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Abstract Generalized low bone mass and osteopenia in

both axial and peripheral skeleton in adolescent idiopathic

scoliosis (AIS) have been reported in literature. However,

the exact mechanisms and causes of the bone loss in AIS are

not identified yet. Therefore, this study examined the rela-

tionship between serum concentration of soluble receptor

activator of nuclear factor-jB ligand (RANKL), serum level

of osteoprotegerin (OPG) and bone mass in 72 patients with

AIS and compared to those of 64 age- and gender-matched

healthy controls. The mean lumbar spinal bone mineral

density (LSBMD) and femoral neck BMD (FNBMD) in

patients with AIS were decreased compared with that in

control individuals, respectively (P = 0.0029 and

P = 0.0192, respectively). The mean RANKL and RANKL

to OPG ratio in patients with AIS were increased compared

with that in control subjects, respectively (P = 0.0004 and

P = 0.0032, respectively). The RANKL and RANKL to

OPG ratios were negatively correlated to the LSBMD and

serum OPG levels in both groups. Serum OPG levels were

positively correlated to the LSBMD and FNBMD in both

groups. These findings mean that the imbalance and the

disturbed interaction of RANKL and OPG may be an

important cause and pathogenesis in reduced BMD in AIS.
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Introduction

Adolescent idiopathic scoliosis (AIS) is a complex three-

dimensional deformity of the spine occurring mostly in girls

between 10 and 14 years old. The etiology and pathogenesis

of idiopathic scoliosis remain unclear despite the large

number of studies performed. The cause of scoliosis is

believed to be multifactorial because of the association

between the development of scoliosis and growth, hormonal

secretion, gravity, etc. [1, 12, 13, 16, 20, 22, 23, 28, 29, 31].

However, none of these parameters have been conclusively

shown to have a causative role in AIS development.

Association of osteopenia with idiopathic scoliosis was

first reported by Burner and coworkers in 1982 using the

Singh index [3]. Generalized low bone mass and osteopenia

in both the axial and peripheral skeleton in AIS have been

reported in literature [5, 8, 10, 30]. Abnormal histomor-

phometric bone cell activity has been found in AIS bone

biopsies [9]. In addition, low bone mass in AIS patients was

likely to persist through to adulthood [6]. There is a growing

concern that adolescents with idiopathic scoliosis may have a

lower peak bone mass, thereby increasing the risk of devel-

oping osteoporosis and related complications in later life [6,
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8]. However, the exact mechanisms and causes of the bone

loss in AIS are not identified yet.

Receptor activator of nuclear factor-jB ligand (RANKL)

is a potent stimulator of bone resorption by binding receptor

activator of nuclear factor-jB (RANK) in the cell membrane

of osteoclasts. In contrast, osteoprotegerin (OPG) is a soluble

decoy receptor for RANKL which interferes with RANKL/

RANK binding and inhibits the maturation and activation of

osteoclasts and their precursors. The balance of RANKL/

RANK and OPG has a central role in the regulation of bone

remodeling events in diseases such as osteoporosis, gluco-

corticoid-induced osteoporosis, chronic inflammatory

arthritis, hypogonadism, estrogen deficiency, bone marrow

transplantation and the osteolytic bony metastasis of

malignancies [2, 14. 17]. However, studies linking RANKL,

OPG and bone mass of AIS are lacking. We aimed to study

the relationship between serum concentration of soluble

RANKL, serum level of OPG and bone mass in AIS girls and

compared these to their levels in non-AIS controls.

Materials and methods

Subjects

Seventy-two newly diagnosed AIS girls aged between 11 and

14 years old were enrolled at the authors’ institution. Pa-

tients receiving any forms of prior treatment for scoliosis

were excluded from the study. Sixty-four healthy girls of

similar age range were recruited from local schools to serve

as controls. All normal controls were also clinically exam-

ined to rule out any hidden scoliosis before entering the

study. Subjects with a history of congenital deformities,

neuromuscular disease, endocrine disease, skeletal dyspla-

sia, connective tissue abnormalities or mental retardation

were excluded from the study. All subjects and their parents

gave informed consent before the examination and mea-

surements. The study was approved by the Clinical Research

Ethics Committee of the university and the hospital.

