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Abstract: Background: Occult fractures may cause multiple morbidities. If occult fractures were
detected earlier, complications may be preventable. This umbrella review and updated meta-analysis
will aim to evaluate the use of imaging modalities in detecting occult scaphoid and hip fractures.
Methods: The protocol for this study is available in the International Prospective Register of Sys-
tematic Reviews (PROSPEROQO) database (CRD42024525388). The literature search started and ended
on 17 March 2024. We searched seven academic databases: MEDLINE, Cochrane Library, Pubmed,
Science Direct, Google Scholar, WHO International Clinical Trials Registry Platform, and The Joanna
Briggs Institute (JBI) database. The meta-analysis was conducted with the STATA program using the
“midas” command. Results: There are four systematic reviews evaluating occult hip and femoral
fractures with 6174 patients and two reviews evaluating occult scaphoid fractures with 1355 patients.
The prevalence of occult scaphoid fracture and occult hip and femoral fractures is 23.87% (95% CI
18.25-29.49) and 44.8% (95% CI 39.38-51.4), respectively. Magnetic resonance imaging (MRI) had
the best posterior probability of positive likelihood ratio (LR+) with 95% and 96% and negative
likelihood ratio (LR-) with 0.15% and 1% for both occult scaphoid and hip fractures, respectively,
assuming a 25% baseline. MRI could both confirm and exclude occult hip fractures while it can only
confirm occult scaphoid fractures. Bone scans are inappropriate for either type of occult fractures The
level of evidence for occult scaphoid fracture is weak while it is suggestive for occult hip fractures.
Conclusion: The findings strengthen the use of MRI after an initially negative radiograph fracture
for occult hip and femoral fractures, with a CT scan as a viable second option.

Keywords: occult fracture; magnetic resonance imaging; computed tomography; scaphoid; hip

1. Introduction

The definition of occult fractures, or negative radiograph fractures, is a fracture that
is not initially seen in all available conventional radiography projections and a follow-up
imaging (using conventional radiography or other modalities) reveals the cortical break in
the bones [1]. Delayed diagnosis and treatment increase the likelihood of complications
such as nonunion, avascular necrosis, and osteoarthritis in occult scaphoid fractures. Pa-
tients will also require further imaging while being splinted. This overtreatment results in
a loss of productivity for the patients and a potential lawsuit for the clinical provider [2,3].
Although there is no increased mortality in occult hip fractures as compared to patients
with apparent radiograph hip fractures [4], delaying the diagnosis of a proximal femur
hip fracture can result in poorer patient outcomes. Earlier diagnosis of hip and femoral
fractures will obviate the need for more extensive surgery [5].

The use of additional imaging for occult fractures is not new. However, the debate
on what is the best next course of action after an initial negative radiograph persists. The
American College of Radiology (ACR) recommends magnetic resonance imaging (MRI)
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as the first line for detection of occult fractures. However, some authors argue against
the routine use of MRI in the detection of occult fractures as it leads to overdiagnosis
and overtreatment [6]. Another point of view is that the patient’s preferences need to
be incorporated into the decision-making, which hinges the diagnosis on multifactorial
components and not just on the sensitivity and specificity of said imaging modalities [7].

There are also other modalities with strengths and limitations in diagnosing occult
fractures, which may complement each other. For example, computed tomography (CT)
may also replace MRI due to its more widespread availability in smaller centres compared
to MRI despite its radiation penalty. There is also ultrasound, which is gaining increasing
traction to be used as a radiation-free and widely available bedside tool to diagnose occult
fracture, although the literature is very scarce. Lastly, nuclear studies or bone scans are
very sensitive but the relative radiation level is sometimes unacceptable [8,9].

Therefore, this umbrella review and updated meta-analysis will aim to evaluate the
use of imaging modalities in detecting occult scaphoid and hip fractures. To the best of
our knowledge, this is the first attempt at an umbrella review and updated meta-analysis
in this field, which will comprehensively summarize all the literature available on the
pertaining topic.

2. Materials and Methods
2.1. Search Strategy and Study Selection

The literature search started and ended on 17 March 2024. We searched five academic
databases: MEDLINE, Cochrane Library, Pubmed, Science Direct, and Google Scholar.
The authors also searched the WHO International Clinical Trials Registry Platform and
The Joanna Briggs Institute (JBI) database on the same day for ongoing clinical trials.
The keywords used were related to the diagnostic tool (“X-ray, “cone beam computed
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tomography”, “magnetic resonance imaging”, “computed tomography”, “bone scan”,
and “ultrasound”) and the condition under study (“occult fracture”, “suspected fracture”,
“non-displaced fracture”, and “negative radiograph fracture”), as well as the word or
filter “systematic review” and “meta-analysis”. Supplementary Table 51 lists the Medical
Subject Heading (MeSH) terms for each database. All records were entered into the Rayyan
program, which manually screened them and automatically identified duplicates [10]. The
initial search was conducted by authors GSO and CBHS, who imported all findings into
Rayyan software. A separate evaluation of the initial searches was performed by author PJ.
Each paper underwent individual assessment by GSO and CBHS, with conflicts resolved
through group discussion and professional judgment from PJ. In instances where research
from the same dataset had overlapping time points, we prioritized data that offered the
most comprehensive information.

After the umbrella review was conducted, we found two anatomical sites of occult
fractures included in our review, which were the hip or femur and scaphoid. A separate
search strategy was conducted on the same day (25 March 2024) for these two anatomical
sites using the same strategy as above and the MeSH terms were listed in Supplementary
Tables S2 and S3. There are no other anatomical sites that could be included in this review
which met the criteria. The search of the study was limited to one year before the latest
systematic review until the present. For example, if the latest systematic review on scaphoid
searched for 2020, we limited the search term from 2019 until 25 March 2024.

2.2. Eligibility Criteria

The authors followed the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) 2020 as well as the PRISMA Diagnostic Test Accuracy (PRISMA-DTA)
guidelines [11,12]. The protocol for this study is available in the International Prospective
Register of Systematic Reviews (PROSPERO) database (CRD42024525388).

This is an umbrella review and although the methodology had not been properly
standardized [13,14], this review opted for an updated meta-analysis [15]. Therefore, the
authors conducted a systematic search according to PRISMA 2020 guidelines for each
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topic found under the umbrella review. The studied population was all patients with
occult fractures (defined as no cortical breaks or fracture lines seen on a plain radiograph
series with a high clinical suspicion for fracture due to intense pain, swelling, inability to
move the affected body parts, or other clinical suspicions) who underwent further imaging
with reference standards. In this review, reference standards were considered adequate if
they fulfilled one of the following criteria: (1) A follow-up plain radiograph series (with
a minimum of two views) conducted at a minimum of six weeks apart after the initial
injury; (2) clinical findings with an index test or repeated radiographs to formulate a
reference standard; and (3) the use of advanced imaging that serves as a reference standard,
which differs from the modality used as the index test (i.e., the use of a single computed
tomography [CT] or MRI without any referenced index would not suffice). In a retrospective
study, this review also considered studies that confirmed fractures with a clinical follow-up
only, although this is not optimal.

2.3. Inclusion and Exclusion Criteria

The inclusion criteria were articles of any prospective or retrospective cohort studies
that studied occult fractures in all ages with a reference index as delineated above. The
search was also conducted for grey literature, including theses, dissertations, and conference
abstracts. The exclusion criteria included case series, case reports, or animal research.
Studies that did not perform the reference test according to our criteria were also excluded.
To ensure that the literature was saturated, review study citations were looked up. We
also manually searched and cited the literature to make sure that all pertinent studies were
covered. There was no restriction on the language.

2.4. Data Extraction and Quality Assessment

Two authors (G.S5.0. and C.B.H.S.) independently extracted the data, while all three
authors verified its accuracy. We gathered pertinent data, including study identity (author
and publication year), study characteristics (location, study design, and age of the partici-
pants), modalities used for the imaging, and the operational definition of fractures. The
number of true positives (TP), false positives (FP), true negatives (TN), and false negatives
(FN) were also extracted from each study.

As for the umbrella review, the A MeaSurement Tool to Assess Systematic Reviews
2 (AMSTAR 2) was used to evaluate each systematic review. A high-quality systematic
review has no or one non-critical weakness, a moderate-quality systematic review means
there is more than one non-critical weakness. One critical flaw with or without non-critical
weakness placed the systematic review in low quality, while a critically low systematic
review meant that there was more than one critical flaw with or without non-critical
weakness [16].

To evaluate the risk of bias in the updated meta-analysis, we employed the Revised
Tool for the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2). In QUADAS-
2, there are no official cut-off scores, and bias risk is displayed graphically [17].

The scale was independently assessed by two reviewers, G.S.0. and C.B.H.S., with
any discrepancies resolved internally and through the expertise of P.J. until consensus was
achieved. In cases of missing or incomplete data, we reached out to the associated authors
via email.

2.5. Stratification of Evidence

After the updated meta-analysis, a stratification of evidence was conducted according
to this classification: Class I: Convincing—When there are over 1000 cases, the p-value is less
than 107, 12 is less than 50%, 95% prediction interval excludes the null hypothesis, there are
no small-study effects, and no excess significance bias; Class II: Highly suggestive—When
there are over 1000 cases, p-value is less than 10°, the largest study shows a statistically
significant effect, but it does not meet all Class I criteria; Class III: Suggestive—When there
are over 1000 cases, p-value is less than 1073, and it does not meet Class I or II criteria;



J. Clin. Med. 2024, 13, 3769

40f21

Class IV: Weak—When p-value is less than 0.05, but it does not meet Class I to III criteria;
and Non-significant—When p-value is greater than 0.05 [14].

2.6. Data Synthesis

This review evaluated matrices of evidence and the calculation of the overall corrected
covered area (CCA) according to Bracchiglione et al. [18] Each study in a given systematic
review would be read one by one to ensure that they fulfil the inclusion criteria. This
review calculated the point prevalence of occult fractures by dividing the number of occult
fractures by the total number of patients being worked up for occult fractures. DerSimonian
and Laird’s random-effect model was chosen, and we calculated the 95% confidence
interval (CI) using the Clopper-Pearson method [19]. We used prediction intervals to assess
heterogeneity if more than 10 studies were included [20], and between-study heterogeneity
was explored with a Galbraith plot [21]. Small-study effects were assessed with funnel plot
analysis if there were more than ten studies included [22], Begg and Mazumdar’s test for
rank correlation [23], and Egger’s test for a regression intercept [24]. Trim-and-fill analysis
was done if there was an asymmetry in the funnel plot [25]. We also conducted a sensitivity
analysis to assess one study’s impact on the overall prevalence [26].

The sensitivity, specificity, LR+, LR—, PPV, and NPV of each study were calculated
if no information was given in the article [27]. Model diagnostics were verified using a
graphical representation of residual-based goodness of fit, bivariate normality, influence,
and outlier detection analysis before moving forward with the meta-analysis. Sensitivity
analyses would be used to confirm any outlier research. The level of interconnectedness
would be represented by the bivariate box plot. We used the bivariate model of sensitivity
and specificity to calculate the individual and pooled sensitivity and specificity [28]. Using
the hierarchical summary receiver operating characteristic (HSROC), a summary receiver
operating characteristic (SROC) was utilized to show and highlight the trade-off between
sensitivity and specificity [29]. The area under the curve (AUC) was measured, and a value
of 0.9-1 indicated excellent diagnostic accuracy, 0.8-0.9 indicated very good diagnostic
accuracy, 0.7-0.8 indicated good diagnostic accuracy, 0.6-0.7 indicated sufficient diagnostic
accuracy, and 0.5-0.6 meant poor diagnostic accuracy [30]. Heterogeneity was measured
using the 12 index; a value of 0% indicated that there was no detectable heterogeneity,
while a value of more than 50% was considered to be high heterogeneity [31]. To assess
publication bias, a linear regression test of funnel plot asymmetry was performed; a slope
coefficient of less than 0.1 signified a significant asymmetry. We used the Fagan plot,
which is based on the likelihood ratio scattergram and the Bayes theorem, to determine the
post-test probability. An arbitrary cut-off point was set at <—0.1 for LR— and >+10 for LR+,
indicating significant changes in the probability ratio [32]. Furthermore, the probability
modifying plots and predictive values were shown; curves that incline toward the (0,1)
location were produced by test results with more informative positive results, and curves
that incline toward the (1,0) line were produced by test results with more informative nega-
tive results [33]. The meta-analysis was carried out using the STATA program (Version 17.0,
StataCorp, College Station, Texas, USA) using the “midas” commands. These commands
could only synthesize data if there were at least four studies included [34].

