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Abstract: Objective: To compare the diagnostic accuracy of computed tomography (CT) scans and magnetic reso-
nance imaging (MRI) in detecting occult hip fractures. Methods: We conducted a systematic literature review and
identified 12 articles involving 1,819 participants for inclusion. Data extraction and quality assessment were per-
formed using the Quality Assessment of Diagnostic Accuracy Studies-2 tool. Publication bias was assessed with the
Deek funnel plot asymmetry test. We conducted a meta-analysis using a random-effects model to derive pooled
estimates of sensitivity, specificity, positive and negative likelihood ratios, and the diagnostic odds ratio, along with
their 95% confidence intervals. A summary receiver operating characteristic curve was generated to illustrate the
overall diagnostic accuracy. Results: The methodological quality of the included studies was high, with minimal
concerns about the applicability of the tests in clinical settings. Both CT and MRI showed good diagnostic efficacy
for occult hip fractures. However, MRI consistently outperformed CT, exhibiting significantly higher sensitivity, speci-
ficity, and likelihood ratios, thereby providing superior accuracy in confirming or excluding occult fractures. Meta-
regression analysis revealed that sequence parameters and sample size significantly influenced the differences in
sensitivity and specificity between CT and MRI. Conclusion: Both CT and MRI are effective modalities for detecting
occult hip fractures, with MRl demonstrating greater diagnostic accuracy. This meta-analysis supports the use of
MRI when higher sensitivity and specificity are required in clinical practice.

Keywords: Occult hip fracture, computed tomography, magnetic resonance imaging, diagnostic odds ratio, diag-
nostic accuracy

Introduction While X-rays are fast and simple, they provide
only two-dimensional images and lack depth
perception, which limits their ability to accurate-
ly depict the displacement of complex fracture
fragments around the anatomically intricate hip
joint [5, 6]. Patients with normal initial X-ray
results but suspected occult hip fractures
require further imaging evaluations. CT scans
offer detailed images of anatomical structures
and any associated injuries but have limited
accuracy in identifying interruptions in bone

The hip joint, a crucial weight-bearing structure
in the human body, is prone to injuries, with hip
fractures being a common occurrence in ortho-
pedic practice [1]. These fractures often involve
multiple fragments and are frequently commi-
nuted, leading to displacement or intercalation
of the broken ends, and occasionally, occult
fractures are also present [2]. Hip fractures
are typically complex and can severely impair
mobility and function, causing substantial pain

and leading to significant long-term disability
[3]. Studies indicate that less than 50% of pre-
injury hip joint function and mobility may be
recovered within a year post-fracture [4]. Thus,
prompt and accurate diagnosis is essential for
optimizing patient outcomes and prognosis.

trabeculae and cortical areas [7, 8]. Conver-
sely, MRI provides multi-angle and multi-plane
imaging capabilities, allowing for comprehen-
sive visualization of bone trabeculae fractures
[9]. It also delivers high-resolution images of
bone trabeculae, articular cartilage, and tissue
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edema, making it potentially more effective for
this purpose.

Given the importance of early detection of
occult hip fractures, this meta-analysis aims to
compare the diagnostic accuracy of CT and MRI
in their detection, thereby identifying the more
effective imaging modality.

Materials and methods

The analysis followed the Preferred Report-
ing ltems for Systematic Reviews and Meta-
Analyses reporting guidelines [10], and was
registered on International Platform of Re-
gistered Systematic Review and Meta-analysis
Protocols (ID: 202420093).

Literature search

We conducted a comprehensive search on
PubMed, Web of Science, Cochrane Library,
and EMBASE databases up to August 2022.
Search terms included “Occult Hip Fractures”,
OR “Occult Femoral Neck Fractures”, OR “Occult
Fractures of the Proximal Femur”, OR “Occult
Intertrochanteric Fractures” OR “Occult Troch-
anteric Fractures” AND “Magnetic Resonance
Imaging” OR “MRI” OR “MR Tomography” OR
“NMR Imaging” AND “Computed Tomography”
OR “CT” OR “CT Scan”. The literature search
was executed by two researchers indepen-
dently, with a third person resolving any
discrepancies.

