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Background. Dual-energy X-ray absorptiometry (DXA) is an effective method for bone mineral density (BMD) and 
subcutaneous fat percentage estimation. The constant development of new densitometry techniques, the demographic 
change and the higher potential of artificial intelligence in healthcare enhance requirements for the high-quality 
measurements in DXA. 

This study aimed to develop a quality control method for DXA scanners and compare four DXA systems with different 
X-ray geometries and manufacturers when simulating fat-water environments.

Methods. We evaluated the accuracy (relative error (ε%) and precision (CV%)) of the bone mineral density (BMD) 
measurements, performed by the four DXA scanners: 2 with narrow-angle fan beam (64- and 16-channel detectors  
(DXA-1, DXA-2)); 1 with wide-angle fan beam (DXA-3); 1 with pencil beam (DXA-4). We used a PHK (PHantom Kalium) 
designed to imitate spine. The PHK contained four vertebras filled with a K2HPO4 solution in various concentrations  
(50-200 mg/ml). The PHK also included paraffin patches (thickness 40 mm) to simulate the fat layer.

Results. DXA-1 and DXA-2 demonstrated the best CV% ranged from 0.56% to 1.05%. The least ε% was observed when 
scanning PHK with fat layer on DXA-1 and DXA-2 (1.74% and 0.85%) and DXA-4 (1.47%). DXA-3 produced significantly 
lower BMD (ε = -14.56%, p = 0.000). After removing the fat layer, we observed reduction (p = 0.000) of BMD for DXA- 1 
and DXA-2 (ε = -5.11% and -6.12% respectively) and weak deviation (p = 0.80) for DXA-4 (0.87%). For DXA-3, removal 
of the fat layer also resulted in a significant reduction in BMD (ε = -16.44%, p = 0.000). The subcutaneous fat modeling 
showed that all these DXA systems automatically determine the percentage of fat in the scanned area with weak 
underestimation: for DXA-1, DXA-2 and DXA-4 the ε% were -5,9%, -6,3% and -2,3% respectively. CV% were 0.15%; 
0.39%; 1.6%, respectively. 

Conclusions. We proved a significant underestimation of the BMD measurements across the entire range of 
simulated parameters for the DXA scanners when the model did not include the subcutaneous fat layer. All models 
demonstrated high accuracy in measuring the fat layer, with the exception of the DXA-3 model, which was not assessed 
in these studies.
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Актуальность. Двухэнергетическая рентгеновская абсорбциометрия (ДРА) — это эффективный метод оцен-
ки минеральной плотности костной ткани (МПК) и подкожно-жировой клетчатки (ПЖК). Постоянное развитие 
новых методов денситометрии, старение населения и высокий потенциал применения технологий искусствен-
ного интеллекта в здравоохранении усиливают потребности в получении высококачественных измерений МПК 
в ДРА. 

Цель исследования — разработать средства и методы контроля ДРА сканеров и провести сравнение четырех 
денситометров разной геометрии и фирм-производителей при моделировании различного водно-жирового 
окружения.

Материал и методы. В ходе работы проведена оценка точности (относительной погрешности (ε%) и вос-
производимости (CV%)) измерений МПК четырех рентгеновских денситометров: два — с узковеерным пуч-
ком рентгеновского излучения с 64- и 16 рядами детекторов (DXA-1, DXA-2), один — с широковеерным пучком  
(DXA-3); один — с пучком карандашного типа (DXA-4). Для сравнения использовался фантом PHK (PHantom 
Kalium), моделирующий МПК поясничной области: четыре модели позвонков от нормы до остеопороза, содер-
жащие гидрофосфат калия в различной концентрации — 50–200 мг/мл. PHK также включал парафиновые на-
кладки (толщиной 40 мм), имитирующие ПЖК. 

Результаты. DXA-1 и DXA-2 имеют наилучшую CV%, определенную в диапазоне от 0,56% до 1,05%. Наимень-
шая ε% отмечена при сканировании PHK с ПЖК для DXA-1 и DXA-2 (1,74% и 0,85%) и DXA-4 (1,47%). При исклю-
чении ПЖК наблюдаются снижение МПК для DXA-1 и DXA-2 (ε = -5,11% и -6,12% соответственно) и небольшое от-
клонение (p = 0,80) для DXA-4 (ε = 0,87%). DXA-3 демонстрирует существенно заниженные данные измеренной МПК  
(ε = -14,56%; p = 0,000) при сканировании PHK с ПЖК. Однако исключение ПЖК также приводит к значительному  
(p = 0,000) снижению МПК (ε = -16,44%; p = 0,000). При анализе точности определения жирового слоя для DXA-1,  
DXA-2, DXA-4 отмечалась незначительная недооценка заданных показателей на -5,9%, -6,3% и -2,3% соответственно. 
При этом CV результатов составила 0,15%; 0,39%; 1,6%. 

Заключение. Результаты исследования подтвердили значительную недооценку МПК для всего диапазона  
возможных значений при сканировании PHK без ПЖК. Модели продемонстрировали высокую точность измерения 
жирового слоя за исключением DXA-3 сканера, для которого этот параметр в исследовании не оценивался.

