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Abstract

Background: The aim of this clinical investigation was to assess the physical
performance in osteoporotic patients undergoing drug treatment (DT) for years by
measuring hand grip strength (HGS) and bone mineral density (BMD). A further aim
was to detect the time until the occurrence of vertebral fractures (VF) and influencing
factors.
Material and methods: The investigation comprised 346 persons (276 women,
70 men) aged on average 66.9± 10.7 years with confirmed osteoporosis (OP). Over
a mean period of 1384±727 days, OP was assessed every 2 years, including a bone
densitometry by dual X-ray absorptiometry and HGS measurement. In subgroups OP
patients were analyzed with and without a bone density (BMD) increase, and with and
without VFs.
Results: Under DT, calcium and vitamin D substitution, the median T-score improved in
the entire group from–3.2 to –3.1 standard deviations (SD; p= 0.002). HGSwas reduced
(median) from 26kg to 24kg (p< 0.001). The median interval until the occurrence of VF
was 2652 days (95% confidence interval [CI] 1825.2–3478.8 days) and 1461 days (95%
CI 1246.5–1675.5,p< 0.001) in those with and without a BMD increase, respectively.
Discussion: Guideline-based DT improves bone density and causes a longer interval
without VF. The HGS falls independent of BMD. The association between bone and
muscle in patients with a deterioration of the musculoskeletal system is known as
osteosarcopenia. Early muscle exercises would be meaningful in this setting.
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Introduction

Osteoporosis (OP) is a serious problem for
patients who experience fractures. In Ger-
many about 8 million persons are affected
by OP [20]. The incidence of clinically evi-
dent osteoporotic vertebral fractures (VF)
is about 1.4 million worldwide [21]. Nu-

merous investigationshaveshownanasso-
ciation betweenmuscle strength, age, and
the risk of fractures [3, 14, 24]. Especially
older persons are subject to a higher risk
of osteoporotic fractures, which worsen
quality of life, cause disabilities, loss of
independence, admission to care homes,
and higher rates of morbidity and mor-
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Take Home Message
• Guideline-based drug therapy improved bone density, but there is no association with HGS.
• The time until the occurrence of a VF was shorter in a subgroup of patients without a bone 
 density increase despite taking drug treatment.
• Drug therapy alone appears to be insufficient for the prevention of osteosarcopenia. 

Study design 
Retrospective, single-center study 

Patient population
• 346 patients with osteoporosis 
• 276 women and 70 men 
• Age 66.9 ± 10.7 years 

Results 
• The median T-score improved in 
 the entire group from –3.2 to –3.1 
 standard deviation (p = 0.002).

• The median HGS was reduced 
 from 26 kg to 24 kg (p < 0.001). 

• The median interval until the 
 occurrence of a VF was 2652 days 
 and 1461 days in those with BMD 
 increase (BDI) and those without 
 BMD increase (BDD).

Mean observation period 
1384 ± 727 days

Evaluation of bone density and hand grip strength in the course 
of drug therapy for osteoporosis – a real-world study

Target parameters under 
drug therapy 
• Hand grip strength (HGS)
• Bone mineral density (BMD)
• Vertebral fractures (VFs)

tality [23, 34]. Furthermore, the fractures
lead to a loss of endurance and coordina-
tion, which markedly impairs the activities
of daily living [31]. A clear pathophysio-
logical association has been observed be-
tween OP and sarcopenia, an age-related
disease associated with reduced muscle

Abbreviations

BDD Bone density decrease
BDI Bone density increase
BMD Bone mineral density
BMI Body mass index
CRT Chair rising test
DT Drug treatment
DXA Dual X-ray absorptiometry
HGS Hand grip strength
LS Lumbar spine
M Mean value
NRS Numeric rating scale
OP Osteoporosis
SD Standard deviation
SPPB Short physical performance battery
TDS Tandem stance
TG Tandem gait
TS Thoracic spine
VFs Vertebral fractures

mass, strength and function. The combi-
nation of these two diseases is known as
osteosarcopenia [34].

Hand grip strength (HGS) has been as-
sociated with numerous signs of aging [6]
and is a major symptom of sarcopenia [8]
and fragility [16]. The HGS in both arms is
measured with a hand dynamometer and
reflects muscle function in the upper as
well as lower extremities [11]. A low HGS
proved to be a better predictor of mortal-
ity than age and systolic blood pressure
[25, 27, 30]. Therefore, the role of HGS as
a predictor of healthy aging and a poten-
tial instrument of clinical assessment has
been a subject of avid interest [7].

The association between the adminis-
trationof therapeutic agentswithdifferent
mechanisms of action on areal bone min-
eral density (BMD), measuredbydual X-ray
absorptiometry (DXA), and the occurrence
of VFs has been frequently investigated
[10]. The majority of these data were reg-
istered in studies. Real-world data are rare.

