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Abstract 
The menopause has a large effect on bone density and hormone replacement therapy 
(HRT) has been shown to be an effective treatment for preventing postmenopausal 
bone loss.  The aim of this study was to investigate the effects of HRT use on speed 
of sound (SOS) measurements at the radius, tibia, phalanx and metatarsal in 
comparison to bone mineral density (BMD) measurements of the lumbar spine and 
proximal femur.   
 
The study population consisted of 278 healthy premenopausal women, 194 healthy 
postmenopausal women and 126 healthy postmenopausal women currently receiving 
HRT for one or more years.  SOS measurements were taken at the radius, tibia, 
phalanx and metatarsal using the Sunlight Omnisense and BMD measurements at 
the lumbar spine and proximal femur using Hologic QDR-4500 densitometers.  Z-
scores were calculated using the postmenopausal control group and Z-score 
differences between the postmenopausal controls and HRT group for the entire group 
and with the HRT group subdivided into three groups, based on duration of HRT 
usage, were calculated. 
 
 Significant postmenopausal bone loss was found for all SOS and BMD measurements.  
A positive effect of HRT usage was found for all measurement sites, although only the 
radius and tibia SOS and lumbar spine BMD reached statistical significance.  The Z-
score differences between the two groups were 0.44, 0.37, 0.15 and 0.26 for 
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the radius, t ibia, phalanx and metatarsal SOS respectively and 0.28, 0.00 and -
0.03 for the lumbar spine, femoral neck and total hip BMD respectively.  A clear 
effect of the duration of HRT use was seen for the radius measurements, the 
differences being less marked elsewhere.  
 
In conclusion, these results demonstrate a positive effect of HRT on SOS 
measurements at the radius and tibia and BMD measurements of the lumbar spine. 
 
Key words:  Hormone Replacement Therapy, Multisite Ultrasound, Age-related change. 
Osteoporosis has been recognised as a major health problem due to the increased 
morbidity and mortality associated with the common osteoporotic fractures of the 
wrist, spine and hip.  Both bone mineral density (BMD) and quantitative ultrasound 
(QUS) measurements of bone have been shown to be predictive of fracture risk [1-6].   
Hormone replacement therapy (HRT) has been shown to be an effective treatment for 
preventing postmenopausal bone loss [7-12], and there is some evidence that it can 
reduce the incidence of vertebral fractures [13, 14]. 
 
QUS has had limited use in the monitoring of patients undergoing treatment with HRT, 
primarily due to its poor precision compared with Dual X-ray Absorptiometry (DXA), leading to 
long time intervals being required to detect changes in bone [9, 15, 16].  In addition to this, 
bone gain at the calcaneus in response to treatment is less than that at axial sites [16] and 
the majority of QUS devices use the calcaneus as a measurement site.  Most QUS devices are 
currently limited to a single measurement site.  Previous studies have found limited or no 
effect of HRT measurable by QUS [17-19], whilst other studies have found a positive influence 
detectable with QUS [9, 20].  The Sunlight Omnisense is the first QUS device with the ability 
to measure multiple sites using hand held probes.  In a previous preliminary study using this 
device, significant positive T-score differences were detected at the radius and tibia in a group 
treated with HRT compared to postmenopausal controls [21].  Weiss et al also reported 
positive effects of HRT on SOS measurements using the Omnisense in a similar study

The Sunlight Omnisense 
The Sunlight Omnisense (Omnisense, Sunlight Ltd, Tel-Aviv, Israel) is the first quantitative 
ultrasound system with the ability to perform SOS measurements at multiple skeletal sites.  
To accomplish this it uses a number of hand held probes designed for specific sites.  The 
probes contain an array of transducers, some acting as transmitters and others as receivers 
and measure the path of the sound wave taking the shortest propagation time between the 
transmitting and receiving transducers.  The time taken for the signal to travel between the 
transmitting and receiving transducers is used to infer the SOS in bone [23].  The Omnisense 
also corrects for soft tissue thickness, giving a true SOS measurement of bone [24, 25].   
 

