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Introduction

Bone turnover (remodelling) represents a contin-
uous process proceding in three phases: resorption, 
formation and mineralization (1). This dynamic and 
equilibrated process provides specific architecture, 
volume and bone density, enabling bone tissue to re-
spond to biomechanical and metabolic environmen-
tal requests (2). Bone mass achieved during youth is 
decisive for adulthood and old age, and a slow loss 
of bone mass in humans begins before 30 years of 
age (3). Disturbances in the equilibrium of formation 
of new and resorption of already formed bone tissue 
lead to the development of metabolic bone diseases.

Osteoporosis is one of the most frequent meta-
bolic bone diseases. According to the definition of the 
World Health Organization (WHO), osteoporosis is 

characterized by decreased mineral density, changes 
of microarchitecture and reduced biomechanical 
properties of bones that could lead to bone fractures 
and deformities (4). Numerous risk groups with meta-
bolic bone diseases (aged individuals, patients on he-
modialysis, immunosuppressive therapy, individuals 
with different chronic diseases that negatively influ-
ence bone metabolism, etc.) indicate that in the near 
future the number of patients with such pathology will 
be increasing, and even at present bone metabolic 
disturbances represent a significant problem from 
both medical and economical points of view.

Identification of individuals belonging to the 
group with a high risk of bone diseases, bone frac-
tures or significant bone mass loss represents one of 
very important challenges in medicine (5). The deve-
lopment of osteoporosis depends on the interaction 
of different environmental (life style, diet, additional 
diseases and corresponding therapies, etc.) and ge-
netical factors.

Diagnostics of bone metabolic diseases is faced 
with many problems due to the fact that bone meta-
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bolism, dynamics and structure are influenced by nu-
 merous factors that lead to different changes in inte-
rior bone structure, all having similar clinical outcome 
in the sense of decreased biomechanical bone char-
acteristics and increased risk of bone fractures (1).

Histomorphometry of bioptic bone samples rep-
resents the most reliable diagnostic method, especial-
ly in differential diagnosis of metabolic bone diseases. 
However, this method is used more frequently for sci-
entific research than in clinical practice. For routine 
diagnostics of osteoporosis, radiological examination 
of the skeleton, as well as changes in bone density 
esti mated by densitometry, are usually applied. Since 
bone quality depends not only on bone density but 
also on geometrical structure, elasticity and interior 
microarchitecture, numerous recent studies were fo-
cused on the role new biochemical markers could play 
in the diagnostics of bone dise a ses. Priority is given to 
the estimates of disease etio logy, identification of fac-
tors negatively affecting bone metabolism and keep-
ing up with the influence of therapy (6). Nevertheless, 
opinions of authors involved in this topic differ very 
much, from those believing that biochemical markers 
are insufficiently specific parameters for the diagnosis 
of metabolic bone diseases, to those claiming that 
recently detected markers of bone turnover can sig-
nificantly improve the diagnostic potential of these 
diseases (7Ê11). This led to a comparison of classi-
cal biochemical analyses (determination of calcium 
concentration in the blood serum and 24-h-urine, 
phosphorus, creatinine, alkaline phosphatase and 
nu merous hormones) with markers of bone synthesis 
and disintegration (12).

All the above controversies and dilemmas prom-
pted us to study tartarate-resistant acid phosphatase 
(TRACP), osteocalcin (OC) and N-terminal peptide of 
procollagen (PINP) as biochemical markers of bone 
turnover in patients with osteoporosis and osteo-
penia.

Determination of catalytic TRACP activity in 
blood serum estimates osteoclastic activity, because 
it is secernated by cells during bone resorption (3). 
On the other hand, OC represents a specific product 
of osteoblasts and the major non-collagen protein of 
the bone matrix. This protein consists of 49 amino 
acids, three of which represent gamma-carboxy glu-
tamic acids responsible for Ca-binding properties of 
OC (6). Also, osteocalcin is considered to be a sensi-
tive and specific marker of bone synthesis, and it has 
been successfully applied in monitoring antiresorptive 
therapy of osteoporosis (13). 

During the first step of the collagen type I syn-
thesis, that makes 90% of the bone matrix, procolla-
gens with bulky C- and N-terminal domains get secer-
nated and released from the cells to be decomposed 
by protease action to propeptides PICP and PINP, and 
their presence in the circulation is taken as a measure 
of the active collagen synthesis (6). So, PINP concen-
tration in the serum is proportional to the bone mine-
ralization process and synthesis of bone matrix.