Evaluation of severity of scoliosis

A standard standing, whole spine, antero-posterior radio-

graph, was taken for each AIS patient at the first presen-

tation. A standard technique was used for the measurement

of the Cobb’s angle. If more than one curve was found, the

more severe curve was selected for measurement. Curves

of less than 10� were excluded.

Anthropometric measurement

Anthropometric measurements included body height and

body weight. For AIS patients, corrected height was de-

rived from Bjure’s formula (Log y = 0.011x – 0.177,

where y is the loss of trunk height (cm) due to the deformed

spine and x is the greatest Cobb angle of the primary curve)

[6]. Body mass index (BMI) was determined by dividing

weight (kg) by the square of the uncorrected height (m2).

Dual energy X-ray absorptiometry

Lumbar spinal bone mineral density (LSBMD) and femoral

neck BMD (FNBMD), greater trochanter BMD (GTBMD)

and Ward’s triangle BMD (WTBMD) of the non-dominant

proximal femur were measured by dual-energy X-ray

absorptiometry (DEXA) (XR-36; Norland Corporation,

Fort Atkinson, WI, USA). LSBMD was measured in L1

through L4 with anterior-posterior view. The scoliotic

curvature of the spine in AIS patients may present diffi-

culties in measuring the spinal BMD reliably. To minimize

this problem, the amount of rotation in patients with AIS

was determined by pre-scanning of the spine and then the

LSBMD was measured in the neutral position.

Measurement of serum RANKL and OPG

Serum was obtained from the routinely-drawn blood sam-

ples between 7 and 9 a.m., centrifuged immediately. The

samples were kept at –80�C prior to determination of

RANKL and OPG. RANKL levels were measured in serum

by a sandwich ELISA (Immundiagnostik, Bensheim, Ger-

many). As a first step, the blood sample and the biotiny-

lated anti-RANKL detection antibody were pipetted into

wells. Human RANKL, if present in the sample, binds to

the precoated recombinant OPG and forms a sandwich with

the detection antibody. After a washing step, which re-

moved all nonspecific bound material, streptavidin-HRP

conjugate was added to the wells. After removing unbound

conjugate by washing, tetramethylbenzidine was added to

the wells as substrate and the optical density (OD) at

450 nm was read on a standard ELISA plate reader, after

an appropriate colour development period, to measure

RANKL levels. The instrument’s software fit a calibrators-

response curve to the OD results of the standards and

calculated the RANKL of unknowns from the standard

curve equation. We used five standards (0, 1.25, 2.5, 5,

10 pmol/l, respectively). The detection limit was

0.07 pmol/l and the dynamic range was 0.07–10 pmol/l.

The intra-assay CV for RANKL measurement was 3–5%

and interassay CV was 6–9%.

Serum OPG levels were measured by sandwich ELISA

(Immundiagnostik, Bensheim, Germany) method. The assay

includes two highly specific antibodies against OPG. The

antibody is capable of neutralizing the biological activity of

recombinant human OPG. The detection antibody was a
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biotin-labelled polyclonal antihuman OPG antibody derived

from a goat, immunized with human recombinant OPG. The

concentrations of serum OPG were calculated on the basis of

the protein concentration as described by the manufacturer.

The instrument’s software fit a calibrators-response curve to

the OD results of the standards and calculated the OPG of

unknowns from the standard curve equation. We used five

standards (0, 1.1, 3.3, 10, 30 pmol/l, respectively). The

detection limit was 0.14 pmol/l and the dynamic range was

0.14–30 pmol/l. The intra-assay coefficient of variation

(CV) for OPG measurement was 8–10% and interassay CV

was below 10%.

