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Abstract
Background and aim: Significant bone loss develops in the first months and continues years after spinal cord injury. A 
cross – sectional comparative study was performed to evaluate factors influencing bone loss in spinal cord injured men 
with paraplegia.
Patients and Methods: We studied 31 paraplegic men in chronic stage (>1.5 years) in comparison with 30 able-bodied 
men of similar age, height, and weight. The paraplegic men were allocated into 2 subgroups based on the neurological 
level of injury; high paraplegics (n=16, T4-T7 neurological level of injury) and low paraplegics (n=15, T8-T12 neurolog-
ical level of injury). The influence of positive and negative factors (spasticity, standing-therapeutic walking, and duration 
of paralysis) on bone structures was evaluated by pQCT measurement of the total, trabecular and cortical bone mineral 
density (BMDtot, BMDtrab, BMDcort, respectively) and cortical thickness (THIcort) at the distal tibial epiphysis and 
the tibial diaphysis at 4% and 38% proximal to the distal end of the tibia. The stress strain index (SSI) was measured at 
14% (SSI2) and at 38% (SSI3) of the tibial diaphysis, and the difference SSI3 - SSI2 (δSSI3-2) was calculated. 
Results: In all paraplegics, bone mineral density parameters were significantly reduced compared to the control group 
(BMDtot: p<0.0005, BMDtrab: p<0.0005, BMDcort: p=0.029, THIcort: p=0.019, SSI2: p=0.009, SSI3: p=0.003, respec-
tively). Paraplegics who used standing frames or long brace orthoses had statistically significant higher bone mass and 
geometric parameters (BMDtrab: p=0.03, BMDtot: p=0.01, THIcort: p=0.013, respectively), while spasticity did not 
protect bone. The duration of paralysis was significantly related to trabecular bone loss (r=-0.5, p=0.05) and cortical 
thickness (r=-0.6, p=0.006) in high paraplegics and to δSSI3-2 in low paraplegics (r=0.534, p=0.03).
Conclusions: The neurological level of injury adversely affects bone strength in paralyzed lower extremities such as 
the distal tibia. Standing or therapeutic walking could possibly have a positive effect in cortical and trabecular bone in 
paraplegia. Hippokratia 2011; 15 (1): 54-59
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Spinal cord injury (SCI) associated paraplegia causes 
an extreme and sudden immobilization that leads to an 
altered pattern of loading of the lower extremities and al-
teration in skeletal structure. These result in bone loss and 
increased risk of fractures. Bone loss in spinal cord injury 
patients has already been documented1-4 using dual ener-
gy X-ray absorptiometry (DXA)5,6 and recently periph-
eral quantitative computed tomography (pQCT) 7,8 that 
allows for non-invasive measurement of true volumetric 
densities, assessment of cortical and trabecular bone den-
sity separately, and evaluation of the geometrical proper-
ties of the long bones.

Although there are a few studies investigating the 
effect on bone in paraplegia according to the neurologi-
cal level of injury7-10, no significant difference between 
paraplegics and tetraplegics was found for cortical or 
trabecular bone mineral density (BMD) of the tibia9. In 
addition, many factors influence bone loss in SCI para-
plegics, including age and sex, level of injury, duration 

of paralysis, neurological complete injuries, hormonal 
status, ambulatory status, spasticity, and rehabilitation 
interventions1,2,7,8,10,11. 

The aim of the present pQCT study was to evaluate 
the influence of positive and negative factors in spinal 
cord injured men. The rationale was that the neurological 
level of injury, the duration of paralysis, standing-thera-
peutic walking and spasticity affect bone loss at the lower 
extremities in SCI paraplegic men.

Patients and Methods
Sixty one men were included in this study. The study 

group included 31 complete paraplegic men (AIS A) in 
chronic stage (>1.5 years) that means stabilization of the 
neurological status and absence of spinal shock. The con-
trol group was recruited from 30 volunteers. All subjects 
of both groups were matched to age, height and weight. 
Each subject of the control group was interviewed and 
clinically examined by the first author (YD) according 
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to a baseline personal data questionnaire based on an-
thropometric and clinical information. The protocol was 
designed according to the Declaration of Helsinki and 
approved by the Ethics Committee of Athens University. 
All subjects gave written informed consent to be included 
in this study.