On the other hand, the impact of long-
term drug treatment (DT) for osteoporosis
onthedevelopmentofHGS andBMDinthe
course of disease has been scarcely inves-
tigated so far. We addressed this question
in the present clinical investigation.

Furthermore, we intended to answer
the following research questions:
1. Is the success of treatment defined by

the improvement of bone density able
to delay the occurrence of VFs?

2. What associations exist between
HGS and other clinical parameters in
osteoporotic patients?

3. What independent predictors influence
the occurrence of VFs?

Material and methods

Study design and recruitment

We performed a retrospective single-cen-
ter clinical investigation of a treatment
group. We analyzed subgroups of OP
patients with bone mineral density in-
crease (BDI) and with bone density de-
crease (BDD), as well as those with (VFs)
andwithoutVFs (noVFs). Patientswere as-
signed to the BDI and BDD groups accord-
ing to the improvement of their T-score
on dual X-ray absorptiometry. All par-
ticipants were informed comprehensively
about the methods, purposes, and risks of
the study protocol. They were then asked
to sign a written statement of consent to
participate in the study. The participants
were recruited through the OP outpatient
department of the local hospital in their
region.

Inclusion and exclusion criteria

Inclusion criteria for the clinical investi-
gation were the presence of OP requir-
ing treatment in patients with patholog-
ical values on DXA (GE Healthcare’s Lu-
nar Prodigy, Aartselaar, Belgium), and the
availability of X-rays of the thoracic (TS)
and lumbar spine (LS). At the start of the
study, all patients underwent a physical
examination to register theorthopedic sta-
tus in terms of hand grip strength (HGS),
the chair rising test (CRT), tandem stance
(TDS), and the walking test (WT).

Exclusion criteria were all types of
severe heart failure, uncontrolled hyper-
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tension, relevant neurological deficits,
vestibulopathy, or dependence on a care-
giver.

Declaration of ethics approval

We declare that the present study on hu-
man subjects fulfils the Helsinki declara-
tion of 1975, revised in 2000, and was
approved by the institutional ethics com-
mittee of the university in charge (ethics
vote A2020-0041).

Clinical tests

Hand grip strength (HGS)
The HGS was measured in kilograms (kg)
using a Smedley-S dynamometer TMM
Tokio 100kg. In accordance with pub-
lished recommendations [28], the investi-
gated person assumed a sitting position.
The upper arm was adducted and the el-
bow was flexed at 90°. The forearm and
the wrist were in a neutral position. The
patient performed three attempts each
with the dominant, and then with the
non-dominant hand. The mean value was
then determined. It should be noted that
other studies have yielded similar data,
regardless of whether mean or maximum
values achieved in several attempts were
used [19].

Previous investigations have shown
that various types and brands of dy-
namometers provide similar results; in
other words, the reference values are
independent of the dynamometer type
used [13].

With respect to sarcopenia, men with
a value <27kg are limited in their perfor-
mance abilities, whereas the cut-off value
for women is 16kg [9].

Chair rising test (CRT)
The CRT in seconds (s) consists of five con-
secutive acts of standing up from and sit-
tingdown ina chair without armrests, with
the person’s arms crossed before the chest.
The results provide data about a normal
or high risk of falls. Scores ≤10 s express
a normal risk, and scores >10 s indicate
a high risk of falls [29]. The test is also
used to assess the presence of sarcopenia
[9].

Tandem stance (TDS)
The TDS is used to assess balance and
coordination. The position is held for 10s.
The patient is free to decide which foot
remains in the front [29].

Walking test (WT)
The walking test measures the time taken
to walk a distance of 4m at normal speed.
This task combines the patient’s strength
and coordination when walking and is
therefore a good parameter for the as-
sessment of physical performance. The
threshold for limited mobility is a walking
speed of ≤0.8m/s [9].

Short physical performance battery
(SPPB)
The battery consists of three tests: TS,
walking over a distance of 4m, and the
CR test [17]. For each task the patient
can achieve a maximum of 4 points. Fi-
nally, the results of all 3 tests are added
so that a minimum of 0 and a maximum
of 12 points can be achieved. We used
the SPPB to measure the function of the
lower extremities with tasks similar to the
activities of daily living. The total score
permits an assessment of the person’s de-
gree of limitation in daily life. A final score
of 0–3 points shows that the person is
severely impaired, especially when walk-
ing a few 100m, when ascending stairs,
and in self-care [17]. Patients with scores
of 4–6 points have a moderate, and those
with 7–9 points a mild limitation of their
mobility. If the patient achieves a score of
10–12 points, he/she is either minimally
limited or not limited at all in daily life. In
general, the SPPB is a frequently used in-
strument with a proven ability to identify
and characterize persons at the disabled
end of the functional spectrum, as well as
older persons with no disabilities [18].

