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Abstract
Identifying the full scope of pelvic fracture patterns in older adults has gained clinical importance since the last decennium. 
CT is recommended as the golden standard; however, MRI has even greater diagnostic accuracy. Dual energy computed 
tomography (DECT) is a new and promising imaging technique, but the diagnostic accuracy in the context of pelvic fragility 
fractures (FFPs) has not been widely established. The aim was to provide insight into the diagnostic accuracy of different 
imaging techniques and the relevance for clinical practice. A systematic search was performed in the PubMed database. All 
studies that reported on CT, MRI or DECT imaging techniques in older adults who suffered a pelvic fracture were reviewed 
and, if relevant, included. Eight articles were included. In up to 54% of the patients, additional fractures were found on MRI 
compared to CT, and in up to 57% of the patients on DECT. The sensitivity of DECT for posterior pelvic fracture detection 
was similar to MRI. All patients without fractures on CT appeared to have posterior fractures on MRI. After additional 
MRI, 40% of the patients had a change of classification. DECT and MRI showed very similar results in terms of diagnostic 
accuracy. Over a third of all patients appear to have a more severe fracture classification after MRI, the majority changing to 
Rommens type 4. However, in only a few patients who changed of fracture classification, a change of therapy was advised. 
This review suggests that MRI and DECT scans are superior in diagnosing FFPs.

Keywords Computed tomography · Dual energy computed tomography · Magnetic resonance imaging · Older adults · 
Pelvic fragility fracture · Pelvic ring fractures

Introduction

The number of pelvic fractures in the older adult popula-
tion has been steadily increasing over the past years and 
is expected to keep rising [1–3]. The consequences of a 
pelvic fracture in this vulnerable population are significant 
from both patient and societal perspective. One-year mor-
tality rates have been described up to 27%, there is a high 
rate of hospital admissions, and only a third of the patients 

can return to their own home because of loss of functional 
independence [4, 5]. Pelvic fragility fractures (FFPs) in the 
older adult are often caused by an inadequate or low-energy 
trauma, with two-thirds of the patients not able to identify or 
remember a traumatic event [6]. However, high-energy trau-
matic pelvic ring injuries also occur in the older adult. Falls 
from stairs, for example, which are a high-energy accident if 
they happen from the top of the stairs, also contribute to the 
burden of serious fractures in older adults [7, 8].

Accurately identifying the full scope of the fracture pat-
tern has gained clinical importance over the last decennium. 
Recent studies have shown that if a pubic ramus fracture has 
a concomitant sacral fracture, the fracture pattern is sub-
stantially more unstable and if these patients are conserva-
tively treated, they suffer from longer periods of immobility 
and pain [9]. Surgical fixation, however, reduces pain and 
improves mobility and physical function in older adults [10]. 
In addition, surgical techniques have developed over the last 
years from invasive open procedures, with a high level of 
soft tissue disruption, to minimally invasive percutaneous 
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techniques [11]. These percutaneous techniques are safe and 
allow for faster rehabilitation, improving 1-year survival and 
functional independence [12–14].

One challenge in the diagnostic work-up of older adults 
with a pelvic fracture is visualising fractures of the pos-
terior pelvic ring. It has been well established that pelvic 
X-rays are highly inaccurate in diagnosing posterior pelvic 
fractures, missing concomitant posterior pelvic ring lesions 
in 32–97% of the patients with pubic rami fractures on radi-
ographs [6, 15, 16]. This has resulted in recent literature 
recommending conventional CT as the golden standard to 
diagnose the full scope of pelvic fracture patterns. However, 
conventional CT is not the only option for advanced imag-
ing. The diagnostic accuracy of magnetic resonance imaging 
(MRI) in identifying occult fractures in the proximal femur 
is well described [17, 18]. In patients with osteoporotic 
vertebra fractures, 16% of the patients increased in fracture 
classification severity after MRI [19]. Similar results have 
been seen in osteoporotic sacral fractures, where 22% of the 
patients had bilateral instead of unilateral sacral fractures 
after MRI, and thus a more severe fracture classification 
[20]. However, in clinical practice, MRI has several limi-
tations like costs and availability. Dual energy computed 
tomography (DECT) is a new and promising imaging tech-
nique with accessibility similar to CT. The application for 
clinical practice of this technique and the diagnostic accu-
racy compared to MRI in pelvic fragility fractures, however, 
has not been widely established.

