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Volume 2011, Article ID 536735, 14 pages

SAGE-Hindawi Access to Research
Journal of Osteoporosis
Volume 2011, Article ID 582789, 1 page
doi:10.4061/2011/582789

Editorial
New Issues in the Management of Osteoporosis
Joonas Sirola,1 Manuel Diaz Curiel,2 Risto Honkanen,1 and Jun Iwamoto3
1 Bone

and Cartilage Research Unit, University of Kuopio, 70211 Kuopio, Finland
Bone Diseases, Department of Internal Medicine, Autonomous University of Madrid and Jimenez Diaz Foundation,
28049 Madrid, Spain
3 Institute for Integrated Sports Medicine, School of Medicine, Keio University, Tokyo 160-8582, Japan
2 Metabolic

Correspondence should be addressed to Joonas Sirola, joonas.sirola@kuh.fi
Received 10 August 2011; Accepted 10 August 2011
Copyright © 2011 Joonas Sirola et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Osteoporosis results in significant morbidity and medical
costs while eﬀective treatment options are also evolving.
Bisphosphonates are considered standard antiosteoporotic
medication. Other antiresorptive treatment options of osteoporosis include selective oestrogen receptor modulators,
hormone therapy, calcitonin, and denosumab. In addition,
strontium ranelate of dual mechanism (anabolic and antiresorptive) is available for primary treatment of osteoporosis
and anabolic drugs as parathyroid hormone for more severe
bone fragility. The long-term bone protective, and possible
adverse, eﬀect of the osteoporosis medications needs exclusive research. As an example, it has been speculated that longterm use of BPs could result in pathologic fractures.
The focus of this special issue is on new issues in the management of osteoporosis.
The first paper of this special issue, “Mikkeli Osteoporosis
index identifies fracture risk factors and osteoporosis and
intervention thresholds parallel with FRAX” deals with identification of osteoporosis and fragility fractures in postmenopausal women based on individual risk factor profile. It
introduces and validates the Mikkeli Osteoporosis Index
(MOI) and compares its performance to WHO FRAX tool
in separate Finnish cohorts of postmenopausal women. The
performance of MOI was found to be comparable to that of
World Health Organization (WHO) FRAX-tool in identification of intervention thresholds.
The second paper, “The eﬀects of parathyroid hormone
applied at diﬀerent regimes on the trochanteric region of the
femur in ovariectomized rat model of osteoporosis” addresses
the eﬀects of parathyroid hormone on trochanteric bone
in rat model. The eﬀects of PTH on biomechanical and
histomorphometric parameters of the trochanteric region
are compared between two application frequencies in

ovariectomised rats. The increased bone formation rate was
observed under PTH treatment mainly at the endosteal side.
The third paper of the special issue, “The facial skeleton
in patients with osteoporosis: a field for disease signs and
treatment complications” focuses on the changes of the
facial skeleton in osteoporosis. The paper includes review
of the eﬀects of osteoporosis on inner ear and oral health
as well as eﬀects of osteoporosis treatment modalities on
facial skeleton. Facial skeleton was concluded to experience
several noteworthy changes due to osteoporosis and associated treatments.
The fourth paper of the special issue, “Bisphosphonates
and atypical fractures of femur” deals with severe complication of bisphosphonate therapy. It includes review of the
current knowledge on the eﬀects of long-term bisphosphonate therapy on atypical fractures of the femur. The paper
includes description of the atypical fractures from the view
of pathophysiology, epidemiology, and case report series.
The last paper, “Similarities in acquired factors related to
postmenopausal osteoporosis and sarcopenia” reviews the current knowledge of the interaction between sarcopenia and
osteoporosis in postmenopausal women. The paper describes the up-to-date diagnostic criteria for the two syndromes and includes detailed review of the common risk
and preventive factors. The paper proposes a close harmony
between decline in bone and muscle health among the
elderly.
Joonas Sirola
Manuel Diaz Curiel
Risto Honkanen
Jun Iwamoto
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Osteoporosis Index (MOI) was developed from Fracture Index (FI), a validated fracture risk score, to identify also osteoporosis.
MOI risk factors are age, weight, previous fracture, family history of hip fracture or spinal osteoporosis, smoking, shortening of the
stature, and use of arms to rise from a chair. The association of these risk factors with BMD was examined in development cohorts
of 300 Finnish postmenopausal women with a fracture and in a population control of 434 women aged 65–72. Validation cohorts
included 200 fracture patients and a population control of 943 women aged 58–69. MOI identified femoral neck osteoporosis in
these cohorts as well as the Osteoporosis Self-Assessment Tool (OST). In the pooled fracture cohort, the association of BMI-based
FRAX fracture risk with MOI was good. After BMD measurement, MOI identified well FRAX hip fracture risk-based Intervention
Thresholds (ITs) (AUC 0.74–0.90).

1. Introduction
Osteoporosis prediction rules attempt to select patients for
bone densitometry. A recent review updates the performance
of externally validated instruments that reported performance characteristics in Cochrane Database between 2001
and 2009 [1]. Twenty-three studies of 14 instruments to
predict low BMD reported AUC estimates ranging mostly
between 0.6 and 0.8. Of these, Osteoporosis Self-Assessment
Screening Tool (OST) includes only age and weight but has
similar area under the ROC-curve (AUC) estimates as the
other more complicated instruments. Its validity in identifying osteoporosis has been confirmed in multiple independent population cohorts both in men and women [1–3].
Most fractures occur in patients with normal or osteopenic bone mass and instruments that predict low bone
density correlate only modestly with clinical fractures [1].
Fracture risk assessment tools use clinical risk factors (CRF)

to predict fractures, and combining bone densitometry with
risk score usually results in higher AUC estimates [1, 4].
Again, instruments with fewer risk factors often do as well
as those with more [1].
Recent meta-analyses and reviews have revealed the
main BMD-independent CRFs for osteoporosis fractures: increasing age, low weight, previous fracture, family history
of osteoporosis fracture, smoking, glucocorticoid therapy,
neuromuscular disorders, and alcohol excess [5–10].
Fracture Index (FI) is a validated risk score for fracture
prediction in white women over the age of 65. It includes six
CRFs: increasing age over 65, fracture after age 50, maternal
hip fracture, weight below 58 kg, smoking, and the use of
arms to rise from a chair test [11]. The recommendations
of the National Osteoporosis Foundation (NOF) for risk
assessment contain the first 5 of these factors [12]. Also the
recent multiethnic Women’s Health Initiative (WHI) algorithm predicted hip fracture within 5 years as well as BMD.
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The WHI CRFs include the 5 factors above and, additionally,
general health, race, physical activity, corticosteroid use, and
diabetes [13].
WHO fracture risk assessment tool FRAX integrates
BMD with CRFs: age, weight/height (BMI), previous fracture, parent fractured hip, current smoking, use of glucocorticoids, use of alcohol 3 or more units/day, rheumatoid
arthritis, and causes of secondary osteoporosis [14].
The aim of the present study was to develop from FI a
risk score which identifies both fracture risk factors and low
BMD in Finnish population. We named this simple additive
score Mikkeli Osteoporosis Index (MOI), and compared the
correlation of MOI, FI, and OST with BMD. We further
compare the above scores with FRAX fracture risk and the
concordance of MOI with FRAX to identify Intervention
Thresholds (ITs) proposed by the WHO Collaborating
Group [15–17].

2. Materials and Methods
To obtain both epidemiological and clinical validity, we
used two independent development cohorts (Mikkeli Central
Hospital fracture patient cohort and Kuopio Fracture Prevention Study (FPS) population cohort) and two validation
cohorts (another Mikkeli fracture patient cohort and Kuopio
population-based Osteoporosis Risk factor and Prevention
study (OSTPRE) cohort). Fracture patients and population
cohorts were recruited by separate research teams during
separate time periods.
2.1. Mikkeli Central Hospital Patient Cohorts (Development
and Validation Cohorts 1). Between 1.1.2002 and 30.4.2005 a
total of 698 consecutive female low energy fracture patients,
aged 45–79, who had fallen on the same level or from a
height of less than one meter were treated in Mikkeli Central
Hospital, Finland. Development Cohort 1 included 300 of
these, who accepted to participate in the study. Patients with
dementia, psychic instability, known secondary osteoporosis
(type I diabetes, rheumatoid arthritis, long-term glucocorticoid use, malabsorptive syndromes) and women taking bone
active medications other than ovarian hormones, calcium,
or vitamin D were excluded. Thus, 180 out of 200 radius
fracture patients (90%) were prospectively included in the
study, as well as 24 patients with fracture of the proximal
humerus (40%), 21 clinical spine (87%), 23 hip (7%), and
52 other extremity fracture patients (61%). Patients with
fractures of hand or foot were excluded from the study.
The patients filled in a questionnaire with the FI risk factors, including family history of hip fracture or senile spinal
hump with shortening, and recalled height at age 30. Their
weight was measured with a digital calibrated scale and the
height with a calibrated wall meter. The ability to rise from a
chair without use of arms was tested. Hospital staﬀ nurses
registered and two osteoporosis nurses recorded the data.
BMD of lumbar spine and proximal femur was measured
with Lunar DPX-IQ. Patients provided an informed, written
consent to participate in the study. The study was approved
by the local ethics committee.
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The next 200 consecutive low energy fracture patients,
treated in Mikkeli Central Hospital between 1.5.2005 and
1.10.2007, were used as a clinical validation cohort (Validation Cohort 1) for MOI. These included 104 radius fracture
patients, 20 with fracture of the proximal humerus, 9 clinical
spine, 5 hip, and 62 other low energy extremity fracture
patients. The process of recruitment and data collection was
otherwise identical with that of the first 300 patients of the
Development Cohort 1.
2.2. Population-Based Development and Validation Cohorts 2.
These study populations included two separate independent
random densitometry samples selected from the prospective
Osteoporosis Risk Factor and Prevention (OSTPRE)-study
cohort: Development Cohort 2 and Validation Cohort 2.
The OSTPRE cohort was established in 1989 by selecting
all women born in 1932–1941 and resident in Kuopio
Province, Finland (n = 14220) [18].
The baseline postal questionnaire of the OSTPRE cohort
included questions about health disorders, medication, use
of hormone therapy (HT), gynaecological history, nutritional habits, calcium intake, physical activity, alcohol consumption, smoking habits, and anthropometric information
[18]. Five-year (in 1994–97), ten-year (1999–2001), and
fifteen-year (2000–2003) follow-up questionnaires were sent
to the 13100 women who responded to the questionnaire at
baseline, with responses of 11954 (5-year), 11537 (10-year),
and 10926 (15-year).
A subsample (n = 3222) of the 13100 baseline respondents was resourced for central bone density measurements.
Of these, the randomised population-based sample consisted
of 2025 women. In all, 1873 women of the random part
underwent the 5-year and 10-year bone density measurements with Lunar DPX-IQ. Serial valid measurements for
neck of femur and lumbar spine were recorded for 1438
women in both baseline and follow-up measurements.
Patients with metallic implants or severe bone deformities, including osteoarthritis with significant osteophytes,
were excluded after a systematic manual review of densitometry reprints by the research team physicians. Hysterectomized women, for whom it was not possible to define
menopausal status, and premenopausally bilaterally ovariectomized women were additionally excluded. Accordingly, the
final Validation Cohort 2 consisted of the OSTPRE cohort
women with complete results of the BMD measurements
and FI risk factors in the 10-year follow-up study (N =
943, age 58–69 years). The FPS population (n = 5407)
was randomly selected in 2003 from the OSTPRE baseline
respondents (n = 13100) with a purpose to determine
the eﬀect of vitamin D and calcium in fall and fracture
prevention in postmenopausal women. The inclusion criteria
for FPS study were age over 65 years, living in Kuopio
province at the inclusion time, and not belonging to the
original OSTPRE BMD-measurement sample. 3432 women
of the 5407 (63.5%), willing to participate in the prospective
vitamin D and calcium trial, were randomized into two
groups of equal size. FPS Cohort, a subsample of 434
women, aged 65–72 years, was randomly selected at the
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baseline (Development Cohort 2) and underwent detailed
measurement program. Risk factor analysis included standardized height and weight measurements, balance tests, grip
strength, and food, smoking, and physical activity diaries.
The adult height at age 30 and all recalled fractures during
adulthood were registered. A half way squatting test was used
instead of the use of arms to rise from a chair test. The
baseline values of BMD and risk factors have been described
previously [19].
In FPS and OSTPRE studies, two specially trained
nurses carried out DXA measurements in Kuopio University
Hospital. Quality standards were tested on daily basis. The
short-term reproducibility of this method has been shown to
be 0.9% for lumbar spine and 1.5% for femoral neck BMD
measurements. The long-term reproducibility (CV) of the
DXA instrument, as determined by regular phantom measurements, was 0.4% [20]. BMD results were expressed as Tscores based on the manufacturer’s reference database.

3. Statistical Methods
The characteristics of the development cohort—BMD, age,
weight, height loss, and FI risk factors—were compared
using t-test and chi-square test. To compare potential risk
factors by age, the fracture cohort was dichotomized into age
groups of 45–64 and 65–79 years.
BMD, age, weight, and height loss were examined as
continuous variables in the development cohorts. Other
CRFs were dichotomized (yes/no) and were examined with
appropriate univariate statistical analyses. The age was
categorized into 5-year thresholds like in FI. Weight was
categorized into 5 groups to examine linearity of the association of weight and BMD. Height loss was categorized into
3 groups based on contextually and statistically meaningful
association with BMD. Continuous and categorized variables
were compared with linear regression and ANOVA. To keep
the ratio of the BMD-independent fracture risk factors stable
in the final model, we multiplied the original FI risk factors
by 2 and aligned the age thresholds with those of FI in the age
range of 70–79. We named this simple additive score Mikkeli
Osteoporosis Index (MOI) and compared the correlation of
MOI, FI, and OST with BMD. We plotted the ROC curves
of MOI, FI, and OST for identifying osteopenia (T-score ≤
−1.5 or ≤ −2.0) and osteoporosis (T-score ≤ −2.5 either in
femoral neck, total hip, or spine (L 2–4 area)) both in the
development and validation cohorts. The diﬀerence between
the AUC values was tested with univariate z-score test. The
results were considered significant at P < .05 level. We used
Excel 96 and SPSS Windows 11.5 statistical programs.
To obtain true clinical relevance, we pooled the fracture
cohorts and calculated with FRAX-UK-tool the Body Mass
Index-based FRAX 10-year major osteoporosis fracture risk
(FRAX-BMI) of each fracture patient (N = 500). Using
regression analysis, we compared MOI, FI, and OST with
FRAX-BMI.
We further compared the concordance of MOI, after
BMD-measurement, to identify BMD-based FRAX 10-year
fracture risk (FRAX-BMD) ITs in the pooled fracture cohort.
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We used the smoothed 10-year hip fracture probabilities
presented for the UK and Australia by Borgström et al.
[17], which were approximated to integer. For MOI, we
used three groups: low risk (no treatment), intermediate risk
(treatment based on BMD result), and high risk (treatment
without BMD measurement) (Table 4). We calculated the
identification characteristics between the three MOI risk
groups and the seven risk thresholds of FRAX-BMD.