Pain

In the present investigation we used the
numeric rating scale (NRS). This is a uni-
dimensional pain scale consisting of 11
grades: 0 expresses no pain and 10 stands
for the worst pain imaginable. Within this
range, the probands select the number
that best expresses their perception of
pain. The advantages of the NRS include

a lowerror rateof results and ahighdegree
of acceptance by test subjects [2].

Bone densitometry

The DXA is the most frequently used pro-
cedure to measure bone density in OP. The
WHO defines it as the standard method
for a metrological definition of OP [1].

Bone densitometry of the hips com-
prises four regions: the femoral neck, the
trochanter region, the intertrochanter re-
gion, and Ward’s triangle. At the axial
skeleton one mainly measures bone den-
sity at the lumbar vertebrae. The resulting
T-score is determined by comparing the
investigated person’s bone density values
with those of an average young adult.

Laboratory investigation

At the osteology outpatient depart-
ment, the patients’ medical histories
were recorded in detail and the patients
underwent a clinical investigation includ-
ing blood sampling, which was preferably
performed from a cubital vein or another
arm or hand vein (under the shortest pos-
sible period of congestion) by the doctor’s
receptionist. The diseased persons had
not fasted. Besides, blood sampling was
not performed at a specific time but at
the appointment in the outpatient de-
partment. The analysis was performed
immediately in the medical laboratory of
the hospital. The laboratory parameters
for this investigation are described in the
“Results” section.

Non-pharmacological treatment of
OP

Calcium and vitamin D
All patients were given calcium and vita-
min D substitution as basic OP treatment.
The aim of the treatment was to achieve
a serum 25-hydroxyvitamin D level in ex-
cess of 50nmol/l.

Pharmacological OP treatment

Bisphosphonates
We used the following:
– Alendronate 10mg daily or

70mg a week orally
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– Zolendronic acid 5mg intravenously
once a year in persons with a recent
fracture and mild trauma, and long-
termsystemicglucocorticoid treatment
in both sexes

– Ibandronate 3mg as an intravenous
injection every 3 months [5]

Denosumab
Given appropriate indications, the mono-
clonal antibodywas administered as a sub-
cutaneous injection at a dose of 60mg
every 6 months [5].

Teriparatide
Given appropriate indications, the os-
teoblast activator was administered as
a subcutaneous injection at a daily dose
of 20μg for 24 months [5].

Statistics

The collected data were analyzed with
the statistical software package SPSS, Ver-
sion 23.0 (SPSS Inc., Armonk, NY, USA).
Quantitative variables were described in
means (M), standard deviation (SD), and
the number of available observations (n),

as well as the interval M± SD. For non-
parametric tests the data were expressed
in medians and the corresponding 1st and
3rd quartiles (Q1–Q3). For qualitative vari-
ables the individual degrees of severity as
well as the absolute and percentage fre-
quencies were given.

For group comparisons we used the
Mann-Whitney U test. Selections were
based on the result of the Shapiro-Wilk
test for normal distribution. The Wilcoxon
test was used for dependent group com-
parisons. Furthermore, correlation analy-
ses were performed under consideration
of scale dependencies. The probability
of the non-occurrence of a VF under DT
over timewasexpressedonaKaplan-Meier
curve. To compare the probability of the
occurrence of VFs we used the log rank
test. Furthermore, a Cox regression anal-
ysis was used to investigate the impact
of independent factors on the occurrence
of VFs. Variables that yielded a p-value
<0.05 on univariate analysis were intro-
duced into the multivariate models. The
probabilities of occurrence were depicted
with the hazard ratio. All p-values were
the result of two-sided statistical tests; the
level of significance was set to p< 0.05.

Results

Basic characteristics of the study
population

A total of 346 patients participated in this
clinical investigation. The mean age at the
start of the study was 66.9± 10.7 years.
The mean period of observation was
1384 days (range 59–3681 days, median
1372 days). The 346 patients consisted
of 276 women (79.8%) and 70 men
(20.2%). The age distribution revealed
no significant differences between the
sexes (p> 0.05). The BMI of men was
significantly higher than that of women
(p= 0.001). The basal metabolic rate
was estimated using the Harris-Bene-
dict formula and was also significantly
higher in men (median 1585kcal) than in
women (median 1434kcal, p< 0.001). In
the total population, 61.3% experienced
peripheral fractures. Radial (38.7%), rib
(28.3%) and foot fractures (21.7%) were
the most frequent types (. Fig. 1a). Only
46.8% of the patients experienced a VF.
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Table 2 Laboratory parameters
Parameter Men Women