To provide insight into the relevance for clinical practice 
of MRI and DECT imaging in older adults who suffered a 
pelvic fragility fracture, a systematic review was conducted. 
The aim of this review was to evaluate if MRI or DECT 
imaging results in an increase in the detection of additional 
fractures, and if this has implications for a change in clas-
sification of the fracture pattern and therapy.

Methods

Literature search

A systematic search for relevant studies was performed in 
PubMed/MEDLINE. The search strategy comprised three key 
elements: CT scan, MRI scan and DECT scan, in relation to 
pelvic fractures. These three key elements were connected with 
Boolean operators to form an overarching search. Terms were 
kept broad and synonyms were used to maximise sensitivity 
of the search. The details of this literature search are shown 
in Appendix 1. The search was updated until August 2022. 
Snowballing was done to identify additional relevant articles. 
This review fully complies with the PRISMA guidelines [21].

Inclusion and exclusion criteria

All studies that reported on imaging in patients who suf-
fered a pelvic fracture were reviewed by two authors (AM, 
AB). All English prospective and retrospective cohort stud-
ies, case–control studies and case series that reported on 
diagnosing pelvic fractures using a CT scan, MRI scan or 
DECT scan were included in this review. To be eligible for 
inclusion, all relevant study participants should be 50 years 
or older, or have a mean age of > 60 years. Studies were 
excluded if the additional CT scan, MRI scan or DECT scan 
was performed postoperatively. Studies that focused on pel-
vic or sacral fractures in patients with a known malignancy 
or metastatic bone disease, studies in which the MRI was not 
performed additional to conventional CT imaging but in a 
separate cohort, and studies of which the age distribution in 
the relevant cohort of patients was unknown were excluded. 
Case report, systematic and narrative reviews were excluded. 
A flowchart of the selection process is presented in Fig. 1.

Data extraction

Data was collected by two authors (AM, AB). The follow-
ing outcomes were reviewed: additional fracture detection 
per patient and per fracture, the distribution of the addi-
tional fractures, the diagnostic accuracy overall and of the 
posterior ring only, the classification and how this changed 
after additional imaging, the provided therapy and change of 
therapy. If one study made comparisons of multiple imaging 
modalities, the results of these comparisons were separated 
and grouped with the other studies that noted these modali-
ties. The classifications used in the articles were noted; the 
Rommens and Hofmann classification for fragility fractures 
and AO classification when referring to pelvic fractures as 
a result of high-energy trauma [22, 23]. Details of the Rom-
mens and Hofmann classification, hereafter referred to as the 
Rommens classification, can be found in Fig. 2.

Methodological quality assessment

A methodological quality assessment was done on the 
included studies using the critical appraisal tools of the 
Joanna Briggs Institute [24]. For each study design, the 
appropriate critical appraisal tool was used. Answers that 
could be given were yes, no, unclear and not applicable. 
If the answer was ‘yes’, two points were assigned and ‘no 
or unclear’ resulted in no points. A minimum of 12 points 
was the lower bound to be included in the review. The 
details of the critical appraisal of the included articles are 
presented in Table 6 of Appendix 2.
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Results

A total of 1062 articles were identified, of which 8 articles 
met the eligibility criteria (see Fig. 1). Only two studies were 
prospective cohort studies [25, 26]; all other were retrospec-
tive cohort studies [27–32]. The number of patients included 
in these studies differed from 31 to 145 per study. Overall, 
512 patients were included. In the included patients, 871 
pelvic fractures were detected in 392 patients. Most of the 
included patients were female (n = 391, 76%). The mean age 
of the patients included in the articles ranged from 61 to 81. 
Almost all fractures were caused by a low-energy trauma 
(n = 311, 95%). Details of the patient population in the 
included studies can be found in Table 1.

Additional fracture detection

CT vs. MRI

All eight articles reported on the incidence of additional pel-
vic fractures found on MRI compared to conventional CT 
(Table 2). In 10–54% of the patients, additional fractures were 

found on MRI. This resulted in an increase of 21–40% of 
the total number of fractures. These additional fractures were 
almost all fractures in the posterior pelvic ring (n = 156, 84%).

