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Bone mineral density assessed by quantitative 
ultrasound and dual energy X-ray absorptiometry 
Normative data in Malmo, Sweden 

Magnus K Karlsson, Karl J Obrant, Bo E Nilsson and Olof Johnell 

We measured bone mineral density (BMD) in 128 
men and 143 women, aged 22-90, by dual energy X- 
ray absorptiometry (DEXA) and quantitative ultra- 
sound (QUS). We found reduced bone mineral densi- 
ty in relation to age as measured both by DEXA and 
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QUS. There was a correlation between 0.28 and 0.52 
in men and between 0.53 and 0.77 in women when 
comparing DEXA and QUS measurements. When in- 
cluding only persons with low bone mass, the corre- 
lation was less. 

During recent decades, efforts have been made to esti- 
mate the skeleton by non-invasive bone mass mea- 
surement to detect osteoporosis and monitor response 
to therapy. Since bone mass is related to bone strength 
(Riggs et al. 1981, Cummings 1989), it is important to 
identify persons with low bone mineral density 
(BMD) in the prevention of subsequent osteoporosis 
fractures, which rarely occur above certain levels of 
BMD (Riggs et al. 1981, Grubb et al. 1984, Ross et al. 
1987). Only 60% of the increase in hip fracture inci- 
dence can be accounted for by the increasing life ex- 
pectancy of the population (Cummings 1989, Gull- 
berg et al. 1993). Other factors, such as the age-ad- 
justed decrease in BMD or a structural change in bone 
architecture, could account for some of the increase 
(Karlsson et al. 1993). 

Various radiological techniques are available for 
non-invasive assessment of bone mineral mass-sin- 
gle photon absorptiometry (SPA), dual photon ab- 
sorptiometry (DPA), single energy X-ray absorptiom- 
etry (SXA) and dual energy X-ray absorptiometry 
(DEXA) are the most frequently used (Mazess and 
Wahner 1988). These methods are reproducible 
(Genant et al. 1996) and are documented for the pre- 
diction of fractures due to osteoporosis (Cummings et 
al. 1993, Marshall et al. 1996). The above-mentioned 
methods measure BMD but not structural changes 
such as trabecular numbers, connectivity and orienta- 
tion (Genant et al. 1996). 

Today, quantitative ultrasound (QUS) has gained 
popularity for assessment of skeletal status (Genant et 
al. 1996). The method measures speed of sound 
(SOS), defined as the ratio of transit time and body 

part width or length and is expressed as meters per 
second (m/s). Another variable is attenuation (broad- 
band ultrasound attenuation, BUA)--energy removed 
from the wave by absorption and scattering (dB/ 
MHz). Preliminary data indicate that not only BMD 
but also microstructural architecture such as trabecu- 
lar separation affect the measurement (McCarthy et 
al. 1990, Gliier et al. 1994). The preliminary results 
also show a good diagnostic sensitivity for fracture 
discrimination (Genant et al. 1996). The attractive- 
ness of QUS lies in low cost, portability, simplicity, 
freedom from ionizating radiation and possible esti- 
mation of microarchitectural changes. 

We collected normative bone mass data, evaluated 
by QUS and DEXA, in men and women 22-90 years 
of age, in the city of Malmo, Sweden and also corre- 
lated the DEXA and QUS measurements in all per- 
sons, including those with low bone mass. 

Probands and methods 
BMD was measured in 128 men (age 23-90) and 143 
women (age 22-90) during 1994. Half of the 
probands were randomly selected from the city files 
and half were volunteers, mostly hospital employees. 
50% of those invited from the city files attended. 
Only Caucasians were included. 