Erythrocytes (1012/l) 4.72± 0.52 4.46± 0.45

Leukocytes (109/l) 7.30± 2.83 6.98± 2.20

Thrombocytes (109/l) 232.93± 83.15 251.07± 63.83

Hemoglobin (mmol/l) 8.95± 0.95 8.42± 0.87

Hematocrit (%) 0.42± 0.04 0.40± 0.03

MCH (fmol) 1.90± 0.13 1.89± 0.10

MCV (fl) 90.47± 4.71 90.44± 4.97

Sodium (mmol/l) 139.1± 2.4 138.5± 2.8

Potassium (mmol/l) 4.5± 0.7 4.5± 0.5

Creatinine (μmol/l) 92.2± 35.5 75.3± 46.5

eGFR (ml/min) 83.1± 21.7 84.1± 30.4

Bonemetabolism
Ostase (μg/l) 13.5± 5.7 14.3± 9.1

TRAP 5b (U/l) 3.38± 1.34 3.92± 1.56

Parathyroid hormone (pmol/l) 6.2± 2.7 5.7± 2.8

VitaminD 25-OH (nmol/l) 63.3± 23.5 68.1± 28.9

Calcium (mmol/l) 2.4± 0.2 2.5± 0.2

Phosphate (mmol/l) 1.08± 0.17 1.16± 0.17

Data are expressed as means± standard deviation (M ±SD).
The numbers are in SI units

Men (61.4%) had VFs significantly more
often than women (43.1%, p= 0.006). At
a reduced bone density (median –3.2 SD)
we found numerous fusion fractures in
the thoracic and thoracolumbar region
(. Fig. 1b). A group comparison of pain
levels revealed a significant difference
between men and women (p= 0.05).

The present patient population con-
sisted mainly of older patients, partly with
multimorbid conditions. Arterial hyper-
tension was registered in 157 patients
(45.4%), while 85 patients (24.6%) had
diabetes mellitus. Significantly more men
than women had coronary heart disease
(men 15.7% vs. women 6.2%, p= 0.009).
In all 65 patients (18.8%) had a malig-
nant disease to start with; the diagnosis
was significantly more frequent in men
(27.1%) than in women (16.7%), 11 men
(15.7%) and 13 women (4.7%) reported
daily consumption of alcohol (p= 0.001).

Dividing OP patients into BDI und BDD
groups revealed the following group dif-
ferences: VFs were significantly more nu-
merous in theBDD group (64%) (p< 0.001)
than in the BDI (35.3%) group. Simultane-
ously, patients in the latter group reported
a higher level of pain (p= 0.026).

Regarding the division of OP patients
into those with and without VFs, we ob-

served a significant age difference. Pa-
tients with VFs were older than those
with no VFs (median age 72.8 years vs.
65.0 years; p< 0.001). Furthermore, men
were significantly more numerous in the
VFgroup than in thenoVFgroup (27.5%vs.
14.5%; p= 0.003). The number of patients
with marked thoracic kyphosis was signif-
icantly higher in the VF group than in the
no VF group (46.4% vs. 23.8%; p< 0.001).

The OP patients with VFs had a signifi-
cantlyshorterpain-freewalking(p= 0.004)
and standing time (p= 0.005). Further-
more, they achieved fewer points on the
SPPB (VFs 8.0 points vs. no VFs 9.0 points;
p 0.012). Significantly fewer patients with
VFs were able to lift and carry objects in
their daily lives without pain (VFs 90.2%
vs. no VFs 95.9%; p= 0.036). Further-
more, patients with VFs suffered more fre-
quently fromdepression (VFs 19.0% vs. no
VFs 9.8%; p= 0.015). . Table 1 provides
a summary of the patients’ medical histo-
ries, and . Table 2 summarizes laboratory
parameters at baseline (T0).

Procedural results under DT

BMD
At baseline the overall group had a me-
dian BMD of –3.2 SD. This value rose Ta
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Fig. 28 Comparisonofbonedensity intheoverallgroupandrelevantsubgroupsondualX-rayabsorptiometry (T-score inSD)
at baseline (T 0) vs. follow-up (T 1). Themeandurationof follow-upwas 1449±635days. Bonedensity increased significantly
in the overall group (a) as well as in subgroups (b BDI, cmale,d female) under DT.BMD bonemineral density, SD standard
deviation,BDI bone density increase,DTdrug treatment for osteoporosis

significantly to –3.1 SD (p= 0.002) in the
follow-up period (. Table 3). Patients with
VFs had a significantly lower BMD than
patients without VFs (p= 0.009). Patients
with a very low BMD at baseline devel-
oped a significantly higher increase than
patients with higher BMD (BDI –3.4 SD
vs. BDD –3.0 SD; p< 0.001). The T-score
increased in men (p= 0.041), women
(p= 0.016), BDI (p< 0.001) (. Fig. 2), and
VFs patients (p= 0.002) (. Table 4); how-
ever, patients without VFs revealed no
significant difference (p> 0.05).

