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Abstract: With an aging society, osteoporosis is one of the most common diseases threatening the health 
of China’s elderly population and is an issue that is raising increasing concern. Osteoporosis is characterized 
by bone loss and increased susceptibility to fragility fractures. Various imaging modalities such as X-ray, CT, 
MRI and nuclear medicine along with assessment of bone mineral density (BMD) play an important role in 
its diagnosis and management, and the treatment requires multidisciplinary teamwork. A lack of consensus 
in the approach to imaging and BMD measurement is hampering the quality of service and patient care in 
China. Therefore a panel of Chinese experts from the fields of radiology, orthopedics, endocrinology and 
nuclear medicine reviewed the international guidelines, consensus and literature with the most recent data 
from China and, taking account of current clinical practice in China, the panel reached this consensus to help 
guide the diagnosis of osteoporosis using imaging and BMD. This consensus report provides guidelines and 
standards for the imaging and BMD assessment of osteoporosis and criteria for the diagnosis of osteoporosis 
in China.
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Osteoporosis is a systemic skeletal disease characterized 
by bone loss leading to an increased risk of insufficiency 
fracture (1,2). With China’s aging population, there 
is  an increasing attention paid to osteoporosis.  A 
large epidemiological survey using dual-energy X-ray 
absorptiometry (DXA) amongst people aged fifty and over 
and standardized for age to data from the 2010 China 
Census demonstrated that the prevalence in males and 
females is 6.46% and 29.13% respectively (3), meaning 
that currently there are over 10 million men and 40 million 
women with osteoporosis in our country (3,4). Insufficiency 
fracture from osteoporosis is a serious complication 
that tends to affect the spine, hip, and wrists. It can lead 
to significant disability and mortality, places a severe 
burden on society and threatens the health of our elderly  
population (5-7).

X-ray, CT, MRI, and nuclear medicine studies 
including DXA and quantitative computed tomography 
(QCT) measurements of bone mineral density (BMD) are 
the main methods of diagnosing osteoporosis, predicting 
fracture risk and evaluating management (2,8). Currently, 
equipment for measuring BMD are scattered amongst 
different departments in the Chinese healthcare system 
with a lack of expert consensus, which negatively affects the 
advancement of osteoporosis diagnosis and patient care. 
In order to standardize and improve osteoporosis imaging 
and BMD measurement, experts from the Bone and Joint 
Group of the Chinese Society of Radiology, the Chinese 
Medical Association (CMA), the Musculoskeletal Radiology 
Society of the Chinese Medical Doctors Association, the 
Osteoporosis Group of the Chinese Orthopedic Association, 
and the Bone Density Group of the Chinese Society of 
Imaging Technology, CMA, reached this “Chinese expert 
Consensus on the diagnosis of osteoporosis by imaging and 
bone mineral density”, serving as a guideline for radiologists 
and clinicians for diagnosing and managing osteoporosis. 
The experts reviewed the related literature, combined with 
new research in the area and, taking account of medical 
practice in the Chinese healthcare system, recommend this 
consensus after thorough discussion.

(I) Osteoporosis definition and classification.
Osteoporosis is a systemic skeletal disease 

characterized by low bone mass and deterioration 
of bone microarchitecture with a consequent 
increase  in  f ragi l i ty  and suscept ib i l i ty  to 
insufficiency fracture. It can be classified as primary 
or secondary. Primary osteoporosis includes post-
menopausal osteoporosis (type I), osteoporosis in 

the elderly (type II), and idiopathic osteoporosis 
(including in adolescents). Secondary osteoporosis 
refers to patients with underlying metabolic disease 
and/or drug induced or from other obvious causes 
of osteoporosis (2,8). This consensus document 
mainly applies to the diagnosis of primary 
osteoporosis.

(II) Risk factors  and c l inical  manifestat ion of 
osteoporosis.