Selection criteria

Inclusion criteria were: (1) Observational stud-
ies published in English; (2) Studies including
patients with hip trauma and involving at least
30 cases; (3) Studies aimed at comparing the
diagnostic value of CT or MRI for occult hip frac-
tures; (4) Studies providing detailed diagnostic
accuracy data (true positives/negatives, false
positives/negatives) for MRI or CT.

Exclusions were review articles, duplicate publi-
cations, letters, case reports, and studies with
incomplete data.

Data extraction and quality evaluation

Data extraction and quality assessment were
independently performed by two researchers
(HQ and LB), with any disagreements resolved
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by consensus. Extracted data included publica-
tion year, author(s), total number of patients,
patient age, reference standard, study type,
and objective. Quality was assessed using the
Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) tool [11].

Statistical analysis

Data analyses were conducted using RevMan
5.3 and Stata 15.1 software. Meta-analysis
was performed with a random-effects model to
calculate pooled sensitivity, specificity, positive
and negative likelihood ratios, diagnostic odds
ratio (DOR), and 95% confidence intervals (Cls).
This approach accounts for study heterogeneity
and provides robust diagnostic accuracy esti-
mates. A Summary Receiver Operating Cha-
racteristic (SROC) curve, illustrating the overall
diagnostic performance, was generated using
R software. To assess study heterogeneity, we
employed the Cochrane Q test and quantified it
using the I? statistic. Meta-regression was per-
formed using the Knapp-Hartung method under
a random-effects model. Publication bias was
evaluated using the Deeks funnel plot asymme-
try test to investigate potential bias by examin-
ing the symmetry of the plot. Significant asym-
metry would suggest the presence of pub-
lication bias.

Results
Literature selection

Figure 1 presents the flowchart for the litera-
ture selection process. An initial search yielded
750 papers, from which duplicates were re-
moved, leaving 480 full-text articles that met
the eligibility criteria. After reviewing titles and
abstracts, 379 articles were excluded, leaving
101 potentially relevant full-text articles. Ulti-
mately, 12 studies involving 1,819 participants
were included in the final analysis. Of these, ten
articles directly compared the diagnostic accu-
racy of CT scans and MRIs for occult hip frac-
tures, and two articles examined the diagnostic
sequence of CT followed by MRI.

Study characteristics

Table 1 details the characteristics of the includ-
ed studies. Among the 12 articles, seven were
retrospective and 2 were prospective. Sample
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750 records identified electronically

and specificity was 0.94 (95%
Cl: 0.87-0.97), illustrated in

Figure 5.

v

270 duplicates were removed

The pooled positive and nega-

tive likelihood ratios for CT

480 records were screened

were 7.60 (95% Cl: 5.07-34.44)
and 0.09 (95% ClI: 0.04-0.21),

respectively, shown in Figure
6. For MRI, these ratios were

> 379 were excluded by title/abstract 8.14 (95% Cl: 5.70-108.04)
and 0.06 (95% CI: 0.01-0.22),
v respectively, presented in Fi-
101 full texts were checked for eligibility against the criteria gure 7.

The Summary Receiver Ope-

v

studies

89 full texts were not eligible
35 had missing full texts
14 were not relevant studies
25 were not in vivo clinical

4 were animal studies
11 were systematic reviews

rating Characteristic (sROC)
curves, shown in Figure 8, indi-
cated the overall diagnostic
performance of MRI and CT,
with AUCs of 0.99 and 0.98,

respectively, suggesting com-

12 studies were included

parable accuracy between MRI
and CT in the diagnosis of

Figure 1. Study flowchart.

sizes ranged from 45 to 590 subjects. The
extracted data for statistical analysis included
true positives/negatives, and false positives/
negatives, positive and negative likelihood ra-
tios, sensitivity, and specificity.

Quality evaluation

Figure 2 illustrates the risk of bias assessment
for the included studies, all of which exhibited
high methodological quality, with minimal con-
cerns about the clinical relevance of the tests.

Publication bias

Figure 3 demonstrates the absence of publica-
tion bias using Deeks’'s funnel plot method,
with non-significant p-values of 0.14 and 0.87.