Statistical analysis

Statistical analysis was performed with SPSS 11.5 software

for Windows (SPSS, Chicago, IL, USA). Data were ex-

pressed by mean ± standard deviation. Groups were com-

pared by using the t test. Also, the correlations were

presented using Pearson’s and Spearman’s correlation in

each group, as appropriate. A P < 0.05 was regarded as

statistically significant.

Results

Figure 1 shows the results of the patients with AIS and the

control individuals. The mean weight, BMI and corrected

BMI in the patients were 40.3 ± 5.4 kg, 17.5 ± 1.6 kg/m2

and 17.3 ± 1.6 kg/m2, respectively; whereas, the mean was

43.3 ± 6.6 kg, 18.7 ± 2.6 kg/m2 and 18.7 ± 2.6 kg/m2 in

the control group. The mean weight, BMI and corrected

BMI in patients with AIS were decreased compared with

that in the control individuals, respectively (P = 0.0039,

P = 0.0016 and P = 0.0001). The mean LSBMD and

FNBMD in the patients were 0.727 ± 0.06 and

0.718 ± 0.053 g/cm2, respectively; whereas, the mean was

0.761 ± 0.071 and 0.743 ± 0.069 g/cm2 in the control

group, respectively. The mean LSBMD and FNBMD in

patients with AIS were decreased compared with that in

control individuals, respectively (P = 0.0029 and

P = 0.0192, respectively). There was no significant dif-

ference in GTBMD and WTBMD between the AIS and the

control subjects. The mean RANKL and RANKL to OPG

ratio in the patients were 0.444 ± 0.130 pmol/l and

0.157 ± 0.058, respectively; whereas, the mean was

0.372 ± 0.093 pmol/l and 0.129 ± 0.045 in the control

group, respectively. The mean RANKL and RANKL to

OPG ratio in patients with AIS were increased compared

with that in control subjects, respectively (P = 0.0004 and

P = 0.0032, respectively). There was no significant dif-

ference in OPG between the AIS and the control subjects

(P = 0.2849).

The correlations of the parameters are shown in

Tables 1 and 2. The chronological age was positively

correlated to LSBMD and FNBMD and negatively corre-

lated to RANKL and RANKL to OPG ratios in both

groups. However, the BMI was not correlated to any

parameters in both groups. The RANKL and RANKL to

OPG ratios were negatively correlated to the LSBMD and

serum OPG levels in both groups. Serum OPG levels were

positively correlated to the LSBMD and FNBMD in both

groups.

Discussion

A generalized low bone mass and osteopenia in both the

axial and peripheral skeleton in AIS have been reported in

literature [5, 8, 10, 30]. However, the exact mechanisms of

bone loss in AIS patients are not fully identified. Reports

have shown that the BMD in children can be affected by

factors such as body weight, body height, physical activity,

or nutrition status [18, 19, 24, 26]. Regular exercise has

been reported to significantly increase peak bone mass [18,

24]. The relationship between a diagnosis of AIS and low

body-weight may indicate disordered eating and is thus a

cause for concern, particularly in the light of the well-

established relationship between eating psychopathology

and osteoporosis [27]. However, no significant difference

was found in physical activity between the AIS and the

controls [8]. Although the current study revealed the sta-

tistically significant differences of BMI between AIS and

controls, the BMI was not correlated to any parameter in

both groups. It is generally accepted that the BMD is

influenced by the body weight, height, and BMI. The

current study did not show any correlations of BMD with

other factors such as chronological age, weight, body

height, and BMI. However, the chronological age had

significant correlations with BMD and RANKL/OPG sys-

tem in both of the AIS and controls. We did not divide the

AIS and control groups according to the chronological age

because of narrow age range of the study groups. There-

fore, these results should be confirmed further by a larger

population based study.

