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Background: Osteoporosis is a systemic skeletal disease with no obvious symptoms in its early stages. The
decreases in bone density and bone mass are associated with the deterioration of bony microstructure in
the body, due to a variety of reasons. The current assessment criteria for osteoporosis are still not perfect.
MRI chemical-shift imaging shows potential to be a valuable technique in the bone quality assessment of
osteoporotic patients.

Methods: Randomized controlled studies on osteoporosis assessment were searched for in English-
language databases, including PubMed, Web of Science, Embase, and The Cochrane Library. Inclusion
criteria were: (I) literature focused on the assessment of osteoporosis by chemical displacement imaging;
(II) studies evaluating the bone quality of osteoporosis; (IIT) studies with at least 15 samples; (IV) studies
concerned with the evaluation of osteoporosis by chemical shift encoded magnetic resonance imaging (CSE-
MRI); and (V) studies with outcome indexes for bone mineral density (BMD), body mass index (BMI), and
bone marrow fat fraction (BMFF). The Jadad tool was used to evaluate the quality of the included studies,
and the Review Manager v. 5.3 software was used to conduct the meta-analysis of the experimental data.
Results: A total of 7 suitable articles were selected. According to the results of the meta-analysis, for the
osteoporosis group and normal group: BMD: MD =41.91 [95% confidence interval (CI): 40.15 to 43.66],
7=46.82 (P<0.00001); BMI: MD =-1.43 (95% CI: -2.02 to -0.84), Z=4.76 (P<0.00001); BMFF: MD =-18.34
95% CI: =20.32 to -16.36), Z=18.15 (P<0.00001).

Discussion: MRI chemical-shift imaging can effectively measure BMD and bone mass, including in
osteoporotic patients. However, the outcome indicators included in this study are not sufficient to assess
the utility of MRI chemical shift imaging for evaluating bone mass in osteoporotic patients, and further

expansion of the sample size and outcome indicators is needed.
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Introduction causes of osteoporosis are complex and diverse. Generally,
Osteoporosis is a systemic metabolic bone disease (1,2) with osteoporosis will lead to a decrease in the bone density

no obvious symptoms in the initial stages of disease. The and bone mass of the whole body, and the destruction of
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bone microstructure, including brittle fractures caused
by minor trauma and body deformities resulting from
vertebral compression fractures (3). Therefore, osteoporosis
leads to a high rate of disability and mortality, imposing
a severe psychological burden on patients and a severe
economic burden on families. According to current data,
about 200 million people are affected by osteoporosis,
globally. In 2018, in China, 3.2% of people aged from 40
to 49 years and 6% of men and 32.1% of women aged
over 50 years suffered from osteoporosis. The prevalence
of osteoporosis in women over 65 years old is as high as
51.6%. In 2016, when China’s population was growing
older at a faster rate than almost all other countries, the
probability of people aged over 60 years suffering from
osteoporosis was as high as 36%. Fracture is a serious
symptom of osteoporosis. In 2010, more than 2 million
people in China suffered from fracture due to osteoporosis
(4,5). Therefore, finding ways to enhance the early
diagnosis and prevention of osteoporosis is of paramount
importance. Bone mass and bone density have been a focus
in imaging studies of osteoporosis in clinical practice as
bone mass is determined by detecting bone mineral density
(BMD). Both are important indicators of osteoporosis (6),
and also play important roles in the observation of the
efficacy of drugs used to manage osteoporosis. Dual X-ray
absorptiometry (DXA) (7,8), which measures BMD, has
long been regarded as the clinical standard for detecting
and diagnosing osteoporosis, but its accuracy is lower than
that of quantitative computed tomography (QCT) DXA
(7,8). Yet, the high radiation dose and high cost of QCT
has limited its clinical application (9). Furthermore, because
magnetic resonance imaging (MRI) signals from solid-state
tissues such as bone are very low and do not show details
of bone very well, MRI has not been generally applied to
the measurement of BMD in clinical practice. Studies have
shown, though, that MRI chemical-shift imaging methods
can be very good at performing bone density measurements,
by measuring the cone signal decline index to reflect the
change of bone fat content, thus proving the value of MRI
chemical-shift imaging in the diagnosis and evaluation of
OSteoporosis.