CT vs. DECT

Only two studies reviewed the incidence of additional pelvic 
fractures on DECT compared to conventional CT (Table 3). 
They found that 10–57% of the patients showed additional 
sacral fractures on DECT imaging compared to conventional 
CT imaging. This resulted in an increase of 23–65% of the 
number of pelvic fractures.

MRI vs. DECT

The same two studies reviewed the incidence of additional pelvic 
fractures seen on DECT imaging compared to MRI (Table 3). 
Palm et al. found no difference between MRI and DECT. Booz 
et al. reported one additional patient with bone marrow oedema 
found on DECT [29, 31]. A minimum of 43 and maximum 
of 52 zones with bone marrow oedema were found on DECT 
compared to 39 zones on MRI. Booz et al. considered all areas 

Fig. 1  PRISMA 2020 flow 
diagram for systematic reviews 
[36]
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with bone marrow oedema detected in their series to be sacral 
insufficiency fracture (SIF) associated bone marrow oedema. 
Palm et al. regarded all bone marrow oedema sites as fractures.

Diagnostic accuracy

The overall sensitivity of conventional CT imaging for pelvic 
fracture detection compared to the standard of reference ranged 
from 71 to 90%, and for fractures of the posterior ring between 
67 and 88% (see Table 4). The overall sensitivity of DECT 
compared to the standard of reference was 93–100%, which is 
similar to MRI (96–100%). Compared with conventional CT 
imaging, DECT and MRI had greater diagnostic accuracy in 
detecting posterior pelvic ring fractures.

Change of classification

Four studies report on how an additional MRI after a con-
ventional CT would influence the Rommens classification of 
these fracture patterns (see Table 5). Overall, in 61 patients 
(29%), this resulted in a change of classification. On con-
ventional CT imaging, the most common fracture pattern 
was Rommens type 2, which is a unilateral fracture. After 
MRI, we see a decrease in the incidence of isolated anterior 
ring fractures (Rommens type 1) and increase of bilateral 
combined posterior and anterior fractures (Rommens type 
4) to 50% (see Fig. 3).

Three articles report in detail on how the fracture pat-
terns changed after additional MRI in 45 patients in total 
[27, 29, 30], as shown in Table 4. The six patients without 
fractures on conventional CT all appeared to have poste-
rior fractures on MRI: 4 unilateral (Rommens type 2) and 2 
bilateral (Rommens type 4). All the 17 patients with isolated 
anterior fractures (Rommens type 1) on CT appeared to have 
additional posterior fractures on MRI, of which 76% (n = 13) 
were unilateral and 24% (n = 4) bilateral. The 15 patients 
who were classified as type 2 prior to MRI all had bilateral 
posterior injuries (Rommens type 4) instead of unilateral.

Palm et al. reported on how an additional DECT after 
conventional CT would influence a change of the Rommens 
classification [29]. Of the patients, 35% (n = 16) changed to a 
more severe type, which is similar to the results of the patients 
who received an MRI in the same study [29] (see Fig. 4). Of 
these patients, two (13%) changed from no fracture or isolated 
anterior fracture to bilateral posterior fractures (Rommens 
type 4), and eight (50%) changed from unilateral posterior to 
bilateral posterior fracture patterns (Rommens type 4).

Change of therapy

Graul et al. and Hackenbroch et al. reported on the num-
ber of patients that had a change of therapy after additional 
MRI (Table 3) [27, 30]. Of the patients who had a change 
of classification, only 22–33% received a different type of 
treatment. Graul et al. reported that 6 of the 21 patients 

Fig. 2  Rommens and Hofmann classification [22]
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whose classification changed switched from conservative 
to operative treatment, and one patient switched from uni-
lateral to bilateral surgical fixation. Both patients reported by 
Hackenbroch et al. switched from conservative to operative 
treatment [30]. There was no information available on the 
influence of DECT on the change of therapy.

Discussion

This review suggests that MRI and DECT scans are superior in 
diagnosing FFPs compared to conventional CT and have simi-
lar diagnostic accuracy for posterior pelvic fracture detection.