Osteoporosis mainly affects post-menopausal 
women and elderly men. There is no symptom 
directly from bone loss (9). After an insufficiency 
fracture, a patient can suffer a variety of symptoms 
such as pain, loss of height, kyphosis, restricted 
range of motion, and limited respiration (2,8,10). 
Since there are no early symptoms in patients with 
osteoporosis, individual risk assessment is especially 
important for patient management. Currently, 
there are several methods in use. The International 
Osteoporosis Foundation (IOF) proposed a “one-
minute osteoporosis risk assessment” (2) and tools, 
such as Fracture Risk Assessment (FRAX), which 
take into account BMD, age, height, weight and 
other clinical risk factors. The FRAX tool for 
China can be accessed by logging onto the website: 
http://www.sheffield.ac.uk/FRAX/toolaspx? 
country=2. However, insufficiency fracture risk 
assessment must consider the morbidity in the 
general population and this is unclear for the 
Chinese population. Thus, there is a limitation to 
using the FRAX assessment tool in China and we 
need to establish our own standard.

(III) Diagnostic criteria of osteoporosis.
The principle of diagnosing osteoporosis 

is to combine clinical history, risk factors, 
clinical manifestations, imaging findings, BMD 
measurement and laboratory results together. 
O s t e o p o r o s i s  c a n  b e  d i a g n o s e d  i f  B M D 
measurements and clinical manifestations indicate 
osteoporotic status. Imaging findings and BMD 
measurements play a critical role here. Once 
various imaging studies (such as X-ray, CT, 
MRI, and nuclear medicine studies) demonstrate 
an insufficiency fracture, osteoporosis can be 
diagnosed regardless of the findings of a BMD 
measurement. However, before the occurrence of 
insufficiency fracture, the diagnosis is mainly based 
on BMD measurement (2,12).
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It  is  important to differentiate primary, 
secondary, or idiopathic osteoporosis, which 
should be based on age, sex, history, clinical 
manifestations, laboratory results, and imaging 
findings. Biochemistry laboratory results can 
reflect bone formation and bone resorption, aiding 
classification, differential diagnose and early 
evaluation of treatment. However, biochemistry 
cannot be used alone for diagnosing osteoporosis.

(IV) Selection of imaging modalities.
(i) X-ray: an X-ray is the most widely used 

imag ing  moda l i t y.  A  p l a in  X-ray  c an 
demonstrate decreased bone trabeculae and 
bone density in osteoporosis. However, these 
findings are subjective evaluations and not 
sensitive in the early phases of the disease. If 
there is bone loss on a plain X-ray, further 
evaluation with a BMD measurement is 
warranted. For diagnosis of insufficiency 
fracture, especially compression fracture of 
the spine, an X-ray is the first choice and can 
demonstrate a vertebral deformity. However, 
if there is subtle vertebral compression, the 
recommendation is to combine an X-ray with 
CT and/or MRI to increase sensitivity.

(ii) CT: a CT scan is also a commonly used 
imaging modal i ty  for  the diagnosis  of 
osteoporosis. CT has the advantage of axial 
plane imaging with the added benefits of 
multi planar reconstruction (MPR), thus 
increasing the sensitivity for diagnosing subtle 
fracture. Additionally, a CT scan is helpful for 
differentiating osteoporosis from bone tumor 
and other pathologies. 

(iii) MRI: an MRI scan has the advantage of 
avoiding exposure to ionizing radiation. With 
high soft tissue contrast, it can show early 
changes in bone marrow compared to X-ray 
or CT. Additionally, by detecting marrow 
edema, it has the advantage of differentiating 
subtle fracture from bone tumor and infection. 
However, there is no standardization of the 
MRI signal, so direct signal measurement is not 
diagnostic. Some of the special MR sequences 
can measure fat components in bone marrow, 
and are useful for osteoporosis evaluation and 
research, but these sequences are not yet ready 
for osteoporosis diagnosis.