Ключевые слова: ДРА, двухэнергетическая рентгеновская абсорбциометрия, денситометрия, минеральная 
плотность кости, остеопороз, воспроизводимость, относительная погрешность. 
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Introduction

Dual-energy X-ray absorptiometry (DXA) is an 
effective method for bone mineral density (BMD) 
and subcutaneous fat percentage estimation. High-
accuracy measurement of BMD is considered an 
important criterion to diagnose osteoporosis and to 
monitor the treatment progress [1]. The International 
Society for Clinical Densitometry (ISCD 2019) suggests 
assessing the precision in volunteer studies by 
calculating the least significant change (LSC) using the 
ISCD calculator [2]. A similar approach (involving the 
LSC calculation) was suggested for cross-calibration 
of various scanner models. The suggestions also 
addressed phantom studies, recommending to assess 
the stability of the scanner performance in general 
and when replacing scanners with similar models. Fat 
layer measurements are relevant for body composition 
estimation that is recommended for children, the 
diagnosis of sarcopenia, and other diseases [3].

The comparison of DXA scanners about the 
measurement accuracy and phantom studies 
designed to assess various scanner models has been 
conducted during the entire DXA history [2, 4, 5, 6]. 
However, recently, there has been growing interest 
in precision assessment. Firstly, it is associated with 
the constant development of new densitometry 
techniques that requires providing comparisons 
with previous methods [7]. Secondly, the population 
becomes older, and with that, the distribution of this 
technique and its application rise [8]. The suggested 
resupply of the DXA equipment to meet the European 
targets (1 scanner per 100 thous. people) would secure 
population coverage with the screening measures 
based on the risk factors and treatment monitoring 
needs [9]. Thirdly, the higher potential of artificial 
intelligence in healthcare requires receiving robust 

medical data for using it in a decision support system, 
to provide patient-oriented medicine [10, 11], and for 
providing the population studies by osteoporosis.

Following the European Union initiative, the 
Committee d’Actions Concertes — BioMedical 
Engineering (COMAC-BME) developed a procedure 
to improve cross-calibration and enhance the 
BMD measurement standards that utilize semi-
anthropomorphic phantoms (ESP — European Spine 
Phantom) [12, 13]. Some phantoms contain as well 
as test objects for BMD modelling, a permanent fat 
layer. For example, the standard ESP configuration is 
designed to simulate a 9% fat layer [14], whereas Bona 
Fide Phantom, BFP simulates a 26% fat layer [15]. 
However, the embedded fat layer of these phantoms 
cannot be modified. Although this phantom was 
presented in many studies, its construction doesn’t 
allow adding or deleting a fat layer. The above makes it 
reasonable to compare the measurement technique of 
various DXA scanners to assess the impact produced 
by the fat layer and to obtain data on CV precision and 
accuracy when modelling fat-water environments.

Our study aimed to compare the accuracy and 
precision parameters for BMD and fat percentage 
measures acquired by four DXA scanners using a self-
developed phantom solving the describing above 
limitations. During our study, the alternative phantom 
was presented and the precision and accuracy 
parameters of four DXA scanners were measured and 
compared.

methods
PHK phantom

A detailed description of the PHK (Phantom 
Kalium) is available in the previous paper [7]  
(Fig. 1). 

Fig. 1. PHK design:
1 — vertebrae section made of a cylinder that simulates  
the vertebra body, and a parallelepiped imitating  
a cortical layer; 
2  — during the w/ fat scan the ‘vertebrae’ were placed 
inside a cylinder with a diameter of 190 mm filled with 
water; 
3  — around the cylinder walls it was possible to place  
40 mm thick paraffin patches to simulate the fat layer

Рис. 1. Конструкция фантома PHK: 
1 — секция «позвонков», состоящая из цилиндра, 
имитирующего тело позвонка, и параллелепипеда, 
имитирующего кортикальный слой кости; 
2 — «позвонки» помещены в цилиндр с водой 
диаметром 190 мм при сканировании в денситометре 
без подкожно-жировой клетчатки; 
3 — вокруг циллиндра возможно размещение 
парафиновых накладок, имитирующих подкожно-
жировую клетчатку, толщиной 40 мм

1

2
3
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Table 1
The PHK features for set volumetric and projected BMD

Vertebra Set volumetric BMD
(cylinder), mg/mL

Set volumetric
BMD (cortical layer),  

mg/mL

Set projected BMD,  
g/cm2

Set T-score  
for Lunar DXA, SD

L1 50.13 250.65 0.586 -5.08 (osteoporosis)

L2 100.19 350.79 0.886 -2.58 (osteoporosis)

L3 150.38 450.10 1.177 -0.16 (normal)

L4 200.49 551.21 1.475 2.33 (normal)

Fig. 2. The images were obtained from  
a PHK phantom w/o fat using the following 
DXA scanners:  
a — DXA-1; b — DXA-2;  
c — DXA-3; d — DXA-4

Рис. 2. Изображения, полученные  
в результате сканирования фантома PHK  
без моделирования подкожно-жировой 
клетчатки на денситометрах: 
a — DXA-1; b — DXA-2;  
c — DXA-3; d — DXA-4

dа b с

The phantom is designed to simulate the lower back 
region. Depending on the configuration, the phantom 
body can be made of polypropylene or polymethyl 
methacrylate (to results presented in this paper 
were obtained using a polypropylene phantom. The 
phantom is cylinder in shape with an internal diameter  
of d = 190 mm and length 230 mm. Wall thickness —  
5 mm. Using high-precision milling on ultra-high-
molecular-weight polyethylene fiber we made  
4 vertebra models consisting of a cylinder (a vertebra 
body) and a parallelepiped (a cortical layer). 