3. Results

A total of 12,488 articles were initially identified, out of which 40 duplicates were
promptly eliminated, leaving 12,448 unique articles for screening. Following the eval-
uation of titles and abstracts, 12,136 articles were excluded, and ultimately, six studies
were included in the umbrella review (Supplementary Figure S1). Four reviews [35-38]
evaluated occult hip and femur fractures with a combined total of 6174 patients and two
reviews [39,40] evaluated occult scaphoid fractures with a combined total of 1355 patients.
Amongst reviews evaluating hip and femur fractures, three of them achieve a high quality
under AMSTAR-2 scoring, while one scores a critically low rating. Amongst scaphoid
reviews, one scores a high quality and one scores a critically low rating (Table 1). There
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is a high overlap (12.94%) between the primary studies of occult hip and femur fractures,
with 16 overlapping studies in two systematic reviews and three studies in three system-
atic reviews. The review conducted by Haj-Mirzaian (2020) [38] and Chatha (2011) [35]
produced the largest overlap with 29.5% (Figure 1). Notable exclusions are presented in
Supplementary Table 54.

Chatha (2011)

T}
R

Kellock (2019)

Kellock (2019)] 2.

Wilson (2020)

Wilson (2020)| 14.3% | 4.5%

Haj-Mirzaian [2020)- 4.3% 9.

Figure 1. Graphical Representation of Overlap for OVErviews (GROOVE) of occult hip and femur
fractures [35-38].
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Table 1. Characteristics of systematic reviews and meta-analysis included in the umbrella review.

Publication
Date Range
f Studies Instruments
: Number of Date o :
Setting Included in Total Country of Used to P
Author (Year) Objectives Anatomy an Gatabases Range of the Review ~ umber Types of Number of Origin of Appraise the AMSTAR Relevant Outcomes  Methods of Publication  peterogencity ~ Risk of Bias
Context Searchod Searching that Inform Patients Studies Primary P Yy
Each Studies
Outcome of
Interest
To determine the 5 MEDLINE, 15 MRIwasan
role of CT and 4 - investigation of
Chatha @D MRLin Femur N/A PN %"%gle AQetober 1989 102009 » prospective 99 N/A None Criticallylow  choice for occult Qualitative N/A N/A N/A
. diagnosing CCOC?“?;‘C]‘;“ the la':tros ective proximal femoral
occult fracture Library) P fractures.
The estimated
summary sensitivity
gf CT for ‘}‘fe High risk of
The diagnostic 5UK, 1 USA, etection of bias in the
performance of 3 (Pubmed 1 1 prospective 1lsrael, 3 zz‘zg:lej,?sdglzi}) 'ffergmj
3 , S 3 o
Kellock (2019) CT for the Femur N/A Embase, and December 2005 to 2018 13 the rest are 1248 Sweden, 1 QUADAS-2 High Quality (95% credible Meta-analysis Present Present im o nele
[36] detection of Web of Science) 2018 retrospective Romania, 1 interval, 83-09%) 0 single
occult proximal P Denmark, 1 v 0Tl o study
femoral fracture Canada and the specificity achieving a
was 100% (95% d i
credible interval, good quality
99-100%) with an
AUC of 0.981.
The pooled and
5 Prospective, we!gzh.le.d summary
6 sensitivity and
Evaluate the Retrospective specificity and the
diagnostic 1993-2019 (1 prospective area U“defR‘gf:
accuracy of . . 2012 to 201 d4 summary .
Wilson (2019 limited MRI All single- 4E (MthLlNh' 15 &og meft)a—o ’ 11 (only ::trospedive curve for limited Qualitative ﬁlg]itgf éei?]
Wilson @019 protocols for Femur centre, Cochrarie Library  November  analysis; 1993 five for for meta- 938 N/A QUADAS-2 High Quality ~ MRIprotocolsin and Meta- N/A N/A the )
‘ detecting hospitals and Scopus) 2019 {02016 for analysis) analysis; 4 de:mng hicall Analysis meta-analysis
radiographically systematic prospective radiographically were low-risk
occult proximal review) and2 occult hip fractures
femoral fractures retrospective were 99% (95% CI,
for systematic 91-100%), 99% (95%
review) CI,97-100%), and
100% (95% CI,
0.99-1), respectively.
CT and bone
Determine the scanning yielded
diagnostic comparable
performance of f cmnrall heaﬁi, diagnostic L
o CT and bone ire\{nora neck, 3 (Pubmed, 27 performance in the R%“é —o7
Haj-Mirzaian — scanning in the tertrochanteric,  N/A EMBASE, and September 1993 to 2018 3 N/A 2992 N/A ROB High Quality ~ detection of Meta-analysis ~ Present Present Moderate
(2020) [38] detection of or sub- Cochrane 2018 radiographically ROB = 6,
occult fractures trochanteric Library) occult hip fracture High ROB =2
using MRT as the fractures (p=0.67) with a
reference sensitivity of 79%
standard 7%,

respectively.
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Table 1. Cont.

Publication
Date Range
f Studies Instruments
N Number of Date o :
Setting Included in Total Country of Used to P
Author (Year) Objectives Anatomy an Gatabases Range of the Review ~ umber Types of Number of Origin of Appraise the AMSTAR Relevant Outcomes  Methods of Publication  peterogencity ~ Risk of Bias
Context Bearchod Searching that ln:‘mm Patients Studies Primary P Y
Eac Studies
Outcome of
Interest
10 (Cochrane
Register of -
Diagnostic Test Summary sensitivity
People of Accuracy Studies, and specificity of CT
all ages MEDLINE, were 0.72 (95%
who EMBASE, the confidence interval
presented Database of (CI) 0.36 to 0.92) and
identify the most at the Abstracts of 0.99 (95% CI10.71 to
suitable hospital or Reviews of 1.00); for MRI, these
diagnostic clinics EHects, the were 0.88 (95% CI Five studies
imaging strategy within one Cochrane Central 5 0.64 t0 0.97) and 1.00 were
for identifying week of Register of Netherlands, (95% CI0.38 to 1.00); Could not considered
Mallee (2015) clinically trauma Controlled Trials, 9 Prospective, 2 Austria, 1 for BS, these were beo;; Ver;a “good
s Scaphoid with a the NHS July 2012 1983-2011 11 3 Not 1041 Turkey, 1 Not Specified ~ High Quality 099 (95% C1 0.69 to Meta-analysis ~ Present quality”, and
139] suspected linicall E i Reported 1.00) and 0.86 (95% gated ! /
clinically conomic eporte: Denmark, 1 f i six studies
fractures of the suspected Evaluation Ireland, 1 CI10.73 to 0.94). ormally had
scaphoid bone in S «Ph “ Database, Norway Indirect “moderate
patients with scaphol MEDION, ARIF, comparisons suggest quality”
normal fragturc Current that the diagnostic !
radiographs ﬂggative g\oe“‘&\flgﬂidg;i:lg‘/ accuracy of BS was
post- Organization significantly higher
trauma WHO - than CT and MRI,
radio- WHO) and CT and MRI
graphs Cnli;&‘:l lTorri\;ils have comparable
Registry diagnostic accuracy.
Platform)
The sensitivity and
specificity of
ultrasound in {f‘de’i{g#:
To systematically diagnosing HQV\L R B'_6’,
N : : igh ROB: 1;
review the radiographically Ref
literature on the 1 Turkey, 2 occult scaphoid Stea s&e;ff
Kwee (2018) performanc§ of 2 (MEDLINE and ﬁ;ihi& Switzerland, 1 fracture ranged from c be High ROB: 2,
ultrasound in Scaphoid N/A Embase 2001-2013 7 Not Specified 314 QUADAS-2 Critically low 77.8% to 100% and Meta-analysis Not Assessed annot be Unclear: 2;
[40] diagnosing databases) January France, 1 from 71.4% to 100% explored Lo ROB: 3:
radiographically Austria, 1 UK respectively, with Patient
occult scaphoid pooled estimates of Selection and
85.6% (95% CI: Flow and

fracture.

73.9%, 92.6%) and
83.3% (95% CI:
72.0%, 90.6%),
respectively.

Timing: Low
ROB7.
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QUADAS-2 Domain

FLOW AND TIMING

REFERENCE STANDARD

INDEX TEST

PATIENT SELECTION

An additional search for scaphoid occult fractures yielded four new articles [41—44]
(Supplementary Figure S2). There were 23 studies with 1208 patients with suspected occult
scaphoid fractures and 236 patients with eventual scaphoid fractures (Supplementary
Table S7). Notable exclusions are presented in Supplementary Table S5. One study [45]
was removed from a meta-analysis included in the umbrella review [40] as it did not fit the
inclusion criteria. All studies were done prospectively with only thirteen studies explicitly
mentioning that the studies employed consecutive sampling. Six studies [46-51] used
ultrasound as the index test enrolling 270 patients, five studies [41,52-55] used a CT scan
enrolling 297 patients, eight studies [42-44,54-58] used MRI enrolling 345 patients, seven
studies [44,52,56,59-62] used bone scans enrolling 586 patients, and two studies [63,64]
used cone-beam computed tomography (CBCT) enrolling 144 patients. Most patients are
male, with females only ranging from 0% [53] to 64% [43]. The reference test was widely
heterogeneous, ranging from retrospective clinical examination, a follow-up X-ray, bone
scan, CT scan, MRI, or a combination of clinical and radiographic examinations. The
machines and protocols used also varied widely (Supplementary Table S6). As a whole, the
studies included for occult scaphoid fracture had relatively good qualities. However, only
four studies [47,48,50,57] were free of bias, while the rest were at risk of some bias (Figure 2
and Table A1).

OLow OHigh OUnclear

0%

Proportion of studies with low, high or unclear

20% 40% 60% 80% 100%

T T T T

0% 20% 40% 60% 80% 100%
Proportion of studies with low, high, or unclear
CONCERNS regarding APPLICABILITY

(a) (b)

Figure 2. QUADAS-2 graphical representation of the risk-of-bias (a) and concerns regarding applica-
bility (b) of occult scaphoid fractures.

RISK of BIAS

The prevalence of occult scaphoid fracture is 23.87% (95% CI 18.25-29.49) (Supplemen-
tary Figure S3). The prediction interval, representing an absolute measure of heterogeneity,
exhibits a prevalence rate of 17.8% to 30.2%. The Galbraith plot indicates some hetero-
geneity (Supplementary Figure S4). Begg and Mazumdar’s test for rank correlation gives
a p-value of <0.001, indicating possible evidence of publication bias. Egger’s test for a
regression intercept gives a p-value of 0.0005, indicating possible evidence of publication
bias. The funnel plot indicates a small-studies effect as the results show asymmetry, not
corrected by trim-and-fill (Supplementary Figure S5).

Bone scan had the highest sensitivity (98%; 95% confidence interval [CI] 90-100%)
while CT scan (98%; 95% 86—100) had the highest specificity. Although MRI also has a
98% specificity, the 95% CI is much wider than CT scan. In this meta-analysis, MRI had
the best posterior probability of LR+ and LR— amongst other imaging modalities, with
95% and 0.15%, respectively, assuming a baseline 25% prior probability. Heterogeneity
exists amongst all imaging modalities, except for bone scan (12 = 1 and p-value of 0.182).
Publication bias does not exist for studies including ultrasound and bone scan. According
to the likelihood ratio scattergram, ultrasound can be used as an exclusion and confirmation
imaging modality, CT and MRI can only be used for confirmation of occult fracture, while
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bone scan can neither exclude nor confirm occult fracture. All of the imaging modalities
have an excellent AUC, with bone scans having the best AUC value of 0.99 (95% CI
0.97-0.99). Although ultrasound has an AUC of 0.99, the 95% CI is very wide (0.2-1)
(Supplementary Figure S6A-D). All of the imaging modalities only have weak evidence
(Table 2).

