
Bone loss and bone turnover in acute and chronic spinal cord 
injured patients

Nurdan Paker, MD, PhD, Derya Bugdaycı, MD, PhD, Sedef Ersoy, MD, PhD, Elif Uysal, MD, Sule Elbirlik, PhD. 

232

Bone loss occurs below the lesion level in spinal 
cord injury (SCI) patients.1-4 Frey-Rindova et al1 

reported that bone mineral density (BMD) values 
at the radius and ulna did not decrease in paraplegic 
patients.1 Osteopenia develops because of the decreased 
mechanical loading and following increased bone 
remodelling after paraplegia or tetraplegia.5 Bruin et 
al6 suggested that structural and geometrical changes 
of bone occurred after SCI. Bone loss due to SCI 
involves both cortical and trabecular bones. Trabecular 
bone loss occurs within the first 6 months after injury, 
but cortical bones are affected after the first year of 
injury and cortical osteopenia continues for a long 
time.1,7 In a previous study,8 trabecular bone loss at 
the knee in SCI women has shown to be more than 
postmenopausal women. Some investigators believe 
that bone density stabilizes 16-24 months after injury, 
although bone loss has shown to be continued long after 
injury in some studies.6,9-11 Fractures can be prevented 
by determining the bone loss in patients with SCI. 
Significant osteopenia occurs especially at the lower 
extremities in paraplegia or tetraplegia.10 This may be 
the reason fractures were seen frequently in the legs in 
SCI.12 Biochemical bone markers of bone turnover are 
shown to reflect dynamic skeletal status and may help 
to identify increased bone loss and fracture risk.13-16 
Riis et al14 concluded that fast bone turnover rate was 
as important as low bone mass for the risk of fracture in 
postmenopausal women. Zehnder et al7 reported that 
bone resorption markers showed significant increases 
in SCI patients.7 The elevation of bone formation 
markers are lower than resorption indicators in SCI.17 
The aim of our study was to evaluate bone density 
and biochemical bone markers in acute and chronic 
SCI patients and to compare the results with healthy 
controls.

Methods. This cross-sectional, controlled study 
was performed between January and December 2005, 
in the Istanbul Physical Medicine and Rehabilitation 
Training Hospital, Istanbul, Turkey. Forty-eight 
patients with SCI in the acute and chronic phase 

ABSTRACT

Objectives: To investigate bone loss and the rate of bone 
turnover in individuals with spinal cord injury (SCI), and 
to compare the results with those healthy controls.

Methods: This cross-sectional, controlled study was 
performed between January and December 2005, in the 
Istanbul Physical Medicine and Rehabilitation Training 
Hospital, Istanbul, Turkey. Forty-eight patients with SCI 
were included in the study. The control group consisted 
of 47 age and sex matched healthy subjects. Bone density 
was measured at the proximal hip region by dual-energy 
X-ray absorptiometry. Serum levels of osteocalcin (OC) 
and C telopeptide of type 1 collagen (CTX) were 
measured. 

Results: Femur neck and femur total bone mineral 
density values in the SCI patients and control group were 
0.894 (0.188), 0.911 (0.185), and 0.994 (0.116), 1.063 
(0.132) (p<0.03, p<0.000). Serum levels of OC and 
CTX were significantly increased in patients (p<0.015, 
p<0.000). Femur bone density in both neck and total 
regions showed a significant decrease in the SCI patients 
with longer injury duration (p<0.001, p<0.000). Serum 
CTX levels were markedly elevated in the first year of 
SCI. However, serum OC level showed no difference for 
the injury duration.

Conclusion: Significant bone loss was found at the 
proximal hip in SCI patients. Serum biochemical markers 
were also significantly higher in the patient group than 
the healthy controls. The bone density was lower in the 
long-standing SCI patients, although serum CTX levels 
were higher in the first 12 months after injury.
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were included in the study. All patients had traumatic 
SCI. Exclusion criteria included use of any medication 
with potential effect on the bone metabolism, having 
metabolic bone diseases, renal or hepatic diseases, 
heterotopic ossification and hyperthyroidism. Patients 
were divided in 2 subgroups according to the length of 
injury duration. Injury duration was less than one year 
in the first group and more than one year in the second 
group. The control group consisted of 47 age and sex 
matched healthy subjects.

Bone densitometry. Bone density measurement was 
performed by dual-energy X-ray absorptiometry (DXA) 
(Lunar model Dpx, Lunar Corp, Madison, WI) at the 
right proximal femur. The BMD values at the femur 
neck and proximal total femur were obtained. The 
BMD values at lumbar spine were not reliable because 
of spinal fusion material or vertebral fractures in the 
measurement site. For this reason, we did not measure 
the lumbar region. All measurements were carried out 
by the same experienced technician. Calibration of 
the DXA was checked by phantom scanning 3 times 
a week.

