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BONE MINERAL DENSITY IN PHYSIOTHERAPISTS: The association of osteoporosis
with occupational exposure to non-ionizing radiation modalities
GŸneß Yavuzer1, Birkan Sonel1, GŸlay Din•er1, Tansu ArasÝl1

SUMMARY
The aim of this study was to determine whether bone mineral density of physiotherapists (PT) is lower
than expected, and to investigate the association with the duration of exposure to non-ionizing radiation modalities.
Forty PTs who have been operating physical modalities for at least one year and forty control subjects
who had no history of exposure to non-ionizing radiation modalities were included the study.
Risk factors of osteoporosis were assessed by a detailed questionnaire. Duration of exposure to non-ionizing radiation modalities (shortwave or microwave diathermy, ultrasound, infrared, ultraviolet lamps
and laser) was recorded. Stiffness index and z-scores were measured using a Lunar Achiles Expres ultrasound densitometer.
In PTs, stiffness was 11% and z-score was 22% lower than the control group, however, the difference
was not statistically significant (p>0.05). The average duration of exposure to non-ionizing radiation modalities was 12.4 ± 6.8 years. The relationship between bone density and the duration to radiation modalities was not statistically significant (p>0.05).
In conclusion physiotherapists are unlikely to have an extra risk for osteoporosis after being exposed to
non-ionizing radiation.
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…ZET
FÜZYOTERAPÜSTLERDE KEMÜK MÜNERAL YOÚUNLUÚU: Üyonize olmayan radyasyon modalitelerine
mesleki maruziyet ile osteoporoz ilißkisi
Bu •alÝßmada fizyoterapistelerde kemik mineral yoÛunluÛunda beklenenin altÝnda bir dŸßŸklŸk olup olmadÝÛÝnÝn araßtÝrÝlmasÝ ve iyonize olmayan radyasyon modalitelerine mesleki maruziyetin sŸresi ile ilißkisinin araßtÝrÝlmasÝ ama•landÝ.
En az bir yÝldÝr iyonize olmayan radyasyon modalitesi kullanÝm šykŸsŸ olan 40 fizyoterapist ve bšyle bir
šykŸsŸ olmayan 40 normal birey
TŸm denekler kapsamlÝ bir form ile osteoporoz gelißiminde su•lanan risk faktšrleri a•ÝsÝndan sorgulandÝlar. Üyonize olmayan radyasyon modalitelerine (kÝsa veya mikrodalga diyatermi, ultrason, infraruj, ultraviolet lambalarÝ ve lazer) maruziyet sŸresi kayÝt edildi. Kemik sertlik indeksi ve z skorlarÝ ÒLunar Achiles Expres Ultrasound DensitometerÓ cihazÝ kullanÝlarak hesaplandÝ.
Fizyoterapistelerin kemik sertlik indekleri normalden %11, z-skorlarÝ ise %22 daha dŸßŸk bulundu, ancak fark istatistiksel olarak anlamlÝ deÛildi (p>0.05). Üyonize olmayan radyasyon modalitelerine mesleki
maruziyetin sŸresi ortalamasÝ 12.4 ± 6.8 yÝldÝ. Üyonize olmayan radyasyon modalitelerine mesleki maruziyetin sŸresi ile kemik sertlik indeksi arasÝnda anlamlÝ bir ilißki bulunmadÝ (p>0.05).
Sonu• olarak bu •alÝßma ile, iyonize olmayan radyasyon modalitelerine mesleki maruziyetin fizyoterapistlerde osteoporoz gelißimi a•ÝsÝndan ek bir risk yarattÝÛÝ gšsterilememißtir.
Anahtar Kelimeler: Osteoporoz, kemik mineral yoÛunluÛu, fizyoterapist, mesleki maruziyet.