 [22].  
This study is the first to use axial transmission ultrasound at the phalanx, radius, tibia and 
metatarsal and DXA in a large group of HRT users to compare to normal postmenopausal 
controls.   
 
The aim of this study was to investigate the effects of HRT on SOS measurements at the 
radius, phalanx, tibia and metatarsal in comparison to DXA measurements at the lumbar spine 
and proximal femur. 
 
Materials and Methods 

Subjects 
The study population consisted of three groups: 1. healthy premenopausal women 
(n=278); 2.  healthy postmenopausal women (n=194); and 3.  healthy 
postmenopausal women receiving HRT (n=126).  The exclusion criteria for the healthy 
premenopausal and postmenopausal controls included: a menopause before the age of 45; 
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amenorrhoea for greater than six months; a history of drugs of diseases known to affect bone 
metabolism; or a history of low trauma fracture [26].  The same criteria were applied to the 
HRT group except the menopause age was not restricted to greater than 45 and all patients 
in this group were currently receiving HRT which they had taken for at least 12 months.  The 
patients were recruited from a number of sources: 1. patients referred for DXA at Guy’s 
Hospital by their general practitioner (GP); 2. hospital personnel; 3. volunteers from the 
general population and; 4. twin volunteers attending the Twin Research Unit at St Thomas’ 
Hospital.  For each mono zygotic pair of twins, only one randomly selected twin was included 
in the study population.  However, for dizygotic pairs, due to a much lower correlation 
between twin pair measurement values, both twins were included.  The study was approved 
by the Guy’s and St Thomas’ Hospitals research ethics committees. 
 
Subject Measurement 
Speed of sound (SOS) measurements were performed at the non-dominant third proximal 
phalanx, medial aspect of the 1/3 radius, the antero-medial aspect of the midshaft tibia and 
the lateral aspect of the fifth metatarsal using the Sunlight Omnisense.  The Omnisense 
uses a total of three different probes to perform measurements at these four sites.  One 
probe measures both the radius and tibia, whilst the phalanx and metatarsal use individual 
probes.  Fewer subjects had measurements of the phalanx and metatarsal because these 
probes were not available at the start of the study.  Two Omnisense devices were used based 
at Guy’s Hospital and St Thomas’ Hospital.  In addition to the SOS measurements all subjects 
also had BMD measurements of the lumbar spine and proximal femur using one of four 
Hologic DXA densitometers (Hologic Inc, Bedford, MA).  The two Omnisense devices and 
four QDR densitometers were cross-calibrated using in vitro and in vivo cross 
calibration.  The in-vitro cross calibration was performed using 10 repeated phantom scans 
with repositioning between scans.  The in-vivo cross calibration involved 25 subjects who had 
BMD measurements of the spine and hip on four Hologic QDR densitometers and SOS 
measurements of the radius, tibia, phalanx and metatarsal on the two Sunlight Omnisense 
devices. 

Table1 shows the anthropometric data for the young normals aged 20-40, used to calculate 
T-scores, the postmenopausal control group and the HRT group.    Statistically significant 
differences were found between the pre- and postmenopausal control groups for body mass 
index (BMI), height and all SOS and BMD sites.  The postmenopausal group had a 
significantly higher BMI and reduced height compared to the premenopausal controls.  All SOS 

  The data were corrected where appropriate using the slope and intercept from 
linear regression analysis.   
 
Statistical analysis 
The mean and standard deviations (SD) of the SOS and BMD measurements and the 
anthropometric data were calculated for each group and the difference between groups was 
tested using a t-test.  T-scores were calculated using a subset of premenopausal controls 
aged between 20-40 years.  The short-term precision (CV%) for the Omnisense as measured 
by duplicate scans in 37 subjects, mean age 42 y (± 13.2 y) and calculated using equations 
A1 and A2 in the appendix.  These results were standardized as T-score units using Equation 
A3.  Z-scores were calculated using the slope and intercept from linear regression analysis of 
the postmenopausal women.  An unpaired two-tailed student’s t-test was used to test the 
differences between the postmenopausal control group and the HRT users group.  The effect 
of duration of HRT usage was evaluated by stratifying the HRT group into three groups, ≥1-
<4 years, 4-8 years and >8 years HRT usage.  A one-way ANOVA was then used to test the 
significance of differences between these groups.  Finally the correlation between SOS and 
SOS and BMD measurement sites was evaluated using linear regression on 250 subjects from 
the pre- and postmenopausal control group who had measurements at all four SOS 
measurement sites and spine and hip BMD. 
 