Paraplegics were allocated into two subgroups ac-
cording to the neurological level of injury (NLI); sub-
group A included 16 men with high paraplegia (T4-T7 
level), and subgroup B included 15 men with low para-
plegia (T8-T12 level). Anthropometric factors, including 
age, height, weight and bone mass index (BMI) were re-
corded in both subgroups of the study group and the con-
trol group; clinical parameters such as duration of paraly-
sis and neurological level of injury were recorded in the 
study group using a questionnaire and complete physical 
examination (Table 1). Spasticity was assessed using the 
Ashworth scale12. None of the subjects involved in this 
study were given any bone acting drugs. All subjects of 

both groups were examined by peripheral quantitative 
computed tomography system (pQCT XCT-3000, Stratec 
Medizintechnik, Germany) in distal epiphyses and mid-
shafts of the tibia. The distal end of the tibia was used as 
an anatomical point to measure the bone parameters at 
4%, 14%, and 38% of the tibial length proximal to this 
point. From the epiphyseal scans, trabecular (BMDtrab) 
and total (BMDtot) mineral density were measured; from 
the shaft scans, cortical BMD (BMDcort) and cortical 
thickness (THIcort) were determined. Bone strength was 
estimated using the stress-strain index (SSI) that was de-
rived from the section modulus and the volumetric den-
sity of the cortical area at 14% (SSI2) and 38% (SSI3) of 
the tibia diaphysis proximal to the distal end of the tibia; 
the difference SSI3-SSI2 (δSSI3-2) was calculated.

The influence of positive and negative factors on bone 
structure was evaluated. Spasticity and standing frames 
or long brace orthoses for therapeutic walking were con-
sidered as positive factors, while neurological injury and 

Table 1: The anthropometric data and clinical parameters of the control group and the study subgroups.

Subjects and parameters
Control group

(n=30)
(mean±SD)

Subgroup A
(n=16)

(mean±SD)

Subgroup B
(n=15)

(mean±SD)
p-value

Age (years) 33.9±3.81 32.88±15.6 39.47±13.81 0.300

Weight (kg) 80±6.5 72.88±8.16 76.82±8.33 0.080

Height (m) 1.79±0.05 1.74±0.07 1.75±0.04 0.090

BMI (kg/m2) 24.91±2.06 24.11±2.55 25.09±2.5 0.400

Age at injury (years) - 26.63 ±14.35 33.57±12.3 0.118

DP (years) - 5.97±5.9 5.65±5.8 0.870

BMI: Body mass index; DP: Duration of paralysis

Table 2: BMD parameters as measured by pQCT, and statistical significance of the control and the study subgroups.

Tibia 
slices 
pQCT

Bone 
parameters

Control group
n=30

(mean±SD)

Paraplegics 
(subgroup A)

n=16 (mean±SD)

Paraplegics
(subgroup B)

n=15 (mean±SD)

Difference 
of control to 
subgroup A

Difference 
of control to 
subgroup B

ANOVA
p value

4% BMDtrab 264.15±39.5 110.09±59.91*** 134.58±68.53*** -58.32% -49.05% < 0.0005

BMDtot 342.01±41.7 181.61±48.75*** 187.59±64.79*** -47% -45.15% < 0.0005

14% SSI2 2128.51±179 1820.84±387.16 1603.64±245.53** -14.45% -24.66% 0.009

38% BMDcort 1108.75±23.8 1087.90±19.97 1057.30±46.65* -1.88% -4.64% 0.029

SSI3 2318.64±157 1876.14±240.31* 1920.84±141.57* -19% -17% 0.003

THIcort 6.42±0.42 5.15±1.08* 5.33±0.77* -19.78% -16.98% 0.019

*p-value< 0.05,** p-value< 0.005,*** p-value< 0.0005 of Bonferroni-tests for control group vs. subgroup A and subgroup B.
BMDtrab: BMD trabecular; BMDtot: BMD total; BMDcort: BMD cortical; THIcort: Cortical thickness; SSI2: Stress Strain 
Index at 14% of the tibial diaphysis; SSI3: Stress Strain Index at 38% of the tibial diaphysis.
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the duration of paralysis (DP) were considered as nega-
tive for the preservation of normal bone structure

Statistical analysis of the variables between the study 
and the control groups was done using the one factor 
analysis of variance with no repeated measurements 
model (one way ANOVA) and Bonferroni test for pair 
wise comparisons. Statistical analysis of the variables 
between the study subgroups was done using analysis of 
covariance model (ANCOVA) controlling for duration of 
paralysis. Analysis of the data was done using the Statis-
tical Package for Social Sciences (version 10.0) software 
(SPSS Inc., Chicago, IL).