INTRODUCTION
Physiotherapists (PT) are exposed to radio- and

operating shortwave and microwave units. Recent

microwave-frequency electromagnetic radiation by

studies suggest that use of shortwave diathermy
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was associated with an excess risk of birth defects,

are shown to be associated with an increased risk

perinatal deaths, and late spontaneous abortions

of osteoporosis (7,8). To our knowledge, the asso-

among the offspring of exposed female therapists

ciation of osteoporosis and non-ionizing radiation

(1). Another study showed the association between

modalities has not been investigated before.

heart disease and exposure to shortwave radiation
for male PTs (2). Tuschl et al. investigated the influence of chronic exposure to electric and magnetic fields (shortwave, decimeter wave and microwave units) on the immune system of PTs (3). However, they did not find a statistically significant diffe-

The purpose of that study was to assess the impact of occupational use of non-ionizing radiation
modalities such as, shortwave or microwave diathermy, ultrasound, infrared, ultraviolet lamps and
laser on bone mineral density of PTs.

rence between the control and exposed persons.
Exposure to ultrasound and shortwaves showed
about threefold odds ratios for spontaneous aborti-

MATERIAL AND METHOD

ons occurring after the 10th week of gestation but

A total of 40 PTs who have been operating physi-

in analysis where potential confounding variables

cal modalities (shortwave or microwave diathermy,

were controlled, neither reached statistical signifi-

ultrasound, infrared, ultraviolet lamps and laser for

cance. Deep heat therapies together, and shortwa-

at least one year) in two university based physical

ves alone, were associated significantly with con-

medicine and rehabilitation clinics and 40 control

genital malformations, but the increase was found

subjects who have no history of exposure to radiati-

in the lower exposure category only.

on modalities were enrolled into the study. Informed consent was given to all participants. Risk fac-

Shortwave diathermy devices used in physical

tors for osteoporosis were assessed by a detailed

therapy situations have been found by the Food

questionnaire including demographic, social, repro-

and Drug AdministrationÕs (FDA) Bureau of Radi-

ductive and relevant life style, environmental and

ological Health (BRH), to produce relatively high le-

medical factors (5,6,9,10). None of the participants

vels of unintended exposures (sometimes exce-

had a history of a disease or treatment which may

eding present U.S. exposure standards) to device

influence bone metabolism. All of the female parti-

operators and to the non-prescribed tissues of the

cipants were in their premenopausal period.

patients (4).
Achilles Express Ultrasonometer (Lunar Corp.,
Osteoporosis is the most common metabolic di-

Madison, WI, USA) was used to investigate the bo-

sease of bone, defined by reduced bone mass and

ne loss in the os calcis. Ultrasound variables Spe-

density, with increased structural fragility and frac-

ed of Sound (SOS) and Broadband Ultrasound At-

ture risk (5). Decreasing quality of life and incre-

tenuation (BUA) were measured from right calca-

asing morbidity and mortality, osteoporosis is a

neous and combined by the machine to produce

very important public health problem worldwide.
Epidemiological studies revealed that besides genetic factors, there are some other environmental,
life style and medical factors influencing approximately 20% of the bone mass (6). In terms of occupational exposure, ionizing radiation and cadmium

the Index Stiffnes (where Stiffness = 0.67*BUA +
0.28*SOS - 420) for the right os calsis (11). Z score [Stiffness value in patient-age-related mean/standard deviation] was calculated, based on
the Lunar reference data for males and females
(12).
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Data analysis was done using SPSS for Windows version

9.0a.

StudentÕs t test and chi-square

were used for comparisons between the groups.
Correlation was carried out using Pearson rank
correlation. Precision was measured, in vivo by repeating the scan, with repositioning, on 15 volunteers, on the same foot, and in vitro, by 15 repeat
measurements on the Achilles phantom, provided
with the densitometer. Calculation of precision is by
the root mean square (rms) value of the coefficient
of variation (%) (13). Precision in-vivo for Stiffness,
was 1.2%. For the manufacturerÕs phantom, precision was 1.22%.