The vertebrae sections are filled with a 
dipotassium phosphate solution (К2HPO4) in various 
concentrations. Table 1 contains set values of 
volumetric BMD and projected areal density (cylinder +  
cortical layer). The “vertebra” area of 17.5 cm2 is 

defined by the area of a parallelogram pertaining to 
a denser cortical layer. According to the evaluation of 
the expanded uncertainty for the set values the error 
for the set volumetric BMD is ± 0.21%; projected areal 
density — ±0.9%. The highest difference between the 
volumetric and set BMD values for both L1 sections 
is 0.26%. The accuracy of the set BMD values for this 
phantom is as good as that for ESP phantoms. The 
PHK phantom can be used both for DXA measurement 
accuracy evaluation and for QCT. To simulate the fat 
layer, we used 40 mm thick circular paraffin patches 
that covered completely the phantom outer side (See 
Fig. 1). During the imaging with fat condition, the fat 
percentage was 32.14%; for scanning without fat, it 
was 5%, due to consideration of the thickness of the 
polypropylene wall in the fat percentage.

Scanning technique

The phantom study was performed using DXA 
scanners with four different types of fan beam: 

–  two DXA scanners with narrow-angle beam 
and a detector array: 64-channel detector Lunar 
iDXA (hereinafter – DXA-1) (GE HealthCare, USA); 
16-channel detector (DXA-2) (Lunar Prodigy,  
GE HealthCare, USA); 

–  one DXA scanner with wide-angle beam (DXA-3) 
(Discovery, Hologic Inc., USA); 

–  one DXA scanner with pencil beam (DXA-4) 
(DEXXUM-3, OsteoSys Co., Ltd., Republic of Korea). 

The imaging was performed using the standard 
clinical protocol. The phantom scanning technique 

is described in previous studies [4, 16]. Each 
phantom scan was repeated five times for each of 
the two configurations: with (w/) and without (w/o) 
fat layer.

During the image processing, the automated 
segmentation was corrected manually (since there 
was no high X-ray density layer, the automated 
segmentation showed lower reliability) which 
eliminated the possible bias [7]. The rectangular 
configuration of the cortical block allowed to perform 
the correction effectively (Fig. 2). In addition, as per 
the DXA scanning procedures, we have been recording 
the results of the fat percentage estimation in the 
regions that imitated soft tissues.
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Evaluation of accuracy  
(precision and relative error)

When comparing the DXA scanners, we analyzed 
the following results of the DXA study: the area, the 
bone mineral composition (BMC), and the derived 
areal BMD (calculated as the ratio between BMC and 
the object area). The measurement was performed 
for each vertebra section and the average scores for 
L1–L4.

Following the results of the five-fold scanning, we 
calculated an average value (BMDL1–4) and a standard 
deviation (SDL1–4) that were later used to access the 
study accuracy scores: precision (CV%, formula 1)  
and relative error (ε%, formula 2):

CV =    
SDL1–4        × 100%,

		            BMDL1–4

where: 
SDL1–4 — standard deviation, 

BMDL1–4— average BMD values for L1-4; 

ε =
  BMDL1–4 – BMD0    × 100%,

		            BMD0

where: 
BMD0 — average BMD values for L1-4 set during 

the making of the phantom; 

BMDL1–4 — average BMD values for L1-4.

Considering that the measured BMD, BMC, and 
the area values are linearly dependent from the set 
values, to compare the measurements from different 
DXA scanners we analyzed the corresponding linear 
approximation parameters. The comparison was 
performed using the generalized linear model (GLM) 

method for w/ and w/o fat conditions. A significance 
level was set to <0.05.

Results

Figure 2 shows images, obtained from a PHK 
phantom w/o fat. The borders that surround the BMD 
measurement area were corrected manually.

Figure 3 shows graphs of BMD measured with 
different DXA scanners using the PHK phantom in w/ 
and w/o fat configurations. It shows the mean values, 
which are ± 2 SD for each L1-4 vertebra model.

For the Lunar DXA scanners (DXA-1 and DXA-2), the 
CV,% during the scanning w/ fat was 0.68% and 1.0%, 
and 0.56% and 1.05% w/o fat, respectively. The mean 
ε,% for the DXA-1 and DXA-2 w/ fat was 1.74% and 
0.85% (Table 2). The measured BMD values were lower 
w/o fat and the average ε values were -5.11% and -6.12% 
for the DXA-1 and DXA-2, respectively. The lower BMD 
for the DXA-1 and DXA-2 were significant (p = 0.000 for 
both models), as determined by the multiple regression 
for w/ fat scans. This underestimation was caused by a 
significant decrease in BMC measurements (p = 0.000 
for both models), while no significant differences in the 
area measurements were observed (p = 0.430 for the 
DXA-1 and p = 0.360 for the DXA-2).

The Hologic DXA scanner (DXA-3) generated 
reproducible data during w/o fat scans (CV = 0.91%) 
and less precise data for w/ fat scans (CV = 2.60%) 
(See Table 2). Assessment of the relative error for the  
DXA-3 indicates a significantly lower BMD across the 
entire range of values: the mean ε% were (-16.44%) 
w/o fat and (-14.56%) w/ fat (See Fig. 3 c). This model 
showed a significantly lower BMD (p = 0.000) w/o 
fat, due to a significant decrease in BMC (p = 0.000), 
without a significant underestimation of the measured 
area (p = 0.220).