4. Results and Discussion
4.1. Development of the Score. The mean age of the Mikkeli
Central Hospital 300 fracture patients (Development Cohort
1) was 65 ± 9 years. Femoral neck BMD (BMD-N) was
normal (T-score over −1 SD) in 11–18% of the patients
and osteoporotic (T-score ≤ −2.5 SD) in 35–40%. Fracture
patients under the age of 65 had more osteoporosis in
their family and smoked more than patients above age 65
(Table 1).
Univariate analysis was performed both in fracture
patient cohort (Development Cohort 1) and in the FPS
population (Development Cohort 2). Femoral neck and total
hip BMD were associated with weight, age, height loss,
and previous fracture, in decreasing order of importance
(Table 2). The association of BMD with age was linear,
whereas the association of BMD with weight disappeared
nonlinearly above 80 kg. Categorizing continuous variables
(age, weight, and shortening) did not significantly change
the association. Hip BMD was associated, additionally, with
the use of arms to rise from a chair test and family history,
but with smoking only in fracture patients above age 65
(Table 2).
In multivariate linear regression models, these associations with BMD remained stable; only shortening of the
stature lost its value in fracture patient cohort (data not
shown).
Based on the above analyses, we included 7 factors in
MOI: age 55–59/60–64/65–69/70–74/75 years. (1/2/3/4/6 risk
points), weight below 80/71/64/58 kg (1/2/3/4 p), previous
adult fracture, family history of hip fracture or spinal osteoporosis and smoking (2 p each), shortening by 3/5 cm (1/2 p), and
use of arms to rise from a chair (2 p), max 20 p.
The AUC values to identify osteoporosis in the femoral
neck in the diﬀerent cohorts are presented in Table 3. In the
total hip and spine (L 2–4) areas, the AUCs for osteoporosis
in the diﬀerent cohorts were 0.72–0.78 and 0.66–0.74
with MOI, 0.59–0.71 and 0.59–0.65 with FI and 0.56–0.75
and 0.59–0.73 with OST, correspondingly. The diﬀerences
between scores were mostly not statistically significant.
In the OSTPRE validation controls at age 58–69, the
AUC increased significantly from osteopenia to osteoporosis
(AUC BMD-N −1.5/−2.5: MOI 0.63/0.79, FI 0.59/0.76 and
OST 0.59/0.74). In the fracture validation patients, the scores
operated identically at BMD-levels −2.5 and −2, but not at
all at BMD-level −1.5 (data not shown).
4.2. Comparison of MOI with FRAX in the Pooled Fracture
Cohort. In regression analysis, the association of MOI with
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Table 1: BMD and prevalence of risk factors (%) in the development patient cohorts.

Age (mean, SD)
BMD-N
BMD-H
BMD-S
Osteoporosis
Osteopenia
BMD normal
Weight ≤ 57 kg
Previous fracture
Family history of hip fracture or spinal osteoporosis
Current smoker
No regular exercise/walking
Shortening 5 cm
Shortening 3-4 cm
Use of arms to rise from a chair

Development Cohort 1 (Fracture patients)
Age 65 y, N = 159
Age < 65 y, N = 141
57 5 y
71 4 y
−0.9, 0.3∗∗∗
−1.6, 0.9
−1.2, 0.4∗∗∗
−1.5, 0.9
−1.4, 0.9
−1.5, 1.3
%
%
35∗∗∗
40∗∗∗
47
49
11∗∗∗
18∗∗∗
18∗∗∗
13
15
34∗∗∗
15
4
18∗∗∗
16∗∗
18∗
2
22∗∗∗
14
26∗
11
18∗∗∗

Development Cohort 2 (FPS)
Age 65–72 y N = 434
68 2 y
−1.6, 0.9
−1.5, 0.9
−1.5, 1.3
%
14
47
39
8
14
5
10
4
18
6

∗

P < .05, ∗∗ P < .01, ∗∗∗ P < .001, significant diﬀerence against FPS cohort.
BMD-N: bone mineral density (T-score), femoral neck.
BMD-H: bone mineral density (T-score), proximal femur.
BMD-S: bone mineral density (T-score), spine L 2–4.
FPS: Fracture Prevention Study.

60

40

20

0
0

5
Observed
Linear

10

15

20

Logarithmic
Logistic

Figure 1: Correlation of MOI with Body Mass Index-based FRAX
10-year major osteoporosis fracture risk in the pooled fracture
cohort (N = 500) (R2 = 0.54, F = 596 ). (x = MOI, y = FRAX).

FRAX-BMI was highly significant in the pooled fracture
cohort (R2 = 0.54, F = 596, N = 500, Figure 1). The
association of FI and OST with FRAX-BMI was poor (R2 for

FI versus OST in the pooled fracture cohort were 0.08 versus
0.01).
The smoothed intervention thresholds by FRAX-BMD
and the corresponding MOI thresholds are presented
in Table 4. The characteristics of diagnostic concordance
between MOI and FRAX-BMD in the pooled fracture cohort
are presented in Table 5. The sensitivity of MOI was high
and the specificity moderate. Those patients in the fracture
cohort which were identified as false positives by MOI
fulfilled the FRAX treatment threshold with a mean of 77
(55–93)%. 69% (16 out of 26) of the false negative patients in
the fracture cohort, unidentified by MOI, had BMD > −1.5.
Our aim was to validate a score that identifies both low
BMD and independent fracture risk factors. The score was
developed within low energy fracture patients in Mikkeli,
Finland, with the assistance of a separate population-based
control group (FPS). It was validated in two independent
cohorts, both in fracture patients and in population-based
controls (OSTPRE). The risk score, named MOI, is a
modification of the previously introduced FI. MOI identified
both low BMD and classifies patient ITs in concordance with
FRAX.
There were limitations in the development of MOI. The
participation rate of hip or humerus fracture patients in
this prospective study was low because of high age, frailty,
or dementia. The development and validation cohorts were
independent of each other but were of the same geographical
region. The population-based FPS development cohort had
only a narrow age range, and therefore the eﬀect of age
on BMD could be analysed only in fracture patients.
The size of the fracture Validation Cohort 2 was limited,
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Table 2: Proportion of variance in BMD in Development Cohort 1
(fracture patients, N = 300, age 45–79) and Development Cohort
2 (FPS, N = 434, age 65–72). R2 value (%), explained by the risk
factors in univariate regression models, and by MOI, FI, and OSTscores.
Fracture patients
R2 ; BMD-N
N = 300
Weight, continuous
0.14∗∗∗
Weight, categorized
0.13∗∗∗
Age, continuous
0.13∗∗∗
Age, categorized
0.12∗∗∗
Shortening, continuous 0.08∗∗∗
Shortening, categorized 0.05∗∗∗
Family history
0.01
Smoking
0.0
Rise from a chair test
0.0
MOI
0.22∗∗∗
FI
0.08∗∗∗
OST
0.25∗∗∗
FPS
R2 ; BMD-N
N = 434
Weight, continuous
0.05∗∗∗
Weight, categorized
0.06∗∗∗
Age, continuous
Age, categorized
Shortening, continuous
0.01∗
Shortening, categorized 0.03∗∗∗
Fracture history
0.03∗∗∗
Family history
0.0
Smoking
0.0
Rise from a chair test
0.0
MOI
0.11∗∗∗
FI
0.04∗∗∗
OST
0.06∗∗∗

R2 ; BMD-H
0.19∗∗∗
0,17∗∗∗
0.07∗∗∗
0.07∗∗∗
0.06∗∗∗
0.03∗
0.0
0.01
0.02∗
0.22∗∗∗
0.07∗∗∗
0.25∗∗∗

R2 ; BMD-S
0.12∗∗∗
0.12∗∗∗
0.01
0.0
0.02∗
0.01
0.0
0.01
0.0
0.0
0.0
0.0

R2 ; BMD-H
0.12∗∗∗
0.12∗∗∗

R2 ; BMD-S
0.09∗∗∗
0.09∗∗∗

0.01
0.03∗∗∗
0.03∗∗∗
0.01∗
0.0
0.02∗
0.17∗∗∗
0.06∗∗∗
0.12∗∗∗

0.01
0.02∗∗
0.04∗∗∗
0.0
0.01
0.0
0.11∗∗∗
0.03∗∗
0.19∗∗∗

MOI: Mikkeli Osteoporosis Index; FI: Fracture Index; OST: Osteoporosis
Self-Assessment Tool. Other abbreviations, see Table 1.

Table 3: AUC values (standard error) for MOI, FI, and OST with
osteoporosis (BMD-T-score ≤ −2.5) at the femoral neck in the
development FPS (age 65–72, n = 434) and fracture cohorts (age
45–79, N = 300) and in the validation fracture cohort (N = 200)
and OSTPRE validation cohort (age 58–69, n = 943).
FPS cohort
age 65–72
MOI
FI
OST

0.67 (0.06)
0.56 (0.06)
0.63 (0.06)

Fracture
development
cohort
0.75 (0.03)
0.68 (0.04)
0.79 (0.03)∗

Fracture
validation
cohort
0.67 (0.07)
0.53 (0.08)
0.62 (0.07)

OSTPRE
cohortage
58–69
0.79 (0.04)
0.76 (0.04)
0.74 (0.05)

∗

P < .05, significant diﬀerence between OST and FI.
MOI: Mikkeli Osteoporosis Index.
FI: Fracture Index.
OST: Osteporosis Self-Assessment Tool.

but it represents typical clinical white female patients in
which osteoporosis CDRs would be applied. Both control

Table 4: Intervention thresholds by FRAX-BMD presented for
UK and Australia (smoothed 10-year hip fracture probabilities,
%) and the corresponding MOI thresholds, used for diagnostic
comparison.
FRAX risk (%)
Age, y.
50
55
60
65
70
75
80
MOI score
No treatment
Treatment by BMD
Fracture patients
Patients without fracture
Treatment without BMD

UK
1
2
3
4
5
6
7

Australia
2
3
4
5
7
10
10

0–4
5–11
T < −1.5
T<−2
12

0–5
6–12
T < −2
T < −2.5
13

Table 5: Characteristics of diagnostic concordance between MOI
and FRAX-BMD to identify Intervention Thresholds presented for
UK and Australia (see Table 4).
Pooled fracture patients (N = 500)
MOI characteristics
False−
True−
True+
False+
LR+
LR−
Sensitivity (%)
Specificity (%)
AUC (%)

UK
26
205
165
7
2.7
0.14
91
66
74

Australia
16
327
96
61
5.4
0.17
86
84
90

LR+: positive likelihood ratio.
LR−: negative likelihood ratio.
AUC: area under the ROC curve.

groups were representative population-based cohorts with
a high participation rate and long followup. Two specially
trained nurses registered and collected the control group
data, whereas staﬀ nurses registered and two osteoporosis
nurses only collected the corresponding data in the clinical
fracture series. Also, misinterpretations of the densitometry
reprints were excluded in the population cohorts, which may
explain the higher AUCs for osteoporosis identification in the
OSTPRE population controls.
FI registers only low weight < 58 kg. In our study,
the relation between weight and BMD was nonlinear. In
WHO meta-analysis, low BMI below 20 had a twofold hip
fracture risk compared to BMI of 25. The risk levelled oﬀ
in nonlinear fashion as BMI increased to 30 [8]. FI includes
postmenopausal fractures above age 50, and NOF treatment
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recommendations include fractures above age 40 [11, 12].
FRAX and MOI include all previous adult fractures because
these indicate an increased risk for later fractures (RR 1.8–2.0
both in men and women) [6].
FI and FRAX include only maternal/parental hip fractures, while MOI includes hip fracture and spinal osteoporosis in all first-degree relatives. In WHO meta-analysis, any
parental or sibling osteoporosis fracture increased the risk
of subsequent hip and osteoporosis fractures independent
of BMD (RR 1.5–2.3) [7]. Also, our research team recently
identified an association between increased fracture risk in
perimenopausal women and their sisters’ fracture history
[21].
Awareness of height loss and changing body profile is
considered to increase patient compliance [22]. Height loss
by 2–5 cm increases the risk of hip fractures and risk of
silent and clinical vertebral fractures [23, 24]. Height loss was
independently predictive of hip fractures in the WHI study
[13] and is a risk factor in the EPOS fracture algorithm [25].
MOI, FI, and NOF treatment recommendations all have
the same five CRFs, which have been identified also in recent
meta-analyses and reviews [6–10]. They were also good
predictors of actual occurrence of fractures in a cohort of
postmenopausal women followed prospectively for up to 22
years [26]. The FI risk factors identified fractures also in the
prospective multisite Canadian CANDOO clinical patient
cohort [27].
The FRAX Tool is based on the above meta-analyses and
has been validated in large independent prospective cohorts.
It calculates the 10-year probability of fractures in several
countries [15, 17]. ITs based on major osteoporosis fracture
risk instead of hip fracture risk seem to increase sensitivity of
identification in younger age groups [16].
However, recent data from prospective FIT and SOFstudy population cohorts of elderly white women suggest
that even more simple models, based on age, femoral neck
BMD, and fracture history predict clinical fracture as well
as more complex FRAX models [28, 29]. These findings,
however, require confirmation in other cohorts of younger
women or men and diﬀerent geographic settings. Our prospective fracture cohorts represent typical clinical white
female patients in which osteoporosis CDRs would be
applied. 284 patients in the pooled cohort (N = 500) had
a radius fracture. In these patients, the three risk groups of
MOI seem, after BMD measurement, to identify ITs similarly
to the seven age/risk thresholds of FRAX-BMD. The majority
of false negative patients in the fracture cohort, unidentified
by MOI, had BMD > −1.5. Bisphosphonate therapy has
not been demonstrated to be eﬀective with femoral neck Tscores better than −1.5. In women with osteopenia below
T − 1.5 therapy is cost-eﬀective in USA after additional
BMD-independent fracture risk factors that confer a BMDadjusted relative fracture risk of 2.0 or higher [30].
MOI is currently in clinical use in the majority of Finnish
central hospital districts. Its advantage is that it identifies
osteoporosis and fracture risk factors with a single figure:
low risk, MOI 0–5/6 (no treatment), intermediate risk (treatment based on BMD result), and high risk, MOI > 11/12
(treatment without BMD measurement). The intermediate
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risk group to identify patients for BMD measurement can
be adjusted according to national variations in fracture
incidence and diagnostic and treatment resources.

5. Conclusions
MOI identifies osteoporosis and fracture risk factors with
a single figure and, after BMD measurement, Intervention
Thresholds in concordance with FRAX.
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This study aims to investigate the eﬀects of two application frequencies of parathyroid hormone on the trochanteric region of
rat femur. Forty-three-month-old female Sprague-Dawley rats were divided into 4 groups (n = 10/group). Three groups were
ovariectomized, and 8 weeks later they were administered the following treatments (5 weeks): soy-free diet (OVX), subcutaneously
injected PTH (0.040 mg/kg) 5 days a week (PTH 5x/w), subcutaneously injected PTH (0.040 mg/kg) every 2 days (PTH e2d),
and a sham group. The values of the biomechanical and histomorphometric parameters showed higher results in 5x/w animals
in comparison to the OVX and PTH 2ed groups. The ratio between bone diameter/marrow diameter (B.Dm/Ma.Dm) in
subtrochanteric cross sections did not show any significant diﬀerences between PTH 5x/w and PTH e2d. The increased bone
formation rate was observed under PTH treatment in both groups mainly at the endosteal side. The endosteum seems here to
be one of the targets of PTH with an accelerate bone formation and a pronounced filling-in of intracortical cavities with higher
intensity for the PTH 5x/w in comparison to PTH e2d rats.

1. Introduction
In the last decade, the parathyroid hormone (PTH) has
become more important as a possible alternative for the
treatment of postmenopausal osteoporosis. Most of the studies with PTH have focused mainly on the dose-dependent
eﬀects of this hormone or its combination with other drugs
[1–4]. Since researchers found that the intermittent substitution of PTH, in contrast to its continuous application,
was able to prevent postmenopausal bone loss, the question
has been which application frequency would deliver the
best anabolic result [5]? The time interval between the
anabolic und catabolic eﬀects of intermittent application
of PTH (“anabolic window”) is the key to respond and
to understand such behavior of this hormone. In addition,

another unanswered question is how PTH aﬀects diﬀerent
skeletal sites like the wrist, proximal tibia, vertebral bodies
and, especially, proximal femur.
It is known that the trochanteric fracture of the femur
is one of the most common fracture types in menopausal
women. Therefore, investigations of the strength of this
skeletal site after treatment with antiosteoporotic agents
seem to be important and have a high clinical relevance
[6]. Such investigations, however, are rare because of the
diﬃculty in producing a reliable trochanteric fracture in
animal models [7].
The ovariectomized (OVX) rat is a well-proven animal
model for osteoporosis studies [8, 9]. There are many
similarities between the human and rat femur, both at the
microstructural and macrostructural levels [10, 11].
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In the present study, we investigated the region-specific
influence of two diﬀerent application frequencies of PTH on
femoral trochanteric strength of ovariectomized rats.