Results
In all paraplegics, bone parameters were significantly 

reduced in both subgroups compared to the control group; 
BMDtot, BMDtrab of the distal tibial epiphyses and BM-
Dcort of the tibial diaphysis were significantly reduced 
by 47% and 45% (p< 0.0005), 58% and 49% (p<0.0005), 
and 1.9% and 4.6% (p=0.029) in subgroups A and B, re-
spectively, compared to the control group; THIcort de-
creased by 19.8% and 17.6% (p=0.019), SSI2 decreased 
by 14.45% and 24.66% (p=0.009), and SSI3 decreased by 
19 % and 17% (p=0.003) in subgroups A and B, respec-
tively, compared to the control group (Table 2).

Paraplegics of both subgroups who used standing 
frames or long brace orthoses for standing-therapeutic 
walking had statistically significant higher BMDtrab 
(141.60±59.71 mg/cm3 vs. 87.41±47.23 mg/cm3, p=0.03), 
BMDtot (796±54 mg/cm3 vs. 700±132 mg/cm3, p=0.01) 

and THIcort (4.98±0.52 mm vs. 4.12±1.16 mm, p=0.013) 
compared to wheelchair bound paraplegics. 

The DP was not significantly related to BMDtrab, BM-
Dtot, or BMDcort in the study group (r=-0.203, p=0.23, 
r=-0.27, p=0.1, r=-0.1, p=0.6, respectively), except for 
subgroup A in which a significant reduction of BMDtrab 
and cortical thickness was observed (r=-0.5, p=0.05 and 
r=-0.6, p=0.006, respectively) (Figures 1 to 4). SSI2 was 
significantly related to DP in total paraplegics (r=-0.423, 
p=0.008), subgroup A (r=-0.419, p=0.074), and subgroup 
B (r=-0.473, p=0.041). SSI3 was significantly related to 
DP only in subgroup A (r=-0.475, p=0.04). However, 
δSSI3-2 was significantly related to DP only in subgroup 
B (r=0.534, p=0.03) (Table 3). None significant relation-
ship was found between the intensity of bone loss and 
spasticity (Table 4).

Discussion
The rationale of the present pQCT study was to evalu-

ate possible changes of trabecular and cortical bone, geo-

metric and mechanical properties of the tibia regarding 
the neurological level of injury, the duration of paralysis, 
the spasticity and the use of supportive measures on bone 
parameters in the lower extremities of SCI paraplegic 
men compared to able-bodied controls. This will be use-
ful for the management of osteoporosis and the rehabili-
tation of osteoporotic fractures in these patients.

The effects of long-term immobilization and paraple-
gia on bone are well documented3,7,13. An ongoing de-
mineralization at the proximal tibia 3 years after SCI has 
been reported13. Also, a decrease in bone mineral content 
of approximately 4% per month in trabecular bone rich 

Figure 1: BMDtot at the distal tibial epiphyses plotted 
against DP in high paraplegics (the best fit line for the expo-
nential time course of decline).

Figure 2: BMDtrab at the distal tibial epiphyses plotted 
against DP in high paraplegics (the best fit line for the expo-
nential time course of decline).

Figure 3: THIcort of the tibial diaphysis plotted against DP 
in high paraplegics (the best fit line for the exponential time 
course of decline).

Figure 4: BMDcort of all paraplegic men involved in this 
study in relation to DP. None difference is observed.
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areas and 2% per month in cortical bone rich areas during 
the first year post injury has been observed after spinal 
cord section3. Others, using pQCT as in the present study 
found that bone mass loss is related to BMD decrease, 
while in the shaft it is related to reduced cortical wall 
thickness by the process of endosteal resorption7. In line 
with the literature, in both paraplegic subgroups of the 
present study, bone parameters were significantly re-
duced compared to the control group.