(1)

(2)

Fig. 3. Bone mineral density BMD measured by DXA scanners of different types:
a — DXA-1; b — DXA-2; c — DXA-3; d — DXA-4. 
Average BMD values ± 2 SD are shown

Рис. 3. Результаты измерений минеральной плотности кости  
на денситометрах разных типов:  
a — DXA-1; b — DXA-2; c — DXA-3; d — DXA-4.  
Отмечены средние значения МПК ± 2SD

b с

d

а
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The OsteoSys DXA scanner (DXA-4) produced 
fairly low-reproducible results. The CV was 2.10% for 
w/o fat, and 1.47% for w/ fat condition. At the same 
time, the measured BMD values closely corresponded 
with the set values (See Fig. 2 d) for L1-L4: the 
relative error (ε%) was 0.71% and 0.87% w/o fat and 
w/ fat, respectively. It should be noted that these 
scanning modes showed no significant differences in 
BMD measurements (p = 0.800). Also, no differences 
were observed in BMC values (p = 0.48), and in the 
vertebrae area (p = 0.870).

At the same time, both the measured area (on 
average) and BMC values (6.8%) were underestimated 
for both scanning options (see Table 1), while the 
calculated BMD value was close to the set one.

The accuracy of the fat percentage estimation 
was compared for three devices. The subcutaneous 
fat modeling showed that all these DXA systems 
automatically determine the percentage of fat in the 
scanned area quite well: 30.24 ± 0.05% for the DXA-1; 
30.53 ± 0.12% for the DXA-2 and 31.4 ± 0.54% for the 
DXA-4 (CV% were 0.15%; 0.39%; 1.6%, respectively) 
for a given 32.14% fat environment, including the 
paraffin patches and the polypropylene casing. We 
obtained identical results by scanning the phantom 
without the patches for all three DXA scanners: 4% 
with a relative error of 20%.

Discussion

Analysis of the precision (CV%) showed that 
the lowest CV values (the best reproducibility) were 
observed for both Lunar DXA scanners: from 0.56% 
(for the DXA-1 w/o fat) to 1.05% (the DXA-2 w/ fat). 
The presence of the fat layer simulant contributed to 
lower precision for the DXA-1 and the DXA-2, an even 
more significant decrease for the DXA-3 DXA scanner, 
and a decrease for the DXA-4 DXA scanner (Table 2). 
Previously we obtained comparable results. Scanning 
an ESP phantom with similar DXA scanners produced: 
0.78% for the DXA-3 (80 measurements, 10 DXA 
scanners); 2.46% for the DXA-4 (50 measurements,  
10 DXA scanners) [4].

According to other data, when scanning the 
ESP phantom with the DXA-1 and the DXA-2, we 
obtained the coefficients of variation of 0.42% and 
0.50%, respectively [15], which also matches well 
with our data. In-vivo measurements (30 patients) by  
Krueger D. et al. produced slightly larger coefficients 
of variation for these DXA scanner models: 1.81% for 
the DXA-1 and 1.41% for the DXA-2 [5].

Scanning of the PHK phantom using various DXA 
scanners showed that the BMD parameters correspond 
the most with the set values when measured using the 
DXA-1 and the DXA-2 in the w/ fat mode. According 
to the scientific papers, scanning of the ESP phantom 

Table 2
Specified values, precision (coefficient of variation CV), accuracy (relative error ԑ) of BMD, BMC,  

and areas for various models of DXA scanners (mean values for L1-4), calculated using  
the formulas 1, 2

Set values DXA
scanner

Measured mean values
(L1-4)

Precision, CV% L1-4,  
%

Accuracy, relative error (ԑ),  
%

W/o fat W/ fat W/o fat W/ fat W/o fat W/ fat

BMD, g/cm2  
1.031

DXA-1 0.978 1.049 0.56 0.68 -5.11 1.74

DXA-2 0.968 1.039 1.00 1.05 -6.12 0.85

DXA-3 0.861 0.881 0.91 2.60 -16.44 -14.56

DXA-4 1.038 1.040 2.10 1.47 0.71 0.87

BMC, g 
72.17

DXA-1 67.73 72.86 0.34 0.85 -6.16 0.95

DXA-2 66.11 71.47 0.47 0.87 -8.40 -0.97

DXA-3 58.21 60.91 1.33 1.31 -19.35 -15.6

DXA-4 67.64 67.88 0.86 0.57 -6.29 -5.95

Area, cm2  
70

DXA-1 69.18 69.45 0.44 0.97 -1.16 -0.78

DXA-2 68.51 68.74 0.70 0.67 -1.01 -1.78

DXA-3 67.57 69.17 1.26 2.90 -2.5 -1.18

DXA-4 65.18 65.29 2.37 1.40 -6.90 -6.73
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produced overestimated BMD values in comparison 
to the set values for the Lunar DXA scanners, so 
according to different authors, the BMD value was 
11.75% [4], 4.08% [17] in the L1- L3 section. We noted 
a slight relative overestimation of the measured 
BMD values (by 0.85% w/o fat and 1.01% w/fat) for 
the measurements using the DXA-1 DXA scanner 
compared to the DXA-2 DXA scanner. A similar 
overestimation by 1.5% was observed for the DXA-1 
compared to the DXA-2 in the study in phantoms and 
in patients earlier [3].