2. Materials and Methods
2.1. Experimental Animals and Substances. The experiments were carried out using forty-three-month-old female
Sprague-Dawley rats fed a standard diet ad libitum. The
animals were randomized by weight into four experimental
groups (n = 10 in each group): OVX soy-free group (OVX),
PTH group receiving 5x/w), PTH group receiving subcutaneous injections of 0.040 mg/kg parathyroid hormone (1-34)
every 2 days (PTH e2d), and a sham group. The experimental
procedures were approved by the local ethics commission
under German animal protection law (permission from
11.03.1998, AZ: 509.42502/01-02.98. Bezirkregierung Braunschweig). Eight weeks after bilateral OVX, we started the drug
treatments, which were continued for the next five weeks.
After five weeks of drug therapy, the rats were euthanized,
and both femurs were dissected free of soft tissue to be used
for biomechanical and histomorphometric tests.
During the treatment, the animals were subcutaneously
injected with four fluorescent substances (Merck, Darmstadt,
Germany) to mark the process of bone formation, especially
in the cortical surface [12]. The following fluorescent agents
injected were xylenol orange (90 mg/kg) on day 13, calcein
green (10 mg/kg) on day 18, alizarin red (30 mg/kg) on day
24/26, and tetracycline (25 mg/kg) on day 35. This agent
(tetracycline) was applicated 2 hours before euthanizing the
animals. It is well known that tetracyclines are able rapidly to
bind to new formatted bones immediately after application.
The results of the fluorochrome labeling were analyzed in
cross sections of femurs 15 mm distal from the femoral head
in the subtrochanteric region [6].
2.2. Biomechanical Test. The biomechanical test was performed with our new breaking test as previously described
[13]. In a deepening (4 mm diameter), the femoral head (left
femurs) was fixed at proximal end of the breaking machine.
The femoral shaft was positioned between two rotable
cylinders. Force was applied with a ZWICK-testing machine,
type 145660 Z020/TND (Zwick/Roell, Ulm, Germany), from
the lateral side of the bone (vertically to the trochanter tertius
in rat) to the greater (major) trochanter using a metallic
stamp.
The range of assessment was from 2 N to 500 N. During
the mechanical test, the bone had the possibility to slide
between the roller clamps. The force was applied until
the femur was broken in the trochanteric region. The
measured curve after breaking test fulfilled the load and
displacement during the test. The “slope” of our breaking
curve (load-displacement-curve) corresponds to the tangent
of the strength-strain-curve. This tangent demonstrates the
elasticity of each material. This means that in our study the
slope of the breaking curves shows the elasticity of the bones
(femurs). Load and displacement were recorded, and ultimate maximal breaking strength (maximal load, Fmax (N))
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and stiﬀness (elasticity, slope of the linear part of the curve,
N/mm) were calculated.
The measurement of yield point (yield load) of bone
is not easy. In the opinion of many researches, it is only
possible to measure the “yield area” and not “a point.” The
mean reason for this is the inhomogeneity of bone (consist
of mineral, organic material and many other elements and
water).
Using the curve of F(max) (maximal load) and the load
displacement, we can only measure the yield area.
The work of Brzo’ska et al. confirmed the fact that after
breaking the femoral neck they could see diﬀerent curves. In
their study, this fact made the measurement of yield load
of femoral neck more diﬃcult. Our previous experiments
could, however, show that the yield area also in our femurs
corresponds approximately to both standard deviations.
We defined the yield point (load) as a decrease in
elasticity (stiﬀness) of more than twice the standard
deviation (SD) [14].
2.3. Radiography of Fractures. X-ray radiography (in the
anterior-posterior and lateral view) of all left femurs was
performed in the study (Figures 1(a) and 1(b)). For this, we
used a special Kodak-film (Kodak SR type 45) and a Faxitron
fine-focus cabinet X-ray system (model 43855A; Faxitron Xray System) with 40 kV.
2.4. Cancellous and Cortical Bone Histomorphometry. The
left femurs were fixed, after the biomechanical test, in 70%
ethanol for 2 days (48 hours), dehydrated through an alcohol
gradient, and at least embedded in methyl methacrylate gel.
Sagittal, sections (150 µm thick) of the embedded proximal
femur were prepared using a microtome (Leica, Sawmicrotom 1600). The target region of embedded femur for
the histomorphometry analysis was the frame between the
epiphyseal zone and the femoral intertrochanteric line (2 mm
distally). These microradiographs of the femoral sections
were used to analyze the histomorphometric changes in the
trabecular surfaces (Figure 1(c)).
We used a digitizing morphometric system to measure
and analyze bone histomorphometric parameters. The system consisted of a microscope (Leica-System MZ 7.5), a
digitizing pad coupled to a personal computer with an
additional morphometry program (Qwin software).
We measured trabecular area (Tb.Ar), the number of trabecular nodes (N.Nd), trabecular connectivity (N.Nd/mm2 ),
and mean trabecular width (Tb.Wi) [15].
A problem is the very diﬃcult measurement of the
cortical changes at cortical surface in medial proximal
femoral neck. The proximal (medial) part of the femoral
neck in rats and other large animals seems not to be covered
by periosteal tissue. This is an important factor to consider,
especially when anabolic agents are tested with pronounced
periosteal stimulation. In contrast, the trochanteric region
contains a cortical surface covered by a suﬃcient periosteum.
Furthermore, the trochanteric region has a high content of
trabecular net.
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Figure 1: Radiographs of proximal rat femurs after breaking test. (a) Anterior-posterior view (ap-view) of the reversed trochanteric fracture
of rat femur (type A3 fracture according to AO classification). (b) Lateral view. (c) The figure shows the microarchitecture (microradiograph
of sagittal section) of proximal femur of Sprague-Dawley rat. Please note the fracture line and the content of the trabecular bone in this area.

Because measurable changes in the cortical area occur
first long time after OVX, the real early changes of thickness
in this region remain diﬃcult to measure.
We measured the ratio between diameter of femoral bone
(B.Dm) and marrow diameter (Ma.Dm) in the cross sections
15 mm distal of the capitis femoris (femoral head) in the
subtrochanteric area [6]. We assessed the B.Dm of the cross
sections in the midline of the cross sections (dorso-ventralaxis) and on the same line as the Ma.Dm as previously
described (Figure 2). [6] It is here important to mention
that this area in rat is a region between major trochanter,
minor trochanter, and tertius trochanter. This means that
this part (in rat) belongs to “the trochanteric region”. The
further advantage of using the proximal femur (15 mm distal
to the femoral head) is the opportunity to have a relatively
homogenous width of cortical surface and its independence
to the technical problems during providing suﬃcient cross
sections.
2.5. Serum Analysis for Bone Anabolic Markers. Blood samples (5 mL) were collected from the sacrificed animals and
centrifuged at 3000 g for 10 minutes. The serum was stored
at −20◦ C until the electrochemiluminescence immunoassay
(ECLIA, Roche diagnostics, Mannheim, Germany) was performed. The level of osteocalcin was measured in the serum.
A further marker of bone remodeling, alkaline phosphatase
(AP), was also quantitatively determined.
2.6. Ashing. To determine the amount of mineralized bone,
the right femurs were mineralized at 750◦ C and weighed to
the nearest 10−5 g. The femurs were weighed (dry) before

a1
b1

Medial

Lateral

b2
a2

a1-a2 = B.Dm
b1-b2 = Ma.Dm

Figure 2: Cortical bone analysis. The figure shows the trochanteric
cross section of proximal femur of Sprague-Dawley rat, cut 15 mm
distal from the capitis femoris. We measured the bone diameter
(B.DM) and the marrow diameter (Ma.Dm) on the ventrodorsal
axis (the line perpendicular to the middle of the mediolateral axis)
of the cross section.

and after ashing. At the end of the experiment, the mineral
content of each bone was indicated as a percentage of the
total weight of the same femur (weight after ashing/weight
before ashing).
2.7. Statistics. The mean values of the diﬀerences between
the study groups in all of the comparative bioassays were
assessed using one-way ANOVA test with Tuckey kramer
post hoc test. (Prism TM 4.0, Graph Pad, San Diego, USA).
P values < .05 were considered significant.
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3. Results
3.1. Body Weight and Mineral Content. As demonstrated in
Table 1, there were no significant diﬀerences in body weight
between the groups at the beginning of the study. At the end
of experiment, we observed a significant weight gain in all
groups compared to the sham group (Table 1).
After ashing of the left femurs, both PTH 5x/w and PTH
e2d groups (49.54% and 48.30%, resp.) showed significantly
higher mineral content and similar mineral content than that
of the sham group compared to the OVX (45.80%) group.
Although the mean value in the PTH 5x/w rats was higher
than the PTH e2d animals, the diﬀerence in mineral content
was not statistically significant. In addition, the OVX animals
clearly had less mineral content in comparison to the sham
(49.68%) rats.
3.2. Biomechanical Test. The mean values of maximal load
(Fmax ), stiﬀness, and yield load (yL) showed higher results
after treatment with parathyroid hormone 5x/w (Fmax =
194.1 N, stiﬀness = 347.6 N/mm, yL = 134.6 N) in comparison to the e2d group (Fmax = 176.3 N, stiﬀness =
250.9 N/mm, yL = 110.3 N). These results were statistically
significant for stiﬀness. Concerning biomechanical parameters, the results of the PTH 5x/w animals showed a significant
improvement compared to the OVX rats, but there were
no significant diﬀerences between the OVX group (Fmax =
169.3 N, stiﬀness = 230.2 N/mm, yL = 86.96 N) and the
PTH e2d group.
Concerning stiﬀness and yield load, the sham animals
had higher results (Fmax = 187.0 N, stiﬀness = 294.8 N/mm,
yL = 120.6 N) than OVX rats (Table 1). Concerning biomechanical parameters, the results of the PTH 5x/w animals
showed a significant improvement compared to the OVX
rats, but there were no significant diﬀerences between the
OVX group (Fmax = 169.3 N, stiﬀness = 230.2 N/mm,
yL = 86.96 N) and the PTH e2d group. The mean values of
maximal load (Fmax ), stiﬀness, and yield load (yL) showed
higher results after treatment with parathyroid hormone
5x/w (Fmax = 194.1 N, stiﬀness = 347.6 N/mm, yL =
134.6 N) in comparison to the e2d group (Fmax = 176.3 N,
stiﬀness = 250.9 N/mm, yL = 110.3 N). These results were
statistically significant for stiﬀness.
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The number of trabecular nodes/mm2 (N.Nd/mm2 =
connectivity) was significantly higher in sham (21.34) and
PTH e2d (19.10) groups compared to OVX rats (11.91).
Conversely, there were no significant diﬀerences in connectivity between the PTH 5x/w and PTH e2d groups. The
PTH 5x/w rats demonstrated better results concerning Tb.Ar
and Tb.Wi in comparison to PTH e2d animals. However,
the only statistically significant diﬀerence between the PTH
groups was for Tb.Wi. Both PTH-treated groups (5x/w and
e2d) presented improved results for Tb.Ar (81.54% versus
73.38%) and Tb.Wi (17.59 versus 14.65 µm) compared to
OVX rats (Tb.Ar = 41.15%, Tb.Wi = 11.51 µm). Concerning
Tb.Ar and Tb.Wi, the PTH 5x/w showed significantly better
results than the sham group (Tb.Ar = 66.85%, Tb.Wi =
12.24 µm).
To determine the changes in the cortical surface of the
femurs, we measured the diameters of subtrochanteric bone
cross sections (B.Dm) and the marrows (Ma.Dm) in the
ventro-dorsal axis in all groups. The B.Dm/Ma.Dm ratio
was able to compare even minimal changes in the cortical
width of the subtrochanteric region of the rat femur among
all groups. Although we did not see any significant changes
between any of the groups concerning B.Dm, the mean
values of Ma.Dm were significantly lower in both PTHtreated groups compared to OVX animals. The mean values
of the B.Dm/Ma.Dm ratio were significantly higher in both
PTH 5x/w rats (1.843) and PTH e2d rats (1.805) compared
to the OVX group (1.652). The PTH 5x/w rats also showed
a significantly higher B.Dm/Ma.Dm ratio compared to the
sham animals (1.726) (Table 2).
These results in addition to the results of fluorescence
microscopy could show useful information about endosteal
and periosteal bone remodeling (apposition bands) within
the cortical surface. The increased bone formation rate was
observed under PTH treatment in both groups mainly at
the endosteal side by fluorescent microscopic analysis of
the cross sections from the proximal femur. The endosteum
seems here to be one of the targets of PTH with an
accelerate bone formation and a pronounced filling-in of
intracortical cavities with higher intensity for the PTH 5x/w
in comparison to PTH e2d rats (Figure 3).

4. Discussion
3.3. Serum Analysis. Serum osteocalcin levels diﬀered
between both PTH-treated groups (P < .05) in comparison to the sham and OVX animals. There were no
significant diﬀerences in serum OC levels between the PTH
5x/w (37.43 ng/mL) and PTH e2d groups (32.55 ng/mL).
In sham animals (14.59 ng/mL), OC levels were lower
compared to OVX rats (17.83 ng/mL), but the results were
not significant. The concentration of AP in the PTH e2d
group (74.27 ng/mL) was increased, but this result was
only significant compared to the sham group (40.90 ng/mL)
(Table 1).
3.4. Histomorphometry Analysis. Table 2 shows the results of
histomorphometric tests.

The paradoxical eﬀects of PTH on bone were first described
by Selye in 1932. He observed that continuous intravenous
administration of PTH was able to elevate predominantly
the bone resorption [6]. In contrast, the intermittent administration of PTH mainly resulted in a stimulation of bone
formation, especially in the trabecular area [16]. In the
last several years, studies have emphasized the importance
of evaluating the eﬀects of this hormone in cortical areas
[16, 17].
Although many studies could confirm the anabolic eﬀect
of PTH on bone, the question of which application frequencies produce the best results is still controversial. Another
important question is in which skeletal sites (proximal tibia,
vertebral bodies, etc.) would we expect to see detectable
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Table 1: Study results. Body weight, mineral content, biomechanical test, and serum analysis of anabolic bone parameters.

Body weight
Before OVX (g)
At the end of trial (g)
Mineral content (after ashing) in left femurs (%)
Biomechanical test
Fmax (N)
Stiﬀness (N/mm)
Yield load (N)
Serum analysis
Osteocalcin (OC) (ng/mL)
Alkaline Phosphatase (AP)

SHAM
Mean
STD

OVX
Mean
STD

PTH 5x/w
Mean
STD

PTH e2d
Mean
STD

247.1
274.3a
49.68a

8.17
15.91
1.93

236.7
341.0
45.80b

19.71
23.64
1.68

240.0
341.4b
49.54a

14.67
24.95
1.89

246.6
346.2b
48.30a

10.41
32.48
1.41

187.0
294.8a
120.6a

20.81
68.19
28.67

169.3
230.2b
86.96b

25.38
60.62
26.53

194.1a
347.6ac
134.6a

22.78
39.78
25.77

176.3
250.9
110.3

17.97
20.73
9.6

14.59
40.90

7.51
21.62

17.83
59.83

6.67
21.62

32.55ab
59.54

6.26
15.04

37.43ab
74.27b

9.63
21.99

OVX (Ovariectomy), Fmax (maximal load).
The P value of the diﬀerence between treated and untreated animals was calculated using a one-way ANOVA. P values < .05 were considered significant.
a P < .05 versus OVX, b P < .05 versus sham, and c P < .05 PTH 5x/w versus PTH e2d.