Diagnostic performance of MRI vs. CT

The diagnostic performance of MRI and CT in
detecting occult hip fractures was analyzed.
MRI showed a pooled sensitivity of 0.94 (95%
Cl: 0.80-0.99) and specificity of 0.98 (95% CI:
0.94-1.00), as depicted in Figure 4. For CT, the
pooled sensitivity was 0.92 (95% Cl: 0.81-0.96)
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occult hip fractures.
Meta-regression

Meta-regression analysis (Table 2) indicated
that sequence parameters and sample size sig-
nificantly affected the variability in sensitivity
and specificity for both CT (P=0.021 and 0.002,
respectively) and MRI (P=0.035 and 0.009,
respectively). However, variations due to study
type and machine model were not statistically
significant (all P>0.05).

Discussion

Occult hip fractures are common clinical chal-
lenges in orthopedics, where timely and accu-
rate diagnosis is crucial for effective patient
management [24]. While CT is effective for
diagnosing visible fractures, it often fails to
detect occult hip fractures, which hampers
prompt and appropriate treatment [25]. In con-
trast, advancements in MRI technology have
made it increasingly preferred for identifying
these hidden fractures, often leading to better
therapeutic outcomes [26].

Our meta-analysis, which included 12 studies
comparing MRI with CT in diagnosing occult hip
fractures, revealed that MRI generally provides
diagnostic accuracy comparable to CT. Despite
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Table 1. The characteristics of included publications

Diagnostic ) ) Reference .
Stud Machine model Sequence parameters Subjects Age* Study design  Study purpose
y method q P ! g standard y g y purp
Gill etal., 2013 CT vs. MRI CT: Siemens scanners CT: ax4 quad slice and x1 62 slice 92 82(22) Operation and Retrospective Comparison of sensitivity of CT and MRI in
[12] MRI: Philips T1 MRI: weighted spine echo + STIR follow-up study occult fracture
axial and coronal scan
Collin et al., CT vs. MRI CT: Siemens SOMATOM CT: a 16-detector row scanner 45 79 (60-96) Imaging and Retrospective Evaluation of CT and MRI in the diagnosis
2016 [13] MRI: Siemnes MRI: 1.5-Tesla (T) Symphony clinical follow-up study of occult hip fractures
whole-body scanner
Haubro et al., CT vs. MRI CT: GE CT: 4-slice VCT scanner 67 80 Follow-up Prospective Comparison of sensitivity and specificity of
2015 [14] MRI: Philips MRI: 3T Acieva cohort study CT and MRl in fracture of proximal femur
Deleanu etal., CTvs. MRI CT: GE CT: MX 16 slice 82 N/A Follow-up Retrospective Evaluation of CT and MRI in the diagnosis
2015 [15] MRI: Philips Brilliance MRI: LX 1 Tesla study of occult fractures of the proximal femur
Kutaiba et al., CcT CT: GE CT: 64-slice scanner 181 82 (20) Imaging and Retrospective CT and further MRI in the diagnosis of
2020 [16] MRI: Siemens MRI: 1.5T Avanto or 3T Skyra clinical follow-up study occult fracture of the femoral neck
Eggenbergeret  CT vs. MRI CT: GE CT: XTlight Speed VCT 64 slice 218 77 (12) Imaging follow-up  Retrospective Evaluation of CT and MRI in the diagnosis
al., 2019 [17] MRI: Siemens MRI: 1.5T Acieva and clinical history  study of hip or pelvic fractures
Lubovsky et al., CT vs. MRI CT: GE CT: 1 slice scanner 590 73 Clinical follow-up Retrospective Comparison of the accuracy of CT scan
2005 [18] MRI: Philips MRI: 1T Panorama (open) study and MRI in diagnosing occult hip fractures
Cabarrus etal., CTvs. MRI CT: GE MRI: 1.5T Acieva 145 65.9+17.7  Clinical follow-up Retrospective Comparison of sensitivity of CT and MRI in
2008 [19] MRI: Philips study occult fracture
Williams etal., CT Toshiba Toshiba Aquilion 64 scanner 206 82 Imaging and Retrospective CT and further MRI in the diagnosis of
2019 [20] Medical Systems clinical follow-up study occult geriatric hip fractures
Lanotte et al., CT vs. MRI CT: Philips CT: Brilliance 40 slice 102 83+8.8 Clinical follow-up Two-center pro-  Evaluation of CT and MRI in the diagnosis
2020 [21] Medical Systems MRI: MRI: 3T Verio 76.8+10.1 spective study  of occult fracture of femur
Siemens Healthcare
Rehmanetal.,, CTvs. MRI CT: GE CT: MX 16 slice 71 82+13 Imaging and Retrospective Evaluation of occult fracture by CT and
2016 [22] MRI: Philips MRI: LX 1 Tesla clinical follow-up study MRI
Davidson et al., CT vs. MRI CT: Siemens SOMATOM CT: multislice helical scanners MRI: 103 78.4 Imaging and Retrospective Evaluation of occult hip fracture by CT and
2021 [23] MRI: Siemens MAGNET T1 weighted spin echo + STIR axial (22-103) clinical follow-up study CT+MRI

