant di�erences in both age
and the post traumatic period between the two groups.
Circumferences of the neck, chest, upper arm and
forearm were measured using standard anthropometric
measurement methods. Details of the subjects are
summarized in Table 2.

BMD measurement
The BMD of the lumbar spine (L2-4), proximal femur
(femoral neck, trochanter region and Ward's triangle)
and the whole body were measured by dual-energy X-
ray absorptiometry (DXA, HITACHI BMD-1X). The
BMD of the head, upper extremities, trunk, ribs,
pelvis, spine and lower extremities were also measured
by a whole body scan. All scanning and analyses were
performed by the same operator to assure consistency.
The day-to-day precision (coe�cient of variation; CV)
of the BMD measurement was 0.7%.

Statistical methods
All statistical analyses were conducted with a Statview
4.5 (Abacus Concepts, Inc., Berkeley, CA, USA) on a
Macintosh computer. Statistical signi®cance of differ-

ences between the two groups was determined using the
Student's t-test. All comparisons were considered
statistically signi®cant if P50.05.

Results

As analyzed by the Student's t-test (Figure 1), the
BMD of the lumbar spine, upper extremities and
trochanter region was signi®cantly higher in the
paraplegic group (PG) than in the quadriplegic group
(QG). However, no signi®cant di�erences were found
in the femoral neck, Ward's triangle, head, pelvis,
lower extremities or whole body BMD. PG showed
signi®cantly larger circumferences in the upper body
than the QG, but no signi®cant di�erences were
observed in the neck (Table 1).

Discussion

In this study, signi®cant di�erences were found in the
lumbar spine, trochanter region and upper extremities
BMD between paraplegic and quadriplegic patients,
but not in the femoral neck, Ward's triangle, head,
pelvis, lower extremities or whole body. Biering-
Sorensen et al1 found normal BMD in the lumbar
spine and demineralization in the femoral neck, shaft
and the proximal tibia in paralyzed SCI patients. The
maintenance of normal lumbar spine BMD after SCI
may be due to continued weight bearing during
wheelchair use. Although our results of lumbar spine
BMD in the QG contradict previously published
data,1,2,9,10 most research focused on BMD in
paraplegic patients. Moreover, Lanyon et al11 showed
the importance of mechanical loading and site
speci®city for maintaining or increasing BMD. These

Figure 1 Bone mineral density in paraplegic (n=10) and quadriplegic patients (n=10). Whole: whole body, L2-4: lumbar spine
2-4, F Neck: femoral neck, Troch: trochanter region, Ward's T: Ward's triangle. Values are expressed as mean+SD
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results suggest that the injury level in¯uences the BMD
and the magnitude of the mechanical loading on the
lumbar spine. The mechanical model shown in Figure 2
(left) was considered to analyze the force on the
lumbar spine while sitting in a wheelchair with slightly
forward inclination which is the most common posture
during desk work. To maintain constant inclination of
the trunk segment, a force necessitating backward
rotation of the trunk segment should be applied. This
force must be supplied by muscle contraction of the
erector spinal muscle group and multi®dus and is
partly observed in paraplegic patients. Thus the forces
hold this posture in balance. To consider this balance
simply, we can view the spinal column as a rigid body
and the force as the weight of the upper body and

muscle contraction applied at the top of the spinal
column. The resultant force is the vector sum of the
force from the weight of the upper body (FW) and the
force generated by the erector spinal muscle group and
the multi®dus muscle (FE). Its application line is along
the long axis of the spinal column. This resultant force

Table 1 Characteristics and anthropometric data of
paraplegic and quadriplegic patients (mean+SD)

Paraplegic
(n=10)

Quadriplegic
(n=10)

Age (years)
Body weight (kg)
Post traumatic

period (years)
Chest (cm)
Right upper

arm (cm)
Right forearm (cm)
Neck (cm)

44.1+14.3
57.4+4.1
16.1+10.1

90.2+5.1
29.4+2.2

26.0+1.0
37.5+2.0

30.2+9.0
55.5+6.5
7.9+3.5

84.7+4.5
25.1+2.8

23.0+1.5
36.2+1.8

*
±
**

**
*

**
±

Table 2 Details of the 20 subjects

Participant Age Post traumatic Level of injury
no. (years) period (years) Incomplete Complete