Table 2: Results of the histomorphometry analysis.

Histomorphometry
Connectivity (N.Nd/mm2 )
Trabecular area (Tb.Ar) (%)
Trabecular width (Tb.Wi) (µm)
Trabecular nodes (N.Nd)
Histomorphometry cortical subtrochanter
Bone diameter (B.Dm) (µm)
Marrow diameter (Ma.Dm) (µm)
Ratio (B.Dm/Ma.Dm)

SHAM
Mean
STD

Mean

OVX
STD

PTH 5x/w
Mean
STD

PTH e2d
Mean
STD

21.34a
66.85a
12.24
58.33

5.52
10.19
1.54
15.56

11.91b
41.15b
11.51
37.60

5.69
9.5
1.31
26.56

15.03b
81.54ab
17.59abc
42.90

2.86
8.96
3.25
12.5

19.10a
73.38a
14.65a
54.57

1.34
8.73
1.31
11.65

3228
1872
1.726

203.6
151.2
0.073

3188
1933
1.652

104.3
102.4
0.058

3217
1747a
1.843ab

75.42
87.39
0.068

3231
1795a
1.805a

114.6
99.61
0.133

The P value of the diﬀerence between treated and untreated animals was calculated using a one-way ANOVA. P values < .05 were considered significant.
a P < .05 versus OVX, b P < .05 versus sham, and c P < .05 PTH 5x/w versus PTH e2d.

positive antiosteoporotic eﬀects of this hormone [18]. The
trochanteric region of rat femur contains major trochanter,
minor trochanter, and tertius trochanter. The area between
these three trochanters was the region of interest in our
studies. The femur is one of the most important skeletal
sites in postmenopausal osteoporosis. Next to the femoral
neck fracture, the trochanteric fracture of the femur is one
of the most common fracture types in elderly women [6].
This type of fracture presents a surgical challenge as well as an
economical problem. This part of the rat femur contains both
trabecular and cortical bone, in contrast to the femoral shaft
[9]. Therefore, the intertrochanteric part of the femur seems
to be an important region to investigate the biomechanical
changes after therapy with antiosteoporotic substances like
the parathyroid hormone because PTH appears to influence
both cortical and trabecular bone surfaces [6, 19]. Hence, it is
important to look for therapy options and drugs that prevent
such fractures in postmenopausal osteoporotic bone.
The intermittent administration of PTH gained more
importance in the last decade as a possible alternative for the
treatment of osteoporosis and prophylaxis of fractures. In the

present study, we investigated two therapy options with PTH.
We compared the anabolic eﬀect of PTH on the proximal
femur of OVX rats after five weeks of subcutaneous injections
(0.040/kg), five days a week, or subcutaneous injections every
2 days.
At the end of experiment, we observed a significant
weight gain in OVX group compared to the sham group.
Neither the PTH 5x/w nor the PTH e2d treatment could
prevent the weight gain caused by OVX. Indeed, the sham
animals had the lowest weight gain of all of the rats.
When assessed by the breaking test, femurs of the PTH
5x/w treatment reached the strength level of sham rats.
Although the treatment with PTH e2d also led to better
mean values in the biomechanical test, the results were
not statistically significant in comparison to OVX rats. The
changes observed in the biomechanical test were partially
evident when bones from PTH 5x/w- and PTH e2d-treated
rats were examined by histomorphometry.
In our opinion, the main reason for significantly better
results of Tb.Ar in PTH 5x/w rats was the improvement of
trabecular thickness in these animals. The age-dependent
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Sham

PTH 2ed

PTH 5x/w

Figure 3: Analysis of fluorescence apposition bands in transversal sections from the subtrochanteric region of rat femur. The sections (all
sections 15 mm distal from femoral head) were studied by fluorescence microscopy. In the OVX group, we could mainly observe a periosteal
activity. In the sham group, only a minimal periosteal bone formation could be seen. The PTH e2d-treated animals showed weaker endosteal
appositions in comparison to the PTH 5x/w animals.

study of Fridle et al., however, showed an increase in
trabecular number in younger rats, whereas older rats
demonstrated increases in trabecular thickness [3]. Another
study also showed similar age-related eﬀects of PTH [20].
Therapy with bone anabolic agents causes serum levels
of the bone formation markers OC and AP to increase, and
we observed similar results after PTH treatment. However,
we did not observe any statistically significant diﬀerences
between the two PTH application paradigms in our study.
In case of AP, this could be due to the little sensitivity and
specificity of this bone formation marker.
Some studies have shown that after PTH treatment,
the addition of bone to the periosteal surface seems to
be responsible for a much greater contribution to bone
strength than bone added to the endosteal surface [19].
In contrast, the present work demonstrated increases in
the B.Dm/Ma.Dm ratio in both PTH-treated animals. This
finding was caused by a decrease in Ma.Dm rather than an
increase in B.Dm. In our study, the fluorescence apposition
bands in the endosteal side of femoral cross sections
after PTH treatments underline this eﬀect. Although the
B.Dm/Ma.Dm-ratio was in the PTH 5x/w higher than PTH
e2d rats, the results were not statistically significant. But in
our opinion, the higher dosages of PTH seem to have more

intensive anabolic eﬀect on the endosteal side of the cortical
surface. Additional experiments, however, are necessary to
underline such eﬀect. It remains unclear, however, if the dose
of PTH plays any role. Komatsu et al. also showed that PTH
induced new bone formation at endocortical (endosteal)
surfaces [1]. Interestingly, in a fracture healing rat model, the
same authors found that PTH dose dependently (30 µg/kg)
stimulated bone formation within the intramedullary cavity
[1].
In the ash test, higher total doses of 1–34 PTH induce a
better but not statistically significant improvement on BMC,
reversing the eﬀects that the OVX has on this quantitative
determinant of bone strength.
Many of the measured parameters in our work did not
show any statistically significant diﬀerences between the PTH
5x/w and PTH e2d groups, but the mean values in most of the
tests were slightly higher in the PTH 5x/w animals compared
to the PTH e2d animals. In our opinion, the antiosteoporotic
eﬀects of PTH 5x/w seem to be slightly stronger than PTH
e2d treatment although we saw only in Tb.Wi and in stiﬀness
statistically significant diﬀerences.
The exact signaling pathways of the anabolic eﬀect of
PTH are not clear, but the pathways activated after PTH
treatment determine whether this hormone has catabolic
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or anabolic actions [21]. The parathyroid hormone (PTH)
stimulates the processes that lead to bone formation prior
to stimulating the pathways associated with bone resorption.
The “window” between both of these eﬀects is not clear
[22]. Rubin and Bilezikian showed that the bone formation
markers reached a maximum level within a few days after
PTH treatment, whereas the bone resorption parameters
had the maximum level after approximately 3 weeks [21,
22]. We believe that during these three weeks between the
maximal anabolic and maximal catabolic phases of PTH,
named “anabolic window” by Rubin and Bilezikian, diﬀerent
PTH application frequencies could lead to an improvement
of bone strength; however, this would probably occur with
diﬀerent intensities. It is important to mention that the
half-life of PTH after a single application as well as the
dose and skeletal site where the anabolic eﬀect of PTH is
investigated are important aspects that play critical roles in
determining the eﬀects of PTH. Therefore, future investigations should evaluate the time- and dose-dependent changes
of the trochanteric region after PTH therapy. Furthermore,
additional experiments should be performed in animals of
diﬀerent ages and in male rats.
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[3]

[4]

[5]

[6]

[7]

5. Conclusions
The trochanteric region of the rat femur is an important
skeletal site for osteoporosis studies because of its high clinical relevance. The present study showed that treatment with
PTH 5x/w and PTH 2ed both improved the biomechanical
and histomorphometric properties and partially reversed the
eﬀects of OVX in the trochanteric region of the rat femur.
Under conditions presented in our study, the anabolic eﬀect
of PTH 5x/w seems to be slightly stronger than PTH e2d
therapy, but the main significant changes were observed
concerning elasticity and Tb.wi. Further experiments are
needed to determine which form of PTH therapy options
is able to eﬀectively prevent trochanteric fractures. Thus,
future studies related to dose- and time-related investigations
should be conducted.
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Osteoporosis aﬀects all bones, including those of the facial skeleton. To date the facial bones have not drawn much attention due
to the minimal probability of morbid fractures. Hearing and dentition loss due to osteoporosis has been reported. New research
findings suggest that radiologic examination of the facial skeleton can be a cost-eﬀective adjunct to complement the early diagnosis
and the follow up of osteoporosis patients. Bone-mass preservation treatments have been associated with osteomyelitis of the
jawbones, a condition commonly described as osteonecrosis of the jaws (ONJ). The facial skeleton, where alimentary tract mucosa
attaches directly to periosteum and teeth which lie in their sockets of alveolar bone, is an area unique for the early detection of
osteoporosis but also for the prevention of treatment-associated complications. We review facial bone involvement in patients with
osteoporosis and we present data that make the multidisciplinary approach of these patients more appealing for both practitioners
and dentists. With regard to ONJ, a tabular summary with currently available evidence is provided to facilitate multidisciplinary
practice coordination for the treatment of patients receiving bisphosphonates.

1. Introduction
Osteoporosis is a very common medical condition aﬀecting
over 5% of the global population [1, 2]. A considerable
proportion of these patients will sustain one or more fragility
fractures in their remaining lifetime [1–3]. Despite its low
case fatality, morbidity from osteoporosis poses important
socioeconomic burden [4]. The incidence of osteoporosis
has been known to be on the rise; however, a break in this
trend has been reported in the last decade [5]. Therefore,
osteoporosis is considered as a serious public health concern
which aﬀects both genders [1, 6]. Expectedly, research is
focused in the development of new treatments for osteoporosis while a variety of drugs have been made available
during the past 50 years. The treatment of osteoporosis
involves management of osteoporosis-associated fractures,
universal prevention measures, and medical treatment of
the underlying disease. Orthopaedic surgeons deal with

osteoporotic fractures, while the nutrition and exercise are
the leading prevention measures to reduce risk factors for
osteoporosis. Medications are recommended for patients at
high risk of fractures to reduce fractures. Risk factors to be
considered in making the treatment decision include age,
prior history of fracture, family history of fracture, weight,
underlying diseases and medications, bone mineral density,
and current smoking [7]. Currently approved medications
include alendronate (Fosamax), risedronate (Actonel), and
raloxifene (Evista) for prevention and treatment of osteoporosis; teriparatide (Forsteo), denosumab (Prolia), zolendronic acid (Aclasta), ibandronate (Bondenza) nasal calcitonin spray (Miacalcin) for treatment only, and estrogens or
combinations of hormones (hormone replacement therapy
(HRT)) for prevention only. Osteoporosis is asymptomatic
until a fracture occurs, which poses a major challenge for the
treating physician and may in part explain why relatively few
patients receive a diagnosis of osteoporosis [8]. Bone mineral
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density (BMD) has been reported to correlate for more than
three quartiles of total bone strength [9, 10]. Quantization
of BMD to predict the risk of fractures is of the same order
of importance and eﬃcacy as measuring blood pressure or
cholesterol levels to predict the risk of experiencing stroke or
myocardial infarction [8–10]. Spine and hip BMD signify the
risks of experiencing vertebral and hip fractures. The gold
standard method for determining BMD is dual energy Xray absorptiometry (DXA). Other BMD measures include
peripheral DXA, calcaneal ultrasonography [11] and digital
X-ray radiogrammetry, and they are used to screen for
and to predict the short-term risk of experiencing fracture
[12–14]. The World Health Organization (WHO) defines
osteoporosis in postmenopausal women as a BMD with
T score over 2.5 standard deviations below the mean for
young healthy adults. A BMD between 1.0 and 2.5 standard
deviations below the mean (T score = −1.0 to −2.5) is
classified as osteopenia. The risk of fracture is proportionate
to the decrease in BMD. Nonetheless, more fractures are seen
in people with osteopenia than in people with osteoporosis,
because the number of people with osteopenia is higher
[9, 10, 14–16]. Personal risk factors for hip fracture [15, 16]
have been identified from epidemiologic studies such as the
Study of Osteoporotic Fractures [8, 15].
The facial skeleton is diﬀerent from the remainder of
skeleton; the main diﬀerence is the fact that it comprises
membranous rather than chondrogenous bones. Bone development occurs in two main forms. The majority of bones is
preformed in cartilage which is later replaced (endochondral
ossification, endochondral bone). However, in the skull and
the clavicle, bone forms directly in membranous connective
tissue (intramembranous ossification, membranus bone). A
brief look at the history of the skeleton may explain why
[17, 18]. Calcified skeletal tissues replaced silicacious in
the Cambrian period, most probably because physiological
changes either in the beasts or the oceans in which they lived,
allowed retention of Ca ions. It was then those brachiopods,
nautiloids, trilobites gradually converted. Later the first
vertebrates had bony scales embedded in their skin—those
around the mouth incidentally forming the primitive basis of
teeth. In some phylogeny lineages, these scales fused to form
bony carapaces [17, 18]. Humans retained these carapaces
over our heads as skull vaults. Later the rest of the skeleton
like the vertebrae, which were cartilaginous also became
bony. This phylogeny explains the distribution and origins
of membrane and cartilaginous bone. Facial bones directly
ossify from mesenchyme. The surviving membranous bones
in the head and part of the clavicle are fragments of
the dermal shield. The formation of membranous bone
from neural crest-derived mesenchyme of the maxillary
and mandibular processes of the embryo depends upon
preceding interactions between the mesenchyme and maxillary or mandibular epithelia. These epithelial-mesenchyme
interactions that initiate osteogenesis in both the mandibular
and the maxillary processes have been reported to be
permissive interactions [19]. Centres of ossification that are
marked by the appearance of calcified matrix appear during
lifetime, some in embryonic life, others in fetal and yet others
well into the postnatal growing period. Some bones ossify
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from a single ossification centre, others from a group, of
which one is the primary (central and premature) and the
remainder secondary (later and often peripheral) [17]. The
bones in the skull and facial complex remain separated by a
fibrous union (suture) until the seventh or eighth decade of
life [20]. Sutures function as intramembranous bone growth
sites that remain in an unossified state, to allow new bone
to be formed at the edges of the overlapping bone fronts.
This process relies on the production of suﬃcient new bone
cells which are recruited into the bone fronts, while ensuring
that the cells within the suture remain undiﬀerentiated.
Contrary to endochondral growth plates that can expand
through chondrocyte hypertrophy, sutures do not posses
intrinsic growth potential. Rather, they produce new bone
at the sutural edges of the bone fronts in response to
external stimuli, such as signals arising from the expanding
neurocranium or from facial muscles tension [20].
Phylogeny which was primarily based on observations
is nowadays discovered through molecular sequencing data
and morphological data matrices [18, 21]. Depending on
their membranous or endochondral origin, bones have
distinct signaling properties, which need to be considered in
the research and application of bone biology [22, 23]. This
is not theoretical as clinical implications have already been
reported [24]. In this regard, we review issues related to the
facial skeleton in patients with osteoporosis.