Biochemical bone markers. Fasting venous blood 
samples were taken between 8-9 am for analysis of 
osteocalcin (OC), C telopeptide of type 1 collagen 
(CTX), total alkaline phosphatase (ALP), calcium, 
phosphorus, and other routine biochemical tests. Serum 
intact OC and CTX were measured by micro enzyme-
linked immunoabsorbent assay (ELISA). Laboratory 
reference ranges were 10-20 ng/ml for OC and 0.13-
0.75 ng/ml for CTX.

Functional independence measurement (FIM). 
The FIM is used for evaluation of functional status 
in rehabilitation patients. It has motor and cognitive 
dimensions. In this investigation motor FIM scores 
were studied. Spasticity was evaluated with Ashworth 
Peterson scale. All the study subjects signed informed 
consent. This study was approved by the institutional 
ethical committee.

Statistical analysis was performed using SPSS 
version 13.5. Paired t test and Pearson Correlation test 
were used, and a p<0.05 was considered as statistically 
significant.

Results. Clinical and laboratory data are shown in 
Table 1. The level of the lesion was 18.75% cervical, 
62.5% thoracic, and 18.75% lumbar. The length of injury 
duration was on average 24.52±20.9 months. The mean 
motor FIM score of the SCI patients was 35.18±20.9. 
Neurological deficit level was American Spinal Cord 
Injury Association (ASIA) grade AB in 26 patients and 
ASIA grade CD in 22 individuals. Thirty-nine patients 
were paraplegic and 9 were tetraplegic. Spasticity was 
observed in 33.3% of the patients. Biochemical bone 

Table 1 -	 Clinical and laboratory data of the patients and control 
group.

Criteria Patients Controls P-value

Number 48 47 -

Gender 
(Female/Male)   15 / 33     15 / 32 -

Age (year)   38.47±15.88     40.82±12.01 >0.05

Weight (kg)   71.02±21.45     75.34±11.79 >0.05

Height (cm) 166.39±20.79 167.10±9.31 >0.05

OC (ng/ml)   23.60±10.73   18.89±7.60 0.015

CTX (ng/ml)   1.37±0.60     0.62±0.25  0.000

Calcium (mg/dl)   8.87±0.57     9.05±0.43 >0.05

Phosphorus (mg/dl)   4.20±0.90     3.76±0.44 >0.05

ALP (U/L) 118.75±84.53     79.79±22.77 0.003

OC - Osteocalcin, CTX - C telopeptide type 1 collagen, 
ALP - Alkaline phosphatase

Table 2 -	 Clinical and laboratory data of the patients.

Parameters Group 1 Group 2 P-value

Number 31 17 -

Length of injury 
duration (month)

4.35±1.67   61.29±88.04 -

OC (ng/ml) 24.69±12.01 21.61±7.85 >0.05

CTX (ng/ml) 1.50±0.65   1.12±0.39     0.017

Calcium (mg/dl) 8.87±0.60   8.86±0.52 >0.05

Phosphorus 
(mg/dl)

4.57±0.82   3.52±0.62     0.000

ALP (U/L) 130.96±101.54   96.47±29.01 >0.05

OC - Osteocalcin, CTX - C telopeptide type 1collagen, 
ALP - Alkaline  phosphatase

Table 3 -	 Proximal femur bone mineral density values (BMD) and T 
scores of the study subjects. 

Measurement sites Group 1 Group 2 Controls

Femur neck BMD 
values(gr/cm²)

   0.954±0.195    0.785±0.146 0.999±0.116

Total femur BMD 
values(gr/cm²)

   0.992±0.182    0.762±0.136 1.063±0.132

Femur neck T scores -0.766±1.46 -2.088±1.03 -0.408±0.8

Total femur T scores     -0.5±1.45 -2.258±1.09  - 0.094±1.02

Group 1 - Injury duration ≤one year
Group 2 - Injury duration >one year
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markers, serum calcium, phosphorus, and alkaline 
phosphatase values of the 2 patient subgroups with 
injury duration of less than one year and more than 
one year are given in Table 2. The BMD values and T 
scores at the proximal hip were significantly lower in 
the patients with shorter and longer injury duration, 
compared to the control group (Table 3). Serum bone 
resorption markers were significantly higher in the 
patient group. There was a negative correlation between 
length of SCI and BMD values at femur neck (p<0.01), 
femur total (p<0.02), and T scores (p<0.028), (p 0.030). 
The FIM showed a positive correlation with the length 
of injury (p<0.002). There was a negative correlation 
between FIM and BMD values at femur neck (p<0.005) 
and femur total (p<0.000), and T scores at femur neck 
and total femur (p<0.020), (p<0.000). The BMD values 
at 2 measurement sites did not show any correlation 
with spasticity, age, height, weight, and ASIA grade.