Compared to conventional CT imaging, in up to 54% 
of the patients additional pelvic fractures can be found on 
MRI and 57% on DECT. Almost all additional fractures 
were vertical sacral fractures. It is noteworthy that 63% 
of all the patients that changed classification changed to 
Rommens type 4 after MRI or DECT. Fifty percent of the 
patients who changed classification after MRI or DECT 
went from unilateral to bilateral posterior fracture patterns 
(Rommens type 4), and 13% even went from no fracture 
or isolated anterior fracture to Rommens type 4. This sug-
gests that the incidence of pelvic fragility fractures and 
the extent of the fracture patterns are underestimated in 
current practice.

After additional MRI, 21–36% of the total number of 
patients appeared to have a more severe fracture pattern. A 
change of therapy was advised in 22–33% of these patients. 
The reason for not changing therapy despite the increase 
in severity of the fracture pattern was not provided by the 
included articles.

Although MRI appears to be superior to conventional 
CT in terms of diagnostic accuracy, it is unlikely that MRI 
will become the gold standard in clinical practice. MRI is 
more expensive to use on a daily basis, may not be available 
at all times when needed, and there is less patient comfort 
because of longer scanning times. In addition, MRI is con-
traindicated in patients who have implants or other medi-
cal devices which are incompatible with the MRI, which 
is more prevalent in older adult patients. However, if a 
physician decides to use MRI specifically to detect FFPs, 
they should consider using an abbreviated MRI protocol 
comprising only coronal T1 and coronal short tau inver-
sion recovery (STIR) images. In older adults, an abbreviated 
MRI protocol has a sensitivity of 92% and a specificity of 
98%, and saves 20 min of scanning time compared to the 
complete protocol [33]. The reduced time in the scanner 
may result in less motion artefacts in patients with acute 
pain and provide images that better correspond to real-
ity [33]. Furthermore, if an occult pelvic fracture is sus-
pected and MRI is not readily available, it is beneficial to 
perform region-of-interest-based Hounsfield units (HU) Ta
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measurements on conventional CT to improve fracture 
detection. Henes et al. found that quantitative HU measure-
ments achieved a diagnostic accuracy of 93.9% compared 
to visual evaluation for the depiction of occult sacral insuf-
ficiency fractures [34].

This review shows that DECT is a promising new 
imaging modality for the detection of pelvic fractures. 
By combining two separate X-ray photon energy spectra, 
this imaging modality has similar sensitivity and specific-
ity as MRI for fracture and bone marrow oedema detec-
tion. The potential of DECT has already been recognised 
for other fractures, like spine fractures, where DECT 
showed an accuracy of 89% in detecting bone marrow 
and disc oedema [35]. Furthermore, DECT is fast and 
availability is less of an issue than in MRI scanning. One 
pitfall of DECT is that it does not differentiate between 
oedematous bone marrow and haematopoietic bone mar-
row, which might be problematic in young patients with 

‘blood-rich’ bone marrow but should not lead to false 
positives on our older adult patient population with pel-
vic fragility fractures [36]. Although dual energy spectral 
imaging might not currently be available in all hospitals, 
this imaging modality is expected to be more widespread 
available when hospitals need to replace their old CT 
scanners.

Strengths and limitations

This is, to the best of our knowledge, the first review to pro-
vide clinically relevant information on the value of differ-
ent advanced imaging modalities in the detection of pelvic 
fractures in older patients.

Based on the results of this review, further cross-
sectional research is necessary to determine how MRI 
and DECT influence the classification and treatment of 
pelvic fractures in the elderly. Since the threshold for 

Table 2  Details of additional fracture detection by MRI compared to conventional CT

Pt = patient, Fx = fracture, NA = data not available
* only data on posterior fractures available

Author, year Comparison Additional fracture detection by MRI

per Pt per Fx Distribution per Pt Distribution per Fx

Cabarrus et al. 
2008 [32]

CT vs. MRI 30/64 (47%) 29/103 (28%) NA Sacrum: 17/29 (59%)

Os Ilium: 2/29 (7%)
Os pubis: 10/29 (34%)

Graul et al. 2020 [27] CT vs. MRI NA 45/165 (27%) NA Sacrum: 38/45 (84%)
Os pubis: 7/45 (16%)

Graul et al. 2021 [28] CT vs. MRI 9/77 (12%) 48/182 (26%) NA Sacrum: 48/48 (100%)
Hackenbroch et al. 