2. Inner Ear Issues in Patients with Osteoporosis
Hearing loss in patients with osteoporosis has long been
described. The majority of reported osteoporotic patients
with hearing loss were aﬀected by Paget disease [25]. The
hormonal control of bone metabolism has taken on a new
dimension since the description, within the last decade, of
a major osteoclast inhibiting control system. The receptor
activator of nuclear factor-[kappa]B (NF-[kappa]B) ligand
(RANKL) produced by osteoblastic lineage cells, binds with
its receptor RANK, located on osteoclasts, in order to
allow the maturation and activation of osteoclasts [26]. The
potential continuous bone loss is controlled by the decoy
receptor osteoprotegerin (OPG) which competitively binds
to RANKL and hence blocks the interaction of RANKLRANK [26, 27]. Estrogens contribute to bone protection
since they decrease the response of osteoclasts to RANKL and
induce osteoclast apoptosis. But estrogens, are stimulators
of prolactin release. Prolactin aﬀects calcium metabolism
and pregnancy-induced hyperprolactinemia aﬀects BMD.
Long-term estrogen treatment in guinea pig results in
hyperprolactinemia and has been reported to lead to hearing
loss as well as bone dysmorphology of the otic capsule [28].
Recent data show that prolactin decreases OPG and increases
RANKL [29]. OPG has been shown to be expressed at high
levels in the cochlea and OPG knock-out mice have indeed
abnormal remodeling of the otic capsule and resorption of
the auditory ossicles [30]. This might explain why oral contraception treatment and hormone replacement therapies,
involving estrogen together with progestin, increase the risk
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of otosclerosis and vestibular disorders [31]. Benign paroxysmal positional vertigo (BPPV), also called canalolithiasis
and cupulolithiasis has been associated with lower T-scores
in postmenopausal women. The diagnosis of osteopenia
or osteoporosis was confirmed by a bone mineral density
measurement made with DXA of spine and hip (T-score)
[32]. These results suggested a possible relationship between
recurrent BPPV and a decreased fixation of calcium in bone
in postmenopausal women. In an experimental model used
to test this hypothesis, in which osteopenia/osteoporosis was
induced by bilateral ovariectomy in female rats, the density
of otoconia was decreased and their size was increased when
compared to the control group. Utricular otoconia of both
groups of rats examined by conventional and epifluorescence
microscopy, labeling with calcein showed lack of external
calcium turnover into otoconia of adult female rats [33].

3. Oral Health in Patients with Osteoporosis
Several other factors also aﬀect the dental management of
this disease. Patients diagnosed with or at high risk for
developing osteoporosis often have other chronic diseases.
These patients’ oral health is also compromised since they
are receiving medications to treat these diseases and due
to physical disability and poor hygiene compliance issues.
They usually have major dental requirements and their
poor oral health can cause systemic health deterioration.
Preserving the natural dentition of those patients promotes
better nutrition and improves appearance [34, 35]. On
the other hand, poor oral health in this population can
contribute to increased morbidity and decreased quality of
life [35–37]. People with chronic diseases and poor oral
health are at increased risk of developing opportunistic
infections such as pneumonia and of xerostomia induced
by medications [35, 36]. Patients’ poor oral hygiene, loss
of hand dexterity, lack of compliance and poor dentition
can, in turn, impair oral function [35, 38]. Therefore,
dental care is indicated for these patients; to provide
satisfactory care, dentists need to understand osteoporosis,
its treatments and its complications. A number of review
articles about osteoporosis and periodontal disease discussed
various issues regarding BMD and oral alveolar bone loss,
premature teeth loss and increased severity of periodontal
disease in patients with osteoporosis [39–41]. Common
risk factors for osteoporosis and periodontal disease include
smoking, old age, and low intake of calcium and vitamin
D [8]. Since both osteoporosis and periodontitis are highly
prevalent and markedly associated with aging, studies have
been performed to investigate the association between these
diseases over the past decades [39, 40, 42]. Experimental
results [43] suggest that despite those studies, no clear
association between these diseases exist other than common
risk factors. Through recognizing common risk factors for
both osteoporosis and periodontal disease and performing
clinical and radiographic dental examinations dentists identify patients who are at risk of developing osteoporosis.
The results of radiographic assessment of the alveolar
trabecular pattern can be a clinical indicator of BMD [44].
Other studies suggest that routine panoramic radiographs
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also can be used to detect low BMD, osteoporosis and
risk of experiencing vertebral fracture in postmenopausal
women [45–48]. These studies also showed that providing
special training to dental practitioners on specific evaluation
techniques and reading panoramic radiographs enhanced
their detection of osteoporosis related radiographic changes.
Briefly, the radiographic examination of the mandibular
inferior cortex can reveal changes that vary from normal
with the endosteal cortical margins being even and sharp
bilaterally, to mild or moderate erosion of the inferior cortex,
to severe erosion and presence of heavy endosteal cortical
residues and porosity of the inferior mandibular cortex,
unilaterally or bilaterally. Panoramic X-rays are cheap and
routinely performed in many patients, in contrast with DXA
which may be too expensive to be widely implemented in
population screening programs. Some authors concluded
that panoramic X-rays can help detect a high percentage of
postmenopausal women with undetected low BMD, as well
as undetected spinal fractures which may then be referred
for DXA [45–52]. Under the auspices of a European Union
Initiative (the OSTEODENT project), a special computer
software has been developed to facilitate early diagnosis of
osteoporosis by dental practitioners. The cost-eﬀectiveness
of the program has been documented [51–58]. Physicians
and dentists have a shared interest to identify patients at
risk of developing osteoporosis and periodontal disease.
Collaboration between these professionals to early diagnose
osteoporosis and osteopenia can lead to early osteoporosis
therapy and prevention of fractures.

4. Osteonecrosis of the Jaws (ONJ)
Osteonecrosis of the jaws (ONJ) was initially described as
an oral complication resulting from undergoing bisphosphonate therapy and is to date defined as the presence of necrotic
bone anywhere in the oral cavity in a patient who is taking a
bisphosphonate, who has not received radiation to the head
and neck and in whom the necrotic area does not heal within
eight weeks after diagnosis after receiving proper care [7, 59,
60]. Patients with ONJ were classified in three stages, while
in 2009 a stage 0 was also proposed [61] and subsequently
adopted (Table 1) [59, 62]. Most reported cases of ONJ
have been associated with the intravenous administration
of zoledronic acid or pamidronate in patients with cancerrelated conditions, including bone metastases in the context
of solid tumors such as breast cancer, prostate cancer, and
lung cancer, and lytic lesions in the setting of multiple
myeloma [62–64]. ONJ also has been diagnosed, although
in a smaller number, in patients taking oral bisphosphonates
such as alendronate, risedronate, ibandronate and clodronate
for the prevention and treatment of osteoporosis [65–67].
Various aetiopathogenetic paradigms have been proposed.
Table 2 briefly summarizes those most plausible. Predisposing factors that have been proposed to be associated with the
development of ONJ in patients under BP treatment include
dental extractions [68–70], use of dentures [68, 69], presence
of periodontal disease [69, 71], smoking [68, 69, 72],
diabetes mellitus [62], glucocorticoid use [62] and prolonged
bisphosphonate therapy [69, 73]. Thus, reports of ONJ have
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implications for the dental care of patients with osteoporosis
[65]. It is important for dental practitioners to identify
patients who are taking a bisphosphonate. Due to the fact
that the majority of bisphosphonates are administred either
weekly or monthly, patients frequently forget to disclose
to dentists that they are taking the medication. Including
specific questions about osteoporosis and bisphosphonate
use in the dental history may facilitate the identification of
those under BP treatment.
The ideal dental management protocol for patients
taking oral bisphosphonates has been a matter of debate.
It has been suggested that patients need be given a “drug
holiday” when surgical dental intervention that includes
bone manipulation is scheduled [91]. Existing evidence;
however, provides no scientific grounds to support the
theory that discontinuation of bisphosphonate therapy will
improve treatment outcomes [67, 92]. Therefore, before
discontinuing bisphosphonate therapy, dentists and physicians must collaborate to determine the best way to manage
the treatment of each patient. Several health indicators,
including BMD, degree of risk of experiencing spine and
hip fractures and duration of bisphosphonate therapy would
need to be discussed in such a consultation. This consultation also would help health care practitioners make a
decision about whether a drug holiday is acceptable for any
individual [8].
The risk of fracture following treatment over a period
of time and subsequent discontinuation of an oral bisphosphonate for patients with osteoporosis has not been
well established. The Fracture Intervention Trial Long-term
Extension (FLEX) evaluated the eﬀects of continuing or
stopping oral alendronate in postmenopausal women for up
to 10 years. Investigators found that BMD was maintained
and bone remodeling was suppressed with no detectable
increase in fracture risk [93]. In the group of women who
discontinued oral alendronate use after five years, the BMD
and bone remodeling were maintained at higher levels than
those obtained at baseline. The BMD and bone marker
changes suggested some residual eﬀect from 5 years of
alendronate treatment that is evident for at least 5 years after
discontinuation [93].
The association of hip fracture with high mortality
also is important, however the potential savings from hip
fracture prophylaxis may be overestimated by studies that
fail to consider diﬀerential risk, mortality, and long-term
followup [94]. Managing the care of a patient who has
ONJ and is taking a bisphosphonates is based mostly on
expert opinion [95]. Several strategies have been attempted,
including sequestrectomy, surgical local debridement and
periodontal flap surgery, as well as less invasive procedures
like antibiotic therapy and mouthrinses [67, 78, 86, 95, 96].
Treatment outcomes vary from complete healing to partial
healing to no healing. Both practitioners and dentists must
keep in mind that the management of ONJ is diﬃcult
and no definite treatment exists to date. The osteonecrotic
process usually does not respond to routine therapy, and
more aggressive surgical manipulation of the area is not
recommended [97]. In those ONJ cases when there is clinical
evidence of active infection, conservative approaches such

Journal of Osteoporosis
as minor local debridement and systemic antibiotic therapy
are indicated. When there is trauma to the soft tissues
sharp bone edges should be eliminated. Routine oral hygiene
maintenance is indicated, and it can be complemented
with topical chlorhexidine rinses [59, 62, 67, 97]. Table 1
summarizes proposed interventions for patients receiving
BPs but also for those who developed ONJ.
When a patient taking oral bisphosphonate needs to
undergo a surgical procedure, Marx et al. suggested that the
patient discontinue BPs and undergo a serum C-telopeptide
test of type I collagen (CTX) prior to the procedure
[98]. CTX is used to measure bone resorption and detect
the fragments of collagen type I peptide released in the
circulatory system when osteoclasts resorb bone. The authors
recommended that when the CTX level is higher than 150
picograms per milliliter, the risk of developing ONJ following
an invasive dental surgical procedure is diminished [98].
There are, however, no suﬃcient data to support the use of
CTX to predict the development of ONJ. An expert panel
recommended that using this test may not be an evidencebased approach as a control group was missing in the initial
study [99]. Other authors also commented on the lack of
quality evidence with regard to the predictive value of CTX
[100] while a study with limited followup concluded that
serum CTX is not a valid preoperative test to accurately assess
the level of risk of developing ONJ and is not indicated in the
oral surgery patient [101]. Because ONJ can be a devastating
complication of bisphosphonate therapy, a collaborative
eﬀort between dentists and physicians in deciding on the
patient’s dental treatment is recommended, because it can
minimize complications and adverse events. The reported
incidence of ONJ in patients taking oral bisphosphonates
is relatively low, which may be due to underreporting,
diﬀerent duration of therapy in countries that have adopted
bisphosphonates more recently and diﬀerent definitions
of ONJ [65, 66]. There are an estimated 0.7 cases per
100,000 patient-treatment years in the United States [74,
102]. However, some geographic variations in incidence are
being reported such as in Australia, where the number of
cases could be much higher [103]. Others believe that the
incidence of ONJ is low, considering the millions of patients
with osteoporosis who are taking oral bisphosphonates [67].
The development of new bisphosphonates may enhance the
safety of this medication. A recent clinical trial reported
the results of treating patients with osteoporosis with a
new formulation of bisphosphonate (Zoledronic acid 5 mg,
Aclasta) [104]. Patients received an annual intravenous
infusion of 5 milligrams of zoledronic acid for a period of
three years. The trial demonstrated a significant reduction
of the risk of vertebral, hip and other fractures. Only two
cases of ONJ were detected; one in the treatment group,
and one in the placebo group [104]. It is not uncommon,
however, that drug adverse events emerge only after the drug
receives US Food and Drug Administration approval on a
postmarket basis and is widely adopted in everyday clinical
use [7].
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Table 1: Staging classification of osteonecrosis of the jaws by bisphosphonates and treatment strategies (from Kyrgidis et al [59], modified
on the basis of current evidence).
Osteonecrosis of the jawsstaging

Stage description

Treatment strategies
“Patient education” (inform patients about the
complication, its signs, and symptoms) [74]
“Maintain optimal oral hygiene” (biannual periodontal
scaling, restoration decayed teeth) [63, 74, 75]

Future risk category

Candidate patients to be enrolled
in bisphosphonate treatment,
patients who have enrolled to
bisphosphonate treatment for a
period shorter than 3 months

“Provide root canal treatment as usual” [68, 69]
“Treat active oral infections, remove sites at high risk for
infection” (partially impacted wisdom teeth, nonrestorable
teeth, teeth with extensive periodontal dehiscence)
[60, 74, 75]
“Check for ill-fitting dentures, retread if necessary” [68, 69]
Baseline dental evaluation (history taking, clinical
examination and panoramic radiographs) [68, 74, 75]
All of the above
“Prefer conservative dental treatment modalities over dental
extractions” (root canal treatment, periodontal scaling and
root planning) [68–70, 74]

At-risk category

No apparent necrotic bone in
patients who have been treated
with either oral or IV
bisphosphonates

Perform extractions and other surgery only when utterly
inevitable; in such cases use minimal bone manipulation
with appropriate local and systemic antibiotics
[68–70, 76]:
(i) Perform periodontal scaling 3 weeks prior
(ii) Prescribe amoxicillin 1gr t.i.d. 3 days prior
(iii) Reflect full thickness mucoperiosteal flap, remove
teeth with minimal cortical trauma
(iv) Suture and prescribe amocicillin 1 gr t.i.d. for 17
days, chlorexidine 1% rinses t.i.d.
(vi) Remove sutures and discontinue chlorexidine
rinses 1 week postoperatively
(v) Prefer single tooth interventions
(vi) Followup to ensure healing

Stage 0

No clinical evidence of necrotic
bone, but non-specific clinical
findings and symptoms

All of the above
“Systemic management”, including use of pain medication
and antibiotics [62]
All of the above

Stage 1 [77]

Exposed bone necrosis or small
oral ulceration without exposed
bone necrosis, but without
symptoms [77]

“Oral antibacterial mouth rinse” (0.12% chlorhexidine
rinse, hydrogen peroxide)
“Impede denture use” [68, 69]
Discontinuation of bisphosphonate therapy until
osteonecrosis heals or underlying disease progresses is not
indicated but might be individually considered prior to
surgery [62, 78–80]
Clinical followup on quarterly basis [62]
All of the above

Stage 2a [77]

Exposed bone necrosis or a small
oral fistula without exposed bone
necrosis, but with symptoms
controlled with medical
treatment [77]

Suggest computed tomography scans
Symptomatic treatment with oral antibiotics
(monotherapy or combination therapy with b-lactam,
tetracycline, macrolide, metronidazole, or clindamycin)
[74]
“Pain control” with non-steroid anti-inflammatory drugs
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Table 1: Continued.

