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A vast number of fractures result from low energy 
trauma in elderly people, especially women. The eti- 
ology is multifactorial and apart from the propensity 
to fall, a low bone mass and poor bone quality con- 
tribute to the fracture susceptibility. A low bone mass 
in turn is due to alterations in bone turnover, both as a 
natural cause of age or induced by diseases affecting 
bone metabolism. In orthopedics, the treatment of 
fragile bone merits specific consideration, but that is 
true also of less common diseases affecting the bone, 
such as Paget’s disease, osteopetrosis or multiple 
myeloma. Arthrosis and rheumatoid arthritis also 
cause changes in bone turnover and it is of value to 
obtain knowledge of metabolic and qualitative prop- 
erties of the bone into which orthopedic implants are 
anchored. Therefore it is desirable to develop easily 
accessible methods to assess bone metabolism. 

Invasive methods to evaluate bone turnover, such 
as histomorphometry and calcium kinetic studies, are 
not usable on a routine basis, but are valuable in diag- 
nosing certain metabolic bone disorders, especially 
osteomalacia. This has led to an intense search for 
non-invasive methods to measure bone turnover and 
bone mass during the past years (83). To determine 
bone mineral content, dual photon X-ray absorptio- 
metry (DEXA) has become the preferred method, 
with excellent precision and accuracy (79), whereas 
biochemical markers provide information about total 
skeletal turnover which is a different aspect of bone 
metabolism. The search has generated new biochem- 
ical markers of bone metabolism that are more specif- 
ic and sensitive than the first generation of markers, 
such as alkaline phosphatase and hydroxyproline. 
This opens possibilities to evaluate more discrete 
changes in bone metabolism, such as those occurring 
in osteoporosis which are necessary for adequate 
monitoring of medical interventions in bone metabol- 
ic disorders. 

In humans, the cortical bone represents 80 percent 
of the total bone mass. The trabecular bone, on the 
other hand, is the most metabolically active. Age and 

disease will thus affect the compartments unequally. 
Bone turnover is initiated by the activation of the 
osteoblasts, which is probably stimulated by PTH, 
vitamin D, cytokines or load (91, 110) (Figure 1). The 
osteoblasts produce proteinases that can degrade the 
non-mineralized surface matrix (61, 90). The osteo- 
blasts secondarily activate the osteoclasts which then 
adhere to the pre-activated surface on the trabecula. 
The recruitment and stimulation of osteoclasts are 
enhanced by PTH, vitamin D, several growth factors 
and cytokines (11. 13, 52). Non-collagenous matrix 
proteins may play a role in the osteoclasts’ attach- 
ment to the bone, whereas an acidic environment is 
probably more important for dissolving the mineral- 
ized bone (62,65). When the resorption is completed, 
the area is invaded by osteoblasts and the formation 
starts by the production of a non-mineralized collag- 
enous matrix (osteoid). The osteoid consists of 90-95 
percent type I collagen. The collagen fibrils are com- 
posed of collagen molecules with a triple helical 
structure, tightly bound together by covalent pyridin- 
oline cross-links. The subsequent mineralization is 
probably initiated in the gap regions of the collagen 
fibers, but the trigger event is not exactly known (45). 
During adulthood, bone mass is normally maintained 
through an equilibrium between formation and 
resorption and the two processes are closely coupled. 
However, when resorption is relatively increased or 
when bone formation is also reduced, the resorbed 
area is incompletely filled, resulting in a loss of bone. 
Qualitatively deficient bone may be explained by 
defective mineralization, as in osteomalacia, when 
the amount of osteoid is relatively increased. 

Bone formation 

Biochemical markers of bone turnover consist of sub- 
stances or molecules, which are released into the cir- 
culation during formation or resorption and are mea- 
surable in serum or in urine (Table l). The markers 
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Figure 1. Schematic illustration of bone turnover and the normal remodeling of trabecular bone (Ill. B Henriksson). 