2020 [30]
CT vs. MRI 9/31 (41%) NA NA

Henes et al. 2012 [25] CT vs. MRI NA 25/122 (21%) NA Sacrum: 12/25 (48%)
Anterior ring: 13/25 (52%)

Nüchtern et al. 
2015 [26]

CT vs. MRI 8/48 (17%)* NA Posterior ring: 8/48 (17%) NA

Booz et al. 2020 [31] CT vs. MRI 15/28 (54%) 21/52 (40%) Sacrum: 15/15 (100%) Sacrum 21/21 (100%)
Palm et al. 2020 [29] CT vs. MRI 3/31 (10%) 18/77 (23%) Sacrum: 3/3 (100%) Sacrum: 18/18 (100%)

Table 3  Details of additional fracture detection by DECT compared to conventional CT and MRI

Pt = patient, Fx = fracture

Author, year Comparison Additional fracture detection by MRI

per Pt per Fx Distribution per Pt Distribution per Fx

Booz et al. 2020 
[31]

CT vs. DECT 16/28 (57%) 34/52 (65%) Sacrum: 16/16 (100%) Sacrum: 34/34 (100%)

MRI vs. DECT 1/28 (4%) 13/52 (25%) Sacrum: 1/1 (100%) Sacrum: 13/13 (100%)
Palm et al. 2020 

[29]
CT vs. DECT 3/31 (10%) 18/77 (23%) Sacrum: 3/3 (100%) Sacrum: 18/18 (100%)

MRI vs. DECT No difference No difference No difference No difference
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surgical intervention of pelvic fragility fractures has 
been lowered the last few years, this might affect the 
current findings of this review.

The included studies used different CT, MRI and DECT 
scanners and protocols, which may have caused informa-
tion bias. In addition, the retrospective data collected in 

Table 4  Details of the standard of reference and diagnostic accuracy of the different imaging modalities

* Hx = history, F/U = follow-up, SIF = sacral insufficiency fracture, sens = sensitivity, spec = specificity, NA = data not available

Author, year Comparison Standard of reference Diagnostic accuracy
Overall Posterior ring

Cabarrus et al. 
2008 [32]

CT vs. MRI Clinical Hx, findings from all 
imaging studies, and F/U imaging

CT: 75% sens CT: 67% sens

MRI: 100% sens MRI: 100% sens
Graul et al. 

2020 [27]
CT vs. MRI Positive screening in at least one of 

the imaging modalities
CT: 73% sens NA

MRI: 100% sens
Graul et al. 

2021 [28]
CT vs. MRI Positive screening in at least one of 

the imaging modalities
NA CT: 88% sens

MRI: 100% sens
Hackenbroch et al. 

2020 [30]
CT vs. MRI Unavailable NA NA

Henes et al. 2012 
[25]

CT vs. MRI Clinical Hx, findings from all 
imaging studies, and F/U imaging

MRI: 96% sens, 99% spec MRI: 99% sens, 100% spec

Nüchtern et al. 
2015 [26]

CT vs. MRI Consensus meeting with radiolo-
gists and orthopaedic surgeons

CT: 71% sens CT: 83% sens, 92% spec

MRI: 99% sens MRI: 99% sens
Booz et al. 2020 

[31]
CT vs. MRI vs. DECT SIF-associated bone marrow 

oedema on MRI
DECT: 93% sens, 95% spec NA

Palm et al. 2020 
[29]

CT vs. MRI vs. DECT SIF-associated bone marrow 
edema on MRI

CT: 90% sens, 100% spec CT: 68% sens, 100% spec

MRI: 100% sens, 100% spec MRI: 100% sens, 100% spec
DECT: 100% sens, 100% spec DECT: 100% sens, 100% spec

Table 5  Details of the change 
of classification and change 
therapy of the different imaging 
modalities

*  NA = data not available

Author, year Comparison Change of classification Change of therapy

Rommens AO

Cabarrus et al. 
2008 [32]

CT vs. MRI NA NA NA

Graul et al. 
2020 [27]

CT vs. MRI MRI: 21/67 (31%) NA 7/21 (33%)

Graul et al. 
2021 [28]

CT vs. MRI MRI: 16/77 (21%) NA NA

Hackenbroch et al. 
2020 [30]

CT vs. MRI MRI: 8/22 (36%) MRI: 1/9 (11%) 2/9 (22%)

Henes et al. 2012 
[25]

CT vs. MRI NA MRI: 7/38 (18%) NA

Nüchtern et al. 
2015 [26]