Osteonecrosis of the jawsstaging

Stage 2b [77]

Stage description

Treatment strategies

Exposed bone necrosis or a small
oral fistula without exposed bone
necrosis, but with symptoms not
controlled with medical
treatment [77]

All of the above
Supercial debridement to relieve soft tissue irritation

Jaw fractures, skin fistula,
osteolysis extending to the
inferior border [77]

Stage 3 [77]

All of the above
Surgical debridement/resection for longer term palliation
of infection and pain under intravenous antibiotic
treatment
Use of doxycycline bone fluorescence to discriminate
viable bone [81, 82]

Table 2: Most plausible aetipathogenetic paradigms for osteonecrosis of the jaws (ONJ).
Paradigm
Osteoclast-mediated
toxicity
Soft tissue toxicity
Infection

Impaired immune
homeostasis-macrophage
impaired function

Synopsis
Bisphosphonates suppress osteoclast-mediated bone remodeling. This suppression
results in “fatigue” of the alveolar bone, responsible for necrosis

Citations

The oral mucosa is initially involved. As the damage progresses, underlying alveolar bone
is also involved and the clinical presentation of ONJ becomes evident.
Increased bacterial adhesion to the bisphosphonate covered bone may be the cause for
ONJ development
Dendritic cells, macrophages, cytotoxic and helper T-lymphocytes are aﬀected by
bisphosphonates. Chemokines, like tumor necrosis factor-alpha, inteleukins IL-1a, IL-1b,
IL-6 and IL-8 are also impaired by bisphosphonates. Impaired immune response is
responsible for continued inflammation resulting in osteomyelitis. Impaired function of
macrophages due to RANKL inhibition is a key phenomenon in the defective topical
immune response

[79, 86]

5. Specific Osteoporosis Treatment Agents
Denosumab is a human monoclonal IgG2 antibody that
binds selectively and with high aﬃnity to the receptor
activator of nuclear factor-κB ligand (RANKL) and pharmacologically mimics the eﬀect of osteoprotegerin on RANKL
[26, 27, 88] thereby blocking the binding of RANKL to the
receptor activator of nuclear factor-κB (RANK). Denosumab
rapidly decreases bone turnover markers resulting in a
significant increase in bone mineral density and reduction in
fracture risk [26, 27, 88]. Amgen’s denosumab was approved
under the brand name Prolia for osteoporosis in mid-2010
[105]. The safety and eﬃcacy of Prolia in the treatment
of postmenopausal osteoporosis was demonstrated in a
three-year, randomized, double-blind, placebo-controlled
trial of 7,808 postmenopausal women ages 60 to 91 years.
In the study, Prolia reduced the incidence of vertebral,
nonvertebral, and hip fractures in postmenopausal women
with osteoporosis [106]. Of note, in the latter study previous
bisphosphonate administration was a possible confounder;
however, the issue has been addressed by the authors [107].
Recently, denosumab was granted with FDA approval for
the prevention of skeletal-related events in patients with
bone metastases from solid tumors under the trade name

[83–85]

[84, 87]

[79, 88–90]

Xgeva [108]. While ONJ incidence with denosumab in
clinical trials has been negligible in those patients with
osteoporosis, in metastatic cancer patients ONJ has been
recorded as an adverse eﬀect [88, 109]. Importantly, it has
been suggested that since denosumab exhibits the advantage
of short clearance time when compared to bisphosphonates,
more feasible treatment and earlier healing of denosumabrelated ONJ when compared to bisphosphonate-related ONJ
could be anticipated [88].
Teriparatide, which consists of the N-terminal 34 amino
acids of parathyroid hormone, has been in clinical use
for the treatment of osteoporosis for almost a decade,
ever since clinical trials showed that among patients with
severe osteoporosis who were treated with teriparatide, the
relative risks of vertebral and nonvertebral fractures were
reduced by 65% and 53%, respectively [109, 110]. Unlike
bisphosphonates, the current first-line agents for the prevention of fractures, which act primarily by inhibiting bone
resorption, teriparatide increases bone density and strength
primarily by stimulating osteoblastic bone formation. Thus,
teriparatide stimulates bone remodeling, whereas bisphosphonates decrease it [109]. A recent study reported improved
clinical outcomes, greater resolution of alveolar bone defects,
and accelerated osseous wound healing in a yearly followup
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in the oral cavity of patients with chronic periodontitis
who underwent periodontal surgery and received daily
injections of teriparatide or placebo, along with oral calcium and vitamin D supplementation, for 6 weeks [110].
Teriparatide may oﬀer therapeutic potential for localized
bone defects in the jaw. Furthermore, teriparatide has been
reported to promote the spontaneous resolution of ONJ.
Despite the fact that the only three cases have been published
to date [111–114], given the FDA approval of teriparatide for
osteoporosis and the limited existing evidence with regard
to ONJ healing, it could be justified to prescribe teriparatide
to patients with bisphosphonate-treated osteoporosis who
already have ONJ.

6. Conclusions
The facial skeleton is a region of particular interest in
patients with osteoporosis. Firstly, inner ear pathophysiology
and manifestations may be related to calcium metabolism.
Evidence suggests that sex hormones convey changes to the
otoconia of the cochlea and the vestibule. Postmenopausal
osteoporosis is known to be associated with sex hormone
changes, and may be associated with benign paroxysmal
positional vertigo. Practitioners should be aware of these
symptoms and early refer their patients to ENT surgeons.
Secondly, although the relation between osteoporosis and
periodontal disease has not been quantified, maintenance of
optimal oral hygiene would likely be beneficial for osteoporosis patients. Furthermore, panoramic X-rays widely
used in dentistry are of importance to early refer selected
patients for DXA screening. Good knowledge of osteoporosis
specific alterations in panoramic X-rays is a prerequisite
and dentists should be keen on referring these patients.
Thirdly, osteonecrosis of the jaws is one of the most discussed
complications resulting from bone mass preservation treatment. Prevention and timely diagnosis of this complication
requires awareness and collaboration from both physicians
and dentists. Similar to the paradigm of bisphosphonates and
ONJ, the broad introduction of denosumab and teriparatide
might bear skeletal-related complications but it might also
introduce new therapeutic potentials. Early recognition of
future complications and early exploitation of therapeutic
potentials mandate for a multidisciplinary approach.
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Bisphosphonates are the most widely prescribed medicines for the treatment of osteoporosis and have generally been regarded as
well-tolerated and safe drugs. Since 2005, there have been numerous case reports about atypical fractures of the femur linked to
long-term treatment of osteoporosis with bisphosphonates. Some attempts to characterize pathophysiology and epidemiology of
these fractures have been published as well. However, as the American Society for Bone and Mineral Research (ASBMR) concluded
in their task force report, the subject warrants further studies.

1. Introduction
Bisphosphonates are widely used for treatment of osteoporosis. It has been shown in the randomized clinical studies
that bisphosphonates reduce the incidence of osteoporotic
vertebral and hip fractures when used for the treatment of
postmenopausal osteoporosis [1–4]. Bisphosphonates act by
inhibiting the osteoclast function and inducing osteoclast
apoptosis. This leads to suppression of bone resorption
and increase of bone mineral density. Based on studies on
experimental animals, it has been shown, however, that
suppression of bone resorption might lead to suppression of
bone turnover and creation of hard, but more brittle bone
[5, 6].
The optimal duration of the bisphosphonate therapy
remains also a question. Based on current evidence, the
continuing of bisphosphonate therapy beyond five years does
not seem to lower osteoporotic fracture risk as much as the
first years of therapy [7].
In 2005, Odvina et al. published a case series about nine
osteoporotic patients on long-term bisphosphonate therapy
who had acquired atypical fractures [8]. In their report,
suppressed bone turnover by bisphosphonates was suggested
as etiologic factor for the fractures.
Since the publishing of this report, a few case reports
about the subject have been published. The American Society
for Bone and Mineral Research also has published recently

a task force report about atypical femoral fractures [9] as
well as two international osteoporosis societies [10]. Some
review articles about the subject have also been published
recently [11, 12]. In this paper, published case series and
reports are reviewed as well as current knowledge about the
epidemiology and pathophysiology of these fractures.

2. Published Case Reports and Case Series
The original case series of Odvina et al. [8] consisted of
nine patients having fractures in various nonvertebral sites,
actually only three patients had fractures of femoral shaft,
while two other patients had fractures of proximal femur.
The patients in this original case series were well studied; the
case series included histomorphometric data, biomechanical
markers of bone turnover and bone densitometric measurements. They noted that in the histomorphometric samples
a severely suppressed bone turnover was seen. It also was
suggested that use of estrogens or corticosteroids could be
predisposing factors for these fractures, since three of the
patients were on estrogen therapy and two of them had used
corticosteroids.
After the original report by Odvina et al., a number
of case reports have been published [13–29]. In the case
series by Kwek et al. [18] the major radiologic features of
these fractures were defined as (a) cortical thickening in
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Figure 1: A case of bilateral femur fractures in a patient who had
been on alendronate therapy for six years.

the lateral (tension) side of the subtrochanteric region, (b)
transverse fracture, and (c) medial cortical spike (Figure 1).
These features were included also in the ASBMR definition
of atypical femoral fractures. In the ASBMR task force report
the atypical fractures were, however, also required to be
associated with no trauma or minimal trauma and to be
noncomminuted.
The original case series by Odvina et al. included two
patients with bilateral fractures of femoral shaft. Subsequent
case reports and case series have included both unilateral
[13–16, 18, 20, 25] and bilateral cases [16, 17, 25–29]. It
has been demonstrated that patients having unilateral atypical femoral fractures often have stress injury-like cortical
hypertrophy in their contralateral limb [14], suggesting that
bisphosphonate eﬀect on these patients’ femurs most likely
is bilateral. In the series by Kwek et al. [18], the incidence of
contralateral cortical hypertrophy was estimated to be 53%.
Another characteristic feature of atypical femoral fractures are prodromal symptoms. Goh et al. [14] were the
first authors reporting of ipsilateral prodromal pain before
subsequent fracture. In their series of nine alendronatetreated patients with atypical subtrochanteric fractures,
five patients had experienced pain or discomfort in the
fractured limb, between two to six months before the injury.
The prodromal symptoms and cortical hypertrophy were
correlated with radiologic cortical stress reaction by Koh
et al. in their retrospective series of 16 patients [30]. They
identified a “dreaded black line”, a radiologic finding known
to be associated with nonunion of stress fractures [31], in
four patients’ X-rays taken because of prodromal symptoms
before the fracture. They suggested that the presence of the
dreaded black line in a symptomatic patient should indicate
prophylactic nailing, since in their retrospective series it
seemed to herald a complete fracture.
The case reports and case series published so far have
mostly included patients on alendronate therapy [13–20, 25–
29]. There are, however, reports about patients with atypical
fractures who have been on pamidronate [21] or risedronate

[22–25] as well. The greater amount of cases linked to alendronate than other bisphosphonates is most probably a
consequence of alendronate’s position as the most frequently
used bisphosphonate for (postmenopausal) osteoporosis.
In the published case series and reports it has been
pointed out that concomitant use of other pharmacologic
agents with alendronate could be a predisposing factor
for atypical femoral fractures. In the original Odvina’s
report [8], coadministration of estrogen and glucocorticoids
were raised as potential predisposing factors. In subsequent
reports frequent use of these agents has also been noted
as well as use of oral proton-pump inhibitors [16, 21,
27, 28]. Giusti et al. in their systematic review estimated
the concomitant use of oral glucocorticoids to be 25.5%,
estrogens 11.8%, and proton pump inhibitors 38.9% in
patients with atypical fractures. There is a good number
of published cases of patients not using any of the abovementioned agents [14, 18], however, and therefore a direct
causal relationship cannot be established. Moreover, the use
of the above-mentioned agents may well be frequent in
osteoporotic patients. Glucocorticoid use is a well-known
cause of secondary osteoporosis, estrogens are often used
by postmenopausal women, and bisphosphonates cause
dyspeptic symptoms that may lead to use of proton pump
inhibitors.

3. Pathophysiology
In the original case series by Odvina et al. [8], an iliac crest
bone biopsy was obtained from all nine patients. All of their
patients showed a severe depression of bone formation with
absence of double-tetracycline labelling. The case reports
and case series reviewed in this paper include data of iliac
crest bone biopsies after double-tetracycline labeling from
19 patients [8, 16, 20, 22, 26, 29]. Of them, 18 have shown
severe depression of bone turnover (defined as complete lack
of tetracycline labels).
It is known that long-term bisphosphonate use suppresses bone turnover, but in the previous histomorphometric studies single or double tetracycline labels have almost
always been detected, contrary to findings in patients with
atypical fractures [32, 33]. Also, Bone et al. found that
even combination therapy of alendronate and estrogen did
not result in complete disappearance of tetracycline labels
[34]. The samples in these studies were, however, collected
from patients treated for 2-3 years with bisphosphonates.
There are some studies [35, 36] where the authors have
collected histomorphometric samples from patients treated
with alendronate for 5-6 years in average. In both of these
studies, the bone turnover rate was clearly lowered and
in the study of Chapurlat et al. double-tetracycline labels
were lacking in 1/3 of patients [36]. In light of these
findings, it seems prudent to state that long-term (over
five years) therapy with bisphosphonates may lead to a
severe suppression of bone turnover that in itself may be a
predisposing factor for the atypical fractures of femur.
The safety of long-term bisphosphonate therapy has
been questioned earlier on the basis of experimental studies.
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Mashiba et al. [5] treated beagle dogs with alendronate
or risedronate for one year and observed a suppression of
bone turnover and increase of microdamage accumulation in
dogs’ ribs. The doses used were five times greater than clinical
doses used in humans for treatment of osteoporosis. Same
phenomenon was observed in beagles’ vertebrae and femoral
necks [6]. There was no diﬀerence between alendronate and
risedronate in the microdamage accumulation suggesting
that possible adverse eﬀects of bisphosphonates on bone
should not be restricted to alendronate only.
Bone turnover in patients with atypical fractures has
also been estimated with the help of biochemical markers
(urinary excretion of N-telopeptide and/or hydroxyproline)
in some of the case reports and series mentioned above [8, 16,
20, 25–27]. The results from these studies are inconclusive.
There are reports where the markers of bone turnover have
indicated decreased turnover [16] and increased turnover
[26]. However, in most reports, the biochemical markers
have been within the reference limits [8, 20, 25, 27]. This
most probably reflects the fact that biochemical markers have
poor sensitivity and specificity for detection of low bone
turnover. Similarly, the bone mineral density data of the
published cases does not provide any conclusive evidence of
the pathophysiology of the atypical fractures of femur.

4. Epidemiology
There is little epidemiologic data concerning the atypical
fractures of femur in bisphosphonate users so far. There have
been some attempts to determine the incidence of these fractures and to find out whether long-term bisphosphonate use
might lead to rising incidence of subtrochanteric/diaphyseal
femoral fractures.
Schilcher and Aspenberg identified the incidence of
atypical fractures in the area of two healthcare districts in
Sweden [37]. With the help of national drug delivery register,
they were able to find out the prevalence of bisphosphonate
use in their area. They were able to find out 8 cases where
fracture configuration was consistent with the radiologic
appearance of atypical fractures. Of these patients, five were
bisphosphonate users. Using these findings they estimated
the incidence of atypical fractures in patients on continuous
bisphosphonate therapy to be 1/1000 per year (CI: 0.3–2).
Black et al. performed secondary analyses of three large
randomized, controlled bisphosphonate trials [38]. Among
14,195 women they were able to find 12 fractures in 10
patients. The fractures were classified as occurring in the
subtrochanteric or diaphyseal femur. A weakness of the study
was the lack of radiographs of all the patients. They estimated
the rate of subtrochanteric or diaphyseal fractures of femur
to be 2.3 per 10,000 patient-years. The relative hazard rates
for alendronate (FIT trial) was 1.03; for zoledronic acid
(HORIZON-PFT trial) 1.50 and for continued alendronate
use (FLEX trial) 1.33. The confidence intervals were wide,
probably due to the fact that none of these trials was
originally powered to detect a relatively uncommon sideeﬀect of the bisphosphonates.
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Another method to estimate the occurrence of subtrochanteric or diaphyseal femur fractures in bisphosphonatetreated patients was utilized by Abrahamsen et al. [39].
Their study included a cross-sectional and matched control
cohort studies. In the cross-sectional part they were able to
find out that the same percentage (7%) of subtrochanteric
fracture patients were alendronate users as of the patients
with hip fractures. In the cohort study they found out that
alendronate use carried a similar risk for subtrochanteric
or diaphyseal femur fractures (HR = 1.64) than for hip
fractures (HR = 1.50). Conclusion of the investigators was
that the risk for the proximal femoral fractures was caused
by the osteoporosis itself, since the risk was similar for both
these fractures. The limitations of the study include the lack
of analysis of the radiographs. The fracture groups included
also high-energy patients.
Vestergaard et al. studied the incidence of subtrochanteric and diaphyseal femoral fractures both before
and after the start of various drugs against osteoporosis
[40]. Their study was based on hospital discharge registers
and included age- and gender-matched controls. They were
not able to find an increased incidence of the abovementioned fractures among 103,562 patients receiving drugs
against osteoporosis. Although the atypical fractures were
not specifically identified since no X-rays were analyzed,
the study supports the conclusion that the skeletal benefits
of antiresorptive agents outweigh the possible skeletal sideeﬀects of bisphosphonates.
We have also made an estimate of the incidence of
atypical fractures of femur in our university hospital’s
catchment area using methods similar to Schilcher and
Aspenberg (unpublished data). Interestingly, we resulted in
an estimate of incidence of 0.5/1,000 patient-years among
bisphosphonate-users, not very far from the estimate by
Schilcher and Aspenberg.