The reduction of cortical thickness in paraplegics is 
related to alterations of endosteal and periosteal circum-
ference2,8. Since periosteal circumference is comparable 
to able-bodied individuals, a significant increase of end-
osteal circumference in paraplegics leads to reduction 
of cortical thickness8. The increase of endosteal bone in 
these patients suggests endosteal remodeling many years 
after the injury.2,8. In the present study, a higher loss of 
BMDtrab at the distal tibial epiphysis of high paraple-
gics was observed. On the contrary, in low paraplegics, 
the central and the peripheral cross-sectional area of bone 
were similarly affected. The similar reduction of BMD-

tot in both paraplegic subgroups suggests that the cortical 
shell is more affected in low paraplegics.

There are few data on the effect of the neurological 
level of injury, duration of paraplegia, spasticity, and 
the use supportive measures and therapeutic walking on 
the mechanical strength in paralyzed legs3,4,7,11,14-18. In a 
study, using DXA to measure areal BMD the authors re-
ported inverse relationships between duration after inju-
ry and leg percentage-matched BMD14. Others showed 
an exponential decrease in BMDtrab and BMDtot and 
no decrease in BMDcort of the diaphyses at 2 months 
to 50 years after the injury in tetraplegic and paraplegic 
men7. However, in the present study, although there was 
a statistical significant decrease of BMDcort of the tibia 
this was not related to the duration of paralysis suggest-
ing a trend for recovery of cortical bone during the years 
of paralysis. An exponential decrease was found only 
for BMDtrab, BMDtot and THIcort in high paraplegics. 
This was a puzzling result that could be partially ex-
plained by population’s differences and our small num-
ber of paraplegic study group; thus we believe that a 

Table 3: p-value and δSSI3-2 related to the duration of paralysis.

δSSI3-2 Total paraplegics Subgroup A Subgroup B

Duration of 
paralysis

r 0.071 -0.178 0.534

p-value 0.688 0.500 0.030

Table 4: BMD parameters as measured by pQCT in various spasticity degrees in all paraplegics.

p QCT parameters Degree of spasticity 
(Ashworth scale)

mean 
± sd

p-value Pair wise comparison

BMDtotal

1 167.82±45.63

0.751

--- N.S N.S

2 178.35±63.62 --- --- N.S

3 162.76±54.74 --- --- ---

BMDtrab
1 100.40±29.59

0.703
--- N.S N.S

2 119.02±72.08 --- --- N.S

BMDCort

1 1113.70±52.77

0.721

--- N.S N.S

2 1092.31±37.15 --- --- N.S

3 1089.31±72.85 --- --- ---

THICort

1 5.15±0.25

0.249

--- N.S N.S

2 4.23±1.13 --- --- N.S

3 4.40±1.08 --- --- ---

BMDtrab: BMD trabecular; BMDtot: BMD total; BMDcort: BMD cortical; THIcort: Cortical thickness; NS: non significant.
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similar large-scale study could increase the power of 
our results.

The effect of passive mechanical loading of bones, 
standing and therapeutic ambulation on BMD of the 
lower extremities in paraplegics has been controversial 

11,17. Paraplegics unable to bear weight on their limbs 
(sitting in the wheelchair) are not exposed to forces to 
stimulate bone formation. Immobility leads to a changing 
pattern of loading in the paralysed areas, which respond 
by alteration in skeletal structure8. A beneficial effect on 
bone mass using passive mechanical loading has been 
shown at the femoral shaft, but not at the hip joint17. Oth-
ers reported no correlation for passive standing-training 
to bone status11. Most patients with low level paraplegia 
can become ambulant with Knee Ankle Foot Orthoses 
(KAFOs). In the present study the subject’s level of le-
sion were T4 to T7 vs. T8 to T12 (AIS-A), making the 
groups comparable in their physical abilities, the poten-
tial to ambulate with KAFOs and elbow crutches. Sub-
jects above T7 are not able (mostly) to walk with KAFOs 
because of inability to use trunk muscles, which is nec-
essary for walking with KAFOs. Subjects with T7 (and 
above) had more instability than their counterparts with 
T8 and T12 levels of lesion and only performed thera-
peutic standing in frames. Furthermore, factors (associ-
ated medical complications, amount and nature of reha-
bilitation and individual factors like age, activity level) 
that might influence the functional stability were con-
trolled by the inclusion criteria. Paraplegics who used 
standing frames or long braces orthoses had statistically 
significant higher bone mass (BMD trab, BMD tot) and 
geometric parameters (cortical thickness) independently 
of the functional level, meaning that standing or thera-
peutic ambulation could possibly have a positive effect 
in cortical and trabecular bone in paraplegia. Goemaere 
et al found that passive mechanical loading can have 
a beneficial effect on the preservation of bone mass in 
the region of the femoral shaft, but not at the proximal 
hip17. Alekna et al found after a long follow – up period 
that standing in particular after two years gave signifi-
cant higher BMD in legs, pelvis and the total body18. On 
the contrary, Eser et al found no correlation for passive 
standing-training to bone status11. 