and coronal scans

*: Data were represented as mean * SD years. CT: Computed Tomography; MRI: Magnetic Resonance Imaging; N/A: Not Available; SD: Standard Deviation.
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Figure 2. Methodological quality evaluation by QUADAS-2. A. Methodological quality summary. B. Methodological
quality graph. QUADAS-2: Quality Assessment of Diagnostic Accuracy Studies-2.

the broad application of CT in fracture diagno-
sis - owing to its ability to perform multislice
scanning and reconstruct images in various
planes such as coronal, sagittal, and cross-sec-
tional - there are significant limitations. These
include difficulties and missed diagnoses asso-
ciated with the complex structure of the inter-
trochanteric region, interference from nutrient
vessels, and the potential for missed scans
[27]. In fact, studies suggest that CT misses
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30% to 60% of fractures, especially those in
the femoral head [28].

However, spiral CT continues to offer advantag-
es such as rapid scanning, affordability, suit-
ability for elderly patients, and advanced ima-
ge processing capabilities in later stages [29].
Rogers et al. reported that CT's diagnostic
value is comparable to MRI's [30], while Reh-
man et al. argued that the advantages of MRI
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Figure 3. Funnel plot for publication bias. A. CT. B. MRI. CT: Computed Tomography; MRI: Magnetic Resonance Imag-

ing.
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Figure 4. Forest plots exhibited diagnostic accuracy of MRl in occult hip fracture. MRI: Magnetic Resonance Imaging.

for evaluating occult hip fractures might be
overstated [30]. Moreover, recent comparisons
between multilayer detector CT and MRI for
detecting occult fractures suggest that CT
might be superior in distinguishing between
simple trabecular and cortical fractures [31].
Despite this, MRl demonstrates higher sensitiv-
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ity in detecting fractures [32], suggesting that
its utility might be underappreciated.

Ample high-quality evidence suggests that MRI
surpasses CT in clinical accuracy. Collin et al.
[13] noted that MRI is more reliable than CT for
diagnosing hip fractures. Additionally, a study
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Figure 5. Forest plots exhibited diagnostic accuracy of CT in occult hip fracture. CT: Computed Tomography.
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Figure 6. Forest plots exhibited the positive likelihood ratio and negative likelihood ratio of CT in diagnosing occult
hip fracture. CT: Computed Tomography.
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Figure 7. Forest plots exhibited the positive likelihood ratio and negative likelihood ratio of MRI in diagnosing occult
hip fracture. MRI: Magnetic Resonance Imaging.
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Table 2. Meta-regression on the significance of
differences in sensitivity and specificity of CT
and MRI in the diagnosis of occult hip fracture

CT MRI

Factors

Coeff P Coeff P
Machine model 0.896 0.801 0.651 0.090
Sequence parameters 2.147 0.021 1.902 0.035
Sample size 1.170 0.002 2.337 0.009
Study type 0.786 0.280 0.556 0.462

Coeff: coefficient; CT: Computed Tomography; MRI: Magnetic
Resonance Imaging.

has demonstrated CT’s limited ability to detect
disruptions in bone trabeculae and cortex [33],
which can lead to damage to small blood ves-
sels in the medullary cavity, resulting in intra-
medullary hemorrhage and edema. MRI effec-
tively identifies these critical signal changes.
Thus, MRl is the preferred modality for diagnos-
ing occult fractures [34].

