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Introduction

Osteoporosis and sarcopenia represent two chronic 
conditions which prevalence is increasing in the elderly 
population, both being recognized as a major health problem 
(1,2). Osteoporosis is defined as a systemic skeletal disease 
characterized by low bone mass and microarchitectural 
deterioration of bone tissue, both condition leading to an 
increase in bone fragility and fracture susceptibility (3).  
Sarcopenia is a disease characterized by a progressive 
and global loss of muscle mass and muscle function with 
advancing age, which leads to a non-negligible impact on 
daily life activities (2,4). The prevalence of both disease 
increases with age and is associated with a significant 

reduction in physical ability. The prevalence of sarcopenia 
may vary according to its definition, but has been reported 
around 13% in individuals between 60 and 70 years, 
despite it can reach reaches almost 50% of people over 
80 years of age (4,5). For what concerns osteoporosis, its 
clinical significance relies on the fractures that may occur, 
which represent an important cause of morbidity. This is 
particularly true for hip fractures, as they cause functional 
impairment, typically leading to hospitalization, and are 
associated to higher mortality: almost half of osteoporotic-
deaths are due to hip fractures (1,6).

The correlation between low bone mineral density 
(BMD) and muscle weakness has been reported by several 
studies (7-9). As a consequence, the term “osteosarcopenia” 
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has been recently introduced to diagnose those patients 
suffering from both diseases (5). The purpose of this review 
is to discuss the main quantitative imaging technique 
currently available to diagnose osteoporosis or sarcopenia, 
with a special focus on dual-energy X-ray absorptiometry 
(DXA).

Imaging of osteoporosis

Osteoporosis is still most frequently diagnosed with 
conventional radiography, with the main radiographic 
features of systemic osteoporosis being increased 
radiolucency and cortical thinning (10). Nevertheless, this 
technique is relatively subjective and has low specificity, as 
radiological signs can be depicted in advanced stages, when 
already a significant amount of bone is loss (around 30%) (10). 
It is therefore mandatory to evaluate bone in early stages 
of the disease, with densitometric techniques being capable 
to evaluate even subtle variation in BMD. In fact, among 
the different factors that influence bone strength, BMD is 
the one that contributes for approximately 70% and can 
be easily quantified in clinical practice. The purpose of 
measure BMD is not only related to diagnose osteoporosis 
but also to assess fracture risk probability and to monitor 
patients under pharmacological treatment (11). BMD is 
the amount of bone mass and can be expressed as areal 
density (bone mass per unit area, expressed as g/cm2) and 
volumetric density (bone mass per volume area, expressed 
as g/cm3) (1).

Several densitometric techniques can be used to provide 
in vivo measurements of BMD, such as DXA, quantitative 
computed tomography (QCT), and quantitative ultrasound 
(QUS) (11,12). Importantly, it has to be considered 
that clinical diagnosis of osteoporosis firstly relies on 
the occurrence of any of major fragility fracture (such 
as vertebral, hip or wrist fracture), despite the specific 
BMD value. In fact, it has been showed that only 39% of 
individuals with a vertebral fracture had a WHO diagnosis 
of osteoporosis by DXA at the spine, and only 25% by DXA 
of the total hip (13).

DXA

DXA is currently the most widely used quantitative bone 
imaging technique for BMD measurements both in clinical 
practice and in research studies (14). This quantitative 
technique provides areal BMD measurements expressed 
in in grams per square centimeter (g/cm2), which is known 

to represent a major determinant of bone strength and 
correlate to fracture risk (1).

The advantages of DXA are firstly related to the 
extremely low dose provided to patients, ranging from 1 
to 6 μSv, which is considered negligible when compared to 
natural background radiation (2.4 mSv) (15,16). Secondly, 
DXA is able to measure BMD at those sites particularly 
relevant to osteoporotic fractures, such as lumbar spine 
and proximal femur, and measurements at these sites are 
optimal to predict fracture risk (17). The reproducibility 
of BMD measurements is very good, with a coefficient 
of variation (CoV) that ranges from 1% at lumbar spine 
to 2% at femoral neck (14,18,19). Lastly, DXA scans are 
widely available worldwide with very low scanning time  
(1–3 minutes).