Results 
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measurement sites demonstrated a significantly reduced SOS in the postmenopausal controls 
compared to the premenopausal control group.  The same trend applied to BMD, where all 
sites were significantly lower in the post- than the premenopausal women.  The HRT group 
was significantly younger than the postmenopausal controls and had a significantly younger 
age at menopause.  All mean SOS and BMD values in the HRT group were significantly 
greater than found for the postmenopausal control group, however this may be a factor of the 
age difference between the two groups.  There was however, no significant difference in 
height, weight or BMI between these two groups.  
 
The RMSSD (CV%) was 22.8 m/sec (0.55%) for the radius, 17.7m/sec (0.45%) for the tibia, 
44.8m/sec (1.11%) for the phalanx and 27.8m/sec (0.76%) for the metatarsal.  Standardized 
as T-score units they became 0.21, 0.16, 0.28 and 0.13 for the radius, tibia, phalanx and 
metatarsal respectively.  The short term precision RMSSD was divided by the postmenopausal 
control group annual loss to estimate the mean years required for follow-up measurements at 
each site.  This resulted in follow-up periods of 3.4y, 3.8y, 2.9y and 3.6y for the radius, tibia, 
phalanx and metatarsal respectively. 
 
Table 2 shows the age-related changes for the control and HRT groups.  Highly significant age 
related bone loss was found for the postmenopausal women at all SOS and BMD sites.  These 
ranged from –4.7 to -15.4ms-1y-1 for the SOS measurements and –0.006to -0.007gcm-2y-1 for 
the BMD measurements.  When these rates of change were standardised as T-score units by 
dividing by the young adult population SD, the results found for the tibia and metatarsal SOS 
were slightly less than for the BMD results, whilst the radius and phalanx SOS had slightly 
increased rates of bone loss.   
 
Table 3 shows the mean Z-score differences between the postmenopausal control and HRT 
users groups.  The mean Z-score for the control group was zero for all the SOS and BMD 
sites.  This is because the postmenopausal control population was used to calculate the Z-
scores.  The mean Z-scores for the HRT group ranged from 0.15 to 0.44 for SOS 
measurements, however, only the radius and tibia reached statistical significance and -0.03 to 
0.28 for the BMD sites, with only the lumbar spine being statistically different from the 
postmenopausal controls. 
 
Figure 1 shows the Z-score difference for the HRT group compared to the postmenopausal 
control group once the HRT group was stratified into three groups based on the duration of 
HRT usage.  The first group comprises of individuals whom received HRT for between one 
and less than four years.  Radius SOS was the only measurement in this group to reach a 
significantly different Z-score from the controls.  The second group included individuals 
receiving HRT for between four and eight years.  The Z-score differences in this group were 
greater than found for the previous group for all SOS measurement sites and reached 
statistical significance at the radius, and tibia.  The final group included subjects taking HRT 
for greater that eight years.  The Z-score differences were slightly greater than in the 
previous group for radius SOS.  The Z-score difference for lumbar spine BMD was greater 
than found for the 4-8yr group and statistically significant, whilst the femoral neck and total 
hip had no significant differences.  When the Z-score differences between the three different 
groups were tested for statistical significance using a one-way ANOVA the trend of increasing 
Z-score difference with increasing duration of HRT failed to reach statistical significance 
between the three groups for any SOS or BMD measurement site. 
 