Our meta-analysis found MRI to exhibit higher
sensitivity and specificity than CT in diagnosing
occult hip fractures. The area under the ROC
curve was also greater for MRI, underscoring
its superior diagnostic precision and effective-
ness in clinical settings. These findings advo-
cate for MRI as the preferred modality for
detecting occult fractures, aligning with its
enhanced capability to provide a more accu-
rate and detailed evaluation of complex bone
injuries.

Heterogeneity is an inherent aspect of meta-
analysis, which may not be completely avoid-
able [35]. Identifying sources of heterogeneity
is critical for assessing the precision of esti-
mates and for deciding whether the statistical
pooling of results is appropriate [36]. It is es-
sential to explore the underlying causes of this
heterogeneity. In our study, heterogeneity in
sensitivity and specificity might be attributed to
factors like the model of CT or MRl machines,
scanning sequence parameters, and the diag-
nostic proficiency of clinicians. Our meta-re-
gression analysis indicated significant impacts
from sequence parameters (P=0.021 for CT
and P=0.035 for MRI) and sample size (P=
0.002 for CT and P=0.009 for MRI) on these
variances. However, the type of study and
machine model showed negligible effects.
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To further understand the differences in diag-
nostic accuracy between CT and MRI for occult
hip fractures, it is beneficial to compare our
findings with existing literature. Tringale et al.
[37] reported higher sensitivity with MRI, align-
ing with our results, whereas Boehm and col-
leagues [38] found CT to be more sensitive in
detecting small, minimally displaced fractures,
contradicting our findings. These discrepancies
may stem from differences in patient popula-
tions, fracture types, and severities. Technical
variations such as slice thickness and imaging
protocols, along with the radiologists’ experi-
ence and interpretation criteria, could also con-
tribute to these differences.

Moreover, recent studies highlight the impor-
tance of considering the anatomical location of
the fracture when selecting an imaging modali-
ty. Agarwal et al. [39] emphasized this point,
and Smyth et al. [40] suggested that MRI is
superior for detecting fractures in the femoral
neck and acetabulum, while CT performs better
for proximal femur fractures. This anatomical
specificity could partly explain the variability in
performance between the modalities across
studies.

There are several limitations to consider in this
meta-analysis. First, the number of included
studies is relatively small. However, all studies
were assessed for quality and representative-
ness using the QUADAS-2 tool, and heterogene-
ity was evaluated prior to analysis to ensure
comparability. Second, the sample sizes in
some studies were small, potentially reducing
the statistical power and possibly overstating
diagnostic accuracy. Additionally, there may be
bias due to the use of imaging follow-up as the
reference standard. Future research with well-
designed, larger-scale studies is necessary to
confirm these findings and to refine the imaging
strategy for occult hip fractures.

In conclusion, despite these limitations, our
analysis demonstrates that both CT and MRI
are effective in detecting occult fractures, with
MRI showing significantly higher sensitivity and
specificity. We recommend the use of MRI
over CT when feasible and when there are no
contraindications.

Disclosure of conflict of interest

None.

Am J Transl Res 2024;16(7):2745-2755



Addre

Meta-analysis for diagnosing occult hip fracture

ss correspondence to: Lei Bian, Department

of Imaging, Yantai Hospital of Traditional Chinese
Medicine, No. 39 Xingfu Road, Zhifu District, Yantai
264000, Shandong, China. E-mail: bloxl@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

2754

Li L, Bennett-Brown K, Morgan C and Dattani
R. Hip fractures. Br J Hosp Med (Lond) 2020;
81: 1-10.

Abelleyra Lastoria DA, Benny CK, Smith T and
Hing CB. Outcomes of hip fracture in centenar-
ians: a systematic review and meta-analysis.
Eur Geriatr Med 2023; 14: 1223-1239.
Werderman DS. Imaging hip fractures. Radiol
Technol 2022; 93: 279-300.

Katsanos S, Sioutis S, Reppas L, Mitsiokapa E,
Tsatsaragkou A, Mastrokalos D, Koulalis D and
Mavrogenis AF. What do hip fracture patients
die from? Eur J Orthop Surg Traumatol 2023;
33: 751-757.

Grassi L, Vaananen SP, Jehpsson L, Ljunggren
0, Rosengren BE, Karlsson MK and Isaksson
H. 3D finite element models reconstructed
from 2D dual-energy X-ray absorptiometry
(DXA) images improve hip fracture prediction
compared to areal BMD in osteoporotic frac-
tures in men (MrOS) Sweden cohort. J Bone
Miner Res 2023; 38: 1258-1267.