(iv) Nuclear medicine: the nuclear medicine bone 
scan is not useful for diagnosing primary 
osteoporosis. However, compression fractures 
in the spine usually manifest themselves as 
areas of linear focal uptake. Quantitative bone 
imaging can be used for monitoring therapy 
of osteoporosis. Given the specific findings 
of some of the metabolic bone diseases (such 
as hyperparathyroidism, Paget’s disease, 
hypertrophic pulmonary osteoarthropathy, 
and osteomalacia), nuclear medicine bone 
imaging  can  be  used  to  d iagnose  and 
differentiate causes of secondary osteoporosis. 
SPECT and SPECT/CT (such as thyroid 
imaging, parathyroid imaging, and renal 
function imaging), 18F-FDG PET or PET/
MRI are especially valuable for diagnosing 
and differentiating causes of secondary 
osteoporosis.

(V) Diagnosis of fracture related to osteoporosis 
(insufficiency fracture).
(i) Insufficiency fracture: insufficiency fracture is 

a serious complication of osteoporosis. The 
spine is the most frequent site. However, hip 
insufficiency fracture has the greatest clinical 
significance. Other common sites are the wrist 
(Colles’ fracture) and proximal humerus (2). 
Unlike a traumatic fracture, there is usually 
no history of trauma or only minor trauma (a 
fall from standing height or even lower counts 
as minor trauma) for an insufficiency fracture. 
The diagnosis of insufficiency fracture must 
fulfill these three criteria: (I) no history of 
trauma or only minor trauma; (II) imaging 
studies demonstrate the fracture; (III) exclude 
the possibility of secondary osteoporosis.

(ii) Diagnosis of insufficiency fracture: spine 
compression fracture is common in patients 
with osteoporosis. About three quarters of 
patients with osteoporotic vertebral fracture 
do not have a history of trauma or symptoms. 
A frontal and lateral X-ray examination of 
the thoracic and lumbar spine is usually the 
first investigation. Our recommendation 
is that routine frontal and lateral views of 
the thoracic and lumbar spine X-ray are 
performed on anyone over the age of 60 to 
exclude insufficiency fracture (5). Lateral 
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scout image for CT scan and DXA lateral 
imaging can demonstrate deformity of the 
vertebral body but cannot demonstrate 
subtle changes in trabeculae at the vertebral 
endplate, and thus can only be used as a 
screening tool. X-ray frontal and lateral views 
of the chest and abdomen, and especially 
frontal and lateral views of the spine, can 
demonstrate compression of the vertebral 
body. However, without significant awareness 
of spine compression fracture, it is often 
missed clinically (3). CT and MRI are best 
at diagnosing spine fracture and can aid 
differential diagnosis. Presence of marrow 
edema of the vertebral body shown on MRI 
can differentiate acute vs. chronic fracture.

T h e  m a i n  m a n i f e s t a t i o n  o f  s p i n e 
insufficiency fracture is deformity of the 
vertebral body. Currently, the commonly 
used criterion for spine insufficiency fracture 
evaluation is the Genant semi-quantitative 
(SQ) analysis. It is based on visual assessment 
of vertebral body height or area decrease 
and is classified as 0 (normal), grade 1 (mild), 
grade 2 (moderate), and grade 3 (severe) (14). 
The Genant SQ method is more suitable for 
epidemiological studies of spine insufficiency 
fracture and the evaluation of pharmaceutical 
therapy (14). Grade 1 and above is generally 
considered as insufficiency fracture. In clinical 
practice, visual assessment of change in 
vertebral body height can cause variations. 
Wang et al. (15) recommend the evaluation 
for the presence of endplate and/or cortical 
fracture (ECF). If there is ECF, it is vertebral 
body fracture; without ECF it is just vertebral 
deformity. When there is similar decrease in 
vertebral body height, vertebral body fracture 
carries higher risk than vertebral deformity. 
Severe and multiple vertebral bodies fracture 
indicate increased future fracture risk.

(iii) Non-spine insufficiency fracture: Patient with 
non-spine insufficiency fracture usually present 
with a clear history of trauma. A routine 
X-ray or CT scan is recommended. Given the 
decreased bone density in osteoporotic patients 
and the disadvantage of overlying tissues on a 
plain X-ray, CT is more sensitive. An MRI scan 

can be utilized to identify marrow edema using 
a fat suppression sequence.