Advances in MRI hardware and software technology
and the increased use of diffusion-weighted imaging
(DWI) are slowly making it possible to index and classify
osteoporosis. By studying the apparent diffusion coefficient
(ADC) values in patients with lumbar vertebral body
measurements, vertebral osteoporosis in patients can be
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evaluated to support early detection and prevention and,
to a certain extent, save medical costs associated with a
delayed diagnosis (10,11). The magnetic resonance degree
shift imaging is achieved with two echo techniques to
achieve an image of the same opposite phase in one scan,
which can be preliminary judgment on the amount of bone
marrow fat content by observing the amount of fat signal
on the reverse phase image. Magnetic resonance degree
shifts more research in abdominal lesions and bone marrow
system lesions. In recent years, MRI chemical-shift imaging
has gained recognition as a useful tool in the assessment
of osteoporosis based on the evaluation of vertebral bone
marrow fat content; however, because studies on the
application of MRI chemical-shift imaging in the assessment
of osteoporosis have lacked large sample sizes and long-
term follow-up, further research is required to support
the theoretical basis for the clinical application of MRI
chemical-shift imaging in the assessment of osteoporosis.
Allon et al. [2018] (12) initially compared the value of
computer tomography (CT), magnetic resonance imaging
(MRI), X-ray absorption assay (DXA), and ultrasonic
method in vulnerability fracture prediction, indicating that
MRI pairs Quality omission is sensitive and specific, and
CT can predict fracture occurs, and ultrasonic examination
can predict fracture of fracture occurs, and DXA can be
used as a screening tool for osteoporosis. In this study, the
value of MRI chemical transplant imaging was analyzed in
the osteoporosis patients.

In this article, the evaluation of osteoporosis by MRI
chemical-shift imaging is analyzed and discussed in detail.
The changes of BMD and bone marrow fat fraction
(BMFF) in different patients were studied to understand the
theoretical basis of the role of MRI chemical-shift imaging
in the clinical prevention and monitoring of osteoporosis.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3479).

Methods
Literature search strategy

English-language databases, including PubMed, Web
of Science, Embase and The Cochrane Library, were
systematically searched for articles published from January
2000 to September 2020, “chemical shift imaging”,

”» o«

“osteoporosis”, “MRI”, “water-fat”, “assessment”, “bone
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density”, “bone mass”, etc. were used as search terms.

Inclusion and exclusion criteria for study selection

Inclusion criteria for studies were: (I) focused on the
assessment of osteoporosis by chemical-displacement
imaging, in China and abroad; (II) directly or indirectly
evaluated bone quality for osteoporosis; (III) included at
least 15 samples; (IV) used CSE-MRI methods to evaluate
osteoporosis; and (V) included as outcome indicators BMD,
body mass index (BMI), and BMFE.

Excluded from the meta-analysis were: (I) repeated
publications of data in the same group; (II) reviews,
conference reports, personal experiences, case reports,
and reviews; (III) studies unrelated to the subject of this
study; (IV) studies with no research control group, or no
comparability of samples between groups; and (V) studies in
which the report of outcome indicators was not clear or the
data used to support the results were incomplete.

Quality assessment

Two researchers independently reviewed the retrieved
literature, reading the full-text and extracting relevant
data from each article. Discrepancy between the two
researchers was resolved by consensus, through discussion
or by a third independent researcher, when required.
The Jadad scale was used to evaluate the quality of
the studies, based on: (I) categorization as randomized
controlled studies; (II) appropriateness of the random
method used; (IIT) application of the double-blind test;
(IV) appropriateness of the double-blind method adopted;
(V) loss of follow-up or withdrawal of patients in the
process of the study, including whether the reasons were
expounded and the analysis of intentionality was adopted.
The scoring system allocated each “Yes” 1 point and each
“No” 0 point, for a total of 5 points. A total score of less
than 2 points was classified as low-grade research, while
a score greater than 2 points was classified as high-grade
research.