HGS
On the HGS test, the study participants
achieved a median value of 26.0 kg with
the dominant hand. The test yielded
values between 4kg and 80kg. Men
achieved a median value of 42kg on the
HGS test at baseline. Women, on the other
hand, achieved 24kg at this time point
(p< 0.001). Independent of changes in
the different groups no significant dif-

ference was noted between the groups
(p> 0.05; . Table 3).

The HGS in the overall group was sig-
nificantly reduced at the follow-up investi-
gation (T0 26.0 kg vs. T1 24.0 kg; p< 0.001,
. Fig. 3). . Tables 3 and 4 provide a sum-
mary of the measured values.

Significant correlations were registered
between HGS in the dominant hand and
the age of OP patients (r= –0.337, p<
0.001), HGS and BMI (r= 0.153, p= 0.004),
HGS and the SPPB (r= 0.123, p= 0.023),
HGS and the NRS (r= –0.118, p= 0.029),
and HGS and TRAP (tartrate-resistant acid
phosphatase) 5b (r= –0.142, p= 0.008)
(. Table 5).

Kaplan-Meier and multivariate
regression analysis

The Kaplan-Meier analysis permitted a cal-
culation of freedom from VFs (. Fig. 4).
The probability of achieving a specific time
point without VFs was determined by di-

viding the number of patients exposed to
risks defined according to the timepoint of
investigation by the number of patients at
risk before the time point. Two years after
the start of DT, 86% of patients were free
of a VF. After 4 years 62%, and after 6 years
45% of the patients were not affected by
a VF (. Fig. 4a). The median time until the
occurrence of a VF was 1943 days in the
overall group (95% CI 1649.4–2236.6).

Themedian timeuntil theoccurrenceof
a VF was 1461 days in patients without an
increase in BMD (95% CI 1246.5–1675.5)
and much longer, 2652 days, in pa-
tients with an increase in BMD (CI
1825.2–3478.8 days; p< 0.001, . Fig. 4b).

In a Cox multivariate analysis, indepen-
dent predictors of a VF were determined
for the entire group. In addition to a miss-
ing of BDI (p< 0.001) the predictors in-
cluded age (p= 0.010), gender (p= 0.002)
and NRS (p< 0.001). The highest hazard
ratio was noted for gender (. Table 6).
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Table 4 Comparison of bone density and handgrip strengthwithin groups
BMD (T-score at the LS in SD) HGS (kg)

Baseline Follow-up p-valueW Baseline Follow-up p-valueW

Overall –3.2 (–3.7 to –2.6) –3.1 (–3.5 to –2.9) 0.002 26.0 (21.0–32.0) 24.0 (20.0–31.0) < 0.001

Men –3.3 (–4.0 to –2.6) –3.0 (–3.3 to –2.8) 0.041 42.0 (35.5–50.0) 36.0 (28.0–46.0) < 0.001

Women –3.2 (–3.7 to –2.6) –3.1 (–3.5 to –2.9) 0.016 24.0 (20.0–28.0) 23.0 (20.0–28.0) < 0.001

BDD –3.0 (–3.4 to –2.5) –3.2 (–3.6 to –3.0) < 0.001 26.0 (22.0–33.0) 26.0 (20.0–31.0) < 0.001

BDI –3.4 (–3.8 to –2.8) –3.0 (–3.4 to –2.6) < 0.001 26.0 (21.0–32.0) 24.0 (20.0–31.5) < 0.001

No VFs –3.1 (–3.6 to –2.5) –3.1 (–3.3 to –2.9) 0.177 26.0 (22.0–32.0) 25.0 (20.5–30.5) < 0.001

VFs –3.3 (–3.9 to –2.7) –3.1 (–3.6 to –2.9) 0.002 26.0 (20.0–33.0) 24.0 (20.0–32.0) < 0.001

Data are expressed as medians with the 1st and 3rd quartiles (QI–QIII), Wilcoxon testW

BMD bone mineral density, SD standard deviation, BDD bone density decrease, BDI bone density increase, HGS hand grip strength, VFs vertebral fractures,
LS lumbar spine

Table 5 Spearman’s correlationcoefficientsbetweenhandgrip strengthandothermedical his-
tory-based and laboratory parameters

HGS Age BMI NRS SPPB TRAP 5b

HGS (kg) – – – – – –

Age (years) –0.337*** – – – – –

BMI (kg/m2) 0.153* 0.071 – – – –

NRS (0–10) –0.118* –0.051 –0.058 – – –

SPPB (n) 0.123* –0.167** –0.245*** 0.323*** – –

TRAP 5b (U/l) –0.142** 0.044 –0.236*** 0.127* 0.130* –

HGS hand grip strength, BMI body mass index, NRS numeric rating scale, SPPB Short physical perfor-
mance battery, TRAP 5b tartrate-resistant acid phosphatase
*p< 0.05, **p< 0.01, ***p< 0.001