5. Conclusions
Based on published case reports and case series, the atypical
fractures of femur seem to occur rarely without a long-term
treatment of osteoporosis with bisphosphonates. Since the
evidence-base for osteoporosis treatment with bisphosphonates for more than five years is relatively thin, it seems
prudent to consider the benefits and risks on a patient
who has received the treatment for more than five years.
However, as it is not yet known whether the risk of adverse
eﬀects of medication can be avoided by drug holidays or
by discontinuing the bisphosphonate therapy, more research
is clearly needed. The atypical femoral fractures with their
possible prodromal symptoms should be remembered on
any patient on bisphosphonate therapy, especially if they
are receiving therapy with estrogens, oral glucocorticoids, or
proton pump inhibitors.
Based on the available data, the most likely pathophysiologic mechanism leading to these fractures seems to be the
suppression of bone turnover by bisphosphonates. However,
more research in this regard is needed as well.
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Finally, the true incidence and epidemiology of this
possible adverse eﬀect of osteoporosis treatment is very
poorly known. Therefore, it is very easy to agree with
ASBMR, calling for international registry for cases of atypical
femoral fractures. The guidelines suggested for the future
research can be agreed as well in order to be better able to
characterize these fractures.
While there is concern that there may be more atypical
femoral fractures in future, when more osteoporotic patients
have received bisphosphonate therapy for more than five
years, there is not yet any evidence which would urge
physicians to discontinue the therapy, at least before five
years. In the light of current knowledge, the positive eﬀects
of bisphosphonates outweigh their adverse eﬀects.
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Postmenopausal population is at increased risk of musculoskeletal impairments. Sarcopenia and osteoporosis are associated
with significant morbidity and social and health-care costs. These two conditions are uniquely linked with similarities in
pathophysiology and diagnostic methods. Uniform diagnostic criteria for sarcopenia are still evolving. Postmenopausal sarcopenia
and osteoporosis share many environmental risk- and preventive factors. Moreover, geriatric frailty syndrome may result from
interaction of osteoporosis and sarcopenia and may lead to increased mortality. The present paper reviews the factors in evolution
of postmenopausal sarcopenia and osteoporosis.

1. Introduction
One of the biggest challenges for public health care is the
maintenance of health, independence, and mobility as well
as prevention and postponement of disability of the aging
population [1]. There are sex dependent diﬀerences in
morbidity and disability among the elderly population which
become more evident with age [2, 3]. Among middleaged women, menopausal transition, caused by physiological
exhaustion of ovarian function [4, 5], evokes increase in
musculoskeletal, cardiovascular, and mental impairments
and cancer [6–8]. This increased female vulnerability related
to aging, together with predominance of female elderly
population, makes them an important target for research and
preventive health care measures [7].
Sarcopenia, that is, muscle wasting, and osteoporosis,
that is, fragile bone disease, are significant health burdens
among the postmenopausal women. The prevalence of sarcopenia has been reported to be 10% to 40% in postmenopausal population depending on the reference method
used and the population [8]. Osteoporosis aﬀects approximately 30% of female population over 50 years [9]. Sarcopenia results in decline in activities of daily living, quality

of life, and self-rated health and increases falls and related
skeletal fractures [10–15] which have been estimated to have
deep impact of social and healthcare-related costs of the
postmenopausal population [16–19].
The present paper focuses on similarities in acquired
factors associated with postmenopausal osteoporosis and
sarcopenia concentrating on decades after the menopausal
transition. Consequently, essential aspects on the eﬀects of
aging on sarcopenia and osteoporosis will be covered.

2. Contemporary Definition of
Sarcopenia and Osteoporosis
Evaluation of the evidence behind the synergism between
postmenopausal sarcopenia and osteoporosis requires a
clear definition for both conditions. Unfortunately, uniform
criteria for sarcopenia are still evolving, and methods as
well as diﬀerent measurement cutoﬀs have been used across
studies. Majority of the diagnostic thresholds for sarcopenia
have been developed based on muscle mass measurements
with similar methods applied for diagnosis of osteoporosis.
Moreover, the diagnosis of osteoporosis has shifted from
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salience of DXA towards independent risk factors for osteoporosis.

gait speed [43], timed get-up-and-go test (TGUG) [45], stair
climb power test (SCPT) [46].

2.1. Sarcopenia. Among the elderly, genetics, hormonal
changes, and lifestyle factors related to physical activity
and nutritional factors have been linked to development of
sarcopenia. From physiologic viewpoint, these lead to alterations in muscle protein turnover, muscle tissue remodeling,
loss of alpha motor neurons, muscle cell recruitment, apoptosis, and muscle’s fat content [20–22]. The multifactorial
etiology of sarcopenia emphasizes and diﬀerentiates the three
divisions of sarcopenia, that is, muscle mass, muscle strength,
and muscle function. Conceptually, this is supported by the
evidence that muscle strength does not correlate directly with
muscle mass, and the relationship between strength may not
be linear [23, 24]. In fact, some have argued, that with regards
to terminology, dynapenia would be a better acronym to
describe age-related decline in muscle strength and function
[25]. This, however, has not yet been uniformly incorporated
into clinical use.
Sarcopenia is a syndrome characterized by progressive
and generalized loss of skeletal muscle mass and strength
with a risk of adverse outcomes related to physical ability,
quality of life, or even death [23, 26]. According to the
consensus of the European Working Group on Sarcopenia
in Older People (EWGSOP), sarcopenia may be categorized
into presarcopenia (loss of muscle mass), sarcopenia (loss of
muscle mass and strength or functional ability), and severe
sarcopenia (loss of muscle mass, strength, and functional
ability) [20]. This categorization may be considered clinically
sound and holistically aligns the concept of multiple facets of
muscle wasting.
There are several methods for assessment of muscle
mass, strength, and function. Muscle mass may accurately be
assessed by dual X-ray absorptiometry (DXA) with very low
radiation dose (1-2 micro-Sieverts). The operational definitions of sarcopenia have generally used DXA-based skeletal
muscle mass index (SMI) [27]. Muscle mass below 2 SD of
the mean of young reference population has been considered
pathognomic for sarcopenia. Other methods available for
assessment of muscle mass include bioimpedance analysis
(BIA) [28–31], magnetic resonance imaging (MRI), and
computed tomography (CT) [32, 33]. In addition, anthropometric measurements, such as calf circumference, arm
circumference, and skin fold thickness, may be used for
evaluation of muscle mass [27, 34].
Muscle strength may be measured by variety of methods.
Grip strength has been found to be a reproducible method
for assessment of muscle strength [35–37]. Isometric knee
extensor strength has also been commonly used for assessment of muscle strength and has shown feasibility in frail
older subjects [38, 39], although there is limited reference
data available [40–42].
The international working group has recently recommended a series of tasks, entitled short physical performance
battery (SPPB) as the standard evaluation of physical performance in research and clinical use [43, 44]. Other physical
performance tests routinely used among the elderly include

2.2. Osteoporosis. Osteoporosis aﬀects approximately 30%
of the postmenopausal population. Osteoporosis is characterised by reduced bone mineral density (BMD) [47–51] and
increased rate of bone loss [52]. The main determinants of
BMD are the peak bone mass achieved by early adulthood,
the bone loss associated with age, and menopause in women
[53, 54]. Although the risk of fractures is greater among
women with low BMD, it explains only part of the increased
fracture tendency among the elderly [55]. This suggests that
also other BMD-independent risk factors should be taken
into account while evaluating the risk of fragility fractures
[56]. The pathophysiology behind osteoporosis is, as with
sarcopenia, multifactorial. Genetics, nutritional factors, lifestyle factors, and comorbidities have been shown to be
associated with the disease [55–57]. In addition, factors
related to falls have independent role in development of
fragility fractures.
By definition, osteoporosis is a disease of increased
skeleton fragility accompanied by low BMD and microarchitectural deterioration [58]. The golden standard for measuring bone material properties in clinical practice is axial
DXA measurement from femur and spine. Bone mineral
density (BMD) lower than −2.5 SD below the young adults
is considered osteoporotic and BMD between −1 and −2.5
osteopenic. Peripheral methods, for example, peripheral
quantitative computed tomography (pQCT) for assessment
of bone microarchitectural properties, have been developed,
but they have not supplanted central DXA as diagnostic
method.