The Cochrane Reviewer’s Handbook, v. 4.2.5, was used
to evaluate the quality of the literature. The evaluation
included consideration of whether: (I) the trial was
randomized; (I) there was allocation concealment; (III) the
blind test was used; (IV) the data used to support the results
were complete; (V) there was selective reporting of results;
and (VI) there were other deviations.
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Data extraction

Data extraction procedures were adopted, and the following
data were extracted for each article: (I) general information
about the article, including first author and publication
year; (II) number of research participants, experimental
design, specific measures used, study duration, and outcome
indicators (which informed the evaluation of the results);
(III) baseline data of patients; and (IV) feedback on research
quality indicators.

Statistical processing

RevMan v. 5.3 software (The Cochrane Collaboration,
Copenhagen, Denmark) was used to analyze the extracted
data. First, the heterogeneity of the test results was tested,
it mainly conducted homogeneity tests by y’ inspection,
significance level a=0.05. The Peto method was used to
analyze the heterogeneity (I’) of the literature. If P>0.05,
I’<50%, it was considered that the included document
has homogeneity or consistency, using a fixed effect
model; if P<0.05, I'> 50%, it was considered that there is
heterogeneity in the present data included, and the random
effect model was used. The weighted mean difference
(WMD) was used to represent the results of measurement
data with the same measurement unit; otherwise, standard
mean difference (SMD) was used to represent the results.
The results of the enumerated data were expressed as
relative risk (RR). All results were presented with a 95%
confidence interval (CI). Funnel plots were drawn, and
publication bias was evaluated based on the symmetry of
funnel plots and the degree of literature concentration to
the midline. Sensitivity analysis was used to evaluate the
reliability and stability of the results.

Results
Literature search results

A total of 1,662 records were retrieved from the databases,
and 1,447 abstracts were deemed relevant after deleting
duplicates. Two researchers screened the titles of the articles
and the abstracts, and then selected 125 articles that met
the requirements for inclusion in the meta-analysis. After
reading the full text of each article, 7 articles were identified
that met the requirements for inclusion in the meta-
analysis (13-19), excluding non-random, republished and
inaccessible literature (Figure 1, Table 1).
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Identification of studies via databases and registers
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5 Records identified from: uplicate records relmO\l/el (n=789)
5 Databases (n=1,447) > Records marked as ineligible by
o ’ .
% Registers (n=0) automation tools (n=77)
< Records removed for other reasons
- (n=456)
\ 4
Records screened Records excluded
(n=125) (n=76)
o
=
§ Y
(5,‘3 Reports sought for retrieval Reports not retrieved
(n=49) (n=24)
Y
Reports assessed for eligibility | Reports excluded:
(n=25) 1. Repeated publication of the same
group of data (n=5)
2. Summary, meeting report,
experience lecture, case report and
- comment (n=11)
§ v 3. The report of outcome indicators
E Studies included in review is unclear, and the result data are
(n=7) incomplete (n=2)
Figure 1 Literature retrieval process.
Table 1 Basic characteristics of the included literature
The first author Year Outcome indicators Normal Osteoporotic
Yihao Guo 2019 BMD, BMI, BMFF 26 25
Jens-Peter 2013 BMD 92 34
Guanwu Li 2016 BMD, BMI 41 16
Yinxia Zhao 2019 BMD, BMI, BMFF 135 40
Guglielmo Manenti 2013 BMD, BMI, BMFF 11 13
James F. Griffith 2008 BMD, BMI 39 34
Jie He 2017 BMD, BMI, BMFF 22 11

BMD, bone mineral density; BMI, body mass index; BMFF, bone marrow fat fraction.
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Figure 2 Bias evaluation of included articles.