RANKL is over-expressed and OPG is under-expressed

in the tissues of active synovitis in inflammatory arthritis,

and there is a general agreement about the fact that the

imbalance of these two molecules has an important role in

the bone loss and destruction in inflammatory arthritis [11,

15]. There have been many studies performed in regard to

the relationship between circulating RANKL-OPG system

and BMD. Gene therapy with human recombinant OPG has

been shown to reverse established osteopenia in
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ovariectomized mice or in growing rats, supporting the role

of OPG as the protective action in bone loss [4, 21]. Al-

though conflicting, however, serum OPG levels show an

inverse relationship with BMD in humans [25]. However,

studies linking RANKL, OPG and bone mass of AIS are

lacking. Therefore, we aimed to study the relationship

between serum concentration of soluble RANKL, serum

level of OPG and bone mass in AIS girls and compared it

with those of healthy non-AIS controls.

In this study, we found out that serum OPG levels in AIS

was not so much lower, but RANKL levels and RANKL to

OPG ratio are much higher in AIS than in controls. The

RANKL and RANKL to OPG ratios were negatively cor-

related to the LSBMD and serum OPG levels in both

groups. Moreover, the RANKL, OPG and RANKL to OPG

ratios were not correlated to the BMI. These results might

impose the assumptions that the loss of BMD in AIS may

be caused by the changes of the RANKL/OPG system

rather than the effects of the weight and BMI loss. These

results are described first in the present study. These find-

ings mean that the imbalance and the disturbed interaction

of RANKL and OPG may be an important cause and

pathogenesis in reduced BMD in AIS.

Some potential limitations of this study should be con-

sidered. Firstly, the number of patients included was rela-

tively small. To reflect the true levels of serum RANKL

and OPG in bone, studies with larger patient numbers

should be performed. Secondly, it is well known that the

serum levels of OPG and RANKL are changed in some

disease conditions. However, these levels are not specific

for delineation of disease conditions. In the current study,

the AIS patients revealed the reduction of RANKL levels.

Nevertheless, with these changes of the RANKL and OPG

serum levels, it might be difficult to distinguish the AIS

from other disease conditions. Thirdly, we could not assess

the correlation of inflammatory cytokines or bone turnover

Fig. 1 Results of the AIS

patients and control subjects.

(sec statistically significant

difference, cHeight corrected

height, cBMI corrected BMI)
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markers contributory to osteoclastogenesis and RANKL

expression because we did not measure the serum levels of

inflammatory cytokines and bone turnover markers such as

interleukin-1, interleukin-6, tumor necrosis factor-a,

osteocalcin and alkaline phosphatase. Further studies with

measurement of inflammatory cytokines and bone turnover

markers might support the relationship of these cytokines

with serum OPG or RANKL levels in patients with AIS.