The aim of the present study was to determine 
whether the above biochemical markers of bone 
turnover could be significant in the diagnostics of 
osteoporosis, as well as in distinguishing this disease 
from osteopenia.

Material and Methods

Patients. This study included 120 patients divi-
ded into two groups. The first group (n=60) con-
sisted of patients (34 to 77 years old, average age 
54.2 years; 50 women and 10 men) with diagnosed 
osteoporosis confirmed in the out-patient depart-
ment of the Clinic for Orthopedics and Traumatology, 
Clinical Center, Banja Luka. According to the WHO 
standards, bone mineral density (BMD) served as a 
criterion for the diagnosis. The BMD ofªÊ2.3 in this 
group determined by the ultrasonic technique was 
compared with that of young and healthy population 
(control) using the T-score (standard deviation). Ac-
cording to the WHO standards, T values from Ê2.5 
to Ê1 point to osteopenia, as found in the second 
group of patients (n=60; T values ranging from Ê0.4 
to Ê1.7) consisting of 49 women and 11 men, average 
age 46.1 years, age range from 18 to 66 years.

Determination of serum TRACP activity. Ca   ta-
ly tic TRACP activity in the blood sera was determined 
by the kinetic method, using BIOMERIEUX reagents 
(Germany) and a Mira Cobas plus analyzer (Germany). 
a-Naphthyl phosphate dissolved in citrate buffered 
solution served as a substrate. After the incubation 
period, the amount of evolved a-naphthol in the pre-
sence of a diazonium salt Fast Red TR was measured 
colorimetrically, within the reference range from 1.7 to 
3.2 U/L. 

Measurement of OC and PINP levels. Con-
centrations of serum OC and PINP were determined 
by the electroluminescent technique (ECL) using 
reagents produced by ROCHE (Germany) and an 
Elecsys 2010 analyzer (Germany) within the reference 
concentration range from 11 to 43 ng/mL, i.e. 20 to 
100 ng/mL for OC and PINP, respectively.

Results

As depicted in Figure 1, catalytic TRACP acti  v i-
 ties were 5.49 ± 1.63 U/L and 3.51 ± 1.14 U/L in the 
blood sera of patients with osteoporosis and those 
with osteopenia, respectively. The difference in the 
activity of this enzyme between these two groups 
was of a high statistical significance (p<0.001). 
Comparison of these results with the reference range 
of 1.7 to 3.2 U/L revealed statistically significant diffe-
rence only in case of values found in examinees with 
osteoporosis (p<0.001), while that observed between 
TRACP activity in patients with osteopenia and the 
reference values was statistically insignificant.

Serum OC level was higher in the group of pa-
tients with osteoporosis in relation to the group with 
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osteopenia (32.07 ± 6.24 ng/mL vs. 29.26 ± 3.65 
ng/mL) and the difference was statistically significant 
(p<0.01). However, no statistically significant diffe ren-
ces were observed between either of the two groups 
and the corresponding reference values (Figure 2).

The data on the content of PINP in blood sera 
are presented in Figure 2. It can be seen that the PINP 
levels were 58.60 ± 12.85 and 55.9 ± 11.3 ng/mL in 
patients with osteoporosis and osteopenia, respec-
tively. The difference between these two groups was 
not statistically significant, and neither was that one 
observed between either of the groups and the cor-
responding reference values.

Discussion

Bone densitometry does not distinguish osteo-
porosis from osteomalacia or other bone diseases 
characterized by decreased bone density. Besides, 
this approach does not provide data on the kind of 
bone metabolism disturbances necessary for the 
prescription of the most adequate therapy (1). Diffe-
rent disturbances in bone tissue turnover can result 
in metabolic bone diseases and, related to that, 
disbalance between resorption and bone formation 
or defects in bone mineralization (14). These can be 
conditions characterized either by an increased rate of 
bone resorption that is dominant in relation to bone 

formation (active osteoporosis), or decreased bone 
formation (inactive osteoporosis) (1).

In the present study, the T-score value, generally 
accepted as the WHO criterion for osteoporosis, was 
applied. Since the etiology of osteoporosis was not 
taken into consideration, while the examined groups 
of patients were not sex-matched, this work did not 
provide data that could be useful in choosing the 
most adequate therapy.

The estimate of a possible risk for bone fractu res 
correlates with the loss of bone mass, but it is di fficult 
to distinguish between osteopenia and osteoporosis, 
taking into account the upper limit of the T-sco re of 
Ê2.5. Numerous prevention measures related to os-
teoporosis development became quite known to the 
public (15), but it seems that osteopenia remained 
somewhat neglected in this regard. It is of great im-
portance, therefore, to improve the diagnostics of os-
teoporosis and osteopenia using reliable bioche mical 
parameters (16).

