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Abstract
Although osteoporosis in men is an increasing health problem, studies on osteoporosis in males are still scarce. The aim of
our study was to determine the characteristics of bone tissue and bone turnover in men with idiopathic osteoporosis.
Transiliac crest bone samples were histomorphometrically analyzed after double tetracycline labeling in 32 men aged 37–
65 years who were diagnosed with idiopathic osteoporosis by densitometry of the lumbar spine and hip. Bone volume,
osteoid surface, osteoblast surface, eroded surface, osteoid thickness, trabecular thickness, trabecular number, trabecular
separation, and mineral apposition rate (MAR) were determined in all trabecular bone specimens. Bone volume and
structural parameters indicated trabecular bone loss in most patients. Cellular parameters and MAR indicated variations in
bone cell actions. No age-related decrease in histomorphometric parameters was found. After the patients were grouped
according to MAR values, osteoblast and eroded surfaces were found to be lower in the group with decreased MAR values
and elevated in the group of patients with increased MAR parameter. Trabecular thickness was greater in patients with
lower than normal MAR, due to reduced resorption and probably loss of very thin trabeculae. Our results suggest that
idiopathic osteoporosis in man resembles many characteristics of postmenopausal osteoporosis in women resulting in
impaired trabecular structure due to unbalanced cellular activity and bone turnover rate.
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Introduction

Osteoporosis in men is an increasing health

problem. The estimated prevalence of hip osteo-

porosis in men older than 50 years of age is 3–6%

[1]. One-third of all hip fractures occur in men [2].

However, the consequences of osteoporosis seem

more severe in men than in women, as the mortality

rate after hip fracture in men is twice that in

women. The lower frequency of osteoporotic

fractures in men in comparison with women is

explained by a more balanced relationship between

load and bone strength and more appropriate bone

geometry despite the reduced bone size and bone

mineral density (BMD) [3–6].

As opposed to extensive research and accumulation

of data on osteoporosis in women, especially post-

menopausal women, investigation of osteoporosis in

males still needs to elucidate many aspects of the

mechanism, diagnosis, and treatment of this disorder.

Current knowledge on osteoporosis in males largely

depends on the experience and data derived from

investigations of osteoporosis in women and diagnosis

based on densitometry. The World Health Organiza-

tion’s definition of osteoporosis is based on BMD

T-score 52.5. Initially developed for use in white

postmenopausal women, it is now being applied to

men, although no validation has been carried out.

Similarity or dissimilarity of etiological mechanisms of

osteoporosis between men and women remains

unknown.

It seems that the risk of osteoporosis-related

fracture in men, as compared with that in women, is

influenced by lifestyle and other factors, such as

recreational activity, alcohol intake, and body weight,

which are on average greater in men. Nevertheless,

studies in larger population groups are necessary to

identify other risk factors of osteoporosis-related

fractures in men [2].

Imbalanced bone turnover underlying bone loss

and leading to osteoporosis in women is characterized

by increased bone resorption surface and osteoclast

count; however, these characteristics have not been

observed in men [7–11]. Studies on bone markers
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show that increased bone turnover is associated with

fracture susceptibility [12]. This finding is in agree-

ment with increased bone resorption observed in bone

biopsy studies. Rehman et al. [9] investigated

histomorphometric changes in healthy British men

and women and found that bone volume decreased

with age. The authors explained this finding by

decreased osteoblast activity and increased osteo-

clastic activity, which was more pronounced in

women than men. It was presumed that the

combined effect was responsible for the reduction

in bone mass. Also, age-related decrease in osteoid

thickness, surface and volume were observed [9].

Imbalance between bone resorption and bone

formation was found in men with osteoporosis, as

well as decreased bone volume and osteoblast

function [11,13]. In another study, Rehman et al.

[14] described five distinct groups of histomorpho-

metric changes in cell function in women with

postmenopausal osteoporosis, which indicated his-

tological heterogeneity of this disorder. Compre-

hensive studies in bone histomorphometry in men,

particularly in men with osteoporosis, are still scarce

and the results are either inconclusive or insufficient

for thorough understanding of bone remodeling that

leads to osteoporosis in males.