Table 1. Biochemical markers of bone metabolism 

Markers of bone formation Markers of bone resorption 

Serum 

Alkaline phosphatase (ALP) 

Bone-specific alkaline phosphatase 

Osteocalcin 

Procollagen I C-terminal 
extension peptide (PICP) 

Other non-collagenous proteins (?) 

~ ~ 

Urine 

Calcium 

Hydroxyproline 

Serum 

Cross-linked carboxyterminal 
telopeptide type I collagen (ICTP) 

Pyridinoline and deoxypyridinoline 

Crosslinked aminoterminal 
telopeptide type I collagen (INTP) 

Other non-collagenous proteins (7) 

reflect the enzymatic activity in the bone cells as 
measured by phosphatase activity, excess products 
from formation, or degradation fragments from the 
matrix components. 

Biochemical markers of bone metabolism provide 
information about the total skeletal bone turnover in 
comparison with histomorphometric analysis where 
only a specific site, usually the iliac crest, is evaluat- 
ed imposing limitations on the interpretation. 
However, in the evaluation of biochemical markers, it 
is necessary to consider that the release and clearance 
may be affected by different systemic factors influ- 
encing the sensitivity and specificity of the markers. 

Alkaline phosphatase 
Alkaline phosphatase (ALP) is a membrane protein 
with enzymatic activity. In adults the two main sour- 
ces of ALP in serum are the endothelial cells of the 
liver and the osteoblasts, which make approximately 
equal contributions. The isoenzyme release from the 
small intestine, kidneys and placental cells is a minor 
source (69). An accumulation of ALP is seen in acti- 
vated osteoblasts (25).  Obstructions in the biliary 
system causes increases in the ALP levels. Similarly, 
medications affecting the liver may be responsible for 
augmentations. In children, ALP is mainly of skeletal 
origin. In women, a slight increase has been seen 
from age 30, with a more specific increase during the 
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menopause (21,81). Despite evidence of the involve- 
ment of ALP in the mineralization process, its specif- 
ic function remains unknown. 

Total alkaline phosphatase measured in serum thus 
lacks both specificity and sensitivity, but it readily 
detects major increases in bone turnover, especially 
in high-turnover diseases, such as Paget’s disease, 
advanced metastatic bone disease, but also during 
fracture healing (48, 84, 96). In osteoporosis where 
the changes are slight, the interpretation of ALP may 
be obscured by influences from other sources. To 
improve the specificity one can separate the skeletal 
isoenzyme of ALP through electrophoresis and 
recently immunological techniques have been devel- 
oped which should further facilitate evaluation of the 
bone-specific alkaline phosphatase (40,63). 

Osteocalcin 
Osteocalcin is the most abundant non-collagenous 
protein in the mineralized bone matrix. Osteocalcin is 
a small protein of 5.8 kDa, the intact molecule con- 
taining 49 amino acids. Three amino acids are y-car- 
boxylated through a vitamin K-dependent translation 
and this property is responsible for the affinity to 
hydroxyapatite (59,99). Osteocalcin is bone-specific, 
as the small amount present in dentine is negligible. 
The protein synthesis in osteoblasts is stimulated by 
vitamin D, whereas PTH may be restrictive (3, 98). 
However abundant, an estimated 20 percent of the 
non-collagenous protein content, its precise function 
remains unknown. The measured serum osteocalcin 
represents the newly synthesized osteocalcin, of 
which about 15 percent is released into the circulation 
(92). Osteocalcin appears to be involved in the miner- 
alization process and it is suggested that the release is 
associated with the initiation of mineralization (8,60, 
77). Further evidence of its relation to bone formation 
and mineralization has been presented, as osteocalcin 
relates to histological indices of bone formation (10, 
130). However, functionally, osteocalcin is also a 
potent inhibitor of hydroxyapatite formation (97) and 
exhibits chemotactic potential on osteoclasts (46). 

Osteocalcin is cleared through the kidneys and a 
reduced kidney function increases the serum levels. 
This should be considered especially in an elderly 
population (22). Osteocalcin is measured in serum 
samples, using a radioimmunoassay where a rabbit 
antiserum is raised against bovine osteocalcin (99). 