Discussion. Our results showed bone loss at the 
2 measurement sites of proximal hip and significant 
elevation of bone turnover markers in patients with SCI. 
Biering-Sorensen11 suggested that bone loss affected 
primarily trabecular bones in the first year after injury. 
Bone mineral content at the femur neck and proximal 
tibia is reestablished 16-24 months after injury by 
development of an equilibrium between bone formation 
and resorption.9,11 However, some investigators claimed 
that bone density did not stabilize within 3 years after 
SCI. Bruin et al6 reported that significant trabecular and 
cortical bone loss, 35.3% and 12.9%, occurred 2 years 
after SCI. Osteopenia demonstrated a large variation 
between patients.18 Szollar et al19 did not find any bone 
loss at the hip by DXA measurement within the first 
6 months after injury. They reported that osteopenia 
developed over longer periods.19 In a previous study, 
bone loss was not observed at the lumbar spine or 
proximal hip in SCI patients 3 months after injury.20 
In our study group, osteopenia occurred within the 
first year after SCI. Early bone loss may be related to 
the exercise programs in which patients participated, 
different lifestyle habits like dietary calcium intake, and 
smoking. 

Kıratlı et al21 reported that BMD at the femur 
neck decreased 21% in the first year after injury. The 
BMD values at femur neck were 20% and 27% lower 
in the chronic SCI women and men than the controls. 
Maimoun et al22 found a bone loss of approximately 
22.5% at the total proximal femur, and 21.4% at the 
femur neck 71 weeks after injury. Wilmet et al2 also 
reported 25% bone loss in the lower limbs at the end of 
the first year after injury. In this study, femur neck and 
proximal total femur bone density in the patients whose 
injury duration was less than one year was decreased 

by 4% and 6.7%. Bone loss was 22% for femur neck 
and 28% for femur total in the patients with 5-year 
injury duration. In the chronic SCI patients, T scores 
at the proximal total femur and femur neck region 
were 2 SD below the BMD values of healthy young 
adults in this study, whereas T scores at the proximal 
femur were in the normal range in the acute period. 
This means approximately 2 fold increase fracture risk 
at the proximal femur in the longstanding SCI patients. 
Szollar et al23 found that BMD at the proximal femur 
decreased and reached fracture threshold 1-5 years after 
SCI.

In a previous study, almost 50% of the chronic SCI 
patients whose post injury period was more than 5 
years, were shown above the fracture threshold in the 
femur.24 Vestergaard et al25 reported that low energy 
fractures were seen frequently in the lower extremities 
of patients with SCI. The fracture rate increased within 
3 years after injury. Roberts et al17 reported that bone 
resorption markers were elevated 10 fold above the 
normal value after acute SCI, although bone formation 
markers showed only a minimal rise in a 6 months 
duration longitudinal study. Bone resorption and 
formation markers did not differ between paraplegics 
and tetraplegics.17 After the first year of injury, bone 
resorption has been shown to continue as represented 
by increased level of biochemical bone markers, whereas 
bone formation seems to be stabilised.3

In our study, the serum CTX level was significantly 
higher in both acute and chronic SCI. The CTX level 
was 2.4 fold of controls and the upper limit of reference 
range in the persons with injury duration of less than one 
year, and it was 1.8 fold of controls in the patients with 
5-year injury duration. The rise of CTX was significantly 
higher in acute SCI. The serum OC values showed 
minimal elevation in both acute and chronic SCI.

Maimoun et al22 suggested that bone resorption 
markers increased significantly 4 months after injury, 
although bone formation markers showed minimal 
elevation. In the patient group, 3 months after the 
injury, compared to controls, serum CTX level showed 
a 2.5 fold and serum OC showed a 1.6 fold increase in a 
previous study.20 Total serum calcium level did not show 
any significant elevation in the patient group. Serum 
phosphate concentration was significantly higher in the 
patients with SCI post 3 months of the incident.20 Blood 
calcium levels did not differ between spinal cord injured 
individuals and controls, although serum phosphate 
values showed significant elevation in patients one year 
after the injury in a previous study.3 In this study serum 
calcium and phosphorus levels were in the reference 
range, although phosphorus was significantly higher 
within the first year of injury than the controls. Total 
ALP level was also elevated moderately in the SCI 
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patients, but it was within the reference range. In a 
previous study, higher total ALP levels were measured 
9.5 months after SCI.4 Some investigators reported that 
serum ALP level was in the reference range 3-4 months 
after injury.3,20 Some authors suggested that spasticity 
had a positive effect on bone density.4,24 In our study, 
spasticity had no positive effect on bone mass in the 
SCI individuals. There was no correlation between bone 
mineral content at the lower extremities and spasticity 
or flaccidity in a previous study.2 Motor FIM scores 
showed a negative correlation with bone density at the 
proximal hip in this study. Dauty et al3 suggested bone 
mineral content did not show significant differences 
between ASIA grade AB and grade CD patients.3 Our 
results revealed BMD values at the proximal hip were 
similar in motor complete and incomplete individuals. 
In our study, BMD values at the proximal hip did not 
show a correlation with age, sex, weight, height, and 
ASIA grade. 

In conclusion, we think that biochemical bone 
markers may be early predictors of bone loss in patients 
with SCI. If fast bone losers can be identified, future 
fractures could be reduced by early and effective 
rehabilitation programs, adequate dietery supplements 
of calcium and vitamin  D or pharmacologic treatment 
with antiresorptive agents.
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