The DXA-3 DXA scanner also showed a significant 
underestimation of the BMD measurements 
compared to the set values, both when scanning 
with and without subcutaneous fat (See Fig. 3 c). 
Without subcutaneous fat, the measured BMD values 
were slightly lower (-1.9%) compared to the Lunar 
DXA scanners. According to the scientific papers, 
the average relative error for the ESP phantom was 
-3.91% in the L1-L3 section [4].

We obtained relatively elevated (13.71%) BMD 
measurements for the DXA-2 DXA scanner in 
comparison to the DXA-3 DXA scanner in the L1-L4 
sections. This is in good agreement with the 15.66% 
difference [4] in the results for similar DXA scanners.

The difference in relative errors for the DXA-1, 
the DXA-2 and the DXA-3 may be caused by different 
technologies for bone structure contouring [4]. 
According to our data, this discrepancy is largely 
caused by different methods for BMC measurements 
(See Table 2): the MSC values for the Hologic DXA 
scanner are lower by 10.9% (without subcutaneous 
fat) and 14.6% (with subcutaneous fat) compared to 
the Lunar DXA scanners, although the difference in 
the determined area is insignificant.

According to our data, the Osteosys DXA scanners 
ensure the most accurate BMD measurements, 
regardless of whether the fat simulant was there. 
However, this was achieved by a systematic decrease 
both of the area and the BMС values by about 6% 
with manual adjustments (Table 2). Without an 
automated adjustment of the area measurements, the 
ESP scanning with this DXA scanner model produced 
lower BMС values (by 7%) for the L1-L3 section [2]. 
This can be explained by an increased area of objects 
with automatic segmentation and lower BMC values.

A study of 102 patients showed a relative 
underestimation of the BMD values measured using 
the DXA-4 DXA scanner compared to the DXA-2 DXA 
scanner (the same models) [18].

Elevated measured BMD values with an increased 
fat environment were recorded for DXA scanners 
when scanning the phantoms [19]. We observed 
a significant decrease in BMD in patients after 
different types of weight reduction surgeries [20].  
A true decrease in BMD, which may cause fractures as 
a complication from the obesity treatment, must be 

differentiated from an artifact decrease in BMD when 
measuring the volume of fat tissue [21]. Therefore, 
it is important to determine the relative error when 
modeling the fat environment.

The study showed that all DXA scanners determine 
the percentage of fat in the scanned area quite well. 
When scanning with subcutaneous fat, the volume 
of adipose tissue is slightly lower by -5.9%, -6.3%,  
and -2.3% when using the DXA-1, the DXA-2 and the 
DXA-3 DXA scanners, respectively. When scanning 
without subcutaneous fat the results were the same 
across all the devices and studies, therefore the 
underestimation is 20%. These studies are relevant 
for estimating the human body composition accuracy 
(fat, muscles, bones) using modern DXA scanners [14]. 
This technology is used in paediatrics [22, 23], and the 
diagnosis of sarcopenia [24]. Cross-calibration of DXA 
scanners when determining the composition of the 
human body [25] may be feasible when using a special 
phantom that simulates the shape of the human body. 

The results of this study are perspective also 
for providing ex-vivo samples experiments based 
on DXA [26]. On the other hand, the high-accuracy 
measurements of BMD and fat percentage are seemed 
to be applied in the decision-making systems including 
systems based on the artificial intelligence. Robust 
data develop the prognosis accuracy that is actually in 
the situation of the life duration increasement.

The developed PHK phantom is limited by its 
inability to correctly outline the edges of vertebra 
models in an automatic mode when using the phantom, 
which calls for manual adjustment. A promising idea is 
adding high- density boundary inserts to the cortical 
block models. The study is also limited to four devices. 
Different devices of these models are required for a 
more comprehensive understanding of the observed 
differences.

Conclusions

The study showed the effectiveness of the 
developed PHK phantom based on vertebra models 
using potassium hydrogen phosphate and modeled 
subcutaneous fat for determining the accuracy of the 
densitometry studies.

The impact of the fat environment on the DXA 
studies was evaluated for four DXA scanners (various 
models and manufacturers). We proved a significant 
underestimation of the BMD measurements across 
the entire range of simulated parameters for the 
iDXA, Prodigy (Lunar GE), and Discovery (Hologic) 
DXA scanners when the model did not include the 
subcutaneous fat layer. The Discovery model (Hologic) 
underestimates BMD compared to the iDXA and 
Prodigy (Lunar GE) models, which is consistent with 
the results of other studies. The BMD values obtained 
using the Dexxum 3 DXA scanner (Osteosys) showed 
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they were close to the standard, while the BMC and 
the area were systematically underestimated.

All models demonstrated high accuracy in 
measuring the fat layer, with the exception of the 

Discovery (Hologic) model, which was not assessed in 
these studies.

The best precision was demonstrated by the iDXA 
and Prodigy (Lunar GE) models (below 1%).

Дополнительная информация
Благодарности
Авторы выражают благодарность Кристине 

Сергуновой за ее поддержку на начальном этапе работы 
и Сергея Шаюкова за его помощь в производстве фан-
тома PHK.

Заявленный вклад авторов
Петряйкин А.В. — разработка концепции исследо-

вания, консультирование при проведении эксперимен-
тальных работ, подготовка текста статьи. 