Nevertheless, DXA areal BMD measurements has 
also some limitations, as they are influenced by changes 
in lumbar spine density due to osteoarthrosis or previous 
fracture which may be common in the elderly and 
usually increase BMD values (10,20). In addition, areal 
BMD measures is size-dependent thus leads to a BMD 
overestimation in large bones and a BMD underestimation 
in small bones, a limitation that can be problematic 
especially in children (21,22).

In order to obtaining a proper DXA scan the operator 
must pay attention to several aspects, such as patient 
demographic information, patient positioning and scan 
analysis. It has been showed that DXA quality is frequently 
affected by errors in acquisition, analysis and interpretation, 
and this may lead to inappropriate diagnosis and clinical 
decisions (20,23).

Diagnosing osteoporosis with DXA

BMD results obtained by DXA are usually expressed as 
T-score or Z-score. T-score represents the number of 
standard deviations by which BMD varies from the mean 
value expected in a young healthy subject (20–30 years of 
age), whereas Z-score is the number of standard deviations 
by which BMD varies from the mean value typical for a 
person with the same age and sex (1,24). According to 
the World Health Organization (WHO) definition of 
osteoporosis, the disease can be diagnosed when T-score 
≤−2.5 of DXA at the lumbar spine, femoral neck or distal 
third of the radius (25,26). It is important to remind that 
this diagnostic cut-off does cannot be used when BMD is 
obtained with a technique different than DXA (14). When 
the T-score value is between −1.0 and −2.5 SDs, the patient 
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is diagnosed with osteopenia. Of note, the use of T-score 
with the traditional WHO densitometric classification is 
indicated only when reporting DXA of a postmenopausal 
woman or man age older than 50 years old, as suggested 
by the International Society for Clinical Densitometry 
(ISCD) Official Positions (27). When reporting a DXA of 
a premenopausal woman (from 20 years old to menopause) 
or the scan of a man aged between 20 and 50, Z-score is 
preferred to T-score. Furthermore, the traditional WHO 
operational classification of normal, osteopenia, and 
osteoporosis should be avoided. In fact, according to ISCD, 
a patient with a Z-score equal or lower than −2.0 is classified 
as having a BMD “below the expected range for age”; with a 
Z-score above −2.0 the patient is classified as having a BMD 
“within the expected range for age” (28). 

Choosing the site to measure BMD with DXA

The so-called “central sites” are typically used to measure 
BMD with DXA. These sites are lumbar spine and 
proximal femur, with ISCD suggesting to evaluate both 
when performing the first examination (27). Forearm DXA 
is not routinely performed, but may be obtained when 
lumbar spine or hip cannot be measured (degenerative 
arthritis, vertebral fractures spinal surgery or total hip 
arthroplasty) (29). Also, due to its preferential involvement, 
DXA scan of the forearm is indicated in patients with 
hyperparathyroidism (30).

Lumbar spine DXA should include in the analysis the 
first four lumbar vertebrae (see Figure 1). Careful should 
be used when analyzing this site, as vertebrae may be 
commonly affected by structural changes and should be 
excluded from the analysis when the T-score difference with 
the adjacent vertebra is >1 (31). 

Proximal femur scan requires proper position of the 
patient, which should be placed with the foot internally 
rotated for the femoral neck to be parallel to the table and 
the lesser trochanter to be hidden as much as possible (see 
Figure 2). Poor patient positioning is a potential cause of 
error (estimated 5% BMD variation) (14). Femoral neck is 
the preferred region for diagnosis, followed by “total femur” 
when the T-score is lower. Other proximal femur region 
should not be used for diagnosis due to intrinsic variability 
and lower reproducibility (27). In certain condition such 
as scoliosis, controversy exists about the possibility to scan 
both femurs (32).

When forearm DXA is necessary, the “33% radius” or 
“one-third radius” should be used as an alternative site for 

diagnosis. Importantly, the non-dominant forearm should 
be scanned, due to the fact that dominant forearm usually 
presents with higher BMD values (33).