~ @ | @ | @ | Allocation concealment (selection bias)

~ . . . . ~ . Blinding of participants and personnel (performance bias)

® O O O ®| ®| ~ |Blinding of outcome assessment (detection bias)

® O O O G ®|® | Random sequence generation (selection bias)

2
Qo

s 2

2 3

58 2

S €

s 8

[0) =

€E o

o =

L T

3 3
e &,
(0] [0) (]
I
g 2
g © 9
238
Guanwu Li 2016 ® e e
Guglielmo Manenti a 2013 O e
James F Griffith 2008 ® e e
Jens-Peter 2013 . . .
Jie He 2017 2 ® e e
Yihao Guo 2018 ® I I
Yinxia Zhao 2018 ® ® ® e

Figure 3 Bias-risk assessment of included articles.

Bias-risk assessment of articles included in the meta-

analysis

First, the quality of the articles included in the meta-
analysis was evaluated using the Cochrane Collaboration’s
Risk of Bias Tool; the results are shown in Figure 2 and
Figure 3. There were no random sequence generation
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(selection bias), incomplete outcome data (selection bias), or
selective reporting in all 7 studies (reporting bias). Overall,
the risk included in this study was low (Figures 2,3).

The Jadad scale was used to evaluate the quality of the 7
articles included in the study (Zable 2).

Meta-analysis of BMD scores

The BMD scores assessed by MRI chemical-shift imaging
were compared between the normal group and the
osteoporosis group. Heterogeneity was observed in the
BMD scores between the normal group and the osteoporosis
group (I°'=99%; P<0.00001), hence the random-effects
model was used for the statistical analysis. The total BMD
score of the normal group and the osteoporosis group
was MD =41.91 (95% CI: 40.15 to 43.66), with Z=46.82
(P<0.00001) (where the Z-score is the number of standard
deviations above or below the mean for gender, ethnicity,
and age-matched healthy population). The BMD scores of
the two groups were statistically significant (Figure 4).

Meta-analysis of BMI scores

The BMI scores assessed by MRI chemical-shift imaging
were compared between the normal group and the
osteoporosis group. No heterogeneity was observed in the
BMI scores between the normal group and the osteoporosis
group (I’=0%, P=0.60), so a fixed-effect model was used for
the statistical analysis. The total BMI score of patients in
the normal group and osteoporosis group was MD =-1.43
(95% CI: -2.02 to ~0.84), with Z=4.76 (P<0.00001). There
was a statistically significant difference in the BMI scores
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Table 2 Assessment of the quality of the literature using the Jadad scale

) o - Allocation Withdrawals and Reason of dropouts
The first author Randomization Binding . P Jadad
concealment dropouts and withdrawals
Yihao Guo Yes No NMT MT No 3
Jens-Peter Yes No NMT MT Yes 3
Guanwu Li Yes No NMT MT Yes 3
Yinxia Zhao Yes No NMT MT Yes 3
Guglielmo Yes No NMT MT No 3
James F. Griffith Yes No NMT MT No 3
Manenti Yes No NMT MT No 3
NMT, not mentioned; MT, mentioned.
Experimental Control Mean Difference Mean Difference
r r Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Guanwu Li 2016 1158 117 41 766 7 16 125% 39.20 [34.24, 44.16] -
Guglielmo Manentia2013 894 31 11 629 678 13 182%  26.50 [22.38, 30.62] -
James F Griffith 2008 85 6 39 57 6 34 404% 28.00[25.24,30.76] un
Jens-Peter 2013 1263 17.8 92 702 94 34 13.3% 56.10[51.28, 60.92] -
Jie He 2017 1534 245 22 631 118 11 2.0% 90.30(77.91, 102.69] =
Yihao Guo 2019 1384 153 26 643 111 25 58% 74.10[66.78,81.42] -
Yinxia Zhao 2019 1597 311 135 662 11 40 7.9% 93.50 [87.24, 99.76] -
Total (95% Cl) 366 173 100.0% 41.91[40.15, 43.66] []
Heterogeneity: Chi? = 580.15, df = 6 (P < 0.00001); I2 = 99% oo - o - 100

Test for overall effect: Z = 46.82 (P < 0.00001) Favours [experimental] Favours [control]