Ахмад Е.С. — анализ данных, подготовка и редакти-
рование текста статьи. 

Семенов Д.С. — разработка фантома и проведение 
экспериментальных работ. 

Артюкова З.Р. — сбор и обработка материалов иссле-
дования, редактирование текста статьи. 

Кудрявцев Н.Д. — сбор и обработка материалов 
исследования. 

Петряйкин Ф.А. — разработка концепции фантома  
и методов анализа данных. 

Низовцова Л.А. — разработка концепции исследова-
ния, редактирование текста рукописи. 

Все авторы прочли и одобрили финальную версию 
рукописи статьи. Все авторы согласны нести ответ-
ственность за все аспекты работы, чтобы обеспечить 
надлежащее рассмотрение и решение всех возможных 
вопросов, связанных с корректностью и надежностью 
любой части работы.

Источник финансирования. Даная статья подго-
товлена в рамках научно-исследовательской работы 
(№ ЕГИСУ: АААА-А20-120071090045-7) в соответствии 
с программой Департамента здравоохранения города 
Москвы «Научное обеспечение столичного здравоохра-
нения» на 2020–2022 гг.

Конфликт интересов. Авторы декларируют отсутс
твие явных и потенциальных конфликтов интересов, 
связанных с публикацией настоящей статьи. 

Этическая экспертиза. Не применима.

Информированное согласие на публикацию.  
Не требуется.

Disclaimers
Acknowledgments
The authors thank Kristina Sergunova for her support at 

the beginning of this work and Sergey Shayukov for his help 
in producing the PHK phantom.

Author contribution
Petraikin A.V. — concept and methodology, consulting 

during experiments, preparing and review of the manuscript. 

Akhmad E.S. — data analysis, preparing and editing  
of the manuscript. 

Semenov D.S. — performing experiments, participation 
in the development of the phantom. 

Artyukova Z.R. — accumulate and processing the data  
of the study, preparing of the manuscript. 

Kudryavtsev N.D. — accumulate and processing the data 
of the study. 

Petriaikin F.A. — concept of the study and data analysis. 
Nizovtsova L.A. — editing the manuscript.
All authors have read and approved the final version 

of the manuscript of the article. All authors agree to bear 
responsibility for all aspects of the study to ensure proper 
consideration and resolution of all possible issues related to 
the correctness and reliability of any part of the work.

Funding source. This paper was prepared as part of research 
(No.8 in the Unified State Information System for Accounting 
of Research, Development, and Technological Works (EGISU): 
АААА-А20-120071090045-7) under the Program of the 
Moscow Healthcare Department “Scientific Support of the 
Capital’s Healthcare” for 2020–2022.

Competing interests. The authors declare that they have 
no competing interests.

Ethics approval. Not applicable.

Consent for publication. Not required.

References [Литература]
1.	 Мельниченко Г.А., Белая Ж.Е., Рожинская Л.Я., 

Торопцова Н.В., Алексеева Л.И., Бирюкова Е.В.  
и др. Федеральные клинические рекомендации по 
диагностике, лечению и профилактике остеопоро-
за. Проблемы эндокринологии. 2017;63(6):392-426.  
doi: 10.14341/probl2017636392-426. 

	 Mel’nichenko G.A., Belaya Zh.E., Rozhinskaya L.Ya.,  
Toroptsova N.V., Alekseeva L.I., Biryukova E.V. 
et al. [Russian federal clinical guidelines on 
the diagnostics, treatment, and prevention of 
osteoporosis]. Problemy Endokrinologii [Problems of 
Endocrinology]. 2017;63(6):392-426. (In Russian).  
doi: 10.14341/probl2017636392-426.

2.	 ISCD Official Positions - Adult - International 
Society for Clinical Densitometry (ISCD, 
2019). Available from: https://iscd.app.box.
com/s/5r713cfzvf4gr28q7zdccg2i7169fv86.

3.	 Mattsson S., Thomas B.J. Development of methods for 
body composition studies. Phys Med Biol. 2006;51(13): 
R203-R228. doi: 10.1088/0031-9155/51/13/R13.

4.	 Park A.J., Choi J.H., Kang H., Park K.J., Kim H.Y.,  
Kim S.H. et al. Result of Proficiency Test and Comparison 
of Accuracy Using a European Spine Phantom among the 
Three Bone Densitometries. J Bone Metab. 2015;22(2): 
45-49. doi: 10.11005/jbm.2015.22.2.45. 



Теоретические и экспериментальные исследования / Theoretical and experimental studies

травматология и ортопедия россии / Traumatology and orthopedics of Russia2022;28(2)56

5.	 Krueger D., Vallarta-Ast N., Checovich M., Gemar D.,  
Binkley N. BMD measurement and precision: 
a comparison of GE Lunar Prodigy and iDXA 
densitometers. J Clin Densitom. 2012;15(1):21-25.  
doi: 10.1016/j.jocd.2011.08.003. 

6.	 Laugerette A., Schwaiger B.J., Brown K., Frerking L.C., 
Kopp F.K., Mei K. et al. DXA-equivalent quantification 
of bone mineral density using dual-layer spectral 
CT scout scans. Eur Radiol. 2019;29(9):4624-4634.  
doi: 10.1007/s00330-019-6005-6. 