(VI) BMD measurement and diagnostic criteria.
The technique of BMD measurement utilizes 
the principle that there are different degrees of 
X-ray attenuation when X-rays pass through 
different media. It is a non-invasive measurement 
of human bone mineral content, bone density and 
composition. The current commonly used methods 
include DXA, QCT and peripheral DXA.
a. The management of BMD measurement 

equipment and personnel qualification: the use 
of X-ray bone density measuring instrument 
and the regulation of the equipment site 
and personnel should follow the national 
regulations on the management of radiation 
devices. We recommend all BMD measurement 
practitioners participate in training organized 
by the Chinese Medical Association, the 
Chinese Medical Doctor Association, or 
international societies to ensure a high standard 
of operation and quality control.

b. DXA: DXA uses high and low energy X-rays 
to scan the human body and measure BMD. 
Since radiation dose to the patient is extremely 
low, DXA is the most widely used method 
of measuring BMD. A DXA result includes 
measurements of bone mineral content, area 
and BMD, with BMD the most clinically 
useful. DXA measures areal bone mineral 
density (aBMD: units g/cm2). The lumbar 
spine, hip and forearm are the most common 
sites for measurement. 

The diagnosis of osteoporosis by DXA is 
based on the T-score, which is calculated in 
units of the young adult population standard 
deviation using normal reference data derived 
from healthy young adults of the same race and 
sex (2). The reference population should be 
based on data from the Chinese population, be 
multi-center, and with a large sample size such 
as the data from the epidemiological survey 
conducted by Chinese Center for Disease 
Control and Prevention, or other similar 
large normal population study (2,3,16). BMD 
measurements from different manufacturers’ 
DXA equipment cannot be directly compared 
without strict quality control and cross 
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calibration (17). The criteria for diagnosing 
osteoporosis using DXA is: scans of the 
lumbar spine and hip, selecting the L1 to L4 
vertebral bodies and the femoral neck and 
total hip as region of interest (ROI) and using 
the lowest T-score amongst the 3 ROIs to 
make the diagnosis. If there is limitation in the 
measurement of one of the two areas (such as 
a severe deformity, internal fixation, implants), 
then the non-dominant forearm should be used 
as a supplementary area of measurement, using 
the distal one-third (33%) radius as the ROI. 
The DXA diagnostic criteria for osteoporosis  
(Table 1) are those recommended by an expert 
panel from the World Health Organization 
(WHO), and commonly referred to as the 
‘WHO criteria’. The WHO criteria were 
established based on data from white women 
and theoretically are only suitable for use 
in postmenopausal white women. However, 
many countries have adopted these criteria 
in their national osteoporosis diagnosis 
and treatment guidelines and they have 
been extended to include elderly men. The 
academic organization of osteoporosis in 
China also recommended using this standard 
in the diagnosis of post-menopausal women 
and elderly men in China (2,8). The WHO 
criteria are suitable for use in post-menopausal 
women and men over the age of 50. WHO 
T-scores should never be used to diagnose 
osteoporosis in children and adolescents. For 
children, adolescents, pre-menopausal women, 
and men under the age of 50, the Z-score 

value is recommended for interpreting BMD 
measurements. Z-scores are calculated using 
BMD reference data derived from healthy 
subjects of the same age, race and sex. A Z-score 
<=−2.0 SD (standard deviation) is defined as 
“lower than expected range of the same age 
group” or low bone density (2,8). The normal 
reference data for children and adolescents 
should be derived from data for the Chinese 
population (18). Women with a history of 
ovariectomy are regarded as equivalent to 
“post-menopausal” and the T-score can be 
used for diagnosis.