3. Interaction between Postmenopausal
Sarcopenia and Osteoporosis: The Potential
Role of Common Acquired Risk Factors
Sarcopenia and osteoporosis have been thought to coexist
[59]. Several studies have shown a positive association
between lean mass and BMD in postmenopausal women
[60–62]. Appendicular skeletal muscle-mass-related relative
skeletal muscle mass index (RSMI), which has been used for
definition of sarcopenia, has been suggested to be positively
related to BMD [63]. The correlation of RSMI with BMD,
however, may be significantly aﬀected by diﬀerences in
physical activity [63]. Nevertheless, the positive association
between sarcopenia and osteoporosis has not been shown
constantly across diﬀerent studies [64]. Classically, it has
been suggested that changes in bone mass are mediated
through interaction with muscle strain via the sensory
function of osteocytes [65]. This mechanostat theory has also
emphasized the substantial role of estrogen in controlling the
muscle-bone unit which makes postmenopausal women an
especial target of interest. Consequently, there seem to be
several factors that significantly contribute to the interaction
between sarcopenia and osteoporosis.
The evidence behind the synergism between sarcopenia
and osteoporosis should be viewed from the perspective of
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the three modalities of sarcopenia, that is, muscle mass,
strength, and function and the two modalities of osteoporosis, that is, BMD and fractures. Essentially, this interaction
should also be considered from the view of common etiologic
risk- and preventive factors. Indeed, many such factors are
closely related to menopausal transition and age group of
the postmenopausal population. The following paragraph
concentrate on the common etiologic factors excluding
secondary factors related to specific morbidities.
3.1. Genetics. Muscle and bone tissues have common mesenchymal precursor [66, 67]. During the growth, bone
and muscle tissues exert significant allometry [68, 69].
Thereafter, during the adulthood, the functional properties
between the two components of musculoskeletal system are
functionally closely associated, and bone loss as well as
muscle strength are positively correlated [70]. In the late
years of the lifespan, the loss of both muscle and bone tissue
shows parallel decline and may have genetic control [66, 71].
There are several gene candidates involved in the genetic
control of musculoskeletal interactions [72–74] which are
holistically reviewed in detail recently [69]. However, the
whole process of maturation, development, and decline
of musculoskeletal system is significantly aﬀected, besides
genetics, by environmental factors [75].
The heritability of lean mass, measured with DXA, has
been estimated to vary between 56% and 84% [76, 77].
With regards to muscle strength and power, genetic eﬀects
explain 30%–50% in postmenopausal age group [77, 78].
Analogously, the heritability of bone strength, measured with
section modulus of femoral neck, has been reported to be
40 to 55% [76]. Lean mass and areal BMD seem to have
common genetic eﬀects that contribute to the interaction
between these traits [76, 79]. This association is likely to
be multigenetic. A recent study found that muscle crosssectional area and structural bone strength share genetic
eﬀects in the postmenopausal age group [80].
To conclude, components of muscle and bone strength are
significantly controlled by genes. Furthermore, bone and muscle
strength may essentially share genetic eﬀects.
3.2. Aging and Hormonal Changes in Menopause. Peak muscle strength is achieved in the early 40s after which muscle
strength gradually declines [81, 82]. After the age of 50, muscle mass has been reported to decline 1-2% per year [83] and
muscle strength 1.5% to 3% per year [84–87]. Elderly women
lose muscle performance more rapidly than do their male
counterparts [88, 89]. It has been estimated that the decline
of muscle strength attributable to the menopause accounts
for an approximately 10–15% extraloss in addition to that
purely related to age [88, 89]. The loss of muscle strength
during the menopause has been linked to estrogen depletion
[90, 91], evoked by exhaustion of ovarian function during
the perimenopausal years. Plasma estrone and estradiol levels
have been reported to be associated with muscle mass in
women [92]. This eﬀect may be mediated directly through
estrogen receptors in skeletal muscle [93] or indirectly
through the eﬀects of proinflammatory cytokines [94]. In
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addition, it has been shown that hormone therapy maintains
muscle strength and performance [95–98] although this
aﬀect has not been observed constantly across studies [99,
100]. The natural menopausal transition seems, however,
not to accelerate the decline in functional ability (such as
get-up-and-go test or modified Cooper test) to the same
extent in comparison to muscle strength [88]. These findings
emphasize the diﬀerent roles of muscle mass, strength, and
function in development and evaluation of sarcopenia. In
addition to menopause-related female hormonal changes,
several other mechanisms, related to hormonal changes,
accumulation of free radicals, nutrition, and physical activity
among the others, may also contribute to sarcopenia in
aging population which partly occurs simultaneously with
menopause [91]. Consequently the exact contribution and
mechanism by which menopause aﬀects muscle tissue is still
not fully resolved.
Menopausal transition is the most important and
inevitable single factor in the evolution of postmenopausal
osteoporosis [53, 54]. At the beginning of menopause, the
acute loss of the restraining eﬀect of estrogen on receptors
on the membranes of osteoblasts and osteoclasts leads to
accelerated bone turnover, uncoupling bone formation from
resorption [101–103]. The closer molecular mechanisms of
estrogen-depletion-related bone loss have been linked to
the overproduction of bone resorptive cytokines (RANKL)
[103]. In addition, imbalance between calcium secretion
and absorption following the estrogen depletion has been
suggested to influence the accelerated bone loss rate [104].
It has been shown that menopausal transition is associated
with both increased bone loss rate, reduced BMD, and
increased fracture incidence [105–110]. The phase of the
most accelerated bone loss takes place at the very beginning
of menopause (amenorrhea phase) after which the bone
loss rate becomes progressively diminished for several years
during the early postmenopause [105–111]. Some diﬀerences have been observed in the pattern of menopausal bone
loss between diﬀerent skeletal sites which may be related
to the diﬀerent composition of these sites with respect to
cortical and trabecular bone [112, 113]. Perimenopausal
bone loss rates of over −2 percent/year in spinal and over
−1 percent/year in the femoral region have generally been
reported [105, 106, 110, 111, 114]. In postmenopausal
women, age-related bone loss continues at age-specific rate
after the initial fastening during the menopausal transition
[112]. In women over the age of 60 years, the risk of fracture
has been shown to increase 6% per year [115]. The significant
role of female hormones for bone health is further supported
by the finding that HT prevents postmenopausal bone loss
and decreases the risk of fractures [116–120] with 34%
reduction in vertebral and 13% reduction in nonvertebral
fracture incidence [121].
To conclude, female hormones essentially regulate both
muscle and bone health during the postmenopause and
thus play significant role in development of sarcopenia and
osteoporosis. These may be, to some extent, prevented by HT.
Aging aggravates the eﬀects of estrogen depletion on bone and
muscle loss.
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3.3. Body Weight and Composition. In postmenopausal age
group, there is a significant positive correlation between body
weight, fat mass, lean tissue mass with BMD [70]. However,
there are some specific diﬀerences in response of muscle and
bone tissue to weight, weight change, and fatness.
In healthy young subject, bone and muscle grow in
harmony with weight increase because of gravity-stimulated
mechanoreceptors [122, 123]. However, being overweight
impairs physical activity in all age groups. High BMI has
been previously found to predict poorer quality of life
particularly in the areas of physical functioning and health
perceptions [124, 125]. Increase in BMI in postmenopausal
population is predominantly due to increase in fat mass
with significantly lower contribution of lean mass [126].
The increased prevalence of functional limitations and
disability with increasing BMI has been repeatedly reported,
although the relative increase in muscle mass with increasing
BMI might explain some discrepancies between genders
[127–130]. The decline in physical activity due to obesity
may contribute to the development of sarcopenia [131].
In addition, the fat and muscle tissue may be inversely
controlled through certain metabolic pathways, including
inflammatory cytokines [132], insulin resistance [133, 134],
and eﬀects of growth hormone [135]. These factors may
result in condition termed “sarcopenic obesity” [136, 137].
The prevalence of sarcopenic obesity has been suggested to
be around 4 to 12 percent [136, 138]. Sarcopenic obesity has
been proposed to be associated with disability and functional
decline [138, 139]. Other studies, however, have linked this
disability to only obesity itself [138].
Weight loss has been suggested to contribute to the
development in sarcopenia in aging population although
it has been argued that, during weight change, a greater
proportion of lean mass than fat mass is conserved [140].
However, weight loss interventions combining adequate diet
and exercise have been suggested to improve muscle strength
and quality with simultaneous fat loss [141]. This also aligns
the conception that there is a tight connection between
adiposity and muscle function. Weight-loss-related bone loss
has been found to be reduced in postmenopausal subjects
with good muscle strength [142].
Body weight and weight changes are positively linked to
BMD and its changes in postmenopausal women. Weight
and weight increase are associated with the maintenance of
BMD and reduced bone loss whereas thinness and weight
loss lead to low BMD and enhanced bone loss in early
and later postmenopause [143–145]. In addition, high body
weight is a strong independent predictor of lower postmenopausal fracture incidence, especially of the hip [146].
These eﬀects may partly be linked with fat-tissue-related
estrogen production [5]. It has been found that HT may
counteract weight-loss-related bone loss in postmenopausal
women, which supports the role of estrogen in fat-bone
interaction [147]. Mechanical load as such is likely to
lead to bone strengthening with mobility-induced weightbearing stress. In addition, hormones that regulate fat tissue
metabolism, leptins, have been suggested to be involved in
the regulation of bone metabolism [148, 149]. The heavier
population also has a higher nutritional intake and may
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thus consume more calcium and other bone-preserving
products. In addition, the diﬀerentiating role of muscles and
fat in weight-related bone mass changes remains unclear.
It has been hypothesized that lower hip fracture incidence
among the obese is related to higher soft tissue padding,
not bone strength itself [150]. Indeed, increased fracture risk
in appendicular sites has been linked to obesity [150]. Part
of the observed BMD changes related to weight alterations
may be due to methodological diﬃculties encountered in
the measurement techniques adopted to deal with body
compositional factors, most importantly fat tissue [62, 151].
To conclude, fatness is related to higher lean and bone
mass, and weight loss generally causes bone and muscle loss in
postmenopausal age group. However, obese women may have
unique etiology behind sarcopenia (sarcopenic obesity) and
increased risk of osteoporotic fractures (appendicular fractures).
3.4. Physical Activity and Exercise. Bone cross-sectional area
is associated with muscle cross-sectional area [152], and
lean mass correlates with areal BMD [153]. In addition,
muscle volume and estimated torque of muscles have been
suggested to explain diﬀerences in structural bone strength
[154]. Consequently, the positive association between muscle
and bone tissue has been suggested to be a result of the forces
that muscles exert on the bones [155].
Inactivity is a well-demonstrated cause of significant loss
of muscle mass and strength at all ages [156, 157]. Moreover,
there are diﬀerences in eﬀects of diﬀerent types of physical
activity with regards to response of muscle tissue. While
aerobic exercise contributes less to muscle hypertrophy in
comparison to resistance training, it has significant impact
on protein synthesis, satellite cell activation, and increased
muscle fiber area [158–160]. Aerobic exercise may also
decrease the body fat infiltration of muscle tissue improving
the functional properties of muscle system relative to body
weight. Resistance training, however, significantly improves
the muscle mass, strength, and their interaction in postmenopausal age group [27, 161]. Interestingly, the eﬀects
of resistance training may have muscle-quality-improving
eﬀects even among the frail older population [162–168].
However, the amount of training, whether aerobic or
resistance type in nature, may need intensity more than
typical for leisure type of physical activity in order to have
significant eﬀects [169]. From the clinical viewpoint, an
important facet of the eﬀects of exercise on muscle tissue
is that prevention of sarcopenia with exercise may not have
suﬃcient power to occur at short period of time, especially
among the elderly [170, 171]. Consequently, it is widely
accepted that prevention of sarcopenia should be carried out
throughout the lifespan.
It has been postulated that both decreasing muscle
activity and muscle mass are the main causes of bone loss
during aging [172]. Furthermore, in experimental models,
mature skeleton is less sensitive to exercise-induced peak
muscle strain than growing bone [173]. In adult bone
exercise most likely induces conservation rather than gains
in strength [174]. According to previous studies, muscle
strength, impact, and nonimpact exercise as well as the
overall physical activity level are positively associated with
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BMD, bone loss rate, and fracture risk [5, 62, 144–177].
Analogously, immobilization has been demonstrated to
accelerate bone loss rate [178]. Certain appendicular muscle
strength measures, most importantly grip strength, have
been demonstrated to correlate well with the overall muscle
performance and strength [35, 179]. Grip strength may
have diagnostic value for prediction of fractures [176] and
selection of patients to BMD measurements [180]. It has
been suggested, that in elderly women’s lean mass correlates
with BMD irrespective of body site but that the association
between muscle strength and BMD is site-specific [62].
Functional capacity has been shown to be associated
with higher BMD and predict fractures in postmenopausal
women [180, 181]. Kärkkäinen et al. found that standing
on one foot (SOOF) less than 10 seconds increased the risk
of hip fracture 9-fold, and self-assessed ability to walk less
than 100 m increased the risk of clinical vertebral fractures 4fold and hip fracture 11-fold in postmenopausal population
[181]. Moreover, a recent Cochrane review on the eﬀects of
exercise on preventing and treating postmenopausal osteoporosis concluded that especially weight-bearing exercise is
eﬀective in increasing BMD, although exercise seems not to
prevent fractures during the first two years of therapy [182].
To conclude, muscle and bone strength are directly positively linked. Physical exercise has both muscle and bone tissue
maintaining capabilities in postmenopausal women.
3.5. Vitamin D. There are two forms of vitamin D, ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3).
Cholecalciferol is the metabolically active form of vitamin D.
Vitamin D is produced with either the eﬀect of ultraviolet B
radiation or ingested with nutrition, and the metabolically
active form is produced in the kidneys.
Vitamin D receptor is present in skeletal muscle [183].
Vitamin D deficiency aﬀects predominantly weight-bearing
muscles of the lower limb [184, 185]. Previous studies have
shown that vitamin D levels are positively associated with
muscle power, function, and physical performance [186,
187]. Doses of 400 IU vitamin D may not be suﬃcient
to improve muscle function in nondepleted population.
Nevertheless, in vitamin-D-deficient subjects, vitamin D
400 IU, with calcium 800 mg, has been reported to improve
gait speed and body sway [188]. In the age group of the
postmenopausal population, vitamin D 800 IU with calcium
1000 mg has shown to improve muscle function [189, 190].
Patients with low 25(OH)D levels have been shown to have
impaired functional performance, psychomotor function,
muscle strength and increased falling tendency [191, 192].
Previously, vitamin D has been reported to improve postural
and dynamic balance [193]. Although it has been suggested
that calcium supplementation is necessary for optimal action
of vitamin D [194], combined vitamin D with calcium is
superior to calcium alone in reducing the number of falls
[190]. In the postmenopausal age group, low vitamin D and
calcium intake and renal insuﬃciency may result in mild
secondary hyperparathyroidism [195]. Indeed, low vitamin
D and high parathyroid hormone levels have been found
to increase the risk of low muscle mass and strength in
postmenopausal population [195].
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Vitamin D, combined to calcium, has been shown to
decrease bone loss in adults and the elderly [196]. It has
been postulated that serum 25(OH)D is a more important
predictor of hip BMD than calcium intake [197], and
correction of vitamin D hypovitaminosis has been demonstrated to result in increases in BMD [198]. Nevertheless,
the protective eﬀects of vitamin D have not been showed
constantly [199], and, in postmenopausal women with
adequate vitamin D levels, calcium supplementation may be
as eﬀective as vitamin D [200]. A recent Cochrane review on
eﬀects of vitamin D and vitamin D analogues on prevention
fractures associated with involutional and postmenopausal
osteoporosis concluded that vitamin D alone is unlike to
prevent fractures while supplementation with calcium does
appear to prevent fracture in institutional care [201].
To conclude, vitamin D is essential in physiologicalprocesses-related muscle strength, function, and bone strength.
Vitamin D substitution may prevent fractures and functional
decline in postmenopausal women.

4. Interactive Consequences of Osteoporosis
and Sarcopenia: Falls and Frailty Syndrome
4.1. Falls. An important common consequence of sarcopenia
is tendency to fall which, together with osteoporosis, lead to
fragility fractures. One-third of individuals aged 65 and older
fall at least once each year, and about half of these fall twice or
more [202, 203]. Of these falls 3–6% lead to fractures [202,
204] typically distal radius, proximal humerus, and hip [205–
207]. Falls have complex and diverse causes. Maintenance of
posture requires visual, tactile, proprioceptive, and vestibular
competence, central processing, and coordinated motor
response [208, 209]. Furthermore, ankle flexibility, plantar
tactile sensation, and muscle strength have role in balance
[210]. In addition, there are several comorbidities and
medication that increase the risk of falling.
It has been shown that the upper and lower body
weakness is adversely related to falls [211]. Lower extremity
weakness is better predictor of falls than weakness of the
upper body. Moreover, several single-intervention strategies
for fall prevention have proven to be beneficial. Strength and
balance training reduces both noninjurious and injurious
falls [212–217]. However, multifactorial fall prevention has
not been shown to have positive eﬀect constantly [218, 219].
There are two main determinants for fragility fractures:
bone material quality and tendency to fall. Vertebral fractures
in the elderly population may occur without falls, while the
incidence of other fractures is dependent on the tendency
to fall. The most number of fragility fractures occur among
women without osteoporotic BMD [220] although the risk
of fracture is higher in women with low BMD. The risk
of falling has been more closely related with limb fracture
risk than BMD [221], and postmenopausal women with the
highest physical activity level may have moderately higher
wrist fracture incidence despite of lower bone loss rate
[222].
To conclude, falls are more frequent in sarcopenic subjects
and especially increase the functional decline among osteoporotic subjects.

6

Journal of Osteoporosis

Postmenopausal sarco-osteopenia
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Figure 1: Dimensions of postmenopausal sarcopenia, osteoporosis, and frailty syndrome.

4.2. Frailty Syndrome. By definition, central element defining frailty is a state of great vulnerability of an aged subject
when confronted by a stressor. Components of sarcopenia
are substantially included into the concept of frailty among
the elderly. Frailty syndrome has been defined as a clinical
syndrome in which three or more of the following criteria are
present: unintentional significant weight loss, self-reported
exhaustion, weakness (measured with grip strength), slow
walking speed, and low physical activity [223]. Given this
frame, it has been postulated that sarcopenia and related
poor muscle strength limits mobility and physical activity
and thereby reduces total energy expenditure and nutritional
intake, which, in turn, lead to weight loss and further
aggravate sarcopenia [224]. Previous studies have indicated
that the components of both sarcopenia and frailty syndrome
are significant and independent risk factors of disability and
death [225, 226]. A recent study found a strong association
between this commonly used definition for the frailty
syndrome and lower extremity indexes of body composition
[226]. Frail’s older persons had lower muscle density and
muscle mass and higher fat mass. Moreover, in an analysis
of the single criterion composing the frailty score, physical
inactivity was the strongest correlate of body composition.
However, as with definition of sarcopenia, the uniform
criteria for frailty syndrome have not fully developed and
should be reassessed across populations. Furthermore, osteoporosis and bone fragility may be considered to further
aggrevate the consequences of frailty syndrome. Presently,
the criteria of frailty syndrome does not include assessment
of osteoporosis or BMD. However, previous studies have
shown associations between components of osteoporosis and

frailty syndrome [227] and have been reviewed thoroughly
recently [228]. Furthermore, a recent study by Frisoli et al.
has demonstrated, that osteoporosis plus sarcopenia have
concomitant impact on frailty status in elderly women [229].
It was found that, in the presence of both sarcopenia and
osteoporosis, the odds for frailty were over two times higher
(OR 6.4) than those in presence of either syndrome alone
(OR 3.1 for sarcopenia and OR 2.1 for osteoporosis). It
must be reminded, however, that clinically significant frailty
generally occurs decades after the menopausal transition
itself.
To conclude, frailty syndrome presents the most aggravated
form of increased morbidity among sarcopenic plus osteoporotic
subjects.

5. Conclusions
Figure 1 summarizes the associations between postmenopausal osteoporosis, sarcopenia, falls, and frailty syndrome.
Postmenopausal women are at risk of both osteoporosis
and sarcopenia. There is evidence that these two conditions
coexists and share similar risk factors. Both sarcopenia
and osteoporosis are strongly linked not only to aging
but also to estrogen depletion and thereby to menopausal
transition. This makes the postmenopausal population a
significant target group for prevention of both sarcopenia
and osteoporosis.
While the associations between muscle strength, muscle
mass, and functional capacity with clinically relevant endpoint of osteoporosis, that is, BMD and fractures, have been
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reported, there are no studies addressing the associations
between three stages of clinical sarcopenia, that is, presarcopenia, sarcopenia, and severe sarcopenia. The associations
of the three modalities of sarcopenia with osteopenia,
osteoporosis, and severe osteoporosis remain unexplored.
An essential part of the diagnosis of both osteoporosis
and sarcopenia includes DXA, which allows simultaneous
assessment of both conditions. The future research should
concentrate on exploring the clinically relevant dimensions
and interactions of sarcopenia and osteoporosis.
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H. A. Bischoﬀ-Ferrari, H. B. Stähelin, W. Dick et al., “Eﬀects
of vitamin D and calcium supplementation on falls: a
randomized controlled trial,” Journal of Bone and Mineral
Research, vol. 18, no. 2, pp. 343–351, 2003.
M. Pfeifer, B. Begerow, H. W. Minne, K. Suppan, A.
Fahrleitner-Pammer, and H. Dobnig, “Eﬀects of a longterm vitamin D and calcium supplementation on falls and
parameters of muscle function in community-dwelling older
individuals,” Osteoporosis International, vol. 20, no. 2, pp.
315–322, 2009.
J. K. Dhesi, L. M. Bearne, C. Moniz et al., “Neuromuscular
and psychomotor function in elderly subjects who fall and
the relationship with vitamin D status,” Journal of Bone and
Mineral Research, vol. 17, pp. 891–897, 2002.
H. A. Bischoﬀ-Ferrari, M. Conzelmann, H. B. Stähelin et al.,
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