Table 2. Pooled estimates of diagnostic performance of multimodality imaging for diagnosis of
radiographically occult hip and femur and scaphoid fractures.

Scaphoid Hip and Femur
Parameter
Ultrasound CT Scan MRI Bone Scan CT Scan MRI
No. of studies 6 5 8 7 15 29
No. of patients 270 297 345 586 1329 1905
Sensitivity (%) 96 (66-100) 81 (64-91) 86 (68-94) 98 (90-100) 94 (80-99) 98 (97-99)
Specificity (%) 94 (66-99) 98 (86-100) 98 (28-100) 80 (44-95) 99 (96-100) 99 (98-99)
Positive likelihood ratio 16 (2.2-114.4) 41.7 (5.5-316.6) 48.7 (0.4-6437.6) 49 (1.3-17.9) 82.1 (22.6-298.5) 69 (41-116.1)
Posterior probability (%)
assuming a 25% 84 93 95 62 96 96
prior probability
Negative likelihood ratio 0.04 (0-0.47) 0.2 (0.1-0.39) 0.15 (0.06-0.35) 0.02 (0-0.16) 0.06 (0.01-0.22) 0.02 (0.01-0.03)
Posterior probability (%)
assuming a 25% 1 6 0.15 1 2 1
prior probability
Positive predictive value 0.95 (0.9-1) 0.82 (0.8-0.84) 0.86 (0.84-0.88) 0.97 (0.85-1) 82.1 (22.6-298.5) 69 (41-116.1)
Negative predictive value 0.93 (0.88-0.99) 0.97 (0.95-1) 0.98 (0.95-1) 0.81 (0.7-0.92) 0.06 (0.01-0.22) 0.02 (0.01-0.03)
Diagnostic odds ratio 387 (17-8879) 210 (31-1449) 334 (2-49,601) 213 (12-3743) 1425 (171-11851) 4185 (2009-8720)
Area under the curve 0.99 (0.2-1) 0.91 (0.17-1) 0.91 (0.89-0.94) 0.99 (0.97-0.99) 1(0.99-1) 1(0.99-1)
81 (59-100) and 85 (70-100) and 96 (93-99) and 92 (83-100) and
2 (o _ _

I? (%) and p-value 0.003 0.001 <0.0001 1 (0-100) and 0.182 <0.0001 100 (0-100) and 0.5
Publication bias 0.56 0.03 0.07 0.13 <0.001 <0.001
Likelihood ratio LUQ; Exclusion RUQ; RUQ; RLQ; No exclusion LUQ; Exclusion LUQ; Exclusion

scattergram and confirmation Confirmation only Confirmation only or confirmation and confirmation and confirmation

Stratification of evidence

Weak Weak Weak Weak Suggestive Suggestive

CT, computed tomography; MRI, magnetic resonance imaging; LUQ, left upper quadrant; RUQ, right upper
quadrant; RLQ, right lower quadrant.

There are only two eligible studies that studied CBCT as their index test, hence
the results will be qualitatively studied [63,64]. Both studies used MRI as their reference
standard, with a total of 144 studies across both studies. Sensitivity is lower in Edlund’s [64]
study with 69% (95% CI 41-88%) as compared to Borel’s [63] study with 100% (95% CI
75-100%). However, it should be noted that Edlund employed the MRI scan two weeks
after the initial fracture, while Borel conducted the MRI scan one week after the initial
fracture. Borel also found that CBCT had a specificity of 95% (95% CI: 75-100%), PPV of
96% (95% CI: 78-100%), and NPV of 100% (95% CI: 83-100%) [63]. Both studies conclude
that CBCT is superior to radiography, but Edlund noted that CBCT cannot be used to
exclude scaphoid fractures.

The model diagnostics are shown in Supplementary Figure S7A-D, where no studies
appear to be outliers, as evidenced by the outlier detection, with a reasonable goodness-of-
fit for MRI and bone scan studies. The goodness-of-fit is not linear in USG and CT studies.
The bivariate normality assumption is not fulfilled, and some studies [41,44,46,47,49,52,53]
seem to be more influential than others with a Cook’s distance of >0.5. The bivariate box plot
showed a skewness of the test performance measures toward a higher sensitivity with lower
specificity for ultrasound, and vice versa for CT, MRI, and bone scan, providing indirect
evidence of some threshold variability (Supplementary Figure SSA-D). Supplementary
Figure S9A-D presents the paired forest plot description of empirical Bayes predicted
versus observed study-specific sensitivity and specificity, indicating threshold variability
as sensitivity increases and specificity decreases and vice versa.
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The updated meta-analysis for occult hip and femur fracture yields an additional two
articles [65,66], with three hand-searched articles [67-69]. Hence, there are five more new
articles included in this updated meta-analysis (Supplementary Figure 510). Two [70,71]
out of three [72] articles included in previous systematic reviews [36,38] had to be excluded
as we believe the cohort is too similar. There were 45 studies with 3594 patients with
suspected occult scaphoid fractures and 1523 patients with eventual scaphoid fractures
(Supplementary Table S7). Notable exclusions are presented in Supplementary Table S8.
Eleven studies were done prospectively with 29 studies being done retrospectively. The rest
of the studies did not provide sufficient or direct information regarding the types of studies.
Only fifteen studies explicitly mentioned that the studies were done consecutively, one
being done non-consecutively, and the rest provided no information. Two studies [67,73]
used ultrasound, three studies [74-76] employed bone scan as their index test, fifteen
studies [65,66,68,69,77-87] used CT scans and the rest used MRI [72,74,75,77,78,88-111].
Most patients were female, ranging from 25% [95] to 95% [90] The reference test was
heterogeneous, but most studies employed clinical and surgical follow-up. Only eight
studies used MRI [65,67,68,73,76,82,87,88] as the reference test. The machines and protocols
used also varied widely. As a whole, the studies included for occult hip and femoral
fracture suffer from a moderate to high risk of bias and concerns of applicability. Only eight
studies [72,73,82,87,106,108,110,111] were free of bias, while the rest were at risk of some
bias (Figure 3 and Table A2).

| | OLow [OHigh OUnclear

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Proportion of studies with low, high or unclear Proportion of studies with low, high, or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY
(a) (b)

Figure 3. QUADAS-2 graphical representation of the risk-of-bias (a) and concerns regarding applica-
bility (b) of occult hip and femoral fractures.

The prevalence of occult hip and femoral fractures is 44.8% (95% CI 39.38-51.4) (Sup-
plementary Figure S11). The prediction interval, representing an absolute measure of
heterogeneity, exhibits a prevalence rate of 38.2% to 51.4%. The Galbraith plot indicates
some heterogeneity (Supplementary Figure S12). Begg and Mazumdar’s test for rank corre-
lation gives a p-value of 0.09, indicating little evidence of publication bias. Egger’s test for
a regression intercept gives a p-value of 0.0235, indicating possible evidence of publication
bias. The funnel plot indicates a small-studies effect as the results show asymmetry, not
corrected by trim-and-fill (Supplementary Figure S13).

Magnetic resonance imaging had the highest sensitivity (98%; 95% confidence interval
[CI] 97-99%) while both CT scan and MRI had a high specificity (99%; 95% CI 96-100%
and 99%; 95% CI 98-99%, respectively). In this meta-analysis, MRI had the best posterior
probability of LR+ and LR— amongst other imaging modalities, with 96% and 100%,
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respectively, assuming a baseline 25% prior probability. Heterogeneity exists amongst
all imaging modalities, although the heterogeneity is not statistically significant for MRI
(I2 = 100 with a p-value of 0.5). Publication bias exists for both CT and MRI. According
to the likelihood ratio scattergram, both CT scan and MRI can be used for exclusion and
confirmation. Both imaging modalities have an excellent AUC with a very similar AUC
value of 1 (0.99-1) (Supplementary Figure S14A,B). All of the imaging modalities have
suggestive evidence (Table 2).

There are only two articles for ultrasonography and three for bone scan, hence they
will be described qualitatively. In the ultrasound group, 124 patients were enrolled with
37 occult fractures [67,73]. Although both studies agree that ultrasonography is highly
sensitive for occult hip and femoral fractures, with a sensitivity of 100% [73] and 96% (0.89—
0.96) [67], the specificity differs wildly. Tsukamoto [67] found that ultrasound is highly
specific with 0.98 (0.92-0.99), while Safran found a specificity of only 65% [73]. Nonetheless,
both articles agree that ultrasonography can be used as an initial screening tool for patients
with suspected occult hip and femoral fractures.

Three studies looked at the performance of bone scans in occult hip and femoral
fractures. Out of all 139 patients enrolled across three studies, 50 had occult bone fractures.
In these three studies, they agreed that MRI performs as well [76], if not better than bone
scans [74,75]. These authors argue that MRI provides a faster scan (<15 min) and is well-
tolerated by the patients, compared to delayed bone scans where not all centres provide
imaging studies, and they are invasive and not cost-effective [74-76].

The model diagnostics are shown in Supplementary Figure S15A,B, where no stud-
ies appear to be outliers, as evidenced by the outlier detection for MRI, with a reason-
able goodness-of-fit for MRI. However, one study seems to be an outlier for the CT scan
study [83]. Deletion of this study resulted in a more stable model diagnostics, with a
reasonable goodness-of-fit assumption for CT scans. However, there is not much change in
the diagnostic accuracy of CT scans after the deletion of that study, with the same specificity
and a sensitivity of 95%. Hence, the study was kept. The bivariate box plot showed a
moderately homogenous performance of high sensitivity and specificity, providing indirect
evidence of little to no threshold variability (Supplementary Figure S16A,B). Supplemen-
tary Figure S17A,B present the paired forest plot description of empirical Bayes predicted
versus observed study-specific sensitivity and specificity, indicating threshold variability
as sensitivity increases and specificity decreases and vice versa.

4. Discussion

This updated meta-analysis finds that the prevalence of occult hip and femoral fracture
is higher than occult scaphoid fracture, with 44.8% as compared to 23.87%, respectively.
The rate of occult hip and femoral fracture is not that far off from a previous systematic
review with 39% (95% CI 35-43) [38]. The rate of occult scaphoid fracture is also similar
to currently published studies, with a rate of around 20-25% [112]. In the past, this figure
was as low as 5-10% [2]. The more prevalent uses of advanced imaging and increased
awareness about occult fractures may have contributed to the rise of earlier detections. The
higher risk of occult fracture in the hip and femur compared to occult scaphoid fracture
may partly have to do with the population. Patients who suffer from occult hip and
femoral fractures are usually older people, cachectic, suffer from malnutrition, or have
other comorbidities that predispose them to falls, such as osteoporosis, Parkinson’s disease,
dementia, or delirium [113,114]. Therefore, clinicians may find it difficult to ascertain with
great confidence that an elderly individual, who may not fully cooperate, has a fracture
when the initial radiographic result is negative. Meanwhile, those who suffer from occult
fractures are usually younger, with a male predisposition, and with a clear history of
trauma such as falling on outstretched hands, motor vehicle collision, or sports-related
injuries [115].

Relying solely on sensitivity and specificity does not offer enough information to make
informed decisions after receiving positive screening test results because of the occurrence



J. Clin. Med. 2024, 13, 3769

12 of 21

of false positives [116]. There is also a trade-off between sensitivity and specificity, called
the variability threshold, where if sensitivity rises, specificity falls, and vice versa [117].
Meanwhile, a limitation of utilizing the LR is its independence from prevalence, thereby
impacting the accuracy of diagnostic tests. On the other hand, post-test probability, which
is influenced by prevalence, emerges as a clinically more valuable parameter for assessing
diagnostic test accuracy [118,119]. In this discussion, the focus will be heavily implied more
on the posterior probability of LR+ and LR—.

In terms of post-test probability, MRI emerges as the best imaging modality to detect
occult scaphoid and hip and femoral fractures. The next best imaging modality seems to
be a CT scan for both fractures, but ultrasound has a better negative posterior probability
than a CT scan. Our findings align with the ACR appropriateness criteria for both occult
hip and scaphoid fractures, where MRI without IV contrast is typically employed as the
first line and CT scan as an alternative [8,9]. In this analysis, the results show that the
use of MRI, besides earlier detection of occult scaphoid fracture, can also exclude occult
fractures. This finding is also supported by the ACR [8]. However, MRI cannot confidently
exclude occult scaphoid fractures in this analysis, which is against the ACR document [8].
Some possibilities that may contribute to the discrepancies are the timing of imaging,
the sampling methodologies, and the protocol, which will be discussed in-depth in the
limitation section.