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

34
23
17
28
39
23
35
48
27
28
40
59
60
31
36
54
31
20
52
58

6.5
7
3
6.5
11.5
3
11
13
7

10.5
21
23
23
3.5
4.5
24.5
5.5
4.5
22.5
28.5

C4

C6

C6

C5
C5
C5
C8
C6
C6
C8
C7
C7
C8
Th11
Th11
Th11
Th11
Th12
Th12
L1
L1
L1
L2

Figure 2 Schematic view of sitting with slightly forward inclination (left) and leaning back in the chair (right). FW: force from
weight of the upper body, FE: force generated by the erector spinal muscle group and multi®dus muscle, FL: force on the
lumbar spine, FB: force toward the back
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is applied as compressive stress and its magnitude is
much larger than the FW. This compressive stress may
a�ect the lumbar spine BMD (Figure 2 left).
Quadriplegic patients cannot use the erector spinal
muscle group or multi®dus muscle due to their injury
level, so they tend to lean back in their wheelchair. The
right side of Figure 2 shows that the force from the
weight of the upper body is divided into two forces, the
force on the lumbar spine (FL) and the force toward
the back (FB) while leaning back in the wheelchair. FL

is smaller than FW. Hence, the great compressive stress
seen in the PG was not present in the QG. These
®ndings suggest that mechanical loading on the lumbar
vertebra a�ects the lumbar spine BMD. Our previous
study demonstrated a signi®cant relationship between
the BMD and the magnitude of mechanical loading in
the lumbar spine and supports our present hypothesis.

Kerr et al12 examined the e�ect of exercise on bone
mass in postmenopausal women and observed sig-
ni®cant increase in the BMD of the trochanter region
where various muscle groups were attached but not in
the BMD of the femoral neck where no muscles were
attached. They speculated that these results were due
to muscle pull which is mediated through the force of
muscle contraction at the site of attachment of tendon
to bone. Thus, the bone may respond locally to
reallocate the forces generated from the muscle at the
loading site.

In the PG, which maintains some erector spinal
muscle group and/or multi®dus muscle function,
muscle pull occurred in the lumbar region. In
contrast, in the QG, which cannot activate the erector
spinal muscle group of multi®dus muscle function due
to the injury level, no muscle pull occurred in the
lumbar region. The lumbar spine BMD di�erences
between the PG and the QG in this study may be
derived from not only the compressive stress on the
lumbar spine, but also the muscle pull.

Furthermore, previous studies have reported that
bone mineral loss was clearly observed in older
patients and depended on the post traumatic
period.3,4,13,14 In this study, although mean age of
the PG was higher and the mean post injury period
was longer than the QG, BMD of the PG was
signi®cantly higher in the lumbar spine, upper
extremities and trochanter region than in the QG.

Signi®cant di�erences were detected in circumfer-
ences between the PG and the QG. Paraplegic patients
can use their arms and therefore maintain the girth of
the upper arm and forearm. Furthermore, lifetime
tennis players showed greater BMD and circumfer-
ences in the dominant forearm compared with the
nondominant forearm.15,16 These studies suggest that
immobilization and disuse are associated with
decreases in BMD and muscle size. Therefore, the
di�erences in circumferences between the two groups
may have been caused by di�erences in the injury level
and immobilization.

In this study, the trochanter region's BMD of the
PG was also signi®cantly higher than the QG.

Although lateral vastus, piriform, gluteus medius and
gluteus minimum muscles attach to the trochanter
region, both the PG and the QG have no muscle
functions due to the injury level. Furthermore, as both
groups are wheelchair dependent, there is no
signi®cant di�erence concerning the mechanical load-
ing due to their body weight. This result could be
explained by neither immobilization, mechanical
loading nor muscle pull.

In conclusion, the BMD of SCI patients varied with
the injury level. Mechanical loading and muscle pull,
which depend on their injury level, may a�ect the
variation of bone mineral loss in SCI patients.
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