Table 6 Predictors of the probability of a vertebral fracture
95% CI of the hazard ratio

Parameter p-value Hazard ratio Lower Upper

BDI (yes/no) <0.001 0.461 0.334 0.637

Age (years) 0.010 1.022 1.005 1.039

Gender (male/female) 0.002 1.769 1.232 2.540

Numeric rating scale (0–10) <0.001 1.125 1.062 1.192

BDI bone density increase, CI confidence interval

Discussion

Thepresent investigation is the first to pro-
vide comprehensive data on the effects of
DT over a period of 10 years on perfor-
mance parameters and bone density in
a real-world setting. Bone density could
be significantly increased in the overall
group, whereas HGS remained unchanged
or even worsened. While the reasons for
these changes are manifold, we presume
that DT had an impact on bone density.

ThepotentialvalueofBMD inpredicting
the VF reduction rate with antiresorptive
treatment has been reported in previous
clinical studies [10]. A recently published
meta-regression analysis showed that an
increase in overall BMD at the hips by 2%

may be able to reduce the VF risk by 28%
[4].

In the present investigation, patients
without VFs as well as patients with a BDI
took more bisphosphonates. Bisphospho-
nates may cause an accumulation of mi-
crodamage and thus impair the healing of
stress fractures [33]; however, we did not
observe this in our investigation.

In the present investigation, all par-
ticipants were advised to take 20,000 IU
vitamin D3 per week. The aim of the
treatment was to achieve a serum 25-hy-
droxyvitaminD level in excess of 50nmol/l.

The overall significant reduction of HGS
in all groups was remarkable. The present
results indirectly support the association
between HGS and BMD. HGS was corre-

lated with NRS. The latter, in turn, was
correlated with the success of treatment,
defined as an improvement of the T-score
at the LS in OP patients.

Dixon et al. [12] investigated 1265men
and 1380 women aged over 50 years and
concluded that a low HGS is associated
with a low BMD of the spine as well as the
hips and an elevated risk of VFs. After com-
pleting their investigation of 1039 women
agedonaverage73 years, Eguchi et al. [15]
concluded that the loss of muscle mass in
the lower extremities and HGS are closely
associated with the occurrence of VFs.

In a large German study, reference val-
ues were published for HGS in women
and men of different age groups in rela-
tion to body height. [32]. In addition to
patients of similar ethnic origin as in our
study, the authors used a dynamometer of
the samebrand to performand classify the
measurements. Women aged 65–69 years
withabodyheightof1.60–1.64machieved
a mean HGS of 27.5 kg in the dominant
hand. In this constellation, an HGS of
22.3 kg is viewed as the risk threshold
[32]. In the present study, women (av-
erage 67.4 years and 1.60m) had an aver-
age HGS of 24.4 kg in the dominant hand,
which was above the mean value for their
age. For men the reference value of HGS is
43.6 kg at a risk threshold of 36.3 kg. Men
(65.1 years, 1.73m) achieved an average
HGS of 41.4 kg with the dominant hand
and were thus somewhat below the mean
value for their age, but markedly above
the risk threshold. The scores were not
below the cut-offs for sarcopenia with ref-
erence to gender and groups. The general
reduction of HGS across groups creates
the impression that the effect on speci-
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Fig. 38Development of handgrip strength (HGS) in the dominant hand; a comparisonswithin the entire group; baseline
(T0) vs. follow-up (T1);b gender-dependent comparison of HGST0 vs. T1; c comparison of groupswith andwithout a bone
density increase T0 vs. T1;d comparison of groupswith andwithout newVFs T0 vs.T1.HGS handgrip strength,BDD bone
density decrease,BDI bone density increase,NoVFsno vertebral fractures,VFs vertebral fractures

ficity is attributable to strength. In other
words, only those patients who do exer-
cises for muscle strength actually increase
the muscle strength. Some of the partici-
pants attended the muscle strengthening
program regularly, whereas others swam
or rode a bicycle. The results of our study
show that in addition to DT, consistent ad-
ditional muscle exercises are meaningful.

The present investigation showed
a negative correlation between HGS and
age. HGS reduces significantly with ad-
vancing age, regardless of whether a pa-
tient has OP or not. It should be noted that
HGS was correlated with SPPB especially
with the in the SPPB included CRT. This
leads to the presumed conclusion that an
increase in HGS permits the trunk to be

balanced more easily; however, compar-
ative studies are currently not available.
With respect to previous VFs and physical
performance parameters, the Makarova
et al. study [26] showed that VFs in OP are
associated with a significant reduction in
the strength of all bodymuscles, especially
the deep stabilizers of the spine.