Despite numerous studies seemingly strengthening the argument for using earlier
MRI to detect hip and scaphoid fractures, most centres are still reluctant to do so. One study
finds that initial negative radiograph scaphoid fracture remains a persistent difficulty for the
United Kingdom (UK) National Health Service (NHS), as numerous pathways demanding
substantial resources rely on access to sophisticated imaging examinations. This difficulty
is due to the constrained availability of advanced imaging in UK Emergency Departments
for timely scanning of the scaphoid [120]. Numerous studies [5,121,122], including one
randomized clinical trial for scaphoid fractures [123], have found that MRI is more cost-
effective as compared to no further imaging or conventional follow-up radiographs for
scaphoid fractures or CT scans for hip fractures.

Ultrasound in occult hip and femoral fractures is interesting as the previous systematic
review excluded ultrasound as ultrasound was never used in clinical settings [39,124]. The
primary radiographic signs often include scaphoid cortical disruption (a direct indication),
radiocarpal fluid appearing hypoechoic due to hemarthrosis (with occasionally mixed
echogenicity based on blood degradation stage), and effusion in the scaphoid-trapezium-
trapezoid area (indirect indicators) [125]. The ACR appropriateness criteria also assign
ultrasonography as “Usually Not Appropriate” for occult scaphoid fractures [8]. However,
the assignment of this category is due to the lack of evidence, not due to evidence against
its use [125]. Although it is inferior to MRI, its performance against CT scan as a second
line is comparable, only falling short in the positive post-test probability department.
Furthermore, ultrasound is more widely available, non-ionizing, and does not require
special preparations (such as kidney function testing for contrast use in CT and MRI or
sedation in paediatric patients undergoing MRI) [126]. Not all centres can afford CT scans
or MRIs, and when they do, not all patients can afford them. Amongst all other imaging
modalities for occult scaphoid fractures, ultrasound is the only diagnostic tool that can both
exclude or confirm the fractures, with a low probability of publication bias. Although it is
riddled with a high heterogeneity index, the use of ultrasound in occult scaphoid fracture
merits further research.

The other imaging modalities mentioned in this analysis are CBCT and bone scan.
While a bone scan is extremely sensitive, it is too costly and not appropriate for an emer-
gency setting. Hence, it is not clinically viable and reflected in ACR appropriateness criteria
for both occult hip and scaphoid fractures [8,9]. It is also worth mentioning that our analysis
finds that bone scan has the lowest positive posterior probability and can neither confirm
nor exclude occult scaphoid fractures. There is a low probability of heterogeneity and pub-
lication bias, which strengthens the arguments for reserving bone scans only in very special
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cases of occult scaphoid fractures. The use of CBCT is an emerging topic in the orthopaedics
field. The main benefits compared to traditional CT lie in the fact that CBCT scanners
enable quicker, more precise, quasi-three-dimensional imaging with significantly reduced
radiation exposure, achieved through the utilization of smaller imaging devices [127]. It
is also cheaper compared to CT scans [128]. One population-based, case-control study in
France found that extremity CBCT in an emergency radiology department reduced the
overall radiation dose, leading to an accelerated turnover, and it was feasible with a level
of evidence of grade III [129]. The sentiment of the reduced dose is also expressed in
another study, where they found that wrist CBCT involves a notably reduced scattered
dose compared to wrist multi-sliced CT with similar diagnostic effectiveness. However, the
use of CBCT entails a notably increased scattered radiation dosage to the neck, chest, and
abdomen compared to scaphoid radiography from four views [130]. Similar to ultrasound,
more studies are needed before the widespread clinical use of CBCT in occult fractures.

This umbrella review and updated meta-analysis suffers from several limitations.
Firstly, there is a slight deviation in the protocol. Initially, the review aimed to include all
occult fractures from all anatomical sites. However, the authors found that the scaphoid
and hip are the two most extensive anatomical sites for occult fractures being studied, with
no other systematic reviews on other anatomical sites. There is one systematic review on
occult ankle fractures in the paediatric population, but further scrutiny found that not all
included fractures were occult fractures [131]. Secondly, publications on some imaging
modalities suffer from heterogeneity and publication bias. An attempt was made to meta-
regress the findings to possibly elucidate the source of heterogeneity. However, several
substantial missing data from the original publications made it difficult to uncover the
sources of heterogeneity. Some sources of heterogeneity may include study methodology,
the clinical context of the study (in-clinic vs. emergency department), study protocol (the
reference test of choice and when the next follow-up is), the pre-test probability of each
patient having occult fractures, the imaging protocols, and the number, experiences, and
expertise of the interpreters. The fourth limitation is that most of the included studies suffer
from some risk of bias, which may impede the clinical implementation of these imaging
modalities in diagnosing occult fractures. The fifth limitation lies in the fact that the results
of CBCT for occult scaphoid fractures and ultrasonography and bone scans for occult hip
and femoral fractures cannot be synthesized into a meta-analysis, unlike the previous
meta-analysis [38]. However, this limitation also underlines our strengths in reviewing
every single manuscript for the inclusion and exclusion criteria. Despite being more time-
consuming, our meta-analyses found that many primary articles that were previously
included under very similar inclusion and exclusion criteria ended up not fulfilling the
criteria. Lastly, despite a very thorough search, the stratification of evidence is still weak
for occult scaphoid fractures and only suggestive for occult hip and femoral fractures.

5. Conclusions

The quest to find the best imaging modality for occult fractures has not ended here.
Despite the limitations, our umbrella review and meta-analysis encompass the most recent
literature around occult scaphoid and hip and femoral fractures. The findings strengthen
the case for use of MRI after initially negative radiograph fracture for occult hip and
femoral fractures, with a CT scan as a viable second option. However, the evidence is only
suggestive at best. As for occult scaphoid fractures, MRI is still the first-line imaging choice
with CT scan being the second option and ultrasonography being a potential candidate that
needs further studies. Bone scans should be out of favour in detecting occult fractures and
it may be worthwhile to conduct further studies on ultrasound in the detection of occult
fractures. However, overall weak evidence for all imaging modalities of occult scaphoid
fractures means that more evidence is needed.

The adoption of multimodality imaging into the guidelines does not ensure clinical
translation. Although further large, prospective, multi-centre studies are welcomed, studies
that explore the clinical inertia of using MRI as a first-line imaging modality to occult frac-
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tures or studies that explore the challenges faced by hospitals, clinicians, and their workload
if all patients with occult fractures underwent MRI are also urgently needed. There is also
a need for analysis that investigates the adverse impact of overdiagnosis when MRI is
routinely implemented [132]. Lastly, although it seems intuitive that other modalities such
as fludeoxyglucose (FDG)—positron emission tomography (PET) scan [133,134], PET/CT,
PET/MRI scan [135], and single-photon emission computed tomography (SPECT) [136]
may not be used for occult fractures, studies will still need to be done to determine defini-
tively that these modalities are not needed in occult fractures or other indications and
justifications for their use.
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Table A1l. QUADAS-2 graphical representation of the risk-of-bias and concerns regarding applicability

of occult scaphoid fractures.
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Table A2. QUADAS-2 graphical representation of the risk-of-bias and concerns regarding applicability

of occult hip and femoral fractures.
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Table A2. Cont.

Risk of Bias Applicability Concerns

Study Patient Index Reference  Flow and Patient Index  Reference Conclusions

Selection Test Standard Timing Selection Test Standard
Lubovsky (2005) [88] ©) ©) ©) ©) ©) At risk of bias
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Lord (2017) [110] Low risk of bias
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Kutaiba (2020) [68] At risk of bias
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Reddy (2015) [69] © ® At risk of bias

® Low Risk; ® High Risk; ? Unclear Risk.

References

1. Ahn, JM.; El-Khoury, G.Y. Occult Fractures of Extremities. Radiol. Clin. North Am. 2007, 45, 561-579. [CrossRef] [PubMed]

2. Yin, Z.G.; Zhang, ].B.; Kan, S.L.; Wang, X.G. Diagnostic accuracy of imaging modalities for suspected scaphoid fractures:
Meta-analysis combined with latent class analysis. | Bone Jt. Surg Br. 2012, 94, 1077-1085. [CrossRef]

3. Busardo, FP; Frati, P.; Santurro, A.; Zaami, S.; Fineschi, V. Errors and malpractice lawsuits in radiology: What the radiologist
needs to know. Radiol. Med. 2015, 120, 779-784. [CrossRef]

4. Beloosesky, Y.; Hershkovitz, A.; Guz, A.; Golan, H.; Salai, M.; Weiss, A. Clinical characteristics and long-term mortality of occult
hip fracture elderly patients. Injury 2010, 41, 343-347. [CrossRef] [PubMed]

5. Yun, B.J.; Hunink, M.G.M.; Prabhakar, A.M.; Heng, M.; Liu, S.W.; Qudsi, R.; Raja, A.S. Diagnostic Imaging Strategies for Occult
Hip Fractures: A Decision and Cost-Effectiveness Analysis. Acad. Emerg. Med. 2016, 23, 1161-1169. [CrossRef] [PubMed]

6. Bulstra, A.E.J.; van Boxel, M.E; Crijns, T.J.; Kelly, J.; Obdeijn, M.C.; Kerkhoffs, G.M.M.].; Doornberg, ].N.; Ring, D.; Jaarsma,
R.L. Routine MRI Among Patients with a Suspected Scaphoid Fracture Risks Overdiagnosis. Clin. Orthop. Relat. Res. 2023, 481,
2309-2315. [CrossRef] [PubMed]

7.  Bernstein, J. Letter to the Editor: Routine MRI Among Patients with a Suspected Scaphoid Fracture Risks Overdiagnosis. Clin.
Orthop. Relat. Res. 2024. [CrossRef] [PubMed]

8.  Torabi, M.; Lenchik, L.; Beaman, F.D.; Wessell, D.E.; Bussell, ] K.; Cassidy, R.C.; Czuczman, G.J.; Demertzis, J.L.; Khurana, B.;
Klitzke, A.; et al. ACR Appropriateness Criteria® Acute Hand and Wrist Trauma. J. Am. Coll. Radiol. 2019, 16, S7-517. [CrossRef]
[PubMed]

9. Ross, AB,; Lee, K.S,; Chang, E.Y.; Amini, B.; Bussell, ] K.; Gorbachova, T.; Ha, A.S.; Khurana, B.; Klitzke, A.; Mooar, P.A.; et al.
ACR Appropriateness Criteria® Acute Hip Pain-Suspected Fracture. ]. Am. Coll. Radiol. 2019, 16, S18-5S25. [CrossRef] [PubMed]

10. Ouzzani, M.; Hammady, H.; Fedorowicz, Z.; Elmagarmid, A. Rayyan—A web and mobile app for systematic reviews. Syst. Rev.
2016, 5, 210. [CrossRef] [PubMed]


https://doi.org/10.1016/j.rcl.2007.04.008
https://www.ncbi.nlm.nih.gov/pubmed/17601509
https://doi.org/10.1302/0301-620X.94B8.28998
https://doi.org/10.1007/s11547-015-0561-x
https://doi.org/10.1016/j.injury.2009.08.017
https://www.ncbi.nlm.nih.gov/pubmed/19744653
https://doi.org/10.1111/acem.13026
https://www.ncbi.nlm.nih.gov/pubmed/27286291
https://doi.org/10.1097/CORR.0000000000002851
https://www.ncbi.nlm.nih.gov/pubmed/37707789
https://doi.org/10.1097/CORR.0000000000003050
https://www.ncbi.nlm.nih.gov/pubmed/38517400
https://doi.org/10.1016/j.jacr.2019.02.029
https://www.ncbi.nlm.nih.gov/pubmed/31054760
https://doi.org/10.1016/j.jacr.2019.02.028
https://www.ncbi.nlm.nih.gov/pubmed/31054744
https://doi.org/10.1186/s13643-016-0384-4
https://www.ncbi.nlm.nih.gov/pubmed/27919275