Because of the planar projection imaging 
technique of DXA, BMD measurements 
are influenced by osteoarthritis, scoliosis, 
osteophytes, vertebral body fracture, vascular 
calcification and obesity, and these decrease the 
accuracy of the measurements and may lead 
to misdiagnosis (19,20). When patients are 
underweight, overweight or have scoliosis or 
degenerative changes, QCT is recommended 
for BMD measurement to minimize their 
influence or search for evidence of insufficiency 
fracture. 

c. QCT: QCT uses data from a clinical CT 
scan together with calibration data and scan 
analysis software to measure BMD (21). The 
CT value of bone tissue in Hounsfield units 
(HU) varies for different CT scanners and with 
kV, so the CT value cannot be used directly as 
a surrogate of BMD (22). QCT can measure 
BMD at multiple sites, but is mostly used at 
the spine or hip. Spine QCT measures the 
volumetric BMD (vBMD: units mg/cm3) of the 
central cancellous bone of the vertebral body. 
Unlike DXA, the result is not influenced by 
factors such as degenerative changes, scoliosis 
or body weight (23). For QCT at the hip, 
a special software application referred to as 
CTXA generates areal BMD results equivalent 
to a hip DXA scan (24,25). Radiation dose to 
the patient from a QCT scan is higher than 
for DXA, so it is recommended that QCT 
measurements are made utilizing CT scans 
acquired for other clinical indications so vBMD 
can be measured without further radiation 
exposure. If a CT scan is acquired solely to 

Table 1 WHO criteria for the diagnosis of osteoporosis using dual-

energy X-ray absorptiometry 

Diagnosis T-score

Normal T-score ≥ −1.0 SD

Low bone density −2.5 SD < T-score < −1.0 SD

Osteoporosis T-score ≤−2.5 SD

Severe osteoporosis T-score −2.5 SD with an insufficiency 
fracture

T-score = (measured bone mineral density - peak bone mineral 
density of normal Chinese young adult)/Standard deviation of 
peak bone mineral density of normal Chinese young adult (SD).
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measure vBMD a low dose technique should 
be used whenever possible.

In  2007  and  2018  re spec t i ve ly,  the 
International Society for Clinical Densitometry 
(ISCD) and the American College of Radiology 
(ACR) proposed diagnostic thresholds for 
the diagnosis of osteoporosis using lumbar 
spine QCT (26,27). These thresholds have 
since been validated and proved to be suitable 
in the Chinese population (28). In 2018 the 
Chinese Gerontology and Geriatrics Society 
Osteoporosis Committee and the Chinese 
Society of Health Management of the CMA, 
with other eleven organizations, published the 
“Guideline on QCT diagnosis of osteoporosis 
in China (2018)” (29). This standard has 
since been adopted in the “Guideline for the 
diagnosis and treatment of elderly osteoporosis 
in China [2018]” and the “Guideline to the 
diagnosis and treatment of osteoporosis 
with integrated traditional Chinese and 
Western medicine” (8,30). The diagnosis of 
osteoporosis using lumbar spine QCT is made 
using the absolute value of the lumbar spine 
QCT vBMD measurement. It is based on the 
average of measurements of cancellous vBMD 
in two lumbar vertebral bodies (L1 and L2 
are most often used). The specific diagnostic 

criteria are shown in Table 2 (29). There is a 
high correlation of QCT CTXA and DXA for 
measuring BMD at the femoral neck and total 
hip, with the reported correlation coefficient 
of r=0.81–0.88 according to the literature 
(24,25), suggesting that QCT and DXA 
measurements of hip BMD are equivalent. 
To interpret CTXA hip QCT measurements, 
we recommend using the DXA diagnostic 
standard defining osteoporosis as a T-score 
≤−2.5 SD and hip reference data from a 
Chinese population (29,31). The current QCT 
diagnostic standard is based on the Mindways 
application (Mindways Software, Inc., Austin, 
TX, USA) with measurements performed at 
120 kV.

QCT vBMD measurements can be used for 
monitoring the response to therapy, fracture 
risk prediction and pre-operative planning for 
orthopedic surgery. In clinical practice, QCT is 
mostly obtained simultaneously with a clinical 
CT scan avoiding additional radiation exposure 
or scanning time. The Chinese Society of 
Health Management of the CMA recommends 
combining QCT with low dose CT screening 
for lung cancer (29).