Additional tools of DXA

Despite BMD is the most widely used DXA parameter, 
this technique offers the possibility to obtain other 
supplementary quantitative measurements that can be used 
to improve the evaluation of patients with osteoporosis. 
These measurements showed the potential to improve 
fracture risk prediction, even though they are still not fully 
implemented in clinical practice such as the use of BMD.

Hip geometry obtained by two-dimensional DXA scans 
offers the possibility to evaluate several parameters, such as 
the proximal hip axis length (HAL), cross-sectional moment 
of inertia, the neck shaft angle and the cross-sectional area 
(see Figure 3). These measurements showed to correlate 
with three-dimensional parameters obtained with QCT (34);  
nevertheless, due to the weak association with fractures 
when controlling for BMD, a lack of consensus about 
the clinical use of hip geometry parameter (24,35). As a 
consequence, a recent position paper by the ISCD was 
issued in 2015 providing recommendations about hip 
geometry possible use for fracture risk prediction (36). In 
this review only the HAL was recommended for clinical 
use in women, due positive association between a longer 
HAL and hip fracture (36). More recently, this evidence was 
extended to male population, with a recent article showing a 
positive association between increased HAL in men and hip 
fracture risk (37). 

Trabecular bone score (TBS) is a recently implemented 
tool that provides a grayscale textural analysis of lumbar 
spine DXA images, showing the potential to be a BMD-
independent fracture risk predictor (18,38,39). TBS 
is able to measures the variations in gray-level texture 
between adjacent pixels from DXA raw data; ex vivo studies 
confirmed that TBS was strongly correlate to micro-
CT parameters, such as bone volume, tissue volume or 
trabecular number (40,41). From a practical point of view, 
TBS values are easy to obtain as they are produced by 
a simple re-analysis of DXA BMD data, at the end of a 
normal scan (see Figure 4). Higher TBS values correlates 
with a better microarchitecture (with consequent better 
fracture resistance), whereas lower TBS values correlates 
with a weaker microarchitecture (42,43). As for hip 
geometry parameters, in 2015 ISCD produced official 
positions to recommend the use of TBS in certain clinical 
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situations (44). According to these recommendations, TBS 
can be used in association with BMD to evaluate fracture 
risk in postmenopausal women; the evidence for using TBS 
in men greater than 50 years of age was somehow lower (44). 
On the contrary, due to its lower reproducibility compared 
to BMD, the use of TBS alone is not recommended to 
evaluate osteoporotic treatment and determine treatment 
suggestions (44).

Quantitative vertebral morphometry can be performed 
with DXA by means of lateral images acquired with 
vertebral fracture assessment (VFA) scans. The purpose 
of quantitative vertebral morphometry is to obtain 
measurements of vertebral body heights in order to increase 
the reproducibility of qualitative readings, especially 

when evaluating atraumatic and asymptomatic vertebral 
deformities (in which the standard visual radiologic 
approach may lead to disagreements) (10). Currently, the 
semi-quantitative method of Genant is the most widely 
used for morphometry (45,46). VFA images (from the 
fourth thoracic vertebra to the fourth lumbar vertebra) 
can be obtained both with the patient in lateral or supine 
decubitus, the latter options being possible with newer 
scans equipped with a rotating “C-arm”. VFA offers several 
advantages compared to standard radiography. First, it 
involves significantly lower amount of ionizing radiation, 
with a mean dose around 40 μSv (14,15). The second 
important advantage is that VFA does not suffer end-plate 
vertebral body distortion, as the exam is acquired with a 

Figure 1 Lumbar spine is one of the most commonly used site for DXA. Image shows proper positioning and analysis of the L1–L4 lumbar 
spine. Diagnosis should be made on the average L1–L4 value; at least two vertebrae must be used. DXA, dual-energy X-ray absorptiometry; 
BMC, body mineral content; BMD, bone mineral density.
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divergent moving X-ray beam. Lastly, VFA images can be 
used for the evaluation and scoring of abdominal aortic 
calcification (47).