Table 1 Correlations of the parameters in patients with AIS

Age BMI cBMI LSBMD FNBMD GTBMD WTBMD RANKL OPG RANKL/OPG

Age r –0.072 –0.075 0.665 0.642 0.254 0.170 –0.719 0.327 –0.703

P 0.5500 0.5309 0.0000 0.0000 0.0314 0.1538 0.0000 0.0051 0.0000

BMI r –0.072 0.997 –0.036 0.021 0.188 –0.007 0.074 –0.000 0.181

P 0.5500 0.0000 0.7667 0.8580 0.1130 0.9546 0.5343 0.9991 0.1281

cBMI r –0.075 0.997 –0.033 0.025 0.186 0.010 0.076 –0.010 0.177

P 0.5309 0.0000 0.7837 0.8321 0.1174 0.9351 0.5256 0.9331 0.1357

LSBMD r 0.665 –0.036 –0.033 0.663 0.326 0.208 –0.604 0.290 –0.622

P 0.0000 0.7667 0.7837 0.0000 0.0052 0.0800 0.0000 0.0134 0.0000

FNBMD r 0.642 0.021 0.025 0.663 0.162 0.169 –0.602 0.285 –0.604

P 0.0000 0.8580 0.8321 0.0000 0.1744 0.1551 0.0000 0.0152 0.0000

GTBMD r 0.254 0.188 0.186 0.326 0.162 0.435 –0.235 0.048 –0.202

P 0.0314 0.1130 0.1174 0.0052 0.1744 0.0001 0.0471 0.6895 0.0893

WTBMD r 0.170 –0.007 0.010 0.208 0.169 0.435 –0.278 0.073 –0.232

P 0.1538 0.9546 0.9351 0.0800 0.1551 0.0001 0.0179 0.5416 0.0505

RANKL r –0.719 0.074 0.076 –0.604 –0.602 –0.235 –0.278 –0.400 0.950

P 0.0000 0.5343 0.5256 0.0000 0.0000 0.0471 0.0179 0.0005 0.0000

OPG r 0.327 –0.000 –0.010 0.290 0.285 0.048 0.073 –0.400 –0.617

P 0.0051 0.9991 0.9331 0.0134 0.0152 0.6895 0.5416 0.0005 0.0000

RANKL/OPG R –0.703 0.181 0.177 –0.622 –0.604 –0.202 –0.232 0.950 –0.617

P 0.0000 0.1281 0.1357 0.0000 0.0000 0.0893 0.0505 0.0000 0.0000

cBMI corrected BMI

Table 2 Correlations of the parameters in control subjects

Age BMI LSBMD FNBMD GTBMD WTBMD RANKL OPG RANKL/OPG

Age r 0.191 0.659 0.376 0.228 0.301 –0.677 0.575 –0.734

P 0.1315 0.0000 0.0022 0.0698 0.0156 0.0000 0.0000 0.0000

BMI r 0.191 0.207 0.171 –0.036 0.096 –0.025 –0.076 –0.098

P 0.1315 0.1002 0.1767 0.7777 0.4508 0.8452 0.5488 0.4357

LSBMD r 0.659 0.207 0.695 0.350 0.531 –0.397 0.424 –0.510

P 0.0000 0.1002 0.0000 0.0046 0.0000 0.0012 0.0005 0.0001

FNBMD r 0.376 0.171 0.695 0.296 0.544 –0.154 0.260 –0.287

P 0.0022 0.1767 0.0000 0.0176 0.0000 0.2246 0.0380 0.0225

GTBMD r 0.228 –0.036 0.350 0.296 0.496 –0.041 0.068 –0.114

P 0.0698 0.7777 0.0046 0.0176 0.0000 0.7467 0.5926 0.3666

WTBMD r 0.301 0.096 0.531 0.544 0.496 –0.091 0.251 –0.271

P 0.0156 0.4508 0.0000 0.0000 0.0000 0.4733 0.0453 0.0312

RANKL r –0.677 –0.025 –0.397 –0.154 –0.041 –0.091 –0.580 0.949

P 0.0000 0.8452 0.0012 0.2246 0.7467 0.4733 0.0000 0.0000

OPG r 0.575 –0.076 0.424 0.260 0.068 0.251 –0.580 –0.829

P 0.0000 0.5488 0.0005 0.0380 0.5926 0.0453 0.0000 0.0000

RANKL/OPG r –0.734 –0.098 –0.510 –0.287 –0.114 –0.271 0.949 –0.829

P 0.0000 0.4357 0.0001 0.0225 0.3666 0.0312 0.0000 0.0000
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In summary, we attempted to determine the low

BMD, to measure the serum levels of RANKL and OPG,

and to find the correlation between BMD and serum

RANKL, OPG levels and RANKL to OPG ratios in AIS.

The serum RANKL levels and RANKL to OPG ratios

were up-regulated in patients with AIS and tended to be

related to LSBMD and FNBMD. Our data suggest that

the imbalance of RANKL and OPG might be one of the

mechanisms leading to low bone mass in AIS. When

managing patients with AIS, clinicians should pay

attention as low bone mass is common in AIS despite

young age. Future therapies should be aimed for resto-

ration of the unbalanced RANKL/OPG system in AIS

patients.
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