Sundland SL and Mgller-Christensen B. The
mobile X-ray service and hip fractures: the im-
pact of the mobile X-ray service on the hip fast
track. Radiography (Lond) 2024; 30: 709-714.
Rotman D, Ariel G, Rojas Lievano J, Schermann
H, Trabelsi N, Salai M, Yosibash Z and Stern-
heim A. Assessing hip fracture risk in type-2
diabetic patients using CT-based autonomous
finite element methods: a feasibility study.
Bone Joint J 2021; 103-B: 1497-1504.

Shi 'Y, Chen S, Chen X and Xue P. The value of
CT three-dimensional reconstruction in nurs-
ing and diagnosis of senile hip fracture. J
Healthc Eng 2021; 2021: 7865155.

Kohli A, Xia S, Wells JE and Chhabra A. Three-
dimensional CT and 3D MRI of hip- important
aids to hip preservation surgery. Semin Ultra-
sound CT MR 2023; 44: 252-270.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |,
Hoffmann TC, Mulrow CD, Shamseer L, Tetzlaff
JM, Akl EA, Brennan SE, Chou R, Glanville J,
Grimshaw JM, Hrébjartsson A, Lalu MM, Li T,
Loder EW, Mayo-Wilson E, McDonald S, Mc-
Guinness LA, Stewart LA, Thomas J, Tricco AC,
Welch VA, Whiting P and Moher D. The PRISMA
2020 statement: an updated guideline for re-
porting systematic reviews. BMJ 2021; 372:
n71.

Huang QX and Huang XW. QUADAS-2 tool for
quality assessment in diagnostic meta-analy-
sis. Ann Palliat Med 2022; 11: 1844-1845.

[12]

(13]

(14]

(15]

[17]

(18]

[20]

(21]

[22]

(23]

Gill SK, Smith J, Fox R and Chesser TJ. Investi-
gation of occult hip fractures: the use of CT
and MRI. ScientificWorldJournal 2013; 2013:
830319.

Collin D, Geijer M and Gothlin JH. 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.

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

Deleanu B, Prejbeanu R, Tsiridis E, Vermesan
D, Crisan D, Haragus H, Predescu V and Bir-
sasteanu F. Occult fractures of the proximal
femur: imaging diagnosis and management of
82 cases in a regional trauma center. World J
Emerg Surg 2015; 10: 55.

Kutaiba N, Lamanna A, Malara F and Yap LP.
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.

Eggenberger E, Hildebrand G, Vang S, Ly A and
Ward C. Use of CT vs. MRI for diagnosis of hip
or pelvic fractures in elderly patients after low
energy trauma. lowa Orthop J 2019; 39: 179-
183.

Lubovsky O, Liebergall M, Mattan Y, Weil Y and
Mosheiff R. Early diagnosis of occult hip frac-
tures MRI versus CT scan. Injury 2005; 36:
788-792.

Cabarrus MC, Ambekar A, Lu Y and Link TM.
MRI and CT of insufficiency fractures of the
pelvis and the proximal femur. AJR Am J Roent-
genol 2008; 191: 995-1001.

Williams J, Allen F, Kedrzycki M, Shenava Y and
Gupta R. Use of multislice CT for investigation
of occult geriatric hip fractures and impact on
timing of surgery. Geriatr Orthop Surg Rehabil
2019; 10: 2151459318821214.

Lanotte SJ, Larbi A, Michoux N, Baron MP,
Hamard A, Mourad C, Malghem J, Cyteval C
and Vande Berg BC. Value of CT to detect ra-
diographically occult injuries of the proximal
femur in elderly patients after low-energy trau-
ma: determination of non-inferiority margins of
CT in comparison with MRI. Eur Radiol 2020;
30: 1113-1126.

Rehman H, Clement RG, Perks F and White TO.
Imaging of occult hip fractures: CT or MRI? In-
jury 2016; 47: 1297-1301.

Davidson A, Silver N, Cohen D, Gross M, Zinger
G, Applbaum Y, Lebel E and Peyser A. Justifying
CT prior to MRI in cases of suspected occult
hip fracture. A proposed diagnostic protocol.
Injury 2021; 52: 1429-1433.