The aim of our study was to identify and describe

different histomorphometric types of idiopathic os-

teoporosis in men on the basis of histomorphometric

analysis of bone samples from 32 male patients with

osteoporosis.

Material and methods

Patients

Study participants were selected from the patient

population referred to our Clinic for evaluation of

osteoporosis. Diagnostic criteria for idiopathic osteo-

porosis included densitometry T-score 572.5 at the

left hip or lumbar spine and absence of clinical

evidence of secondary osteoporosis. Patients with

secondary osteoporosis or metabolic bone diseases

were excluded, as well as those with Mb. Paget and

hyperparathyrodism. The study sample included 32

men aged between 37 and 65 years (mean age,

49.7+ 8.8 years) with no history of osteoporotic or

pathologic fractures. Although the skeleton was not

systematically searched for fractures, standard chest

X-ray revealed no spinal fractures. The mean BMD of

the lumbar spine was 0.78+ 0.11 g/cm2 (range,

0.60–0.99 g/cm2) and the mean T-score was

73.01+ 0.97 (range, 74.80 to 71.21). The mean

total hip BMD was 0.94+ 1.45 g/cm2 (range, 0.37–

8.87 g/cm2) and the mean T-score was 72.16+ 0.93

(range, 72.20 to 74.28). Bone biopsy was indicated

for further clinical evaluation. All patients signed an

informed consent and agreed to the bone biopsy

procedure with double tetracycline labeling. The

Hospital Ethics Committee approved this study.

Method

Tetracycline double-labeling protocol consisted of

oral tetracycline for 3 days (36 250 mg/day), no

agent for 10 days, and oral tetracycline (36 250 mg/

day) for another 3 days, followed by biopsy 3 days

later. The transiliac crest bone biopsy was performed

under local anesthesia or general analgesia. The

obtained bone specimens were embedded in resin

and stained with Goldner trichrome and toluidine

blue. Histomorphometry was performed at

2006 magnification using a grid over the entire

trabecular bone area. The standard histomorpho-

metric parameters that were measured or calculated

included bone volume (BV/TV, %,), osteoid surface

(OS/BS, %), osteoblast surface (Ob.S/BS, %),

eroded surface (ES/BS, %), osteoid thickness

(O.Th, mm), trabecular thickness (Tb.Th, mm),

trabecular number (Tb.N, mm71), trabecular se-

paration (Tb.S, mm), and mineral apposition rate

(MAR, mm/day) [15]. Structural parameters includ-

ing trabecular thickness, number and separation were

derived from the measurements of trabecular area

and perimeter [15]. The obtained results were

compared with the reference data for histomorpho-

metric parameters using the grid method according

to Malluche and Faugere [16].

Statistical analysis

Data are presented descriptively as means with

standard deviation (+SD) and range. Differences

among groups were tested with Kruskal–Wallis test,

and differences between groups were evaluated

using Mann–Whitney test or chi-square test, as

appropriate. The level of statistical significance was

set at 50.05. All statistical analyses were per-

formed with Statistica 6.0 software (StatSoft, Tulsa,

OK).

Results

Histomorphometric parameters were measured in all

32 patients (Table I). Most patients had normal or

decreased bone volume (Table II). Osteoid and

osteoblast surfaces were increased in 50% of patients,

but osteoid thickness was mostly reduced or normal.

Increased osteoid surface and slightly increased

osteoid thickness were found in only two patients

(Table II). Greater osteoid and osteoblast surfaces

were not considered indicative of osteomalacia,

because osteoid thickness was not increased and

none of the patients had any clinical or laboratory

evidence of disease. Trabecular thickness and trabe-

cular separation were increased, whereas trabecular

number was decreased in most patients. For erosion

surface and MAR, approximately similar proportions

of decreased, normal, and increased results were

found. Patients were further divided into three

groups according to the MAR results (decreased,

Bone in osteoporosis 19



normal, or increased) and compared using Kruskal–

Wallis test.