J. Clin. Med. 2024, 13, 3769 17 of 21

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Syst. Rev. 2021, 10, 89.
[CrossRef] [PubMed]

Salameh, J.P; Bossuyt, PM.; McGrath, T.A.; Thombs, B.D.; Hyde, C.J.; Macaskill, P.; Takwoingi, Y. Preferred reporting items for
systematic review and meta-analysis of diagnostic test accuracy studies (PRISMA-DTA): Explanation, elaboration, and checklist.
BM]J 2020, 370, m2632. [CrossRef] [PubMed]

Aromataris, E.; Fernandez, R.; Godfrey, C.M.; Holly, C.; Khalil, H.; Tungpunkom, P. Summarizing systematic reviews: Method-
ological development, conduct and reporting of an umbrella review approach. Int. |. Evid. Based Healthc. 2015, 13, 132-140.
[CrossRef] [PubMed]

Fusar-Poli, P.; Radua, J. Ten simple rules for conducting umbrella reviews. Evid. Based Ment. Health 2018, 21, 95-100. [CrossRef]
[PubMed]

Choi, G.J.; Kang, H. Introduction to Umbrella Reviews as a Useful Evidence-Based Practice. J. Lipid Atheroscler. 2023, 12, 3-11.
[CrossRef] [PubMed]

Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.; Moher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; et al.
AMSTAR 2: A critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare
interventions, or both. BMJ 2017, 358, j4008. [CrossRef] [PubMed]

Whiting, PF; Rutjes, A.W.S.; Westwood, M.E.; Mallett, S.; Deeks, ].].; Reitsma, J.B.; Leeflang, M.M.G.; Sterne, ]J.A.C.; Bossuyt,
PM.M.; QUADAS-2 Group. QUADAS-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern.
Med. 2011, 155, 529-536. [CrossRef] [PubMed]

Bracchiglione, J.; Meza, N.; Bangdiwala, S.I.; de Guzman, E.N.; Urrdtia, G.; Bonfill, X.; Madrid, E. Graphical Representation of
Overlap for OVErviews: GROOVE tool. Res. Synth. Methods 2022, 13, 381-388. [CrossRef] [PubMed]

Nyaga, V.N.; Arbyn, M.; Aerts, M. Metaprop: A Stata command to perform meta-analysis of binomial data. Arch. Public Health
2014, 72, 39. [CrossRef] [PubMed]

Borenstein, M. Research Note: In a meta-analysis, the I(2) index does not tell us how much the effect size varies across studies. J.
Physiother. 2020, 66, 135-139. [CrossRef] [PubMed]

Gao, J.; Yang, L.; Zhao, J.; Wang, L.; Zou, ].; Wang, C.; Fan, X. Comparison of problem-based learning and traditional teaching
methods in medical psychology education in China: A systematic review and meta-analysis. PLoS ONE 2020, 15, e0243897.
[CrossRef] [PubMed]

Page, M.; Higgins, J.; Sterne, J. Chapter 13: Assessing risk of bias due to missing results in a synthesis. In Cochrane Handbook for
Systematic Reviews of Interventions, 2nd ed.; Higgins, ].P.T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M.]., Welch, V.A,,
Eds.; John Wiley & Sons: Chichester, UK, 2019; pp. 349-374.

Begg, C.B.; Mazumdar, M. Operating characteristics of a rank correlation test for publication bias. Biometrics 1994, 50, 1088-1101.
[CrossRef] [PubMed]

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BM] 1997, 315, 629.
[CrossRef] [PubMed]

Duval, S.; Tweedie, R. Trim and fill: A simple funnel-plot-based method of testing and adjusting for publication bias in
meta-analysis. Biometrics 2000, 56, 455-463. [CrossRef] [PubMed]

Deeks, ].J.; Higgins, ].P.T.; Altman, D.G. Chapter 10: Analysing data and undertaking meta-analyses. In Cochrane handbook for
Systematic Reviews of Interventions, 2nd ed.; Higgins, ].PT., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M.]., Welch, V.A,,
Eds.; John Wiley & Sons: Chichester, UK, 2019; pp. 241-284.

MedCalc Software Ltd. Diagnostic Test Evaluation Calculator (Version 22.016). 2023. Available online: https://www.medcalc.
org/calc/diagnostic_test.php (accessed on 29 December 2023).

Reitsma, J.B.; Glas, A.S.; Rutjes, A.W.; Scholten, R.J.; Bossuyt, PM.; Zwinderman, A.H. Bivariate analysis of sensitivity and
specificity produces informative summary measures in diagnostic reviews. J. Clin. Epidemiol. 2005, 58, 982-990. [CrossRef]
[PubMed]

Rutter, C.M.; Gatsonis, C.A. A hierarchical regression approach to meta-analysis of diagnostic test accuracy evaluations. Stat.
Med. 2001, 20, 2865-2884. [CrossRef] [PubMed]

Lee, Y.H. Overview of the Process of Conducting Meta-analyses of the Diagnostic Test Accuracy. J. Rheum. Dis. 2018, 25, 3-10.
[CrossRef]

Higgins, ].P; Thompson, 5.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539-1558. [CrossRef] [PubMed]
Stengel, D.; Bauwens, K.; Sehouli, J.; Ekkernkamp, A.; Porzsolt, F. A likelihood ratio approach to meta-analysis of diagnostic
studies. J. Med. Screen. 2003, 10, 47-51. [CrossRef]

Li, J.; Fine, J.P.; Safdar, N. Prevalence-dependent diagnostic accuracy measures. Stat. Med. 2007, 26, 3258-3273. [CrossRef]
[PubMed]

Dwamena, B.; Sylvester, R.; Carlos, R.C. MIDAS: Stata module for meta-analytical integration of diagnostic test accuracy studies.
Stata J. 2007, 12, 605-622.

Chatha, H.; Ullah, S.; Cheema, Z. Review article: Magnetic resonance imaging and computed tomography in the diagnosis of
occult proximal femur fractures. J. Orthop. Surg. 2011, 19, 99-103. [CrossRef] [PubMed]


https://doi.org/10.1186/s13643-021-01626-4
https://www.ncbi.nlm.nih.gov/pubmed/33781348
https://doi.org/10.1136/bmj.m2632
https://www.ncbi.nlm.nih.gov/pubmed/32816740
https://doi.org/10.1097/XEB.0000000000000055
https://www.ncbi.nlm.nih.gov/pubmed/26360830
https://doi.org/10.1136/ebmental-2018-300014
https://www.ncbi.nlm.nih.gov/pubmed/30006442
https://doi.org/10.12997/jla.2023.12.1.3
https://www.ncbi.nlm.nih.gov/pubmed/36761061
https://doi.org/10.1136/bmj.j4008
https://www.ncbi.nlm.nih.gov/pubmed/28935701
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://www.ncbi.nlm.nih.gov/pubmed/22007046
https://doi.org/10.1002/jrsm.1557
https://www.ncbi.nlm.nih.gov/pubmed/35278030
https://doi.org/10.1186/2049-3258-72-39
https://www.ncbi.nlm.nih.gov/pubmed/25810908
https://doi.org/10.1016/j.jphys.2020.02.011
https://www.ncbi.nlm.nih.gov/pubmed/32307309
https://doi.org/10.1371/journal.pone.0243897
https://www.ncbi.nlm.nih.gov/pubmed/33315939
https://doi.org/10.2307/2533446
https://www.ncbi.nlm.nih.gov/pubmed/7786990
https://doi.org/10.1136/bmj.315.7109.629
https://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://www.ncbi.nlm.nih.gov/pubmed/10877304
https://www.medcalc.org/calc/diagnostic_test.php
https://www.medcalc.org/calc/diagnostic_test.php
https://doi.org/10.1016/j.jclinepi.2005.02.022
https://www.ncbi.nlm.nih.gov/pubmed/16168343
https://doi.org/10.1002/sim.942
https://www.ncbi.nlm.nih.gov/pubmed/11568945
https://doi.org/10.4078/jrd.2018.25.1.3
https://doi.org/10.1002/sim.1186
https://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1258/096914103321610806
https://doi.org/10.1002/sim.2812
https://www.ncbi.nlm.nih.gov/pubmed/17212380
https://doi.org/10.1177/230949901101900123
https://www.ncbi.nlm.nih.gov/pubmed/21519088

J. Clin. Med. 2024, 13, 3769 18 of 21

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kellock, T.T.; Khurana, B.; Mandell, J.C. Diagnostic Performance of CT for Occult Proximal Femoral Fractures: A Systematic
Review and Meta-Analysis. AJR Am. ]. Roentgenol. 2019, 213, 1324-1330. [CrossRef] [PubMed]

Wilson, M.P,; Nobbee, D.; Murad, M.H.; Dhillon, S.; McInnes, M.D.E,; Katlariwala, P.; Low, G. Diagnostic Accuracy of Limited MRI
Protocols for Detecting Radiographically Occult Hip Fractures: A Systematic Review and Meta-Analysis. AJR Am. ]. Roentgenol.
2020, 215, 559-567. [CrossRef] [PubMed]

Haj-Mirzaian, A.; Eng, J.; Khorasani, R.; Raja, A.S.; Levin, A.S.; Smith, S.E.; Johnson, P.T.; Demehri, S. Use of Advanced Imaging
for Radiographically Occult Hip Fracture in Elderly Patients: A Systematic Review and Meta-Analysis. Radiology 2020, 296,
521-531. [CrossRef] [PubMed]

Mallee, W.H.; Wang, J.; Poolman, R.W.; Kloen, P.; Maas, M.; de Vet, H.C.; Doornberg, ].N. Computed tomography versus
magnetic resonance imaging versus bone scintigraphy for clinically suspected scaphoid fractures in patients with negative plain
radiographs. Cochrane Database Syst. Rev. 2015. [CrossRef] [PubMed]

Kwee, R M.; Kwee, T.C. Ultrasound for diagnosing radiographically occult scaphoid fracture. Skelet. Radiol. 2018, 47, 1205-1212.
[CrossRef]

Xie, C.; Ather, S.; Mansour, R.; Gleeson, F; Chowdhury, R. Dual-energy CT in the diagnosis of occult acute scaphoid injury: A
direct comparison with MRI. Eur. Radiol. 2021, 31, 3610-3615. [CrossRef] [PubMed]

Kitsis, C.; Taylor, M.; Chandey, J.; Smith, R.; Latham, J.; Turner, S.; Wade, P. Imaging the problem scaphoid. Injury 1998, 29,
515-520. [CrossRef] [PubMed]

Thorpe, A.P; Murray, A.D.; Smith, EW,; Ferguson, J. Clinically suspected scaphoid fracture: A comparison of magnetic resonance
imaging and bone scintigraphy. Br. ]. Radiol. 1996, 69, 109-113. [CrossRef] [PubMed]

Fowler, C.; Sullivan, B.; Williams, L.A.; McCarthy, G.; Savage, R.; Palmer, A. A comparison of bone scintigraphy and MRI in the
early diagnosis of the occult scaphoid waist fracture. Skelet. Radiol. 1998, 27, 683-687. [CrossRef] [PubMed]

Hodgkinson, D.W.; Nicholson, D.A.; Stewart, G.; Sheridan, M.; Hughes, P. Scaphoid fracture: A new method of assessment. Clin.
Radiol. 1993, 48, 398-401. [CrossRef] [PubMed]

Yildirim, A.; Unliier, E.E.; Vandenberk, N.; Karagtz, A. The role of bedside ultrasonography for occult scaphoid fractures in the
emergency department. Ulus. Travma Acil. Cerrahi. Derg. 2013, 19, 241-245. [CrossRef] [PubMed]

Platon, A.; Poletti, P.-A.; Van Aaken, J.; Fusetti, C.; Della Santa, D.; Beaulieu, J.-Y.; Becker, C.D. Occult fractures of the scaphoid:
The role of ultrasonography in the emergency department. Skelet. Radiol. 2011, 40, 869-875. [CrossRef] [PubMed]

Fusetti, C.; A Poletti, P.; Pradel, PH.; Garavaglia, G.; Platon, A.; Della Santa, D.R.; Bianchi, S. Diagnosis of occult scaphoid fracture
with high-spatial-resolution sonography: A prospective blind study. J. Trauma 2005, 59, 677-681. [PubMed]