DISCUSSION
This study investigated whether occupational exposure to radiation modalities in PTs is associated
with lower bone density. Although the bone density
of PTs was found 11% lower than the control subjects, the difference was not statistically significant.
Osteoporosis was observed in 2 PTs aged 34 and
43 years, with a duration of 11 and 20 years of exposure. They were smoking for over 5 years and
had a positive family osteoporosis history. One
subject in the control group who had osteoporosis
was 47 years old, was smoking, and her mother
had a history of osteoporosis-related fracture. Genetic factors are named as the main determinants

RESULTS

of bone mass and women whose mother had an

The sociodemographic and clinical characteristics

osteoporosis-related fracture are at high risk for os-

of the participants were presented in Table I. The

teoporosis (15).

difference between the groups in terms of assessed risk factors for osteoporosis was not significant, except daily calcium intake. Physiotherapists
had a lower daily calcium intake than the control
subjects and the difference was statistically significant. The mean ± SD Stiffness index of the os calcis was 89.2 (19.6) in PTs and 99.0 (18.5) in control group. The mean ± SD z-score in PTs was

In terms of previously known risk factors for osteoporosis, no significant difference was observed
between the groups, except daily calcium intake.
Physiotherapists had a lower daily calcium intake
than the control subjects and the difference was
statistically significant. Low calcium intake cannot
explain the difference in bone mineral density, it-

Ð0.21 (1.5) and 0.37 (1.4) in the control group. In

self. There are different reports in the literature

PTs, stiffness was 11% and z-score was 22% lo-

about the relationship between calcium intake and

wer than the control group, however, the difference

bone mass. Kršger et al. showed that low calcium

was not statistically significant (p>0.05). The avera-

intake increased the risk for decreased bone mine-

ge duration of exposure to radiation modalities was

ral density (10), however, Ooms et al. suggested

12.4 ± 6.8 years (with a minimum of 1 and maxi-

that calcium intake was not a risk factor for oste-

mum of 26 years). The relationship between bone

oporosis (5). If we had found a significant relations-

density and the duration to radiation modalities was

hip between bone density and the duration of expo-

not statistically significant (p>0.05). Number of pa-

sure to radiation modalities, we could have talked

tients whose t-score is under Ð2.5 and z-score un-

about the effects of radiation modalities on bone

der Ð1.5 (which is the criteria for the diagnosis of

density.

osteoporosis (14)) was 2 and 1 for PTs and control
subjects, respectively.

In conclusion, the results in this study indicate that
physiotherapists are unlikely to have an extra risk

a

Statistical Package for the Social Sciences (SPSS) for Windows, Version 9.0; SPSS Inc., 444 N. Michigan Avenue, Chicago, IL.

for osteoporosis after being exposed to non-ionizing radiation.
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Table 1: The sociodemographic and clinical characteristics of the participants
(values are mean ± SD for age, body mass index, calcium=daily calcium intake, duration=duration of exposure to non-ionizing
radiation modalities, age at menarche, number of pregnancy, stiffness index and z-score; percentages for education, disease
history for secondary osteoporosis, fracture, family history of osteoporosis, alcohol, caffeine consumption and smoking)

Age
Gender

Female
Male

Body mass index
Calcium
mg/day
Duration
years
Age at menarche
Number of pregnancy
Alcohol consumption
Caffeine consumption
Smoking
Family history of osteoporosis
Disease history for secondary osteoporosis
Stiffness index
z-score

Physiotherapists

Control subjects

P value

35.4 ± 7.1
78%
22%
18.7 ± 3.6
448.3 ± 262.7
12.4 ± 6.8
13.5 ± 1.9
0.95 ± 0.87
7%
8%
38%
13%
6%
89.2 ± 19.6
-0.21 ± 1.5

34.4 ± 7.5
83%
17%
16.3 ± 4.0
613.7 ± 255.9
Ð
13.2 ± 1.1
0.82 ± 1.1
5%
7%
35%
17%
3%
99.0 ± 18.5
0.37 ± 1.4

0.441

0.403
0.018*
0.52
0.139
0.389
0.497
0.785
0.132
0.552
0.056
0.145

* Statistically significant
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