d. Per iphera l  BMD measurement :  X-ray 
measurement of BMD in the peripheral 
skeleton include peripheral QCT (pQCT), 
peripheral DXA (pDXA) and single energy 
BMD measurements. The sites measured 
include the forearm, calcaneus, phalanges, and 
distal tibia. High-resolution pQCT is used 
for the evaluation of bone microarchitecture. 
Since there is less soft tissue around peripheral 
bone the accuracy and repeatability of the 
measurements are better. The radiation dose 
from peripheral BMD measurement equipment 
is also extremely low, offering better protection 
for the patient and operator. Quantitative 
ultrasound can also be used for measuring 
bone, with the advantage of no radiation 
exposure. The measurements are related 
to bone density, but not directly to BMD. 
Currently, the recommendation is not to use 
peripheral BMD for diagnosis and evaluation 
of therapy response in osteoporosis. It can be 
used only for screening of osteoporosis and 

Table 2 Diagnosis of osteoporosis using QCT measurement of 
lumbar spine bone density

Diagnosis Lumbar spine bone density value*

Normal Volumetric bone density >120 mg/cm3

Low bone density 80 mg/cm3 ≤ volumetric bone density 
≤120 mg/cm3

Osteoporosis Volumetric bone density <80 mg/cm3

Severe osteoporosis Volumetric bone density <80 mg/cm3 with 
an insufficiency fracture 

*, lumbar spine bone mineral density value is the average value 
of the volumetric bone mineral density measurements obtained 
from cancellous bone in two lumbar spine vertebral bodies. This 
standard is suitable for use in post-menopausal women and 
elderly men. When there is decreased BMD in younger patients, 
further evaluation should be conducted to exclude secondary 
causes. When using QCT to diagnose osteoporosis, measuring 
one area is sufficient and the choice is between spine and hip 
based on clinical need.
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the fracture risk assessment. Equipment for 
measuring peripheral BMD has the advantages 
of being small, easy to transport, low cost, 
low radiation dose, portable and suitable for 
osteoporosis screening in smaller hospital and 
community settings (2).

(VII) New techno logy  and  fu ture  d i rec t ion  o f 
development.
(i) DXA trabecular bone score (TBS): this is 

an image texture parameter derived from 
frontal lumbar spine DXA images and is a 
new measurement that can provide additional 
information beyond BMD. In males aged 
above 50, TBS is a risk factor for hip and other 
insufficiency fracture. TBS cannot be used 
alone for determining the start of osteoporosis 
treatment, but can be combined with other 
tools such as FRAX for predicting fracture risk 
(32). There is a need for further research on its 
clinical application (33,34).

(ii) Spectral CT and dual-energy CT: spectral 
CT and dual-energy CT (DECT) use double 
detectors or high and low kV instant switching 
or dual source technology, thus enabling 
differentiation of different tissues (such as 
calcium, water and fat) (35,36). They can be 
applied to the quantitative analysis of bone 
calcium content and BMD measurement. 
Research has demonstrated high consistency 
and correlation (r=0.987) by using a dual-layer 
detector CT scanner when comparing BMD 
measurement results with QCT (36). Spectral 
CT and dual-source CT involves a higher 
radiation dose and therefore it is recommended 
that BMD measurements with spectral CT are 
obtained by additional imaging processing of a 
spectral CT scan performed for other clinical 
indications, not as a standalone examination for 
BMD. The clinical value of spectral CT and 
dual-source CT for BMD measurement in the 
management of osteoporosis requires further 
investigation.

(iii) MRI measurement of fat: in addition to the 
capacity of showing the morphological change 
of bone with osteoporosis, MRI can be used to 
evaluate the osteoporosis quantitatively. High 
resolution MRI can be used to evaluate bone 
microarchitecture. Single-voxel proton MR 

spectroscopy and water/fat imaging based on 
chemical shift can be used to measure the bone 
marrow proton density fat fraction. Diffusion 
weighted imaging can evaluate water molecule 
diffusion in bone marrow. Ultrashort TE 
(UTE) sequence can evaluate cortical bone (37). 
Though much research has shown that multiple 
quantitative parameters obtained by MRI are 
closely related to BMD, and bone marrow fat 
content is significantly inversely correlated 
with BMD, as yet MRI cannot provide a direct 
measurement of BMD. The clinical research 
sample sizes in this area are relatively small, 
and there is a lack of longitudinal studies 
of the relationship between quantitative 
parameters obtained by MRI and bone quality. 
Additionally, MRI evaluation of bone is limited 
by equipment and technology factors with high 
cost (38). Currently MRI is not suitable for 
clinical diagnosis or screening for osteoporosis, 
but it is used for the evaluation of osteoporosis 
insufficiency fracture and providing differential 
diagnosis.