Table 4 shows the correlation between SOS and SOS and BMD measurement sites.  The 
correlations between SOS measurement sites are weak to moderate, ranging from 0.14 to 
0.48, with the best correlation between the radius and phalanx.  The correlation between SOS 
and BMD measurements are again weak to moderate, ranging from 0.00 to 0.38, with the 
best correlation between metatarsal SOS and femoral neck BMD. 
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Discussion 
This study evaluated the effects of HRT treatment on axial transmission SOS measurements 
at the radius, tibia, phalanx and metatarsal using the Sunlight Omnisense and compared 
them with the effect on spine and hip BMD.  When the postmenopausal controls and HRT 
group were compared, the HRT group had positive Z-score differences for all SOS and BMD 
measurement sites.  These were statistically significant for radius and tibia SOS and lumbar 
spine BMD and a similar trend was observed for metatarsal SOS.  However, the phalanx, 
femoral neck and total hip failed to demonstrate a significant difference between the 
postmenopausal control and the HRT user groups.  Weiss et al in a similar study also found a 
positive effect of HRT on SOS measurements [22].    When the HRT group was stratified 
based on years of usage, radius SOS demonstrated a trend of increasing Z-score differences 
with an increasing duration of HRT usage.  Tibia SOS demonstrated a similar trend, although 
the results in the ≥1-<4 year group failed to reach significance.  These results demonstrate a 
general positive effect of HRT usage on all SOS measurement sites, and this effect is greater 
than found for BMD at the proximal femur in the same group.  These data are not consistent 
with the reported effects of HRT on calcaneal QUS parameters, which have found limited or 
no effect [17-19].  However, Sahotal et al found a positive effect of HRT at the calcaneus in a 
longitudinal study over a four year period, although the individual increases for broadband 
ultrasound attenuation (BUA) and SOS were not as great as found for lumbar spine and total 
hip BMD [9].  Lehmann et al also found positive effects of HRT use in a cross sectional study 
using SOS measurements at the patella [20].    De Aloysio et al reported AD-SOS 
measurements at the phalanx using the DBM sonic 1200 to significantly increase after 1 year 
HRT usage in 32 women in a prospective study [27].   
 
The lumbar spine BMD performed better than the femoral neck and total hip in this study, 
which is not unexpected as the lumbar spine contains approximately 66% of the more the 
metabolically active trabecular bone than does the femoral neck which contains approximately 
25% [28].  This has also been observed in previous studies [7, 9]. 
 
The Omnisense measures predominantly cortical bone, with a SOS measurement in the range 
of 3800-4200m/s.  However, it is possible that if the cortex of the bone is less than the 
wavelength of the ultrasound, the measurement may contain a mixture of cortical bone and 
the medullary cavity [29].  The positive effects found in this study of HRT on SOS 
measurements in predominantly cortical bone, which were considerably greater than those 
found on BMD measurements at the femoral neck and total hip, were unexpected.    
 
The most important limitation of this study was that it was cross-sectional with self-selecting 
volunteers, which can create study biases.  Additionally, longitudinal studies are warranted to 
prove the ability of SOS to monitor the effect of HRT treatment.  Other limitations include the 
fact that many subjects within the HRT group had been receiving HRT for a number of years, 
with the mean duration of HRT usage being 6.5y ± 4.4y.  The HRT and postmenopausal 
groups were not matched for age, although this was accounted for in the analysis by age 
adjusting the data.  The subjects receiving HRT were put onto HRT by their General 
Practitioners for clinical reasons.  These may have included having a low BMD result on a 
previous DXA scan, as well as other reasons, such as an early menopause, or for reducing 
menopausal symptoms.  Whilst every effort was made to match the control and HRT 
populations by excluding risk factors, the study groups may still contain biases, and may not 
be representative of the general population.   
 
In conclusion, a significant positive effect was found for HRT usage on SOS 
measurements at the radius and tibia and on BMD of the lumbar spine, with the same 
trend being found for phalanx and metatarsal SOS.  No significant effect of HRT was 
found for the proximal femur BMD in this study.   
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Table 1 Patient Characteristics 
 