Senall, J.A,; Failla, ].M.; Bouffard, J.A.; van Holsbeeck, M. Ultrasound for the early diagnosis of clinically suspected scaphoid
fracture. J. Hand Surg. Am. 2004, 29, 400-405. [CrossRef] [PubMed]

Hauger, O.; Bonnefoy, O.; Moinard, M.; Bersani, D.; Diard, F. Occult fractures of the waist of the scaphoid: Early diagnosis by
high-spatial-resolution sonography. AJR Am. |. Roentgenol. 2002, 178, 1239-1245. [CrossRef] [PubMed]

Herneth, A.M.; Siegmeth, A.; Bader, T.R.; Ba-Ssalamah, A.; Lechner, G.; Metz, V.M.; Grabenwoeger, F. Scaphoid fractures:
Evaluation with high-spatial-resolution US initial results. Radiology 2001, 220, 231-235. [CrossRef] [PubMed]

de Zwart, A.; Rhemrev, S.J.; Kingma, L.M.; Meylaerts, S.A.; Arndt, ].-W.; Schipper, I.B.; Beeres, E]J. Early CT compared with bone
scintigraphy in suspected schapoid fractures. Clin. Nucl. Med. 2012, 37, 981. [CrossRef]

Ilica, A.T.; Ozyurek, S.; Kose, O.; Durusu, M. Diagnostic accuracy of multidetector computed tomography for patients with
suspected scaphoid fractures and negative radiographic examinations. Jpn. J. Radiol. 2011, 29, 98-103. [CrossRef] [PubMed]
Mallee, W.; Doornberg, ].N.; Ring, D.; van Dijk, C.N.; Maas, M.; Goslings, ].C. Comparison of CT and MRI for diagnosis of
suspected scaphoid fractures. . Bone Jt. Surg. Am. 2011, 93, 20-28. [CrossRef] [PubMed]

Memarsadeghi, M.; Breitenseher, M.].; Schaefer-Prokop, C.; Weber, M.; Aldrian, S.; Gabler, C.; Prokop, M. Occult scaphoid
fractures: Comparison of multidetector CT and MR imaging--initial experience. Radiology 2006, 240, 169-176. [CrossRef] [PubMed]
Beeres, EJ.; Rhemrev, SJ.; den Hollander, P.; Kingma, L.M.; Meylaerts, S.A.; le Cessie, S.; Bartlema, K.A.; Hamming, J.F;
Hogervorst, M. Early magnetic resonance imaging compared with bone scintigraphy in suspected scaphoid fractures. J. Bone Jt.
Surg. Br. 2008, 90, 1205-1209. [CrossRef] [PubMed]

Breitenseher, M.].; Metz, V.M.; A Gilula, L.; Gaebler, C.; Kukla, C.; Fleischmann, D.; Imhof, H.; Trattnig, S. Radiographically occult
scaphoid fractures: Value of MR imaging in detection. Radiology 1997, 203, 245-250. [CrossRef] [PubMed]

Tiel-van Buul, M.M.; Roolker, W.; Verbeeten, B.W.; Broekhuizen, A.H. Magnetic resonance imaging versus bone scintigraphy in
suspected scaphoid fracture. Eur. |. Nucl. Med. 1996, 23, 971-975. [CrossRef] [PubMed]

Tiel-van Buul, M.M.; van Beek, E.J.; Broekhuizen, A.H.; Bakker, A.J.; Bos, K.E.; van Royen, E.A. Radiography and scintigraphy of
suspected scaphoid fracture. A long-term study in 160 patients. J. Bone Jt. Surg. Br. 1993, 75, 61-65. [CrossRef] [PubMed]
Stordahl, A.; Schjeth, A.; Woxholt, G.; Fjermeros, H. Bone scanning of fractures of the scaphoid. J. Hand Surg. Br. 1984, 9, 189-190.
[CrossRef] [PubMed]

O’Carroll, P.E; Doyle, J.; Duffy, G. Radiography and scintigraphy in the diagnosis of carpal scaphoid fractures. Ir. . Med. Sci.
1982, 151, 211-213. [CrossRef] [PubMed]

Nielsen, P.T.; Hedeboe, J.; Thommesen, P. Bone scintigraphy in the evaluation of fracture of the carpal scaphoid bone. Acta Orthop.
Scand. 1983, 54, 303-306. [CrossRef]


https://doi.org/10.2214/AJR.19.21510
https://www.ncbi.nlm.nih.gov/pubmed/31461322
https://doi.org/10.2214/AJR.19.22676
https://www.ncbi.nlm.nih.gov/pubmed/32755182
https://doi.org/10.1148/radiol.2020192167
https://www.ncbi.nlm.nih.gov/pubmed/32633673
https://doi.org/10.1002/14651858.CD010023.pub2
https://www.ncbi.nlm.nih.gov/pubmed/26045406
https://doi.org/10.1007/s00256-018-2931-7
https://doi.org/10.1007/s00330-020-07604-z
https://www.ncbi.nlm.nih.gov/pubmed/33341908
https://doi.org/10.1016/S0020-1383(98)00115-6
https://www.ncbi.nlm.nih.gov/pubmed/10193493
https://doi.org/10.1259/0007-1285-69-818-109
https://www.ncbi.nlm.nih.gov/pubmed/8785636
https://doi.org/10.1007/s002560050459
https://www.ncbi.nlm.nih.gov/pubmed/9921930
https://doi.org/10.1016/S0009-9260(05)81108-0
https://www.ncbi.nlm.nih.gov/pubmed/8293645
https://doi.org/10.5505/tjtes.2013.64927
https://www.ncbi.nlm.nih.gov/pubmed/23720112
https://doi.org/10.1007/s00256-010-1086-y
https://www.ncbi.nlm.nih.gov/pubmed/21197533
https://www.ncbi.nlm.nih.gov/pubmed/16361912
https://doi.org/10.1016/j.jhsa.2003.12.012
https://www.ncbi.nlm.nih.gov/pubmed/15140480
https://doi.org/10.2214/ajr.178.5.1781239
https://www.ncbi.nlm.nih.gov/pubmed/11959740
https://doi.org/10.1148/radiology.220.1.r01jl15231
https://www.ncbi.nlm.nih.gov/pubmed/11426003
https://doi.org/10.1097/RLU.0b013e31826382cd
https://doi.org/10.1007/s11604-010-0520-3
https://www.ncbi.nlm.nih.gov/pubmed/21359934
https://doi.org/10.2106/JBJS.I.01523
https://www.ncbi.nlm.nih.gov/pubmed/21209265
https://doi.org/10.1148/radiol.2401050412
https://www.ncbi.nlm.nih.gov/pubmed/16793977
https://doi.org/10.1302/0301-620X.90B9.20341
https://www.ncbi.nlm.nih.gov/pubmed/18757961
https://doi.org/10.1148/radiology.203.1.9122402
https://www.ncbi.nlm.nih.gov/pubmed/9122402
https://doi.org/10.1007/BF01084373
https://www.ncbi.nlm.nih.gov/pubmed/8753688
https://doi.org/10.1302/0301-620X.75B1.8421037
https://www.ncbi.nlm.nih.gov/pubmed/8421037
https://doi.org/10.1016/S0266-7681(84)80027-3
https://www.ncbi.nlm.nih.gov/pubmed/6747427
https://doi.org/10.1007/BF02940182
https://www.ncbi.nlm.nih.gov/pubmed/7129827
https://doi.org/10.3109/17453678308996574

J. Clin. Med. 2024, 13, 3769 19 of 21

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Borel, C.; Larbi, A.; Delclaux, S.; Lapegue, F.; Chiavassa-Gandois, H.; Sans, N.; Faruch-Bilfeld, M. Diagnostic value of cone beam
computed tomography (CBCT) in occult scaphoid and wrist fractures. Eur. ]. Radiol. 2017, 97, 59-64. [CrossRef] [PubMed]
Edlund, R.; Skorpil, M.; Lapidus, G.; Backlund, J. Cone-Beam CT in diagnosis of scaphoid fractures. Skelet. Radiol. 2016, 45,
197-204. [CrossRef] [PubMed]

Lanotte, S.J.; Larbi, A.; Michoux, N.; Baron, M.-P.; Hamard, A.; Mourad, C.; Malghem, J.; Cyteval, C.; Berg, B.C.V. Value of CT
to detect radiographically occult injuries of the proximal femur in elderly patients after low-energy trauma: Determination of
non-inferiority margins of CT in comparison with MRI. Eur. Radiol. 2020, 30, 1113-1126. [CrossRef] [PubMed]

Haims, A.H.; Wang, A.; Yoo, B.J.; Porrino, J. Negative predictive value of CT for occult fractures of the hip and pelvis with
imaging follow-up. Emerg Radiol. 2021, 28, 259-264. [CrossRef] [PubMed]

Tsukamoto, H.; Kijima, H.; Saito, K.; Saito, H.; Miyakoshi, N. Diagnostic accuracy of ultrasonography for occult femoral neck
fracture. J. Clin. Orthop. Trauma 2023, 36, 102087. [CrossRef] [PubMed]

Kutaiba, N.; Lamanna, A.; Malara, F,; Yap, L.P. Use of computed tomography and magnetic resonance imaging for occult neck of
femur fractures: A single-centre study. Emerg. Med. Australas. 2020, 32, 980-985. [CrossRef] [PubMed]

Reddy, T.; McLaughlin, PD.; Mallinson, PI; Reagan, A.C.; Munk, P.L.; Nicolaou, S.; Ouellette, H.A. Detection of occult,
undisplaced hip fractures with a dual-energy CT algorithm targeted to detection of bone marrow edema. Emerg. Radiol. 2015, 22,
25-29. [CrossRef] [PubMed]

Collin, D.; Geijer, M.; Géthlin, J.H. Computed tomography compared to magnetic resonance imaging in occult or suspect hip
fractures. A retrospective study in 44 patients. Eur. Radiol. 2016, 26, 3932-3938. [CrossRef]

Collin, D.; G6thlin, J.H.; Nilsson, M.; Hellstrom, M.; Geijer, M. Added value of interpreter experience in occult and suspect hip
fractures: A retrospective analysis of 254 patients. Emerg. Radiol. 2016, 23, 229-234. [CrossRef] [PubMed]

Collin, D.; Geijer, M.; Gothlin, ].H. Prevalence of exclusively and concomitant pelvic fractures at magnetic resonance imaging of
suspect and occult hip fractures. Emerg. Radiol. 2016, 23, 17-21. [CrossRef] [PubMed]

Safran, O.; Goldman, V.; Applbaum, Y.; Milgrom, C.; Bloom, R.; Peyser, A.; Kisselgoff, D. Posttraumatic painful hip: Sonography
as a screening test for occult hip fractures. J. Ultrasound Med. 2009, 28, 1447-1452. [CrossRef] [PubMed]

Rubin, S.J.; Marquardt, ].D.; Gottlieb, R.H.; Meyers, S.P.; Totterman, S.M.; O’'Mara, R.E. Magnetic resonance imaging: A cost-
effective alternative to bone scintigraphy in the evaluation of patients with suspected hip fractures. Skelet. Radiol. 1998, 27,
199-204. [CrossRef]

Evans, P.D.; Wilson, C.; Lyons, K. Comparison of MRI with bone scanning for suspected hip fracture in elderly patients. J. Bone Jt.
Surg Br. 1994, 76, 158-159. [CrossRef]

Rizzo, P.F; Gould, E.S; Lyden, ].P; Asnis, S.E. Diagnosis of occult fractures about the hip. Magnetic resonance imaging compared
with bone-scanning. JBJS 1993, 75, 395-401. [CrossRef]

Gill, SK.; Smith, J.; Fox, R.; Chesser, T.]J. Investigation of occult hip fractures: The use of CT and MRI. Sci. World J. 2013, 2013,
830319. [CrossRef]

Rehman, H.; Clement, R.G.; Perks, E; White, T.O. Imaging of occult hip fractures: CT or MRI? Injury 2016, 47, 1297-1301.
[CrossRef]