Figure 4 Forest plot of BMD scores assessed by MRI chemical-shift imaging. BMD, bone mineral density; MRI, magnetic resonance

imaging.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI 1V, Fi % Cl
Guanwu Li 2016 223 25 41 244 28 16  14.0% -2.10[-3.67,-0.53]
Guglielmo Manenti a 2013 255 28 11 266 291 13 6.6% -1.10[-3.39, 1.19]
James F Griffith 2008 247 22 39 267 25 34 29.2% -2.00[-3.09,-0.91]
Jie He 2017 256 23 22 26 23 11 125% -0.40[-2.06, 1.26]
Yihao Guo 2019 229 28 26 241 341 25 131% -1.20[-2.82,0.42]
Yinxia Zhao 2019 226 32 135 237 34 40 24.6% -1.10[-2.28,0.08]
Total (95% CI) 274 139 100.0% -1.43 [-2.02, -0.84] |

~100 -50 0 50 100
Favours [experimental] Favours [control]

Heterogeneity: Chi = 3.68, df = 5 (P = 0.60); I = 0%
Test for overall effect: Z = 4.76 (P < 0.00001)

Figure 5 Forest plot of BMI scores assessed by MRI chemical-shift imaging. BMI, body mass index; MRI, magnetic resonance imaging.

between the two groups (Figure 5). model was used for the statistical analysis. The total BMFF
score in the normal group and osteoporosis group was
MD =-18.34 (95% CI: -20.32 to -16.36), with Z=18.15
(P<0.00001). The BMFF scores of the two groups were
The BMFF scores assessed by MRI chemical-shift statistically significant (Figure 6).

imaging were compared between the normal group and
the osteoporosis group. Heterogeneity was observed in
the BMFF scores between the normal group and the
osteoporosis group (I’'=79%, P=0.003), so a random-effects The publication bias of the BMD total score, the BMI

Meta-analysis of BMFF scores

Publication bias analysis
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Experimental Control

_StudyorSubgroup  Mean SD Total Mean SD Total Weight
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Guglielmo Manenti a 2013 739 8.7 11 837 51 26 13.0%

Jie He 2017 346 94 22 581 58 11 14.4%
Yihao Guo 2019 434 113 26 60.1 6.9 25 15.0%
Yinxia Zhao 2019 411 96 135 605 6.6 40 57.6%
Total (95% CI) 194 102 100.0%

Heterogeneity: Chi? = 14.05, df = 3 (P = 0.003); I = 79%
Test for overall effect: Z = 18.15 (P < 0.00001)

Mean Difference Mean Difference
IV, Fixed. 95% Cl IV, Fi % Cl
-9.80 [-15.30, -4.30] -

-23.50 [-28.71, -18.29]
-16.70 [-21.82, -11.58]
-19.40 [-22.01, -16.79]

- .++

-18.34 [-20.32, -16.36]

100 50 0 50 100
Favours [experimental] Favours [control]

Figure 6 Forest plot of BMFF scores assessed by MRI chemical-shift imaging. BMFF, bone marrow fat fraction; MRI, magnetic resonance

imaging.
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Figure 7 Funnel plot of BMD score. BMD, bone mineral density.
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Figure 8 Funnel plot of BMI score. BMI, body mass index.

score, and the BMFF score (the three indexes evaluated
by MRI chemical-shift imaging for patients in the normal
group and osteoporosis group), were analyzed. The funnel
plots of the BMD total score, the BMI score, and the BMFF
score were relatively symmetric, and the data were relatively
concentrated. As can be seen in Figure 7, only a few samples
did not fall into the funnel plot. The results showed that
the BMD total score, the BMI score and the BMFF score in
this study had no significant publication bias (Figures 7-9).

5 T " : : T T 1
-100 -50 0 50 100

Figure 9 Funnel plot of BMFF score. BMFF, bone marrow fat

fraction.