All probands were measured by DEXA, using the 
Lunar DPX-L@ equipment. The areal bone mineral 
density-BMD (g/cm2) of the total body, the left hip 
(neck, Ward's triangle and trochanter region) and the 
lumbar spine (L2-L4)-was calculated. In 118 men 
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Table 1. Bone mineral data in men measured by DEXA and QUS. Mean (SD) 

Age group 
n 

20-29 30-39 40-49 50-59 60-69 70-79 >80 
11 21 13 26 22 16 19 

Age 
Total body BMD g/crn2 
Hip BMD neck g/crnz 
Hip BMD Ward g/crn2 
Hip BMD trochanter g/crn2 
Spine BMO U-L4 g/crn2 
SOS rn/s 
BUA dB/MHz 

26.5 (1.9) 
1.21 (0.07) 
1.03 (0.14) 
1.00 (0.18) 

1.27 (0.11) 
1562 (29) 
120 (8.4) 

0.89 (0.14) 

35.0 (3.5) 
1.26 (0.08) 
1.07 (0.15) 

0.98 (0.14) 
1.29 (0.17) 

125 (9.7) 

0.99 (0.19) 

1579 (43) 

45.2 (2.8) 

0.92 (0.10) 
0.82 (0.15) 

1.19 (0.16) 
1538 (37) 

1.19 (0.09) 

0.90 (0.10) 

121 (7.9) 

54.7 (2.9) 
1.19 (0.07) 
0.93 (0.13) 
0.81 (0.11) 
0.92 (0.14) 
1.15 (0.15) 
1542 (41) 
122 (13.6) 

64.4 (3.1) 
1.18 (0.06) 
0.91 (0.10) 
0.77 (0.13) 
0.93 (0.12) 
1.18 (0.22) 
1532 (29) 
119 (9.9) 

75.8 (3.7) 
1.15 (0.10) 
0.83 (0.15) 
0.69 (0.17) 
0.91 (0.16) 
1.21 (0.26) 
1527 (32) 
117 (12) 

83.8 (3.4) 

0.85 (0.17) 
0.72 (0.17) 
0.92 (0.18) 
1.24 (0.21) 
1510 (26) 
113 (9.2) 

1.12 (0.11) 

Table 2. Bone mineral data in women measured by DU(A and QUS. Mean (SO) 

Age group 
n 

20-29 
15 

Age 
Total body BMD g/crn2 
Hip BMD neck g/crn2 
Hip BMD Ward g/crn2 
Hip BMD trochanter g/crn2 
Spine BMD U-L4 gkm2 
sos m/s 
BUA dB/MHz 

~ 

25.9 (2.3) 
1.15 (0.09) 

0.97 (0.25) 
0.86 (0.17) 

1566 (30) 
118 (13) 

0.99 (0.20) 

1.20 (0.12) 

30-39 
21 

34.5 (2.7) 
1.16 (0.06) 
0.99 (0.13) 
0.90 (0.16) 
0.83 (0.09) 
1.27 (0.12) 

119 (7.2) 
1559 (22) 

40-49 
20 

45.0 (3.1) 
1.12 (0.08) 
0.92 (0.14) 
0.83 (0.16) 
0.80 (0.12) 

1532 (26) 
114 (8.7) 

1.19 (0.11) 

50-59 
25 

54.0 (2.7) 
1.13 (0.07) 
0.93 (0.14) 
0.82 (0.17) 
0.84 (0.12) 
1.16 (0.15) 
1538 (35) 
114 (11) 

60-69 
21 

65.0 (3.5) 
1.00 (0.08) 
0.77 (0.18) 
0.64 (0.19) 
0.70 (0.20) 
0.93 (0.13) 
1500 (19) 
106 (7.9) 

70-79 
21 

76.1 (3.2) 

0.75 (0.15) 
0.61 (0.14) 
0.76 (0.17) 

1509 (38) 
105 (13) 

1.00 (0.10) 

1.01 (0.20) 

>80 
20 

84.1 (3.1) 
0.90 (0.08) 
0.68 (0.09) 
0.53 (0.11) 
0.65 (0.11) 
0.92 (0.23) 
1470 (18) 
92 (11) 

and 125 women QUS was also performed in both 0s 
calcis with Achilles@ ultrasound equipment (Lunar- 
Achilles@). The standard measuring areas were de- 
fined by the same laboratory technicians who exclud- 
ed measurements with technical errors. In addition, 
all measurements were examined by two of the au- 
thors independently, excluding not usable measure- 
ments that could not be used, such as too small mea- 
suring areas, blurred pictures or metallic implants. 