Early detection of VFs is important be-
cause VFs constitute a markedly higher
risk of future osteoporotic fractures. In the
present study, patients with VFs suffered
more often from depression, had kyphotic
changes in the TS and a corresponding fir
tree phenomenon more frequently. We
found that independent factors influenc-
ing the occurrence of a VF included, in
addition to age and gender, the improve-

ment of the T-score. The severity of back
pain determined on the NRS is also a pre-
dictor of future VFs. As OP is commonly
a silent clinical condition and is not diag-
nosed early, it is usually identified late or
not at all [22].

Limitations

The so-called real-world design and the
non-blinding of patients as well as inves-
tigatorsare limitationsof thepresentstudy.
Furthermore, the different OP drugs, as
well as their changes during treatment
might have influenced the validity of the
conclusions. In oral DT, patient compliance
should be reviewed critically.

Die Orthopädie 12 · 2023 1001



Originalien
evitalu

muC
ytilibaborp

2-year freedom
from VFs 86%

4-year freedom
from VFs 62%

6-year freedom
from VFs 45%

1000 2000 3000 4000 1000 2000 3000 400000

0.2

0.4

0.6

0.8

1.0

0

0.2

0.4

0.6

0.8

1.0

0

BDD

BDI

Cu
m

ul
a�

ve
pr

ob
ab

ili
ty

p < 0.001

Days Daysa b

Fig. 48 Kaplan-Meier curve of the probability of no vertebral fractures (VFs).Exemplary presentation after 2, 4 and 6 years;
themedian timeuntil theoccurrenceofaVFwas1943days for theoverall group (95%CI1649.4–2236.6days).aKaplan-Meier
curveof thegroupcomparisonofBDI vs. BDD. Thesuccessof treatmentwasdefinedasan improvementof theT-scoreonDXA.
Themedian time until the occurrence of a VFwas 1461 days in the BDDgroup (95%CI 1246.5–1675.5 days) and 2652 days in
the BDI group (95%CI 1825.2–3478.8 days,p<0.001). BDD bone density decreas,BDI bone density increase

The total mean investigation period of
4 years was sufficient to draw conclusions
about the long-term effect of treatment,
but at the time of follow-up complete data
were available for a mere 62% of patients,
which was attributable to the real-world
character of the current study. In future
studies we intend to improve the evidence
by performing an ongoing evaluationwith
long-term compliance on the part of pa-
tients.

Conclusion

– Guideline-based DT improved bone
density, but there is no associationwith
HGS.

– The time until the occurrence of a VF
was shorter in a subgroup of patients
without a bone density increase
despite taking DT.

– Age, gender, missing bone density
increase and back pain were indepen-
dent predictors of new VFs.

– DT alone appears to be insufficient for
the prevention of osteosarcopenia.

– A personal fitness program aligned
to the individual patient and early
establishment of a muscle exercise
program appear to be meaningful
along with guideline-based DT for OP.
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Zusammenfassung

Evaluierung von Knochendichte und Handgriffkraft im Verlauf einer
medikamentösen Osteoporosetherapie. Eine Real-World-Studie

Hintergrund: Das Ziel der vorliegenden klinischen Untersuchung war die Abschätzung
der Leistungsfähigkeit des muskuloskeletalen Systems mittels Verlaufsmessung der
Knochenmineraldichte („bone mineral density“ [BMD]) und Handgriffkraft (HGS) bei
Osteoporose-PatientInnen unter medikamentöser osteologischer Therapie (MOT).
Gleichzeitig sollen Aussagen über die Zeit bis zum Auftreten vonWirbelkörperfrakturen
(WKF) gemacht und deren Einflussfaktoren evaluiert werden.
Material und Methoden: Insgesamt 346 Personen (276 Frauen/70 Männer) im
Durchschnittsalter von 66,9± 10,7 Jahren mit gesicherter Osteoporose nahmen an
der Untersuchung teil. Über einen Zeitraum von durchschnittlich 1384±727 Tagen
erfolgte alle 2 Jahre ein Assessment inklusive Osteodensitometrie mittels „dual x-ray
absorptiometry“ (DEXA, GE Healthcare’s Lunar Prodigy, Aartselaar, Belgien) und einer
HGS-Messung (Smedley-Dynamometer, Tokio, Japan). In Subgruppenanalysen wurden
Osteoporose-PatientInnen mit und ohne BMD-Anstieg sowie mit und ohne WKF
betrachtet.
Ergebnisse: Unter MOT einschließlich Kalzium und Vitamin-D-Substitution kam es im
Verlauf zu einer Verbesserung des medianen T-Score-Werts der Gesamtgruppe von
–3,2 auf –3,1 Standardabweichungen (SD; p= 0,002). Gleichzeitig verringerte sich
die HGS der Gesamtgruppe im Median von 26 auf 24kg (p< 0,001). Die Zeit bis zum
Auftreten einer WKF betrug in der Gruppe mit BMD-Anstieg im Median 2652 Tage
(95% Konfidenzintervall [KI] 1825,2–3478,8 Tage) und 1461 Tage in der Gruppe ohne
BMD-Anstieg (95% KI 1246,5–1675,5,p< 0,001).
Schlussfolgerung: Die leitliniengerechte MOT führt zu einer Verbesserung der
Knochendichtewerte und zu einer längeren WKF-freien Zeit. Unabhängig davon sinkt
die HGS. Es gibt einen Zusammenhang zwischen Knochen und Muskulatur bei einer
zunehmenden Verschlechterung des muskuloskeletalen Systems – Osteosarkopenie.
Ein frühzeitiges Muskeltraining erscheint vor diesem Hintergrund sinnvoll.
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Das Fachgebiet der Orthopädie und Unfall-
chirurgie wird zunehmend komplexer mit