Statistically significant differences between MAR

groups were found for osteoblast surface (Ob.S/BS,

p5 0.003), eroded surface (ES/BS, p5 0.020), and

trabecular thickness (Tb.Th, p5 0.04) (Figure 1).

The three MAR groups did not differ in age. The

mean age of eight patients with decreased MAR, nine

patients with normal MAR and 15 patients with

increased MAR was 52.6+ 9.2, 51.1+ 10.9, and

47.3+ 6.8 years, respectively (chi-square¼ 1.92,

p¼ 0.300).

The group with increased MAR had significantly

higher values (Mann–Whitney test) for osteoblast

and eroded surface parameters than the group

with decreased MAR and significantly higher Ob.S/

BS values than the group with normal MAR

(Table III). The group with decreased MAR had

significantly lower eroded surface and significantly

greater trabecular thickness than the group with

normal MAR (Table III). Trabecular separation was

greater and trabecular number was lower in the

group with decreased MAR than in the other two

groups, although the differences were not statistically

significant. Osteoid surface was normal in the group

with decreased MAR and increased in the groups

with normal or increased MAR, but there was no

significant difference between the groups.

On average, bone volume was decreased in all

three groups, and osteoid thickness was mostly

decreased or normal. Osteoblast and eroded surface

results corresponded to MAR in each group, i.e. they

were decreased in the decreased MAR group and

increased in the increased MAR group. Trabecular

thickness was greater in the group with decreased

MAR than in other two groups (Figure 1).

Discussion

The histomorphometric analysis of transiliac crest

bone samples from 32 men with idiopathic osteo-

porosis allowed us identify three different histomor-

phometric groups – those with decreased, normal,

and increased MAR values. In patients with

increased MAR, osteoblast surface was greater than

in patients with normal or decreased MAR, whereas

the eroded surface was greater than in patients with

normal MAR. Osteoporotic patients with decreased

MAR showed lower eroded and osteoblast surface

and also greater trabecular thickness in comparison

with the group with normal MAR. These results

showed heterogeneity of bone turnover in osteo-

porosis in males, which was characterized by

increased, normal, or decreased bone cell activity.

Reduced trabecular meshwork in patients with

decreased turnover was distinguished by a greater

trabecular thickness than that in patients with

normal turnover.

Age-related bone loss in men is characterized by

increased bone resorption and steady bone formation

after the age of 60 [17–19] due to the changes in

levels of sex steroid hormones, e.g. estrogens, and

changes in levels of growth hormone, insulin-like

growth factor-1, and parathyroid hormone [19–21].

The type of bone loss differs between men and

women – trabecular thinning is predominant in men,

whereas connectivity loss is more prevalent in women

[8,22]. Connectivity loss is also found in men with

osteoporosis and vertebral fractures [23,24]. These

structural abnormalities are considered to originate

from the growth and ageing processes [3]. Increased

bone resorption is a predominant feature of osteo-

porosis in both men and women [22,25–28],

although it has not been demonstrated in all studies

[13].

Osteoblastic activity and proliferation [29] in men

with osteoporosis either remain unchanged [30] or

Table I. Histomorphometric parameters measured in transiliac

bone samples from 32 men with idiopathic osteoporosis.

Parameter

Reference

values

Patient values (n¼ 32)

Mean+SD

Range

(min–max)

BV/TV (%) (22.1+ 4.4) 14.4+ 3.4 7.8–21.6

OS/BS (%) (14.8+ 3.0) 21.1+ 12.6 5.6–63.0

O.Th (mm) (10.1+ 2.5) 6.4+ 3.4 0.1–15.0

Ob.S/BS (%) (4.9+ 1.4) 6.7+ 4.9 0.8–18.1

ES/BS (%) (3.6+ 1.5) 3.7+ 3.3 0.1–14.3

Tb.Th (mm) (138+ 28) 186.6+ 112.4 52.6–525.0

Tb.N (mm71) (1.6+ 0.4) 1.1+ 0.6 0.3–3.2

Tb.S (mm) (522+ 106) 1162.3+ 766.8 264.4–3207.1

MAR (mm/day) (0.505+ 0.14) 0.58+ 0.25 0.12–0.95

BV, bone volume; TV, trabecular volume; OS, osteoid surface;

BS, bone surface; Ob.S, osteoblast surface; ES, eroded surface;

O.Th, osteoid thickness; Tb.Th, trabecular thickness; Tb.N,

trabecular number; Tb.S, trabecular separation; MAR, mineral

apposition rate.