The precision of our DEXA equipment, as assessed 
by double measurements in healthy persons after re- 
positioning, is for the total body 0.4%, for hip (neck 
region) 1.6% and for the lumbar spine (L2-LA) 0.5%. 
The precision of the ultrasound equipment measuring 
the 0s calcis is 1.5%. 

Multiple regression analysis was used for the data. 

Results 
BMD, as estimated by QUS and DEXA measure- 
ments in both men and women, divided into 10-year 
age classes, is presented in Tables 1 and 2. The corre- 
lations between QUS and DEXA measurements in 
both men and women are shown in Tables 3 and 4. 
The correlations between QUS and DEXA measure- 
ments in the lower quartile, as regards BMD total 
body, are shown in Tables 5 and 6. 

11 men and 33 women were below 2.5 SD, as com- 
pared with BMD total body in young subjects of the 

same gender-+xteoporotic when using the definition 
proposed by the World Health Organization (WHO). 
In this group, 8 men and 29 women also had QUS per- 
formed. Of the 8 men, 3 were also osteoporotic as 
judged by SOS (<2.5 SD, compared with young sub- 
jects of the same gender) and 2, as judged by BUA. 
Of the 29 women defined as osteoporotic by the 
DEXA measurement and where QUS was performed 
as well, 27 were also defined as osteoporotic by SOS 
and 20 by BUA. 

The corresponding figures, using DEXA lumbar 
spine or DEXA hip as a reference for diagnosing os- 
teoporosis, are presented in Table 7. 

Discussion 
Our study indicates a low correlation between QUS, 
both speed of sound and broadband attenuation, as 
compared to DEXA measurements. Since DEXA is 
supposed to be the “golden standard” when measur- 
ing bone mass, QUS seems not to be optimal as a di- 
agnostic tool for absolute bone mass measurements. 
Other studies have shown a correlation in vivo be- 
tween QUS measured in the heel and DEXA-0.33- 
0.83 for the lumbar spine and 0.33-0.87 for the femo- 
ral neck (Baran et al. 1991, Faullaier et al. 1994). 
These correlations were significant, indicating that 
about 50% of the variation in QUS depends on factors 
other than absolute BMD. Whether the unexplained 
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Table 3. Correlations (r) between bone mass measurements, using DEXA and QUS, in men 

Total body Hip BMD Hip BMD Hip BMD Spine BMD SOS BUA 
BMD neck Ward trochanter L2-L4 rnls dB/MHz 
gicrnz gicrn2 g / c d  g/crn2 gIcrn2 

Total body BMD g/crn2 
Hip BMD neck g/crnz 0.82 1 .oo 

Spine BMD E-L4 g/crn2 0.64 0.53 0.55 0.58 1 .oo 

1 .oo 

Hip BMD Ward g/crn2 0.81 0.93 1.00 
Hip BMD trochanter g/cm2 0.71 0.75 0.68 1.00 

SOS rnls 0.52 0.50 0.50 0.38 0.31 1 .oo 
BUA dBIMHz 0.41 0.36 0.30 0.28 0.30 0.79 1.00 

Table 4. Correlations (r) between bone mass measurements, using DEXA and QUS, in women 

Total body Hip BMD Hip BMD Hip BMD Spine BMD SOS BUA 
BMD neck Ward trochanter L2-L4 rn/s dB/MHz 
gIcrn2 g/crn2 g/crn2 g/cmz gIcrn2 