 Young Normals (20-40) Premenopausal Postmenopausal HRT 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Number 135 278 194 126 
Age 31.73 (5.96) 37.77 (9.31) 59.91 (7.27) 55.91 (6.52)** 
BMI (kg/m2 24.23 (4.76) ) 24.60 (4.58) 25.37 (3.74)* 25.52 (3.93) 
Weight (kg) 66.73 (14.12) 66.04 (13.07) 66.67 (11.97) 66.49 (12.39) 
Height (cm) 164.64 (6.87) 163.76 (6.51) 161.20 (9.64)* 160.72 (15.34) 
Menopause Age - - 50.24 (3.28) 47.02 (6.23)** 
YSM - - 9.65 (7.18) 8.42 (6.73) 
SOS     
Radius (m/sec) 4105 (111) 4115 (103) 4020 (118)** 4128 (97)** 
Tibia (m/sec) 3917 (110) 3904 (112) 3822 (142)** 3893 (118)** 
Phalanx (m/sec) 4053 (160) 4053 (156) 3856 (194)** 3954 (187)** 
Metatarsal (m/sec) 3748 (222) 3779 (207) 3580 (190)** 3663 (221)** 
BMD     
Lumbar Spine (g/cm2 1.029 (0.123) ) 1.036 (0.126) 0.930 (0.142)** 0.999 (0.147)** 
Femoral Neck (g/cm2 0.851 (0.122) ) 0.846 (0.119) 0.757 (0.114)** 0.785 (0.114) 
Total Hip (g/cm2 0.920 (0.120) ) 0.926 (0.129) 0.877 (0.122)** 0.917 (0.129) 
* p=<0.05 ** p=<0.001 when compared to the premenopausal group for the postmenopausal group and to the postmenopausal 
group for the HRT group 



 9 

Table 2 Controls group age related changes 
 
 Controls     
 Annual 

Loss 
Annual 
Loss/SD 

% Annual 
Loss 

Correlation 
Coefficient 

     
SOS (m/sec) (m/sec)   
Radius  -6.8 0.061 0.16 0.39** 

Tibia  -4.7 0.037 0.12 0.22* 

Phalanx  -15.4 0.096 0.38 0.54** 

Metatarsal  -7.7 0.035 0.21 0.26* 

     
BMD (g/cm2 (g/cm) 2  )  
Lumbar Spine  -0.007 0.058 0.68 0.34** 

Femoral Neck  -0.007 0.057 0.82 0.42** 

Total Hip  -0.006 0.050 0.63 0.37** 

* p=<0.05, ** p=<0.001 significance of linear regression
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Table 3  Z-score differences between the Postmenopausal Controls and 
HRT users group 
 
 
 
 
Site n 

Controls 
n 
HRT 

Mean Z-Score 
difference HRT 
Users 

SE 

SOS     
Radius 185 124 0.44** 0.10 
Tibia 192 126 0.37* 0.10 
Phalanx 130 100 0.15 0.13 
Metatarsal 118 91 0.26 0.17 
BMD     
Lumbar spine 190 125 0.28* 0.13 
Femoral Neck 190 125 0.00 0.13 
Total Hip 190 125 -0.03 0.14 
* p=<0.05, ** p=<0.001 when comparing means of the control and HRT 
group. 
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Table 4 Correlation between SOS measurement sites and between SOS and BMD measurements 
 
 
 Tibia SOS Phalanx SOS Metatarsal SOS L Spine BMD Fem Neck BMD Total Hip BMD 
Radius SOS 0.35** 0.48** 0.37** 0.21** 0.15* 0.09 
Tibia SOS - 0.21** 0.14** 0.18** 0.03 0.00 
Phalanx SOS - - 0.38** 0.26** 0.25** 0.18* 
Metatarsal SOS - - - 0.37** 0.38** 0.33** 
* p <0.05, ** p < 0.001. 
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Figure 1 Z-score differences associated with the duration of HRT use, 1-4 years, 4-8 years and > 8 years. 
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Appendix 1 
 
A 1:  Calculation of the RMSSD using duplicate scans [30] 
 
Where duplicate measurements are made for m individuals, the precision error 
can be calculated from the difference dj 

 

between the first and the second result 
using the following equation:  

A 2: When expressing the precision as a percentage the following formula is 

used 

   
A 3: When expressing the precision as a T-score unit the following formula is 
used [31] 
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