Non-DXA quantitative densitometric techniques

In addition to DXA, several other techniques allows for 
a quantitative skeletal assessment, with quantitative CT 
(QCT) and quantitative ultrasonography (QUS) being the 
two more commonly used in clinical practice (10). High-
resolution peripheral CT and high-resolution MRI are able 
to provide a deeper evaluation of bone microarchitecture, 
but their clinical availability is still scarce and will not be 
discussed in this review. It is important to note that BMD 
and T-score values obtained with measurements other than 

central DXA should not be used to diagnose patients with 
the WHO classification (27). 

Compared to DXA, QCT is a cross-sectional technique 
that provides volumetric mineral density values, which 
are expressed in g/cm3. As a consequence, QCT offers 
some advantages compared to DXA, such as the fact that 
volumetric BMD data are not size-dependent. In addition, 
CT is able to distinguish between cortical and trabecular 
components, providing separate BMD values (11). QCT 
can be applied to central sites (lumbar spine and hip) as 
well as to peripheral site (10). For hip and lumbar spine 
evaluation, QCT is acquired on the same CT scanner 
that is uses also for other clinical purposes. Peripheral site 
(usually tibia and radius) are acquired on dedicated scanners 
for peripheral anatomical sites (10). For central scanning, 

Figure 2 The image shows the proper way to position and analyse the proximal femur with DXA. The preferred region of interest (ROI) 
for diagnosis is femoral neck, but total hip ROI can be used if it presents lower values. DXA, dual-energy X-ray absorptiometry; BMC, body 
mineral content; BMD, bone mineral density.
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a phantom is required to calibrate the machine and obtain 
BMD values from standard Hounsfield unit (HU) CT 

values; nevertheless, recent developments allow for the use 
of clinical CT scan for the evaluation of BMD without the 
use of phantom calibration (48). 

Vertebral QCT can measure BMD at thoracic and 
lumbar spine providing to patient a lower radiation dose 
compared to standard abdominal CT, but still higher than 
that of DXA. For hip QCT, which provide very useful 
information regarding trabecular and cortical bone at 
proximal femur, this dose is unfortunately even higher 
(14,15). Peripheral QCT scans performed at tibia and 
radius provide very low radiation dose and allow for the 
evaluation of cortical and trabecular bone content, as well as 
BMD values. Additionally, biomechanical and geometrical 
parameters can be obtained, leading to a comprehensive 
evaluation of bone microarchitecture and strength (48).

Imaging of sarcopenia

The assessment of body composition (BC) for suspected 
sarcopenia can be done with both non-imaging and imaging 
techniques. Among the non-imaging tools, bioelectrical 
impedance analysis (BIA) is the most commonly used, 

Figure 3 Hip structural analysis (HSA) represents an additional tool of DXA. It provides information about several parameters of hip 
geometry obtained by two-dimensional DXA scans. DXA, dual-energy X-ray absorptiometry; CSA, cross-sectional area; CSMI, cross-
sectional moment of inertia.

Figure 4 Trabecular bone score (TBS) is another additional and 
more recent tool provided by DXA. It offers an indirect analysis 
of bone microarchitecture, being a promising tool to use in 
adjunction with conventional BMD analysis. DXA, dual-energy 
X-ray absorptiometry; BMD, bone mineral density.
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being a low-cost and, non-invasive and widely spread 
technique. The working principle behind BIA relies on the 
application of an electric current across the body, which 
allows for the estimation of total muscle mass on the basis 
of current conduction (49). This is possible thanks to the 
fact that muscle represents the human body tissue with 
the largest percentage of water. With BIA is possible to 
obtain information about the fat-free mass and total body  
water (49). Nevertheless, measurements may be inaccurate 
in subjects with fluid and electrolyte abnormalities, such 
as excessive/low hydration or in the presence of soft-tissue 
edema. Thus, non-imaging techniques are mostly used as 
screening techniques, with imaging playing an increasing 
role in the diagnosis of sarcopenia (50). The most common 
BC imaging-techniques are DXA, CT and magnetic 
resonance imaging (MRI).