Geijer, M.; Dunker, D.; Collin, D.; G6thlin, J.H. Bone bruise, lipohemarthrosis, and joint effusion in CT of non-displaced hip
fracture. Acta Radiol. 2012, 53, 197-202. [CrossRef]

Dunker, D.; Collin, D.; Géthlin, J.H.; Geijer, M. High clinical utility of computed tomography compared to radiography in elderly
patients with occult hip fracture after low-energy trauma. Emerg. Radiol. 2012, 19, 135-139. [CrossRef] [PubMed]

Heikal, S.; Riou, P.; Jones, L. The use of computed tomography in identifying radiologically occult hip fractures in the elderly.
Ann. R Coll. Surg. Engl. 2014, 96, 234-237. [CrossRef] [PubMed]

Haubro, M.; Stougaard, C.; Torfing, T.; Overgaard, S. Sensitivity and specificity of CT- and MRI-scanning in evaluation of occult
fracture of the proximal femur. Injury 2015, 46, 1557-1561. [CrossRef]

Deleanu, B.; Prejbeanu, R.; Tsiridis, E.; Vermesan, D.; Crisan, D.; Haragus, H.; Predescu, V.; Birsasteanu, F. Occult fractures of the
proximal femur: Imaging diagnosis and management of 82 cases in a regional trauma center. World |. Emerg. Surg. 2015, 10, 55.
[CrossRef] [PubMed]

Sadozai, Z.; Davies, R.; Warner, J. The sensitivity of ct scans in diagnosing occult femoral neck fractures. Injury 2016, 47, 2769-2771.
[CrossRef] [PubMed]

Thomas, R.W.; Williams, H.L.; Carpenter, E.C.; Lyons, K. The validity of investigating occult hip fractures using multidetector CT.
Br. . Radiol. 2016, 89, 20150250. [CrossRef] [PubMed]

Mandell, J.C.; Weaver, M.].; Khurana, B. Computed tomography for occult fractures of the proximal femur, pelvis, and sacrum in
clinical practice: Single institution, dual-site experience. Emerg. Radiol. 2018, 25, 265-273. [CrossRef] [PubMed]

Heynen, B.; Tamigneaux, C.; Pasoglou, V.; Malghem, J.; Vande Berg, B.; Kirchgesner, T. MRI detection of radiographically occult
fractures of the hip and pelvis in the elderly: Comparison of T2-weighted Dixon sequence with T1-weighted and STIR sequences.
Diagn. Interv. Imaging 2019, 100, 169-175. [CrossRef] [PubMed]

Lubovsky, O.; Liebergall, M.; Mattan, Y.; Weil, Y.; Mosheiff, R. Early diagnosis of occult hip fractures MRI versus CT scan. Injury
2005, 36, 788-792. [CrossRef] [PubMed]

Deutsch, A.L.; Mink, ].H.; Waxman, A.D. Occult fractures of the proximal femur: MR imaging. Radiology 1989, 170, 113-116.
[CrossRef] [PubMed]


https://doi.org/10.1016/j.ejrad.2017.10.010
https://www.ncbi.nlm.nih.gov/pubmed/29153368
https://doi.org/10.1007/s00256-015-2290-6
https://www.ncbi.nlm.nih.gov/pubmed/26563560
https://doi.org/10.1007/s00330-019-06387-2
https://www.ncbi.nlm.nih.gov/pubmed/31650264
https://doi.org/10.1007/s10140-020-01834-w
https://www.ncbi.nlm.nih.gov/pubmed/32844321
https://doi.org/10.1016/j.jcot.2022.102087
https://www.ncbi.nlm.nih.gov/pubmed/36570856
https://doi.org/10.1111/1742-6723.13524
https://www.ncbi.nlm.nih.gov/pubmed/32358927
https://doi.org/10.1007/s10140-014-1249-6
https://www.ncbi.nlm.nih.gov/pubmed/24985783
https://doi.org/10.1007/s00330-015-4189-y
https://doi.org/10.1007/s10140-016-1385-2
https://www.ncbi.nlm.nih.gov/pubmed/26914806
https://doi.org/10.1007/s10140-015-1350-5
https://www.ncbi.nlm.nih.gov/pubmed/26432694
https://doi.org/10.7863/jum.2009.28.11.1447
https://www.ncbi.nlm.nih.gov/pubmed/19854958
https://doi.org/10.1007/s002560050365
https://doi.org/10.1302/0301-620X.76B1.8300666
https://doi.org/10.2106/00004623-199303000-00011
https://doi.org/10.1155/2013/830319
https://doi.org/10.1016/j.injury.2016.02.020
https://doi.org/10.1258/ar.2011.110466
https://doi.org/10.1007/s10140-011-1009-9
https://www.ncbi.nlm.nih.gov/pubmed/22173818
https://doi.org/10.1308/003588414X13824511650533
https://www.ncbi.nlm.nih.gov/pubmed/24780791
https://doi.org/10.1016/j.injury.2015.05.006
https://doi.org/10.1186/s13017-015-0049-y
https://www.ncbi.nlm.nih.gov/pubmed/26587053
https://doi.org/10.1016/j.injury.2016.10.019
https://www.ncbi.nlm.nih.gov/pubmed/27771042
https://doi.org/10.1259/bjr.20150250
https://www.ncbi.nlm.nih.gov/pubmed/26838948
https://doi.org/10.1007/s10140-018-1580-4
https://www.ncbi.nlm.nih.gov/pubmed/29327108
https://doi.org/10.1016/j.diii.2018.11.008
https://www.ncbi.nlm.nih.gov/pubmed/30573350
https://doi.org/10.1016/j.injury.2005.01.024
https://www.ncbi.nlm.nih.gov/pubmed/15910835
https://doi.org/10.1148/radiology.170.1.2909083
https://www.ncbi.nlm.nih.gov/pubmed/2909083

J. Clin. Med. 2024, 13, 3769 20 of 21

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Quinn, S.E; McCarthy, ].L. Prospective evaluation of patients with suspected hip fracture and indeterminate radiographs: Use of
T1-weighted MR images. Radiology 1993, 187, 469-471. [CrossRef] [PubMed]

Haramati, N.; Staron, R.B.; Barax, C.; Feldman, F. Magnetic resonance imaging of occult fractures of the proximal femur. Skelet.
Radiol. 1994, 23, 19-22. [CrossRef] [PubMed]

Bogost, G.A.; Lizerbram, E.K.; Crues, J.V., IIl. MR imaging in evaluation of suspected hip fracture: Frequency of unsuspected
bone and soft-tissue injury. Radiology 1995, 197, 263-267. [CrossRef] [PubMed]

Stiris, M.G.; Lilleds, EG. MR findings in cases of suspected impacted fracture of the femoral neck. Acta. Radiol. 1997, 38, 863-866.
[CrossRef] [PubMed]

Pandey, R.; McNally, E.; Ali, A.; Bulstrode, C. The role of MRI in the diagnosis of occult hip fractures. Injury 1998, 29, 61-63.
[CrossRef] [PubMed]

Lim, K.B.; Eng, AK.; Chng, S.M.; Tan, A.G.; Thoo, FL.; Low, C.O. Limited magnetic resonance imaging (MRI) and the occult hip
fracture. Ann. Acad. Med. Singap. 2002, 31, 607-610. [PubMed]

Oka, M.; Monu, J.U. Prevalence and patterns of occult hip fractures and mimics revealed by MRI. AJR Am. ]. Roentgenol. 2004, 182,
283-288. [CrossRef] [PubMed]

Galloway, H.R.; Meikle, G.R.; Despois, M. Patterns of injury in patients with radiographic occult fracture of neck of femur as
determined by magnetic resonance imaging. Australas. Radiol. 2004, 48, 21-24. [CrossRef] [PubMed]

Lee, Y.P; Griffith, J.F.; Antonio, G.E.; Tang, N.; Leung, K.S. Early magnetic resonance imaging of radiographically occult
osteoporotic fractures of the femoral neck. Hong Kong Med. J. 2004, 10, 271-275.

Alam, A.; Willett, K.; Ostlere, S. The MRI diagnosis and management of incomplete intertrochanteric fractures of the femur. J.
Bone Jt. Surg. Br. 2005, 87, 1253-1255. [CrossRef] [PubMed]

Frihagen, F.; Nordsletten, L.; Tariq, R.; Madsen, J.E. MRI diagnosis of occult hip fractures. Acta Orthop. 2005, 76, 524-530.
[CrossRef] [PubMed]

Verbeeten, K.M.; Hermann, K.L.; Hasselqvist, M.; Lausten, G.S.; Joergensen, P; Jensen, C.M.; Thomsen, H.S. The advantages of
MRI in the detection of occult hip fractures. Eur. Radiol. 2005, 15, 165-169. [CrossRef] [PubMed]

Dominguez, S.; Liu, P; Roberts, C.; Mandell, M.; Richman, P.B. Prevalence of traumatic hip and pelvic fractures in patients with
suspected hip fracture and negative initial standard radiographs--a study of emergency department patients. Acad. Emerg. Med.
2005, 12, 366-369. [CrossRef] [PubMed]

Chana, R.; Noorani, A.; Ashwood, N.; Chatterji, U.; Healy, ].; Baird, P. The role of MRI in the diagnosis of proximal femoral
fractures in the elderly. Injury 2006, 37, 185-189. [CrossRef] [PubMed]

Hossain, M.; Barwick, C.; Sinha, A K.; Andrew, J.G. Is magnetic resonance imaging (MRI) necessary to exclude occult hip fracture?
Injury 2007, 38, 1204-1208. [CrossRef] [PubMed]

Sankey, R.A.; Turner, ].; Lee, J.; Healy, J.; Gibbons, C.E. The use of MRI to detect occult fractures of the proximal femur: A study of
102 consecutive cases over a ten-year period. J. Bone Jt. Surg. Br. 2009, 91, 1064-1068. [CrossRef] [PubMed]

Szewczyk-Bieda, M.; Thomas, N.; Oliver, T.B. Radiographically occult femoral and pelvic fractures are not mutually exclusive: A
review of fractures detected by MRI following low-energy trauma. Skelet. Radiol. 2012, 41, 1127-1132. [CrossRef] [PubMed]
Iwata, T.; Nozawa, S.; Dohjima, T.; Yamamoto, T.; Ishimaru, D.; Tsugita, M.; Maeda, M.; Shimizu, K. The value of T1-weighted
coronal MRI scans in diagnosing occult fracture of the hip. J. Bone Jt. Surg. Br. 2012, 94, 969-973. [CrossRef] [PubMed]

Ohishi, T.; Ito, T.; Suzuki, D.; Banno, T.; Honda, Y. Occult hip and pelvic fractures and accompanying muscle injuries around the
hip. Arch. Orthop. Trauma Surg. 2012, 132, 105-112. [CrossRef]

Lakshmanan, P.; Sharma, A.; Lyons, K.; Peehal, ].P. Are occult fractures of the hip and pelvic ring mutually exclusive? J. Bone Jt.
Surg. Br. 2007, 89, 1344-1346. [CrossRef] [PubMed]

Lord, C.; Leach, S.; Skiadas, V.T. (Eds.) MRI for suspected hip fracture: How many sequences are enough? ESSR 2017, 2017.
[CrossRef]

Ross, A.B.; Chan, B.Y,; Yi, PH.; Repplinger, M.D.; Vanness, D.].; Lee, K.S. Diagnostic accuracy of an abbreviated MRI protocol for
detecting radiographically occult hip and pelvis fractures in the elderly. Skelet. Radiol. 2019, 48, 103-108. [CrossRef] [PubMed]
Turan, A.; Kose, O.; Aktan, C.; Unal, M.; Acar, B.; Sindel, M. Radiographic analysis of anatomic risk factors for scaphoid fractures;
A case-control study. Clin. Imaging 2018, 51, 341-346. [CrossRef]

Wiklund, R.; Toots, A.; Conradsson, M.; Olofsson, B.; Holmberg, H.; Rosendahl, E.; Gustafson, Y.; Littbrand, H. Risk factors for
hip fracture in very old people: A population-based study. Osteoporos. Int. 2016, 27, 923-931. [CrossRef]

Oztiirk, A.; Ozkan, Y.; Akgoz, S.; Yalcyn, N.; Ozdemir, R.M.; Aykut, S. The risk factors for mortality in elderly patients with hip
fractures: Postoperative one-year results. Singap. Med. |. 2010, 51, 137-143.