Total body BMD g/crn2 
Hip BMD neck g/crn2 0.85 1 .oo 

Spine BMD L2-L4 glcrn2 0.81 0.75 0.76 0.60 1 .oo 

1 .oo 

Hip BMD Ward g/crn2 0.84 0.96 1.00 
Hip BMD trochanter g/crn2 0.70 0.81 0.78 1.00 

SOS m/s 0.77 0.74 0.76 0.54 0.62 1.00 
BUA dB/MHz 0.75 0.71 0.68 0.53 0.59 0.78 1.00 

Table 5. Correlations (r) between DEW and QUS in men, including only those in the lower quartile of 
total body BMD 

Total body HipBMD HipBMD HipBMD Spine BMD SOS BUA 
BMD neck Ward trochanter L2-L4 rnls dB/MHz 
g/crn2 g / c d  g/crn2 g/crn2 g/crn2 

Total body BMD g/crn2 
Hip BMD neck g/cm2 0.54 1 .oo 

Spine BMD L2-L4 g/crnz 0.27 0.18 0.17 0.35 1 .oo 

1 .oo 

Hip BMD Ward g/crn2 0.53 0.80 1.00 
Hip BMD trochanter g/cm2 0.48 0.61 0.44 1.00 

SOS m/s 0.39 0.00 0.10 -0.09 0.07 1.00 
BUA dB/MHz 0.28 -0.09 -0.01 0.08 0.21 0.77 1.00 

Table 6. Correlations (r) between DEXA and QUS in women, including only those in the lower quartile of 
total body BMD 

Total body Hip BMD Hip BMD Hip BMD Spine BMD SOS BUA 
BMD neck Ward trochanter L2-L4 m/s dB/MHz 
qicm2 a/cm* gicrn2 gicrn2 g/crnz 

Total body BMD g/crn2 
Hip BMD neck g/crn2 0.42 1 .oo 
Hip BMD Ward g/crn* 0.32 0.91 1 .oo 

Spine BMD L2-L4 g/crn2 0.69 0.39 0.35 0.16 1 .oo 

1 .oo 

Hip BMD trochanter g/crn2 0.11 0.63 0.54 1.00 

SOS m/s 0.32 0.33 0.25 0.10 0.27 1.00 
BUA dB/MHz 0.55 0.33 0.32 -0.01 0.47 0.73 1.00 

50% are related to bone strength or other factors unre- 
lated to osteoporosis has yet to be determined. The 
low correlation with DEXA measurements does not 
exclude QUS as a predictor of future osteoporosis 

fractures, since not only BMD but the microarchitec- 
tural structure also influences the risk of fragility frac- 
tures (McCarthy et al. 1990, Gliier et al. 1992). 

Some studies indicate that ultrasound transmission 
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Table 7. Persons diagnosed as osteoporotic by DEXA measurements and where QUS was also per- 
formed 

Men Women 

Osteoporotic as Osteoporotic as Osteoporotic as  Osteoporotic as  Osteoporotic a s  
defined by defined by defined by defined by defined by 
DEXA measurement of measurement of measurement of measurement of 
measurement of BUA sos BUA sos 

Total body 218 310 20129 27/29 
Femoral neck 1/10 311 0 12/21 17/21 
Lumbar spine 119 319 15/32 21 132 

velocity is related directly not only to BMD but also 
to the elasticity of human and bovine bone (Abend- 
schein and Hyatt 1970, Ashman et al. 1984). Other 
studies with trabecular bone samples show that veloc- 
ity correlates well with ultimate strength (r = 0.71- 
0.75) (Ashman et al. 1988, Turner and Eich 1991). 
These results strongly suggest a relationship between 
bone structure and strength beyond that which can be 
explained by BMD. This is emphasized even more by 
studies indicating that QUS can predict vertebral frac- 
tures with the same effectiveness as conventional 
BMD measurements of the spine, hip and forearm 
(Heaney et al. 1989,1995). 