7.	 Петряйкин А.В., Смолярчук М.Я., Петряйкин Ф.А., 
Низовцова Л.А., Артюкова З.Р., Сергунова К.А. и др. 
Оценка точности денситометрических исследова-
ний. Применение фантома РСК ФК2. Травматология 
и ортопедия России. 2019;25(3):124-134.  
doi: 10.21823/2311-2905-2019-25-3-124-134. 

	 Petraikin A.V., Smolyarchuk М.J., Petryaykin F.A., 
Nizovtsova L.A., Artyukova Z.R., Sergunova К.A. 
et al. [Assessment the accuracy of Densitometry 
Measurements using DMA PP2 Phantom]. 
Travmatologiya i ortopediya Rossii [Traumatology and 
orthopedics of Russia]. 2019;25(3):124-134. (In Russian).  
doi: 10.21823/2311-2905-2019-25-3-124-134.

8.	 Закроева А.Г., Бабалян В.Н., Габдулина Г.Х.,  
Лобанченко О.В., Ершова О.Б., Исаева C.М. и др.  
Состояние проблемы остеопороза в странах 
Евразийского региона. Остеопороз и остеопатии. 
2020;23(4):19-29. doi: 10.14341/osteo12700. 

	 Zakroyeva A.G., Babalyan V., Gabdulina G.,  
Lobanchenko О., Ershova О.B., Issaeva S. et al. [Burden 
of Osteoporosis in the Countries of the Eurasian 
Region]. Osteoporoz i osteopatii [Osteoporosis and 
Bone Diseases]. 2020;23(4):19-29. (In Russian).  
doi: 10.14341/osteo12700.

9.	 Kanis J.A., Johnell O. Requirements for DXA for the 
management of osteoporosis in Europe. Osteoporosis Int. 
2005;16(3):229-238. doi: 10.1007/s00198-004-1811-2.

10.	Гусев А.В., Зарубина Т.В. Поддержка принятия вра-
чебных решений в медицинских информационных 
системах медицинской организации. Врач и инфор-
мационные технологии. 2017;(2):60-72. 

	 Gusev А.V., Zarubina Т.V. [Clinical decisions support in 
medical information systems of a medical organisation]. 
Vrach i informatsionnye tekhnologii [Information 
technologies for the Physician]. 2017;(2):60-72.  
(In Russian).

11.	Halldorsson B.V., Bjornsson A.H., Gudmundsson H.T., 
Birgisson E.O., Ludviksson B.R., Gudbjornsson B.  
A clinical decision support system for the diagnosis, 
fracture risks and treatment of osteoporosis. 
Comput Math Methods Med. 2015;2015:189769.  
doi: 10.1155/2015/189769.

12.	Dequeker J., Reeve J., Pearson J., Bright J.,  
Felsenberg D., Kalender W. et al. Comac-Bme 
Quantitative Assessment Of Osteoporosis Study 
Group. Multicentre European COMAC-BME study 
on the standardisation of bone densitometry pro-
cedures. Technol Health Care. 1993;1(2):127-131.  
doi: 10.3233/THC-1993-1202.

13.	Kalender W.A., Felsenberg D., Genant H.K., Fischer 
M., Dequeker J., Reeve J. The European Spine 
Phantom--a tool for standardization and quality 
control in spinal bone mineral measurements 
by DXA and QCT. Eur J Radiol. 1995;20(2):83-92.  
doi: 10.1016/0720-048x(95)00631-y.

14.	Hind K., Cooper W., Oldroyd B., Davies A., Rhodes L.  
A cross-calibration study of the GE-lunar iDXA 
and prodigy for the assessment of lumbar spine 
and total hip bone parameters via three statistical 
methods. J Clin Densitom. 2015;18(1):86-92.  
doi: 10.1016/j.jocd.2013.09.011.

15.	Pearson D., Cawte S.A., Green D.J. A comparison 
of phantoms for cross-calibration of lumbar 
spine DXA. Osteoporosis Int. 2002;13(12):948-954.  
doi: 10.1016/10.1007/s001980200132.

16.	Kolta S., Ravaud P., Fechtenbaum J., DougadosM.,  
Roux C. Accuracy and precision of 62 bone densitometers 
using a European Spine Phantom. Osteoporosis Int. 
1999;10(1):14-19. doi: 10.1007/s001980050188.

17.	 Van Hamersvelt R.W., Schilham A.M.R., Engelke K.,  
den Harder A.M., de Keizer B., Verhaar H.J. et al. 
Accuracy of bone mineral density quantification 
using dual-layer spectral detector CT: a phantom 
study. Eur Radiol. 2017;27(10):4351-4359.  
doi: 10.1007/s00330-017-4801-4.

18.	Никитинская О.А., Торопцова Н.В. В помощь прак-
тикующему врачу: возможность мониторирования 
лечения остеопороза при исследовании минераль-
ной плотности кости на разных аксиальных денсито-
метрах. Медицинский алфавит. 2019;2(37):22-28. doi: 
10.33667/2078-5631-2019-2-37(412)-22-28.

	 Nikitinskaya O.A., Toroptsova N.V. [To help 
practitioner: monitoring treatment of osteoporosis 
in study of bone mineral density on different 
axial densitometers]. Meditsinskii alfavit [Medical 
Alphabet]. 2019;37(2):22-28. (In Russian).  
doi: 10.33667/2078–5631–2019–2–37(412)-22–28.