Evaluating BC with DXA

DXA currently represent the most commonly used 
technique for the estimation of BC at molecular level. 
As for BMD measurements, the principle behind DXA 
measurement is the transmission across the human body of 
an X-ray source at two different energy levels. This allows, 
after different degrees of X-ray attenuation by human tissue, 
to estimate fat mass (FM), lean mass (LM) and body mineral 
content (BMC), thus providing a three-compartment model 
of BC (51,52). Importantly, it has to be pointed out that 
DXA is not the gold standard technique for assessing BC, 
as it does not provide a direct measurement of these three 
components (53). In fact, image areas displaying bone allows 
DXA only for distinguish between bone and the remaining 
soft tissue (LM together with FM), but it is not possible to 
directly quantify the exact amount of LM and FM alone (54).  
To overcome this limitation, the software estimates the 
amount of LM and FM by calculating it in the adjacent 
areas, assuming that soft tissue BC is similar to bone-free 
tissues. Despite this, DXA measurements of BC offers very 
good values of accuracy and precision and have been have 
been validated in several clinical settings, showing a very 
good correlation with BC measurements obtained with 
other techniques such as CT and MRI (52,55). In addition 
to its clinical scope, the use of BC DXA in the research 
setting is increasing, being introduced in the evaluation of 
several conditions such as athletes physical performance, 
paediatric diseases, epidemiologic studies (56).

Diagnosing sarcopenia with DXA

With the increasing use of DXA and other BC quantitative 
techniques, the diagnostic definition of sarcopenia has 
necessarily evolved. The current description of sarcopenia 
includes impairment in both muscle quantity and muscle 
quality (57). Quantitative assessment of muscle mass can 
be done by DXA, but this evaluation should always be 
accompanied by qualitative assessment by means of physical 
performance evaluation (58). Several BC parameters can 
be obtained with DXA: appendicular lean mass (ALM), 
representing the sum of lean mass at upper and lower limbs; 
appendicular lean mass index (ALMI = ALM/height2); 
android/gynoid ratio; fat mass index (FMI = fat mass/
height2). Figure 5 shows an example of DXA BC assessment. 
ALMI is currently the most used measurement for assessing 
sarcopenia (58). According to ISCD, a definition of “low 
lean mass’’ could be done using ALMI with proper values 
of Z-scores obtained from a young adult, gender, and race 
matched population. Currently, a value of ALMI less than 
2 Z-score is the most often used parameter to diagnose 
sarcopenia with BC DXA, as this cut-off is strongly associated 
with functional disabilities in the elderly (58-60). Some 
absolute thresholds have been proposed; the most commonly 
reported diagnostic values for sarcopenia are shown in Table 1. 
Nevertheless, these values still await for further confirmation 
from larger epidemiological studies (58).

MRI

MRI, together with CT, are currently considered the 
reference standard for BC evaluation, as both techniques 
produce cross-sectional images allowing for segmental and 
total measures of fat and lean mass (67,68). 

MRI is capable to produce high-resolution images with 
great depiction of the different soft tissue components 
(muscle, fat mass, water) based on the different molecular 
properties of anatomical compartments. For what concerns 
the qualitative assessment, MRI is capable to depict at 
the same time qualitative abnormalities such as muscle 
disruption, edema or the presence of intramuscular adipose 
tissue/fibrosis (50) (see Figure 6). On the other side, MRI 
offers the possibility to assess muscle composition by using 
several quantitative techniques. Among these, Dixon MIR 
sequences offer the possibility for water-fat separated MRI 
evaluation, allowing for precise measurements of muscle 
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Table 1 Main ALMI (appendicular lean mass index) cut-offs values proposed for the diagnosis of sarcopenia with BC DXA

Reference Year
ALMI cut-offs (kg/m2)

Women Men

Coin et al. (61) 2013 <5.47 <7.59

Morley et al. (62) 2011 <5.45 <7.26

Cruz-Jentoft et al. (4) 2010 <5.67 <7.25

Muscaritoli et al. (63) 2010 <5.67 <7.25

Delmonico et al. (64) 2007 <5.67 <7.25

Newman et al. (65) 2003 <5.67 <7.25 

Baumgartner et al. (66) 1998 <5.45 <7.26

BC, body composition; DXA, dual-energy X-ray absorptiometry.