When correlating findings in subjects with low 
bone mass (<25% percentile of BMD total body), the 
correlations between DEXA and QUS measurements 
were less than when all persons were included. This 
indicates that in those who develop fragility fractures, 
the difference between absolute bone mass measure- 
ments and changed architectural structure may be 
even greater. It seems that in osteoporotic persons the 
two methods present information about different as- 
pects of bone. This is in line with earlier studies indi- 
cating that both DEXA and QUS measurements inde- 
pendently predict fragility fractures (Schott et al. 
1995, Turner et al. 1995). 

In men defined as osteoporotic by DEXA measure- 
ments, only one third were also classified as os- 
teoporotic by the use of ultrasound SOS and one 
fourth by the use of ultrasound BUA, applying the 
WHO definition (<2.5 SD below young adults). In 
women, the agreement was 93% using SOS and 69% 
using BUA, again indicating that QUS may not mea- 
sure the same modality of the bone as the DEXA mea- 
surement. 

The number of subjects classified as osteoporotic 
differs, depending on the method or region used for 
evaluation of bone mass. When using the definition of 
osteoporosis suggested by WHO, 9-29% of all the 
women and 1-10% of all the men measured in our 
study were below 2.5 standard deviations as com- 

pared to young persons of the same sex by DEXA 
measurements in the different skeletal regions. When 
using ultrasound, one third of all women using SOS 
and one fourth using BUA were classified as os- 
teoporotic. Corresponding figures for men were 11 % 
and 4%, respectively. It seems important to define 
both the region and the method when describing the 
rate of individuals with osteoporosis in a normative 
population. 

Acknowledgment 
Financial support was obtained from the Swedish Medical 
Research Council (project no. K97-17F-12033-01A + K98- 
17F-12033-02B, Lund University Research Funds, the Greta 
and Johan Kock and Herman Jamhardt Foundations, the 
Malmo University Hospital Funds, the Physiographic Soci- 
ety of Lund, the Swedish Society of Medicine, CJF, STINT, 
HSF, Osterlund Foundation, Knut and Alice Wallenberg 
Foundation, Tore Nilsson Foundation and G. Bauer Founda- 
tion. 

References 
Abendschein W, Hyatt G W. Ultrasonics and selected physi- 

cal properties of bone. Clin Orthop 1970 69: 294-301. 
Ashman R B, Cowin S C, van Buskirk W C, Rice J C. A 

continuous wave technique for the measurement of the 
elastic properties of cortical bone. J Biomech 1984; 17: 
349-61. 

Ashman R B, Rho J Y. Elastic modulus of trabecular bone 
material. J Biomech 1988; 21: 177-81. 

Baran D T, McCarthy C K, Leahey D, Lew R. Broadband 
ultrasound attenuation of the calcaneus predicts lumbar 
and femoral neck density in Caucasian women: a prelimi- 
nary study. Osteoporosis Int 1991; 1: 110-3. 

Cummings S R. Epidemiology of osteoporotic fractures. Eur 
J Clin Invest 1989; 19: A85. 

Cummings S R, Black D M, Nevitt M C, Browner W, Cauley 
J, Ensrud K, Genant H K, Mulley S B, Palermo L, Scott J, 
Vogt T M. Bone density of various sites for prediction of 
hip fractures. The study of osteoporotic fractures. Lancet 
1993; 341: 72-5. 



Acta Orthop Scand 1998; 69 (2): 189-1 93 193 

Faulkner K G, McClung M R, Coleman L J, Kingston-San- 
dahl E. Quantitative ultrasound of the heel: correlation 
with densitometric measurements at different skeletal 
sites. Osteoporosis Int 1994; 4: 42-7. 