vielen Subspezialisierungen, wie in vielen

anderen Fachdisziplinen ebenfalls. Auch das
Wissen zu einzelnen Gelenken ist sehr um-

fangreich und die Therapien sind vielfältig.

Durch die Zusammenlegung von Ortho-
pädie und Unfallchirurgie ist es vielerorts

auch üblich geworden, dass es gemeinsa-
me Abteilungen und folglich ein großes

Behandlungsspektrum gibt. Dies stellt ins-

besondere die jungen Assistenzärzte vor die
Herausforderung, dass sie von Beginn an mit

vielen Krankheitsbildern und auch Therapien

konfrontiert werden.
Das neu erschienene Buch „Referenz Ortho-

pädie und Unfallchirurgie: Knie“ gibt einen
breiten, wenn auch nicht ganz vollständigen

Überblick über die Pathologien des Knie-

gelenks aus den Bereichen Unfallchirurgie,
Orthopädie, Sportorthopädie aber auch Kin-

derorthopädie. Lediglich der Bereich der

Kindertraumatologie wurde nicht mit aufge-
nommen.

Gerade für Assistenzärzte in den ersten Jah-

ren der Weiterbildung bietet dieses knapp
1000 Seiten umfassende Werk einen kurz-

en knackigen Überblick, in stichpunkartiger
Auflistung, über die relevanten Punkte der

kniespezifischen Erkrankungen und Verlet-

zungen. Die Untergliederung des Buches
in einen Erkrankungen- und einen Metho-

den-Teil ermöglicht es zwar. sich nicht durch

zu umfangreiche Unterkapitel arbeiten zu

müssen, birgt aber auch den Nachteil, dass

Wiederholungen auftreten oder auch unein-
heitliche Angaben zu finden sind.

Die erste Hälfte des Buches beschäftigt sich
mit den Erkrankungen und Verletzungen

selbst und gibt nur einen kurzen Hinweis auf

die weiterführende Therapie. Es wurden hier
unter anderem auch die „synovialen Erkran-

kungen“ aufgenommen, welche in vielen

anderen Büchern häufig zu kurz kommen.
Besonders hervorzuheben sind in den Ka-

piteln der operativen Eingriffe die Hinweise
auf spezifische Risiken und Komplikationen

für die präoperative Aufklärung und auch

die schrittweisen Erläuterungen der Eingriffe
selbst. Die in einigen Kapiteln enthaltenen

qualitativ sehr hochwertigen Bebilderungen

unterstützen, dass auch Leser ohne um-
fangreiche Vorkenntnisse den Ablauf der

Operation nachvollziehen können. Für die
fortgeschritteneren Kollegen sind die Schau-

kästen wie „Praxistipp“ sehr hilfreich, um

schnell die relevantesten Informationen und
Tipps aufzunehmen. Da der Umfang eines

solchen Buches begrenzt ist und nicht bis ins

letzte Detail auf jeden Aspekt der Patholgi-
en eingegangen werden kann wurden für

das vertiefte Studium zu einzelnen Erkran-
kungen auch Hinweise auf weiterführende

Literaturstellengegeben.

Gerade für junge Kolleginnen und Kollegen
am Anfang ihrer Weiterbildungszeit kann

dieses Buch empfohlen werden, um einen

einfachen Einstieg in die Thematik zu bekom-
men, schnell und kompakt Informationen zu

einer Vielzahl an Veränderungen des Knies
aufzunehmenundRelevantes für die tägliche

klinische Arbeit griffbereit zu haben.

Björn Drews (Pfronten)
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