Figure 5 Body composition results showing a graphical body scan with different colours, according to the percentage of fat mass, lean mass 
and bone (depicted in yellow, red and blue, respectively). Body mass index (BMI) is represented, according to World Health Organization 
classification. Adipose and lean indices are reported as well. Appen. lean/height² (kg/m²) represents the appendicular lean mass index (ALMI), 
commonly used for diagnosing sarcopenia. BMC, body mineral content.
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volume and the degree of fat infiltration (see Figure 7)  
(69,70). Automatic segmentation was also proposed for 
evaluating total body and regional muscle volume by 
means of Dixon MRI sequences (71). MRI with diffusion 
tensor imaging (DTI) is able to measure anisotropy in 
water diffusion, thus providing a measure of muscle 
fibers arrangement (72). Therefore, DTI can be used to 
evaluate muscle microstructure and demonstrate fatty  
infiltration (69). The use of MRI spectroscopy is a further 
possibility offered to precisely quantify the percentage 
of intracellular fat, which may be increased in several 
conditions such as cancer or insulin resistance (50,73). As 
a further advantage, the use of MRI involves no exposure 
to ionizing radiation, in contrast with CT and DXA. For 
all these reasons, MRI is the most advanced and reliable 
imaging techniques for studying BC. Nevertheless, 
drawbacks of MRI are the high cost of examinations, its 
complexity as well as its limited availability; consequently, 
despite its superiority, the use of MRI for BC remains 
limited in clinical practice, being mainly relegated to 
research use (74,75). 

CT

As previously stated, CT is another cross sectional imaging 
method that is able to discriminate between different tissue 
based on their different X-ray attenuation, thus providing 
information on muscle quantity and composition (10,76). 
Normal attenuation values for muscle density are variable 
ranging from 40 to 100 HU; with fatty infiltration, muscle 
shows variable size areas of decreased HU values (between 
−200 and −35 HU) (77). Conventionally, HU value of water 
is 0 and HU value of air is −1,000.

Muscular fatty infiltration is most commonly associated 
with aging, but it can be seen with disuse or pathological 
conditions. Apart from qualitative evaluation, the amount 
of intramuscular adipose tissue can be quantified with 
post-processing analysis (69). After excluding visceral 
organs, muscle segmentation can be done using HU 
density thresholds: images are selected at a specific plane, 
segmenting all muscle with software analysis set to include 
tissue from −20 to 150 HU (50,78). This evaluation 
is commonly performed at L4 level to measure cross-
sectional area of psoas muscle, as well as to measure 
paraspinal musculature usually at T12 level. High quality 
reconstruction images can be obtained with CT and may be 
helpful in increasing segmentation accuracy.

The radiation exposure of CT represents a non-
negligible limitation of this technique and limits its clinical 
application. Apart for research setting, CT quantitative 
evaluation has been proposed as an additional tool to 
diagnose sarcopenia in patients already undergoing CT 
examinations for other reasons, such as major surgery or 
oncologic diseases (50).

Conclusions

Osteoporosis and sarcopenia are two chronic diseases 
representing a major clinical problem with increasing 
prevalence in the elderly. The combination of these diseases 
has non-negligible impact on quality life and survival due 
to the possible occurrence of falls, fractures and frailty. It 
is therefore mandatory to properly diagnose such entities 
in order to prevent their clinical onset. DXA is widely 
recognized as the reference standard for the diagnosis and 
management of osteoporosis, and will probably remain so 
for the next future. In addition, DXA offers the possibility 
to assess BC: it is a low-cost technique, widely available 
and provides accurate and precise values compared to 

Figure 6 Magnetic resonance imaging (MRI) of a 53 years old 
female with right lumbosacral radiculoplexus neuropathy. Both 
T1- and T2-weighted images show severe fatty infiltration of 
pelvic and thigh muscles on the right side. The left side is normal.

T1 weighted

T2 weighted



95Quantitative Imaging in Medicine and Surgery, Vol 8, No 1 February 2018

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2018;8(1):86-99qims.amegroups.com

CT and MRI (currently considered the gold standard). 
For this reason, DXA is currently the most frequently 
used technique to image sarcopenia, not only for research 
application but also for clinical purposes.
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