Table II. Number of patients with idiopathic osteoporosis divided

into groups with decreased, normal, or increased measured

histomorphometric parameters with respect to reference values

(presented in Table I).

Parameter

No. of patients

Decreased

values

Normal

values

Increased

values

BV/TV (%) 4 28 0

OS/BS (%) 8 7 17

O.Th (mm) 24 6 2

Ob.S/BS (%) 11 7 14

ES/BS (%) 10 14 8

Tb.Th (mm) 7 8 17

Tb.N (mm71) 20 10 2

Tb.S (mm) 3 6 23

MAR (mm/day) 8 9 15

BV, bone volume; OS, osteoid surface; BS, bone surface; O.Th,

osteoid thickness; Ob.S, osteoblast surface; ES, eroded surface;

Tb.Th, trabecular thickness; Tb.N, trabecular number; Tb.S,

trabecular separation; MAR, mineral apposition rate.
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Figure 1. Box-plot graphs for bone volume (BV/TV, %), osteoid surface (OS/BS, %), osteoid thickness (O.Th, mm), osteoblast surface

(Ob.S/BS, %) eroded surface (ES/BS, %), trabecular thickness (Tb.Th, mm); trabecular number (Tb.N, mm71); trabecular separation

(Tb.S, mm); according to reduced, normal and increased mineral apposition rate (MAR, mm/day) in 32 male patients with idiopathic

osteoporosis are presented as medians and quartiles, with indicated outliers (O) and extreme values (*). Horizontal lines indicate reference

range (1 SD).

Bone in osteoporosis 21



decrease [13,26,27]; they are considered responsible

for reduced bone formation. MAR also seems to be

unchanged [11,13]. Reduced osteocyte density in

osteoporotic bone has been related to decreased

osteoblast availability for matrix embedding [22].

Trabecular bone volume was mostly reduced in

our male patients with idiopathic osteoporosis, which

is in agreement with their bone densitometry results

and previous research [13]. Trabecular structure

parameters indicated reduced trabecular meshwork,

i.e. decreased trabecular number and increased

trabecular separation. Osteoid thickness was reduced

or normal, trabecular thickness was increased or

normal, while the results for other histomorpho-

metric parameters showed greater variation.

Our histomorphometric findings, mostly regarding

osteoblast-related parameters in men with osteoporo-

sis, differ from those reported by Ciria et al. [13],

who found decreased osteoid and osteoblast surfaces,

modest increase in osteoid thickness and unchanged

eroded surface and MAR. In our patients, osteoid

thickness was low or normal, osteoid surface values

were higher than reference data and there was a wide

variation in other histomorphometric parameters (i.e.

decreased, normal, and increased values), such as

osteoblast surface, eroded surface, and MAR. When

patients were grouped according to MAR results, a

pattern of decreased, normal, and increased bone

turnover was revealed. Osteoblast and eroded sur-

face parameters corresponded to MAR values, i.e.

they were decreased in the decreased MAR group

and increased in the increased MAR group. Age-

related trabecular bone loss in men is consistent

with the decreased wall thickness and trabecular

thinning [31,32] although some investigators re-

ported a variation in wall thickness in osteoporosis

in males [33]. In our patients, trabecular thickness

was mostly normal, except for the decreased MAR

group.

Trabecular thickness was greater in the group with

decreased MAR than the group with normal MAR.

In this group, trabecular number was lower and

trabecular separation was higher, although there was

no statistically significant difference in comparison

with groups with normal or increased cell activity.