With further development and optimization 
of MRI equipment and technology, combined 
with big data and artificial intelligence (AI), 
MRI quantitative measurement of bone 
marrow fat and quantitative evaluation of bone 
cortex using UTE have the potential to provide 
a new strategy for diagnosis and screening of 
osteoporosis in the future.

(iv) Nuclear medicine imaging: when PET/CT 
or SPECT/CT scans are performed on the 
same integrated scanner they can be used for 
QCT measurements. QCT calibration needs 
to be performed before scanning so that BMD 
measurements are obtained as part of the 
routine PET/CT and SPECT/CT imaging. 
This provides useful additional information for 
the diagnosis and management of osteoporosis 
that is further enhanced by the availability 
of QCT measurements of liver fat content, 
subcutaneous fat content in the abdomen, 
organ fat content and muscle content of the 
extremities. 

(v) AI: with the rapid development of computer 
science technology, there is widespread 
application of AI. Its application in osteoporosis 
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has only just started but is already showing 
promise (39). Firstly, there may be good 
value in using AI to detect spine insufficiency 
fractures due to osteoporosis. Preliminary 
studies have confirmed the feasibility of using 
AI technology to study X-ray, CT, MRI, or 
lateral DXA images for automated detection 
of vertebral fracture (40,41). Secondly, there 
are good prospects of using AI for BMD 
measurement. Preliminary studies have shown 
that by combining spine CT image with AI 
technology it is possible to conduct automated 
measurements of vertebral body CT values 
or BMD and fat, muscle area and muscle 
density (42,43). Lastly, AI can be used for the 
prediction of fracture risk (44). Given the 
widespread application of AI in the diagnosis 
of osteoporosis, research efforts in this area 
should be increased.

(vi) Prediction of fracture risk: fracture is a serious 
complication of osteoporosis, severely limiting 
patients’ quality of life. In clinical practice, 
to conduct fracture prevention we first need 
to identify the high-risk population. Reliably 
predicting fracture risk has always been 
difficult. Currently, BMD measurement is the 
main method for diagnosis of osteoporosis and 
monitoring therapy response. Many studies 
have shown that fracture risk increases with 
lower BMD. Using tools such as FRAX we 
can also use osteoporosis risk factors to predict 
the risk of future fracture. However, none of 
these algorithms are ideal, and there is a need 
for further research to facilitate more accurate 
predication. China lacks research in long-term 
follow-up. It is therefore particularly important 
to improve methods of research in fracture 
prediction, such as establishing a cohort for 
long-term follow-up, adopting DXA or QCT 
BMD measurements, and using integrated 
analysis of risk factors.

(VIII) Key points of this expert consensus:
(i) For post-menopausal women and elderly men, 

if there is an osteoporotic fracture identified 
by imaging, then osteoporosis should be 
diagnosed regardless of the BMD findings.

(ii) When using DXA to measure lumbar spine 
and hip, use reference data from the normal 

Chinese population. If the T-score at the 
spine or hip is ≤−2.5 SD, then the diagnosis of 
osteoporosis can be made.

(iii) When using QCT to measure the lumbar 
spine, if the volumetric BMD <80 mg/cm3, 
then the diagnosis of osteoporosis can be made. 
When QCT is used to measure hip using the 
CTXA application, the results are interpreted 
the same as a hip DXA scan.

(iv) When BMD measurement meets the criteria 
for osteoporosis and there is also insufficiency 
fracture (s), then the diagnosis is severe 
osteoporosis.

(v) Peripheral BMD measurements can be used 
for screening for osteoporosis but not for 
diagnosis.
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