Genant K H, Engelke K, Fuerst T, Gluer C-G, Grampp S, 
Harris S T, Jergas M, Lang T, Lu Y, Majumdar S, Mathur 
A, Takada M. Assessment of bone mineral and structure: 
state of art. J Bone Miner Research 1996; 11: 707-30. 

Gliier C C, Vahlensieck M, Faulkner K G, Engelke K, Black 
D, Genant H K. Site-matched calcaneal measurements of 
broadband ultrasound attenuation and single x-ray ab- 
sorptiometry: do they measure different skeletal proper- 
ties? J Bone Miner Res 1992; 7: 1071-9. 

Gliier C C,  Wu C Y, Jergas M, Goldstein S A, Genant H K. 
Three quantitative ultrasound parameters reflect bone 
structure. Calcif Tissue Int 1994; 55: 46-52. 

Grubb S A, Jacobsen P C, Awbrey B J, McCartney W H, Vin- 
cent L M, Talmage R V. Bone density in osteopenic wom- 
en: A modified distal radius density measurement proce- 
dure to develop an "at risk" value for use in screening 
women. J Orthop Res 1984; 2: 322-7. 

Gullberg G, Duppe H, Nilsson B E, Redlund-Johnell I, Sern- 
bo 1, Obrant K, Johnell 0. Incidence of hip fractures in 
Malrno, Sweden (1950-1991). Bone (Suppl 1) 1993; 14: 

Heaney R P, Avioli LV, Chestnut C H, Lappe J, Recker R R, 
Brandburger G H. Osteoporotic bone fragility: detection 
by ultrasound transmission velocity. JAMA 1989; 261: 

Heaney R P, Avioli L V, Chestnut C H, Lappe J, Recker R R, 
Brandenburger G H. Ultrasound velocity through bone 
predicts incident vertebrai deformity. J Bone Miner Res 
1995; 10: 341-5. 

23-9. 

2986-90. 

Karlsson K M, Gtrdsell P, Johnell 0, Nilsson B E, Akesson 
K, Obrant K J. Bone mineral normative data in Malmo, 
Sweden. Acta Orthop Scand 1993; 64: 165-7. 

Marshall D, Johnell 0, Wedel H. Metaanalysis of how well 
measures of bone mineral density predict occurrence of 
osteoporotic fractures. BMJ 1996; 312: 1254-9. 

Mazess R B, Wahner H M. Nuclear medicine and densitom- 
etry. In: Osteoporosis: etiology, diagnosis and managc- 
ment (Eds. Riggs B L, Melton L J 111). Raven Press, New 
York 1988; 251-95. 

McCarthy R N, Jeffcott L B, McCamey R N. Ultrasound 
speed in equine cortical bone: effects of orientation, den- 
sity, porosity and temperature. JBiomech 1990; 23: 1139- 
43. 

Riggs B L, Wahner H W, Dunn W L, Mazess R B, Offord K 
P, Melton L J 111. Differential changes in bone mineral 
density of the appendicular and axial skeleton with aging: 
relationship to spinal osteoporosis. J Clin Invest 1981; 67: 

Ross P D, Wasnich R D, Heilbrun L K, Vogel J M. Definition 
of a spine fracture threshold based upon prospective frac- 
ture risk. Bone 1987; 8: 271-8. 

Schott A M, Weill-Engerer S, Hans D, Duboeuf F, Delmas P 
D, Menuier P J. Ultrasound discriminates patients with 
hip fracture equally well as dual energy x-ray absorbpti- 
ometry and independently of bone mineral density. J Bone 
Miner Res 1995; 10: 243-9. 

Turner C H, Eich M. Ultrasonic velocity as a predictor of 
strength in bovine cancellous bone. Calcif Tissue Int 

Turner C H ,  Peacock M, Timmerman L, Neal J M, Johnston 
C C Jr. Calcaneal ultrasonic measurements discriminate 
hip fracture independently of bone mass. Osteoporosis Int 

328-35. 

1991; 49: 116-9. 

1995: 5: 130-5. 