CT vs. MRI NA NA NA

Booz et al. 2020 
[31]

CT vs. MRI vs. DECT NA NA NA

Palm et al. 2020 
[29]

CT vs. MRI vs. DECT MRI: 16/46 (35%) NA NA

DECT: 16/46 (35%)
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different type of populations makes this review vulner-
able for selection bias. Although our primary goal was 
to evaluate the value of CT, MRI and DECT in the diag-
nosis of pelvic fragility fractures, we included two stud-
ies that described 18 fractures in older adults caused by 
high-energy trauma, which are not specifically fragility 
fractures [26, 30]. Two of the included articles allow a 
relatively long interval of several months between imaging 
modalities [28, 32]. Fracture progression, e.g. a progress 
of instability due to increased fracture displacement or 
the appearance of additional fractures, is reported in 14% 
of all conservatively treated FFPs [37]. Taking this into 
consideration, some of the additional fractures detected on 
the advanced imaging in these two studies might be due to 
fracture progression and not a lack of diagnostic accuracy 
of the imaging modalities, resulting in false positives.

Conclusion

Comparing DECT and MRI to conventional CT scanning, 
additional fractures in rates up to 57% and 54% can be found, 
respectively. DECT and MRI showed very similar results in 
terms of sensitivity and specificity for posterior pelvic frac-
ture detection. After additional MRI, up to 36% of the patients 
appear to have a more severe fracture pattern, of which 63% 
changed to the most severe fracture pattern type (Rommens 
type 4). In 30% of the patients who changed of fracture classi-
fication, a change of therapy was advised. This review suggests 
that MRI and DECT scans are superior in diagnosing FFPs 
compared to conventional CT scan; however, cross-sectional 
studies are warranted to evaluate the clinical implications.

Fig. 3  How does the Rommens classification on conventional CT 
change after additional MRI

Fig. 4  How does the Rommens classification on conventional CT 
change after additional DECT
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Appendix 1

Literature search

"Osteoporotic Fractures/diagnostic imaging"[MAJR] OR 
(pelvic fragility fracture*[tiab] OR pelvic fracture*[tiab]) 
OR fragility fracture of the pelvis*[tiab] OR fragility frac-
ture of the pelvi*[tiab] OR pelvic ring trauma[tiab] OR 
sacral insufficiency fracture*[tiab] OR osteoporotic pelvic 
fracture*[tiab] OR pelvic fracture in the elderly*[tiab] OR 
diagnostic imaging of osteoporotic fracture*[tiab].

AND

Table 6  JBI critical appraisal 
tool for cohort studies for use in 
systematic reviews [37]

Author Design Score based JBI appraisal Overall appraisal

1 2 3 4 5 6 7 8 9 10 11

Henes et al. 2012 
[25]

PCS Y Y Y Y Y Y Y N U U Y Included

Nüchtern et al. 
2015 [26]

PCS Y Y Y N N Y Y N U U Y Included

Booz et al. 2020 
[31]

RCS Y Y Y Y N Y Y N U U Y Included

Cabarrus et al. 
2008 [32]

RCS Y N Y Y Y Y Y N U U Y Included

Graul et al. 
2020 [27]

RCS Y N Y Y Y Y Y N U U Y Included

Graul et al. 
2021 [28]

RCS Y Y Y Y N Y Y N U U Y Included

Hackenbroch et al. 
2020 [30]

RCS Y N Y Y N Y Y N U U Y Included

Palm et al. 2020 
[29]

RCS Y Y Y N N Y Y N U U Y Included

"Tomography, X-Ray Computed"[Mesh] OR (X-Ray Com-
puted Tomography*[tiab] OR CT Scan*[tiab] OR Computed 
X-Ray Tomography*[tiab] OR CT X Ray*[tiab].

OR
"Radiography, Dual-Energy Scanned Projection"[Mesh] 

OR "Absorptiometry, Photon"[Mesh] OR (dual energy 
CT*[tiab] OR dual energy computed tomograph*[tiab] 
OR dual energy scanned projection*[tiab].

OR
"Magnetic Resonance Imaging"[Mesh] OR (Imag-

ing, Magnetic Resonance*[tiab] OR Image, Magnetic 
Resonance*[tiab] OR MRI Scan*[tiab].

Appendix 2
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