Osteocalcin increases during childhood and ado- 
lescent growth spurts, however, it also increases after 
about the age of 30 and especially after the meno- 
pause in women (26,31,49, 124). In adults, osteocal- 
cin is inversely related to bone mineral density (31, 
121). 

There is a seasonal variation in osteocalcin secre- 
tion, high during the winter months and low during 
summer (82, 127). A diurnal rhythm is also evident, 
the highest values being found after midnight and the 
lowest around noon (82). 

Procollagen I C-terminal extension peptide 
During collagen type I synthesis the C- and N-termi- 
nals of the procollagen molecule are split off as intact 
fragments extracellularly and released into the circu- 
lation before extracellular fibril formation (100). As 
collagen synthesis precedes mineralization and as the 
fragments represent collagen synthesis on an equimo- 
lar basis, the measurement of procollagen fragments 
should reflect the amount of mineralized bone (108). 
Immunoassays have been developed to identify both 
terminals but they have become commercially avail- 
able only for the carboxyterminal (PICP) (80, 125). 
The PICP molecule is too large to be excreted 
through the kidneys. Instead it is cleared through the 
liver endothelial cells, which has to be taken into 
account, when evaluating the values in patients with 
liver disease (113). PICP increases by 20 percent 
directly after the menopause (56, 73). PICP shows a 
circadian variation with higher values at night (58). 
Using histomorphometry and calcium kinetics, PICP 
correlates with indices of bone formation (15,32.73, 
122). Available studies indicate that P E P  identifies 
obvious high and low turnover states, such as hyper- 
parathyroidism, thyrotoxicosis, Paget’s disease of the 
bone and myxedema, but it is less sensitive in identi- 
fying alterations in bone turnover that are more dis- 
crete (14, 15, 122). 

Bone resorption 

The serum calcium level is closely regulated by PTH 
and vitamin D, controlling intestinal absorption and 
kidney excretion, whereas the skeleton is the main 
reserve. Urinary calcium excretion, measured in a 
fasting morning sample of urine, may thus provide 
valuable information expressing the calcium excre- 
tion of a predominantly skeletal source, i.e., the 
resorption, as a consequence of the increased noctur- 
nal bone turnover, but as a marker it lacks sensitivity. 

Hydroxyproline 
Urinary hydroxyproline is a collagen degradation 
product and is an indirect measure of the skeletal 
turnover, as turnover in bone is greater than in other 
collagen-containing tissues. Hydroxyproline is a non- 
essential amino acid derived from hydroxylation of 
proline during collagen synthesis. During collagen 
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C-terminal 
telopeptide 

Figure 2. Schematic illustration of the cross-linking between 
two adjacent collagen molecules. The pyridinoline residues 
and the telopeptide regions are measurable as markers of 
bone resorption. 

breakdown, hydroxyproline is liberated into the cir- 
culation in either free or peptide-bound form. Free 
hydroxyproline is reabsorbed by the kidneys and 
degraded in the liver, while the 10 percent of peptide- 
bound hydroxyproline is excreted without being 
metabolized via the kidneys (72). Since only 40 per 
cent of the total hydroxyproline is derived from bone 
matrix collagen and the levels are influenced by die- 
tary intake, kidney excretion and the circumstances at 
the time of sampling, hydroxyproline as a diagnostic 
marker of bone resorption is unsatisfactory (23,75). 

Delmas et al. found that an age-related increase in 
hydroxyproline excretion occurred in women and 
hydroxyproline correlated with osteocalcin and ALP, 
but was inversely related to the bone mineral density 
(21). However, the correlation to bone resorptive 
indices, using histomorphometry or calcium kinetics, 
has been less certain (20). Due to the above-described 
variability of hydroxyproline measurements, it has 
limited clinical value, especially when changes in 
bone turnover are small. 