In the present study, the neurological level of injury 
(NLI) has been evaluated in relation to the DP and BMD 
factors. The δSSI3-2 was increased in low paraplegics 
compared to high paraplegics. However, the δSSI3-2 was 
found statistically significant to the duration of paralysis 
only in low paraplegics. This finding suggests that not 
only the mechanical loading but also the neurological 
factor seems to be a significant regulator in osteoporosis 
during the years of paralysis. This may possibly result 
from the increased capacity of standing and direct effect 
of mechanical loading of the distal tibia in low paraplegic 
patients.

There is clinical evidence of sympathetic regula-
tion of bone metabolism in humans that has a clinically 
important role in diseases characterized by excessive 

sympathetic activity15. Changes in the autonomic ner-
vous system are proposed to cause attrition of bone in 
SCI patients via changes in vascular tone and blood 
flow16.

Because of the non significant duration of paralysis 
between paraplegic groups, and despite the similar para-
lytic effect on bone in paraplegics, we suggest that the 
two paraplegic groups act differently in mechanical load-
ing of the tibia.

Controversial results have also been reported re-
garding the effect of spasticity on BMD in SCI paraple-
gics3,4,10,17. A cross-sectional study of 41 SCI paraplegics 
reported less reduction of BMD in the spastic paraple-
gics SCI patients compared to the flaccid paraplegic SCI 
patients4. Löfvenmark et al in 18 motor complete SCI 
men matched for time since injury, gender, and age (9 
had severe spasticity, and 9 had spasticity that was ei-
ther mild or not present) found no difference in BMD 
depending on level of spasticity19. Others, in line with 
the present study, reported that spasticity may be protec-
tive against bone loss in SCI patients, however, without 
any preserving effect in the tibia11. A possible explana-
tion for that could lie in the fact that in the present study 
all paraplegics were above T12 level with various de-
grees of spasticity according to the Ashworth scale. In 
addition, muscle spasms affecting the lower leg would 
mainly be extension spasms resulting in plantar flexion 
thus creating little resistance to the contracting muscles. 
Furthermore, the measuring sites of the tibia did not in-
clude any muscle insertions of either the knee or the 
ankle extensor muscles. Other investigators also have 
not been able to establish a correlation between BMD 
and muscle spasticity3,20.

By employing pQCT as a volumetric, quantitative, 
non-invasive regional measurement methodology we 
were able to assess separately cortical, trabecular and 
various geometric properties in fracture sites of the para-
lyzed lower extremities such as the tibia. The small num-
ber of paraplegic men in this study may be considered 
a limitation; we believe that a similar large-scale study 
could increase the statistical power of our results. An-
other limitation is that in the present study the neurologi-
cal level of injury was at the T12 level or higher in all 
paraplegics, with various degrees of spasticity according 
to the Ashworth scale. Our results may have been biased 
of the effect of spasticity on bone parameters of the lower 
extremities.

Conclusions
Longitudinal studies are sparse and long term lon-

gitudinal chronic studies are unavailable. The present 
study, using pQCT successfully established a significant 
relation between the use of standing frames and brace 
orthoses in cortical and trabecular bone of the tibia in 
SCI paraplegic men. However, spasticity has not been 
shown to effect bone parameters. These findings are 
probably useful for clinical rehabilitation of patients 
with paraplegia.
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