19.	Yu E.W., Bijoy J.T., Brown J.K., Finkelstein J.S. Simulated 
increases in body fat and errors in bone mineral density 
measurements by DXA and QCT. J Bone Miner Res. 
2012;27(1):119-124. doi: 10.1002/jbmr.506.

20.	Guerrero-Pérez F., Casajoana A., Gómez-Vaquero C., 
Virgili N., López-Urdiales R., Hernández-Montoliu L. 
et al. Long-Term Effects in Bone Mineral Density after 
Different Bariatric Procedures in Patients with Type 2  
Diabetes: Outcomes of a Randomized Clinical Trial.  
J Clin Med. 2020;9(6):1830. doi: 10.3390/jcm9061830. 

21.	Yu E.W., Bouxsein M.L., Roy A.E., Baldwin C.,  
Cange A., Neer R.M. et al. Bone loss after bariatric 
surgery: discordant results between DXA and QCT 
bone density. J Bone Miner Res. 2014;29(3):542-550.  
doi: 10.1002/jbmr.2063. 

22.	Helba M., Binkovitz L.A. Pediatric body 
composition analysis with dual-energy X-ray 
absorptiometry. Pediatr Radiol. 2009;39(7):647-656.  
doi: 10.1007/s00247-009-1247-0.

23.	Lifshitz F., Hecht J.P., Bermúdez E.F., Gamba C.A., 
Reinoso J.M., Casavalle P.L. et al. Body composition 
analysis by dual-energy X-ray absorptiometry in young 
preschool children. Eur J Clin Nutr. 2016;70(10):1203-
1209. doi: 10.1038/ejcn.2016.38. 

24.	Marzetti E., Calvani R., Tosato M., Cesari M., Di Bari M., 
Cherubini A. et al. Sarcopenia: an overview. Aging Clin Exp 
Res. 2017;29(1):11-17. doi: 10.1007/s40520-016-0704-5. 

25.	Krueger D., Libber J., Sanfilippo J., Yu H.J.,  
Horvath B., Miller C.G. et al. A DXA Whole Body 
Composition Cross-Calibration Experience: 
Evaluation With Humans, Spine, and Whole Body 
Phantoms. J Clin Densitom. 2016;19(2):220-225.  
doi: 10.1016/j.jocd.2015.04.003.



Теоретические и экспериментальные исследования / Theoretical and experimental studies

травматология и ортопедия россии / Traumatology and orthopedics of Russia2022;28(2)57

26.	Аврунин А.С., Тихилов Р.М., Шубняков И.И.,  
Карагодина М.П., Плиев Д.Г., Товпич И.Д. Ошибка 
воспроизводимости аппаратно-программного ком-
плекса Lunar Prodigy (version Encore) (Prodigy) при 
исследовании фантомов и костных структур. Гений  
ортопедии. 2010;(4):104-110. 

Сведения об авторах
Ахмад Екатерина Сергеевна 

Адрес: Россия, 127051, г. Москва, ул. Петровка, д. 24
https://orcid.org/0000-0002-8235-9361
e-mail: e.ahmad@npcmr.ru 

Петряйкин Алексей Владимирович — канд. мед. наук 
https://orcid.org/0000-0003-1694-4682
e-mail: alexeypetraikin@gmail.com

Семенов Дмитрий Сергеевич 
https://orcid.org/0000-0002-4293-2514
e-mail: d.semenov@npcmr.ru

Артюкова Злата Романовна 
https://orcid.org/0000-0003-2960-9787
e-mail: zl.artyukova@gmail.com

Кудрявцев Никита Дмитриевич
https://orcid.org/0000-0003-4203-0630
e-mail: n.kudryavtsev@npcmr.ru

Петряйкин Федор Алексеевич 
https://orcid.org/0000-0001-6923-3839
e-mail: feda.petraykin@gmail.com, 

Низовцова Людмила Арсеньевна — д-р мед. наук, 
профессор
https://orcid.org/0000-0002-9614-4505
e-mail: nizovtsova@npcmr.ru

 
Authors’ information
Ekaterina S. Akhmad

Address: 24, Petrovka str., Moscow, 127051, Russia
https://orcid.org/0000-0002-8235-9361
e-mail: e.ahmad@npcmr.ru

Alexey V. Petraikin — Cand. Sci. (Med.)
https://orcid.org/0000-0003-1694-4682
e-mail: alexeypetraikin@gmail.com

Dmitry S. Semenov
https://orcid.org/0000-0002-4293-2514
e-mail: d.semenov@npcmr.ru 

Zlata R. Artyukova
https://orcid.org/0000-0003-2960-9787
e-mail: zl.artyukova@gmail.com

Nikita D. Kudryavtsev
https://orcid.org/0000-0003-4203-0630
e-mail: n.kudryavtsev@npcmr.ru

Fedor A. Petriaikin
https://orcid.org/0000-0001-6923-3839
e-mail: feda.petraykin@gmail.com

Ludmila А. Nizovtsova — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0002-9614-4505
e-mail: nizovtsova@npcmr.ru

 

	 Avrunin A.S., Tikhilov R.M., Shubniakov I.I.,  
Karagodina M.P., Pliyev D.G., Tovpich I.D. 
[Reproducibility error of Lunar Prodigy (Version Encore) 
(Prodigy) apparatus-programming complex in study-
ing phantoms and bone structures]. Genij Ortopedii. 
2010;(4):104-110. (In Russian).