Urinary pyridinoline 
Pyridinoline derivatives, pyridinoline and deoxypyri- 
dinoline, are degradation products of mature extracel- 
lular collagen. Pyridinoline is present in collagen of 
bone and cartilage origin, whereas deoxypyridinoline 
is present in significant amounts only in bone and 
dentine and it appears to be the most discriminative 
marker (35, 116). The pyridinolines represent non- 
reducible covalent cross-links based on the aldehyde 
forms of hydroxylysine and lysine, interconnecting 
the collagen molecules and thereby increasing the 
tensile strength of the collagen fibers (4, 34) (Figure 
2). The pyridinolines are excreted via the kidneys 
without further degradation, 40 percent in a free form 
and 60 percent peptide-bound. Initially, the urine 
measurement relied on high-performance liquid chro- 

matography analysis (HPLC) after acid hydrolysis 
(39). but immunoassays have recently been devel- 
oped detecting the free form of pyridinoline and 
showing a good correlation to the total measurement 
by HPLC (24, 33, 119). Total urinary pyridinoline 
and deoxypyridinoline levels are high during child- 
hood and increase during adulthood, with a specific 
increase after the menopause (1, 24, 128). Increased 
levels are also noted in Paget’s disease, other bone 
metabolic disorders as well as in hypercalcemia of 
malignancy (6,24, 129). 

In patients with vertebral osteoporosis, the pyridin- 
oline cross-link excretion correlates with histological 
indices of bone resorption (24). The circadian varia- 
tion of bone turnover is obvious from the variation 
seen in the pyridinoline excretion in normal, pre- and 
postmenopausal women. An even greater nocturnal 
increase is seen in osteoporotic women (27, 115). 

Telopeptides 
The non-helical terminal regions of the collagen 
molecule-the amino- and carboxy telopeptide 
region of type I collagen-are sites for the cross-link- 
age to the helical region of an adjacent collagen 
molecule by the pyridinolines (Figure 2). During deg- 
radation of bone tissue, these cross-linking peptide 
regions are liberated. Because of the specific amino 
acid sequences, they should be derived from bone 
collagen and therefore represent an index of bone 
resorption. The carboxyterminal telopeptide (ICTP) 
is released as an intact fragment and cleared from cir- 
culation through the kidneys. ICTP is measured in 
serum samples and recognized by a polyclonal anti- 
body (106, 107). ICTP is not yet fully evaluated, but 
appears to correlate with histological and calcium 
kinetic indices of bone resorption, though less dis- 
tinctly in normals and osteoporotic patients (15,32). 

In multiple myeloma, ICTP correlates strongly to 
disease severity and bone lesions (30). In another 
study, however, ICTP did not identify changes in 
bone turnover during estrogen therapy (57). ICTP 
and the marker of collagen formation, PICP, have not 
been shown to correlate, neither in normals nor in 
patients with bone metabolic disease (15, 30). This 
suggests the need for further studies, especially in 
normal populations, where balanced bone remodel- 
ing should be present. 

The aminoterminal telopeptide region (INTP) is 
enriched in lysyl pyridinoline residues compared to 
the C-terminal telopeptide and contains 60 percent of 
the deoxypyridinoline linkage of bone collagen (87). 
The type of pyridinoline interaction between Q- 

chains of adjacent collagen molecules appears to be 
bone-specific at this site (54). An inhibition ELISA- 
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immunoassay, using a monoclonal antibody recog- 
nizing the N-terminal telopeptide site of human bone, 
has been generated and the assay may be used in 
untreated urine samples (54). The INTP correlates 
with total urine deoxypyridinoline excretion and 
serum osteocalcin (41). During childhood and adoles- 
cence, the INTP excretion correlates to age-related 
changes in growth velocity (7). A postmenopausal 
increase in bone resorption, as measured by INTP, is 
evident and similar to the findings of total pyridino- 
line excretion, and a subsequent depression is found 
during antiresorptive therapy (41, 128). 

The telopeptides may provide valuable informa- 
tion. However, further investigations are needed to 
evaluate their properties. 