With respect to bone diseases, biochemical 
markers represent the molecules directly connected 
to both the structure and function of bone tissue. The 
fact that changes in either the concentration or activity 
of these biochemical markers are reflecting dynamic 
status of bone metabolism is taken as advantageous. 
There are three groups of biochemical markers of 
bone turnover. The first group, that includes markers 
related to calcium and phosphorus homeostasis, has 
been used for a long time in laboratory diagnostics. 
The second group of biochemical markers consists 
of enzymes reflecting the activity of osteoblasts and 
osteoclasts, while recently identified markers of bone 
turnover, subdivided into markers of bone formation 
and bone disintegration, belong to the third group. 
During the choice of variables determined through-
out the present work, this classification of bone bio-
chemical markers was taken into account. So, OC as 
a marker of bone formation, PINP representing an 
indicator of mineralization process and bone matrix 
formation, and catalytic TRACP activity as a measure 
of osteoclastic activity were selected. 

Results pointed to the significance of the serum 
TRACP activity in recognizing disturbances in the 
bone metabolism. Statistically significant differences 
in the catalytic activity of this enzyme between the 
two groups of examinees, as well as in relation to 
the reference range, support and confirm the data 
of Topi} et al. (3), while being in disaccord with the 
report of Petro (6). The results demonstrating sig-
nificantly higher TRACP activity in the sera of patients 
with osteoporosis in relation to reference values are 
of utmost importance, in spite of the opinion of some 
authors that determination of TRAPC activity is a very 
expensive method for everyday practice. However, 
the specificity of this enzyme is still in question. Re-
cent reports of Halleen et al. (17) and Nenonen et al. 
(18) pointed to TRACP 5b as a specific and sensitive 
marker of bone resorption because its activity was 

Figure 1   Catalytic activity of tartarate-resistant acid 
phosphatase in the blood sera of patients 

with osteoporosis and osteopenia
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Figure 2   Serum levels of osteocalcin (left) and 
N-terminal procollagen peptide (right) in patients 

with osteoporosis and osteopenia
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significantly increased in osteoporosis, but also in 
osteopenia. This suggests that the determination of 
total TRACP catalytic activity and of its isoenzyme 
forms in the cases of decreasing bone mass could 
help to better understand this topic.

In our opinion, significant difference in the ca-
 talytic activity of TRACP between the groups with 
osteoporosis and osteopenia observed in the present 
study is very important, especially having in mind the 
limitations of the T-score analysis. The analysis of 
individual TRACP values in the group with osteope-
nia showed that some 2/3 od examinees had values 
above the upper limit of the reference range. This 
result could be taken into account during the diag-
nostics of osteopenia.

Opposite to the data of Stavropoulou et al. (13) 
obtained on experimental animals, no statistically 
significant differences were observed when the OC 
concentrations of either group were compared with 
the corresponding reference range. On the other 
hand, our results agree well with the data of Topi} et 
al. (3) who found increased osteocalcin levels in 30% 
of patients with primary osteoporosis. However, in 
the present study, statistically significant differences 
in the OC level between the group with osteoporosis 
and that with osteopenia were observed (p<0.01), 
pointing to the differences in bone turnover in these 
two groups of examinees.

No statistically significant differences were 
recorded between the PINP level of either of the ex-
amined groups and reference range. This is in accor-
dance with previous clinical studies showing a regular 
interrelationship of PICP, as well as of PINP and OC, 
considered to be less sensitive markers for the esti-
mation of bone turnover. It should also be mentioned 
that although originating predominantly from bone 
tissue, type I collagen originates from some other 
tissues as well. 

Analysis of all results on the PINP concentra-
tion in patients with osteoporosis and those with 
osteo penia showed that they were significantly under 
the lower limit of the reference range, i.e. under 20 
ng/mL. This strongly suggests that a new reference 
range of our own which would help in the correct in-
terpretation of results should be introduced.

On the basis of results obtained throughout 
the present study, it can be concluded that, together 
with other biochemical markers of bone turnover, de-
termination of catalytic TRACP activity in the blood 
sera can improve not only the diagnostic potential of 
osteoporosis, but also its distinction from osteopenia. 
At the same time, serum concentrations of either OC 
or PINP do not represent reliable parameters for dis-
tinguishing between these two bone diseases.
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