Wells, M.E.; Nicholson, T.C.; Macias, R.A.; Nesti, L.J.; Dunn, J.C. Incidence of Scaphoid Fractures and Associated Injuries at US
Trauma Centers. |. Wrist Surg. 2021, 10, 123-128. [CrossRef] [PubMed]

Trevethan, R. Sensitivity, Specificity, and Predictive Values: Foundations, Pliabilities, and Pitfalls in Research and Practice. Front.
Public Health 2017, 5, 308890. [CrossRef] [PubMed]

Trikalinos, T.A.; Balion, C.M.; Coleman, C.I; Griffith, L.; Santaguida, P.L.; Vandermeer, B.; Fu, R. Chapter 8: Meta-analysis of test
performance when there is a “gold standard”. J. Gen. Intern. Med. 2012, 27 (Suppl. 1), S56-S66. [CrossRef] [PubMed]

Leeflang, M.M.; Bossuyt, PM.; Irwig, L. Diagnostic test accuracy may vary with prevalence: Implications for evidence-based
diagnosis. J. Clin. Epidemiol. 2009, 62, 5-12. [CrossRef] [PubMed]


https://doi.org/10.1148/radiology.187.2.8475292
https://www.ncbi.nlm.nih.gov/pubmed/8475292
https://doi.org/10.1007/BF00203696
https://www.ncbi.nlm.nih.gov/pubmed/8160031
https://doi.org/10.1148/radiology.197.1.7568834
https://www.ncbi.nlm.nih.gov/pubmed/7568834
https://doi.org/10.1080/02841859709172425
https://www.ncbi.nlm.nih.gov/pubmed/9332245
https://doi.org/10.1016/S0020-1383(97)00165-4
https://www.ncbi.nlm.nih.gov/pubmed/9659484
https://www.ncbi.nlm.nih.gov/pubmed/12395646
https://doi.org/10.2214/ajr.182.2.1820283
https://www.ncbi.nlm.nih.gov/pubmed/14736647
https://doi.org/10.1111/j.1440-1673.2004.01236.x
https://www.ncbi.nlm.nih.gov/pubmed/15027916
https://doi.org/10.1302/0301-620X.87B9.16558
https://www.ncbi.nlm.nih.gov/pubmed/16129752
https://doi.org/10.1080/17453670510041510
https://www.ncbi.nlm.nih.gov/pubmed/16195069
https://doi.org/10.1007/s00330-004-2421-2
https://www.ncbi.nlm.nih.gov/pubmed/15647955
https://doi.org/10.1197/j.aem.2004.10.024
https://www.ncbi.nlm.nih.gov/pubmed/15805330
https://doi.org/10.1016/j.injury.2005.07.012
https://www.ncbi.nlm.nih.gov/pubmed/16249001
https://doi.org/10.1016/j.injury.2007.04.023
https://www.ncbi.nlm.nih.gov/pubmed/17880973
https://doi.org/10.1302/0301-620X.91B8.21959
https://www.ncbi.nlm.nih.gov/pubmed/19651835
https://doi.org/10.1007/s00256-012-1362-0
https://www.ncbi.nlm.nih.gov/pubmed/22072237
https://doi.org/10.1302/0301-620X.94B7.28693
https://www.ncbi.nlm.nih.gov/pubmed/22733955
https://doi.org/10.1007/s00402-011-1388-0
https://doi.org/10.1302/0301-620X.89B10.19539
https://www.ncbi.nlm.nih.gov/pubmed/17957075
https://doi.org/10.1594/essr2017/P-0268
https://doi.org/10.1007/s00256-018-3004-7
https://www.ncbi.nlm.nih.gov/pubmed/29915937
https://doi.org/10.1016/j.clinimag.2018.06.014
https://doi.org/10.1007/s00198-015-3390-9
https://doi.org/10.1055/s-0040-1720963
https://www.ncbi.nlm.nih.gov/pubmed/33815947
https://doi.org/10.3389/fpubh.2017.00307
https://www.ncbi.nlm.nih.gov/pubmed/29209603
https://doi.org/10.1007/s11606-012-2029-1
https://www.ncbi.nlm.nih.gov/pubmed/22648676
https://doi.org/10.1016/j.jclinepi.2008.04.007
https://www.ncbi.nlm.nih.gov/pubmed/18778913

J. Clin. Med. 2024, 13, 3769 21 of 21

119.
120.

121.

122.

123.

124.

125.

126.

127.
128.

129.

130.

131.

132.

133.

134.

135.

136.

Moons, K.G.; Biesheuvel, C.J.; Grobbee, D.E. Test research versus diagnostic research. Clin. Chem. 2004, 50, 473-476. [CrossRef]
Snaith, B.; Walker, A.; Robertshaw, S.; Spencer, N.J.B.; Smith, A.; Harris, M.A. Has NICE guidance changed the management of
the suspected scaphoid fracture: A survey of UK practice. Radiography 2021, 27, 377-380. [CrossRef] [PubMed]

Dorsay, T.A.; Major, N.M.; Helms, C.A. Cost-effectiveness of immediate MR imaging versus traditional follow-up for revealing
radiographically occult scaphoid fractures. AJR Am. J. Roentgenol. 2001, 177, 1257-1263. [CrossRef] [PubMed]

Rua, T.; Malhotra, B.; Vijayanathan, S.; Hunter, L.; Peacock, J.; Shearer, J.; Goh, V.; McCrone, P.; Gidwani, S. Clinical and cost
implications of using immediate MRI in the management of patients with a suspected scaphoid fracture and negative radiographs
results from the SMaRT trial. Bone Jt. J. 2019, 101, 984-994. [CrossRef]

Rua, T.; Gidwani, S.; Malhotra, B.; Vijayanathan, S.; Hunter, L.; Peacock, J.; Turville, J.; Razavi, R.; Goh, V.; McCrone, P.; et al.
Cost-Effectiveness of Immediate Magnetic Resonance Imaging In the Management of Patients With Suspected Scaphoid Fracture:
Results From a Randomized Clinical Trial. Value Health. 2020, 23, 1444-1452. [CrossRef] [PubMed]

Groves, A.M.,; Kayani, I; Syed, R.; Hutton, B.F.; Bearcroft, P.P.; Dixon, A.K; Ell, PJ. An international survey of hospital practice in
the imaging of acute scaphoid trauma. AJR Am. ]. Roentgenol. 2006, 187, 1453-1456. [CrossRef] [PubMed]

Ortiz, A.EH.; Guevara, S.Z.; Ramirez, S.M.; Rojas, ].C.; Malo, R.G.; Beaujon, L.E; Ochoa, M.M.; Zarate, ].F.; Nifio, M.E.; Aguilar,
M.O. What is the role of ultrasonography in the early diagnosis of scaphoid fractures? Eur. |. Radiol. Open. 2021, 8, 100358.
[CrossRef] [PubMed]

Muljadi, R.; Koesbandono Octavius, G.S. A systematic review and meta-analysis of diagnostic test accuracy of chest ultrasound
in diagnosing pediatric pulmonary tuberculosis. Pediatr. Pulmonol. 2024. [CrossRef]

Bailey, J.; Solan, M.; Moore, E. Cone-beam computed tomography in orthopaedics. Orthop. Trauma 2022, 36, 194-201. [CrossRef]
Compton, N.; Murphy, L.; Lyons, E; Jones, ].; MacMahon, P.; Cashman, J. Tomosynthesis: A new radiologic technique for rapid
diagnosis of scaphoid fractures. Surgeon 2018, 16, 131-136. [CrossRef] [PubMed]

Jacques, T.; Morel, V.; Dartus, J.; Badr, S.; Demondion, X.; Cotten, A. Impact of introducing extremity cone-beam CT in an
emergency radiology department: A population-based study. Orthop. Traumatol. Surg. Res. 2021, 107, 102834. [CrossRef]
Hughes, J.; Harris, M.; Snaith, B.; Benn, H. Comparison of scattered entrance skin dose burden in MSCT, CBCT, and X-ray
for suspected scaphoid injury: Regional dose measurements in a phantom model. Radiography 2022, 28, 811-816. [CrossRef]
[PubMed]

Najaf-Zadeh, A.; Nectoux, E.; Dubos, F.; Happiette, L.; Demondion, X.; Gnansounou, M.; Herbaux, B.; Martinot, A. Prevalence
and clinical significance of occult fractures in children with radiograph-negative acute ankle injury. A meta-analysis. Acta Orthop.
2014, 85, 518-524. [CrossRef] [PubMed]

Leopold, S.S. Editor’s Spotlight/Take 5: Routine MRI Among Patients With a Suspected Scaphoid Fracture Risks Overdiagnosis.
Clin. Orthop. Relat. Res. 2023, 481, 2303-2308. [CrossRef]

Jarraya, M.; Hayashi, D.; Roemer, EW.; Crema, M.D,; Diaz, L.; Conlin, ].; Marra, M.D.; Jomaah, N.; Guermazi, A. Radiographically
occult and subtle fractures: A pictorial review. Radiol. Res. Pract. 2013, 2013, 370169. [CrossRef] [PubMed]

Ravenel, J.G.; Gordon, L.L.; Pope, T.L.; Reed, C.E. FDG-PET uptake in occult acute pelvic fracture. Skelet. Radiol. 2004, 33, 99-101.
[CrossRef] [PubMed]

Gholamrezanezhad, A.; Basques, K.; Batouli, A.; Matcuk, G.; Alavi, A ; Jadvar, H. Clinical Nononcologic Applications of PET/CT
and PET/MRI in Musculoskeletal, Orthopedic, and Rheumatologic Imaging. AJR Am. ]. Roentgenol. 2018, 210, W245-W263.
[CrossRef] [PubMed]

Allainmat, L.; Aubault, M.; Noél, V.; Baulieu, F,; Laulan, J.; Eder, V. Use of hybrid SPECT/CT for diagnosis of radiographic occult
fractures of the wrist. Clin. Nucl. Med. 2013, 38, e246—e251. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1373/clinchem.2003.024752
https://doi.org/10.1016/j.radi.2020.09.014
https://www.ncbi.nlm.nih.gov/pubmed/33011069
https://doi.org/10.2214/ajr.177.6.1771257
https://www.ncbi.nlm.nih.gov/pubmed/11717059
https://doi.org/10.1302/0301-620X.101B8.BJJ-2018-1590.R1
https://doi.org/10.1016/j.jval.2020.05.020
https://www.ncbi.nlm.nih.gov/pubmed/33127015
https://doi.org/10.2214/AJR.05.0686
https://www.ncbi.nlm.nih.gov/pubmed/17114536
https://doi.org/10.1016/j.ejro.2021.100358
https://www.ncbi.nlm.nih.gov/pubmed/34095356
https://doi.org/10.1002/ppul.27044
https://doi.org/10.1016/j.mporth.2022.06.001
https://doi.org/10.1016/j.surge.2016.10.004
https://www.ncbi.nlm.nih.gov/pubmed/28012704
https://doi.org/10.1016/j.otsr.2021.102834
https://doi.org/10.1016/j.radi.2022.01.009
https://www.ncbi.nlm.nih.gov/pubmed/35183441
https://doi.org/10.3109/17453674.2014.925353
https://www.ncbi.nlm.nih.gov/pubmed/24875057
https://doi.org/10.1097/CORR.0000000000002914
https://doi.org/10.1155/2013/370169
https://www.ncbi.nlm.nih.gov/pubmed/23577253
https://doi.org/10.1007/s00256-003-0711-4
https://www.ncbi.nlm.nih.gov/pubmed/14605771
https://doi.org/10.2214/AJR.17.18523
https://www.ncbi.nlm.nih.gov/pubmed/29787313
https://doi.org/10.1097/RLU.0b013e318263819e
https://www.ncbi.nlm.nih.gov/pubmed/23377415

	Introduction 
	Materials and Methods 
	Search Strategy and Study Selection 
	Eligibility Criteria 
	Inclusion and Exclusion Criteria 
	Data Extraction and Quality Assessment 
	Stratification of Evidence 
	Data Synthesis 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