Other non-collagenous matrix proteins 

Apart from osteocalcin, several other non-collage- 
nous proteins have been identified, some of which are 
phosphorylated glycoproteins, with a specific capac- 
ity for binding to hydroxyapatite or with cell attach- 
ment properties. They are probably involved in the 
regulation and maintenance of the mineralization 
process (45, 126). These non-collagenous proteins 
include bone sialoprotein (BSP), osteonectin and 
osteopontin. BSP is synthesized by the osteoblasts 
and is a glycosylated phosphoprotein rich in sialic 
acid (47). BSP contains the amino-acid sequence 
Arg-Glu-Asp (RGD) which is responsible for the 
cell-adhesive properties (36, 38, 88). Immuno- 
staining indicates that BSP is deposited in the newly 
synthesized osteoid and it has been suggested that it 
is involved in the regulation of bone turnover, espe- 
cially in the initial phase of bone formation (37, 62, 
65). In rheumatic patients higher BSP levels have 
been reported than in controls, however, the clinical 
evaluation of this protein as a marker of bone metab- 
olism and especially formation is limited (1 14). 

Other noncollagenous matrix proteins, including 
osteopontin and osteonectin may be synthesized by 
osteoblasts, but are also present in other connective 
tissues (62). Osteopontin binds to hydroxyapatite, but 
also to cells, and present data indicate a function dur- 
ing osteoclastic resorption, possibly via mediation of 
the binding of osteoclasts to the surface of the miner- 
al phase (62,65, 103). However, neither one of these 
proteins is today to be regarded as a biochemical 
marker of bone metabolism, as it is too early to 
ascribe to them a value of clinical significance. 

Fracture 

It is well known that fracture and fracture healing 
induce short- and long-term skeletal changes, as 
shown by histomorphometry and scintimetry (86. 
131). DEXA has shown changes in bone mineral con- 
tent up to 30 years after tibia1 shaft fractures in the 
involved limb (70). 

In a population-based study of women, the bio- 
chemical markers were evaluated in relation to the 
occurrence of fracture. Women having sustained at 
least one fracture within 6 years preceding the meas- 
urement, had a 20 percent lower osteocalcin level 
independent of age and bone mineral content, indicat- 
ing a decreased bone turnover ( 1  32). 

In patients with diaphyseal fractures, osteocalcin 
levels increased during healing of the fracture (85). It 
would be of interest if biochemical markers could 
predict deficient fracture-healing. In one study of 
patients with closed fractures of the tibia diaphysis, 
the osteocalcin level was higher at onset and through- 
out the 4-month study period in patients with normal 
union, compared to those with delayed union (89). 
However, Haining et al., in a study of patients with 
diaphyseal fractures and established non-union 10 
months after fracture, reported no evidence of abnor- 
mal bone turnover compared to normals (5 1). A pos- 
sible explanation of this may be that the reparative 
process reaches its peak around 4 months, making 
discrepancies in healing more obvious at that time. 

In hip fracture patients, the ALP level rises during 
the first 2 weeks after the fracture and the increased 
level persists for at least 3 months (64, 84, 120). 
Measurements of serum osteocalcin have given 
divergent results in hip fracture populations, 
decreased levels (2, 19), normal levels (76). but also 
increased levels have been found ( 123). 

We have further evaluated women with hip frac- 
ture. Initially, no difference in the ALP levels was 
found compared to elderly controls, but at the end of 
the first week a significant rise was noted. On the 
other hand, using more sensitive biochemical mark- 
ers, the osteocalcin level was 20 percent lower in 
women with hip fracture, whereas the bone resorp- 
tion, as measured by the pyridinoline excretion, was 
40 percent higher. Thus, elderly women with hip frac- 
ture presented biochemical evidence of an imbalance 
of bone turnover with decreased formation and 
increased resorption, a bone metabolic deficiency 
which may play a role in the development of a low 
bone mass (134). However, the ability to increase the 
bone turnover in response to the fracture-healing pro- 
cess was intact; osteocalcin and ALP were increased 
at 3-7.5 months after the fracture (133). It has been 
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proposed that patients with trochanteric fractures are 
more osteoporotic than those with cervical fractures 
(71, 118). At the initial measurement, we found no 
evidence of differences in bone metabolism between 
women with cervical and trochanteric fractures. At 
follow-up, ALP was higher in women with trochan- 
teric fractures (133). It was not possible to identify 
defective fracture-healing or pseudoarthrosis in cer- 
vical fractures through biomarkers. 