Similar observation was explained by reduced ero-

sion depth and subsequent increase in wall thickness

[32,34], but also with disappearance of thinner

trabeculae [31]. Our study results indicate hetero-

geneity of bone cell actions in clinically manifest

osteoporosis in men.

In other studies, osteoporosis in men was attrib-

uted to the decreased osteoblast function and

decreased bone turnover [5,22]. Osteoblast activity

was also reduced in the subgroup of our patients with

decreased MAR; similar histomorphometric data

were reported by Ciria et al. [13] and Mullender

et al. [22]. Trabecular thickness, which also differed

between MAR groups in our study, mostly declines

with age [9] and has lower values in men with

osteoporosis than healthy men [22]. In women with

osteoporosis, trabecular thickness was neither found

to be different from that in healthy women [22] nor

recognized as a parameter distinguishing between

different histomorphometric types of postmenopau-

sal osteoporosis [14]. The diversity of histomorpho-

metric parameters observed in our male patients with

osteoporosis does not contradict the existing data

and probably arises from the sample size, which was

larger than samples in other similar studies [13].

Nevertheless, the subgroups of patients in our study

were small. For the time being, it is uncertain

whether a greater number of subjects would con-

tribute to resolving the controversy of bone tissue in

osteoporosis in men.

Our results are in agreement with the reported

diversity of bone turnover in women with postme-

nopausal osteoporosis, which includes other combi-

nations of bone cell actions [14] that were not

observed in our study. Whether the reduced, normal,

or increased bone turnover in men leads to osteo-

porosis can only be speculated.

Our study has several limitations. First, as there are

no appropriate reference values either for osteoporo-

sis in men or for histomorphometric method applied

in our study, we used published reference values,

assuming that it would not affect our evaluation of

idiopathic osteoporosis in men. Second, comparison

Table III. Comparison of patients with decreased, normal, and increased mineral apposition rate (MAR) for osteoblast surface (ObS/BS),

eroded surface (ES/BS), and trabecular thickness (Tb.Th).

Parameter

Median MAR (range)

Decreased 0.29 (0.12–0.32), (n¼8) Normal 0.47 (0.38–0.62), (n¼9) Increased 0.80 (0.67–0.95), (n¼15)

Ob.S/BS (%) 3.0 (0.8–5.2)* 4.5 (1.2–10.0){ 9.5 (1.6–18.1)

ES/BS (%) 1.3 (0.1–4.1){,x 3.1 (1.7–4.2) 5.2 (1.0–14.3)

Tb.Th (mm) 247.2 (85.9–525.0){ 112.4 (52.6–213.3) 151.3 (64.7–364.3)

*Decreased vs. increased, Mann–Whitney test, p¼0.002.
{Normal vs. increased, Mann–Whitney test, p¼0.02.
{Decreased vs. normal group, Mann–Whitney test, p¼0.04.
xDecreased vs. increased, Mann–Whitney test, p¼0.01.
{Decreased vs. normal group, Mann–Whitney test, p¼0.02.
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with age-matched healthy individuals from identical

population pool would have been ideal, but it could

not be performed due to the need for double

tetracycline labeling. Nevertheless, even if population

differences were considerable, the observed devia-

tions would be relative. This limitation should have

no influence on the differences in bone turnover

between our patient subgroups. The third limitation

of our study was a relatively small sample size;

therefore, caution is required in the interpretation of

our results. On the other hand, our sample was still

larger than the samples in the studies by Ciria et al.

[13] and Mullender et al. [22]. Fractures in this

patient group were not specifically ruled out,

although based on patient history and standard chest

X-ray none was found.

Although histomorphometric analysis of bone

biopsy is performed only at specialized laboratories,

our results could contribute to the knowledge of

microscopic bone features in osteoporosis in males.

In conclusion, the present study has shown that

idiopathic osteoporosis in men has features of

decreased, normal, or increased bone turnover.

Structural properties of trabecular bone loss were

demonstrated between decreased and normal MAR

for trabecular thickness. These results indicate the

diversity of bone cell actions in osteoporosis in males,

similar to that in postmenopausal osteoporosis in

women.
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