Discussion

Osteoporosis is a systemic metabolic bone disease with
no obvious symptoms in its early stages. The decline of
whole body BMD and bone mass are associated with the
destruction of the body’s bony microstructure, due to a
variety of reasons. Osteoporosis can develop as a primary
disorder (primary osteoporosis) or secondarily due to
some other factor (secondary osteoporosis) (20). The
etiology of primary osteoporosis is often uncertain, while
the cause of secondary osteoporosis is usually relatively
clear. Osteoporosis is generally caused by endocrine and
metabolic diseases or hormonal factors affecting bone cell
metabolism. Primary osteoporosis is generally classified
into two categories: type I postmenopausal osteoporosis and
type II senile osteoporosis (21,22).

According to current data, about 200 million people are
affected by osteoporosis, globally. In 2018, in China, 3.2%
of people aged from 40 to 49 years and 6% of men and
32.1% of women over 50 years suffered from osteoporosis.
The prevalence of osteoporosis in women over 65 years old
is as high as 51.6% (23,24). China is now an aging society,
and it is predicted that by 2050 the disability rate caused
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by osteoporosis will be two to three times higher than it is
today (25). The incidence of osteoporosis increases with
age, due to the gradual decrease of osteoblasts. Osteoporosis
is a major public health burden; therefore, finding ways to
enhance the early diagnosis and prevention of osteoporosis
in the elderly population is of paramount importance. DXA
has long been regarded as the gold standard for the clinical
evaluation of BMD and the diagnosis of osteoporosis. It has
the advantages of fast detection time and low radiation dose
and was once the preferred method for measuring BMD.
However, data also show that DXA has low accuracy and a
high rate of missed diagnosis. Furthermore, because MRI
signals from solid-state tissues such as bone are very low
and do not show details of bone very well, MRI was not
applied to the measurement of BMD in clinical practice
(26-28). Studies have shown, though, that MRI chemical-
shift imaging can be very good at performing bone density
measurements, by measuring the cone signal decline index
to reflect the change of bone fat content, thus proving the
value of MRI chemical-shift imaging in the diagnosis and
evaluation of osteoporosis (29,30).

In addition, advances in MRI hardware and software
technology and the increased use of DWI are slowly making
it possible to index and classify osteoporosis. By studying
the ADC values in patients with lumbar vertebral body
measurements, vertebral osteoporosis in patients can be
evaluated to support early detection and prevention and, to
a certain extent, save medical costs associated with a delayed
diagnosis.

To sum up, MRI chemical-shift imaging technology is
an excellent imaging detection method. It has an inspection
sequence that uses the phenomenon of the chemical shift
of protons at the resonance frequency of tissue compounds
to determine the composition of body tissues. Using
MRI chemical-shift imaging can perform high-precision
measurement of fat content in bones and its proportion
of water, expressed bone fat content in cell molecules,
can detect bone density and bone marrow physiological
pathological changes of osteoporosis patients. However,
the number of samples constrained in the study should
be less insufficient, and other test techniques should be
used to expand the quality of bone quality in combination,
and further theoretical basis for the quality assessment of
osteoporosis is further approved.

Conclusions

This systematic literature review and meta-analysis
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examined the value of MRI chemical-shift imaging in
assessing bone quality in patients with osteoporosis. A total
of 7 relevant studies were identified and included in the
analysis. The BMD, BMI and BMFF scores, as assessed
by MRI chemical-shift imaging, were compared between
the normal group and the osteoporosis group. For patients
with osteoporosis, the following scores were observed:
BMD: MD =41.91 (95% CI: 40.15 to 43.66), Z=46.82
(P<0.00001); BMI: MD =-1.43 (95% CI: -2.02 to -0.84),
7-4.76 (P<0.00001); BMFF: MD =-18.34 (95% CI: ~20.32
to -16.36), Z=18.15 (P<0.00001).

These results indicate that MRI chemical-shift imaging
can effectively evaluate BMD and bone mass in patients
with osteoporosis. However, given that the only outcome
indicators included in this analysis were BMD, BMI,
and BMFF it is necessary to expand the sample size and
outcome indicators in future research. According to the
results of this analysis, MRI chemical-shift imaging can
effectively measure and evaluate BMD and bone mass,
including in patients with osteoporosis.
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