Fracture of the distal radius involve a small bone 
compared to that involved in a hip fracture, but nev- 
ertheless changes in bone formation have been found. 
Soon after the fracture, ALP increased, whereas the 
rise in the osteocalcin level was slower, although it 
remained elevated for up to one year (78). 

It appears to be essential to apply a time perspec- 
tive whenever relating biochemical markers of bone 
metabolism to fractures. Immediately after a major 
fracture, posttraumatic systemic effects as well as 
changes induced by surgery, fluid substitution, etc., 
affect the marker levels. This has to be borne in mind 
when designating baseline levels in the individual 
patient. Changes in bone turnover one month to 
approximately one year after fracture, are reflected 
by increased indices of bone formation, but on long- 
term they reflect a decreased bone formation. 

One of the goals for further development of bio- 
chemical markers with clinical applications in ortho- 
pedics, should be the provision of markers sensitive 
enough to identify at an earlier stage fractures with a 
propensity for deficient fracture-healing. Another 
desirable objective would be to detect patients at risk 
of developing pathologic posttraumatic osteopenia, 
as seen in reflex sympatethic dystrophy. 

Joint disease 

Rheumatoid arthritis is associated with generalized 
osteoporosis as well as periarticular osteopenia. The 
etiology of the osteoporosis is multifactorial and is 
influenced by disease activity and duration, medica- 
tions and physical activity level (18, 74, 101). 
Measurements of biochemical markers of bone 
metabolism have given divergent results. Higher lev- 
els of osteocalcin (42, 43, 44), normal (94) and low 
levels have been found, with the lowest levels in the 
corticosteroid-treated patients (29). Kroger et al. 
found low osteocalcin and PICP levels in rheumatic 
patients, especially in those with a recent onset of the 
disease and in the age groups 60-70 years (73). 
Neither marker correlated to the disease activity. 
Treatment with NSAID drugs alone did not alter oste- 
ocalcin or PICP levels (29, 9 3 ,  whereas secondary 

line treatment increased osteocalcin levels and simul- 
taneously reduced the indices of disease activity (29). 
Bone resorption, measured by urinary pyridinoline, 
and deoxypyridinoline excretion are increased in 
rheumatoid arthritis, and the pyridinoline level corre- 
lates to the disease activity, as measured by the CRP 
and erythrocyte sedimentation rate (5, 109, 117). 

Arthrosis, on the other hand, is linked to an 
increase in bone mineral content (12, 11 1, 112) and 
increased levels of osteocalcin have been found (42, 
43). Bone resorption, measured by pyridinoline 
excretion, is equally increased (109, 117). In patients 
undergoing total hip replacement because of primary 
arthrosis, the osteocalcin level was normal, while the 
surgical trauma induced a steep decrease in the serum 
osteocalcin. The baseline level was reestablished 
after 3 months (28). 

Osteoporosis 

Osteoporosis is defined as “a disease characterized by 
low bone mass, microarchitectural deterioration of 
bone tissue, leading to enhanced bone fragility, and a 
consequent increase in fracture risk” (104). Osteo- 
porosis is partly an age-related disease, with a 
decrease of bone mass in the natural course of aging 
but, especially in women, the bone loss may be accel- 
erated and lead to a further enhancement of bone fra- 
gility and fracture risk. Low peak bone mass and a 
rapid loss during estrogen withdrawal at menopause 
potentially predispose to osteoporosis, but are geneti- 
cally influenced and modified by constitutional and 
lifestyle factors. 

In postmenopausal osteoporosis, the evaluation of 
bone metabolic properties has given divergent 
results, probably reflecting the heterogeneity of the 
disease. Assessment of bone turnover by biochemical 
markers confirms this variability. Brown et al. (9) 
showed similar values of osteocalcin in postmeno- 
pausal vertebral osteoporosis, compared to normal 
women and simultaneously confirmed by histomor- 
phometric evaluation that osteocalcin reflects bone 
formation. Osteocalcin also identified women with 
histological evidence of high bone turnover (10). 
Generally, a wider scatter of individual osteocalcin 
values is found in an osteoporotic population than in 
normals, which has been demonstrated by both nor- 
mal and increased osteocalcin levels (21, 50). In 
postmenopausal vertebral osteoporosis, it is often 
possible to identify one group of women with a high 
turnover, representing about 30 percent of the 
patients (16). This condition is characterized by 
increased formative and resorptive indices and an 
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accelerated rate of bone loss after menopause, hence 
this subpopulation of women has been designated 
“fast losers” (16,53). 

In one study, women with high-turnover osteopor- 
osis and subsequently increased baseline levels of 
serum osteocalcin and hydroxyproline, calcitononin 
therapy had a greater effect, with an increase in bone 
mineral content, in contrast to those with normal 
bone turnover (17). Estrogen treatment is an anti- 
resorptive therapy with advantageous effects on the 
bone mass (105). In a European multicenter study, 
postmenopausal estrogen treatment reduced the rela- 
tive risk of hip fracture to 0.6 and was, in comparison 
to other medical interventions, the most efficient 
treatment for preventing hip fracture (68). It is pos- 
sible to evaluate the response and efficacy of treat- 
ment in postmenopausal osteoporosis by biochemical 
markers of bone metabolism. Positive effects are evi- 
dent, such as a decrease in osteocalcin (67) and PlCP 
(55). A concomitant decrease in resorptive markers 
has been described, especially in the urinary pyridin- 
oline excretion, where deoxypyridinoline appears to 
be the most discriminative marker, (116, 128) but 
1NTP also decreased with antiresorptive therapy (41). 

Secondary osteoporosis, most commonly gluco- 
corticosteroid-induced, is often seen in patients with 
chronic pulmonary obstructive disease and chronic 
inflammatory conditions and in transplanted patients. 
Osteoporosis may develop even after very short-term 
exposure, possibly due to variable individual sensi- 
tivity. Glucocorticoids have a direct inhibitory effect 
on the osteoblasts and thus the mechanism for gluco- 
corticoid-induced osteoporosis appears to differ from 
the changes in postmenopausal osteoporosis. Serum 
osteocalcin seems to be a sensitive marker of steroid- 
induced osteoporosis and the effect on the serum 
level is a dose-dependent suppression (93, 102). Low 
doses of glucocorticoids (2.5-10 mg) appear to have 
a relatively small effect. Inhaled glucocorticoids, 
today the most prevalent therapy for asthma, may 
also have less adverse effects on bone turnover, but 
only a few studies have been reported (66). 

Conclusions 
The newer biochemical markers of bone metabolism 
appear to have the specificity and sensitivity to detect 
even small changes in bone turnover. The main 
potential for clinical use lies in their ability to identi- 
fy, in combination with bone mineral measurements, 
women with an increased risk of developing severe 
postmenopausal osteoporosis. Furthermore, as the 
pharmacological possibilities for efficient treatment 

of osteoporosis are improving, the demand for safe 
monitoring increases. Bone mineral measurements, 
using the DEXA technique, have good precision but, 
because of the low normal bone turnover, it takes at 
least a few years before changes in bone mass can be 
detected. The biochemical markers of bone metab- 
olism have the advantage of reflecting alterations in 
bone turnover within weeks or months, which allows 
for rapid evaluation and adjustment of the therapy. 

Moreover, in clinical orthopedic practice it would 
be advantageous if the biochemical markers could 
detect adverse changes in relation to fracture healing, 
including reflex sympathetic dystrophy or bone 
resorptive activity in relation to prosthetic implant 
loosening. 
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