Am J Transl Res 2024;16(7):2745-2755



[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

2755

Meta-analysis for diagnosing occult hip fracture

Bokeler U, Liener U, Vogeley N, Mayer B,
Horsch C, Troster F, Eschbach D, Ruchholtz S
and Knauf T. Value of proximal femur geometry
in predicting occult hip fracture. Medicina
(Kaunas) 2023; 59: 1987.

Haims AH, Wang A, Yoo BJ and Porrino J. Nega-
tive predictive value of CT for occult fractures
of the hip and pelvis with imaging follow-up.
Emerg Radiol 2021; 28: 259-264.

Caldwell R, Blankstein M, Bartlett CS and
Schottel PC. MRI-only occult geriatric hip frac-
tures: is displacement common with nonoper-
ative treatment? Arch Orthop Trauma Surg
2021; 141: 1109-1114.

Vosoughi AR, Borazjani R, Ghasemi N, Fathi S,
Mashhadiagha A and Hoveidaei AH. Different
types and epidemiological patterns of calca-
neal fractures based on reviewing CT images
of 957 fractures. Foot Ankle Surg 2022; 28:
88-92.

Bouzid YB, Assouab O and Berrada MS. Frac-
ture of the greater trochanter with occult inter-
trochanteric fracture in an adult treated by
percutaneous screw fixation: case report of an
often missed injury. Int J Surg Case Rep 2023;
106: 108230.

Gatt T, Cutajar D, Borg L and Giordmaina R.
The necessity of ct hip scans in the investiga-
tion of occult hip fractures and their effect on
patient management. Adv Orthop 2021; 2021:
8118147.

Rogers NB, Karam WN, Kumaravel M, Warner
SJ and Gary JL. Dual-energy CT to diagnose oc-
cult femoral neck fracture in MRI-contraindi-
cated patient: a case report. JBJS Case Con-
nect 2021; 11.

MacKinnon T, Selmi H, Davies A, Packer TW,
Reilly P, Sarraf KM and Sabharwal S. Proto-
colised MRI as an adjunct to CT in the diagno-
sis of femoral neck fracture in high energy ipsi-
lateral femoral shaft fractures - a break-even
analysis. Injury 2022; 53: 4099-4103.

HuY, Yang Q, Zhang J, Peng Y, Guang Q and Li
K. Methods to predict osteonecrosis of femoral
head after femoral neck fracture: a systematic
review of the literature. J Orthop Surg Res
2023; 18: 377.

(33]

(34]

(35]

(36]

(37]

(38]

[39]

[40]

Mourad CJ, Libert F, Gangji V, Michoux N and
Vande Berg BC. Collapse-related bone chang-
es at multidetector CT in ARCO 1-2 osteone-
crotic femoral heads: correlation with clinical
and MRI data. Eur Radiol 2023; 33: 1486-
1495.

Sun EX, Mandell JC, Weaver MJ, Kimbrell V,
Harris MB and Khurana B. Clinical utility of a
focused hip MRI for assessing suspected hip
fracture in the emergency department. Emerg
Radiol 2021; 28: 317-325.

Teixeira JMM, Roever L, Ramasamy A, Pereira
R, Carneiro |, Krustrup P and Pévoas SCA. Sta-
tistical heterogeneity in meta-analysis of hy-
pertension and exercise training: a meta-re-
view. J Sports Sci 2023; 41: 2033-2044.
Rover C, Sturtz S, Lilienthal J, Bender R and
Friede T. Summarizing empirical information
on between-study heterogeneity for Bayesian
random-effects meta-analysis. Stat Med 2023;
42: 2439-2454,

Tringale KR, Gangai N, Chua A, Godwin K, Gu-
man G, Laufer |, Cathcart KNS, Lis E, Schmitt
A, Moskowitz CS, Chilov M and Vachha BA.
Spine MRI identifies clinically relevant findings
in patients with cancer presenting with back
pain. Spine (Phila Pa 1976) 2024; 49: 419-
425.

Boehm E, Kraft E, Biebl JT, Wegener B, Stahl R
and Feist-Pagenstert |. Quantitative computed
tomography has higher sensitivity detecting
critical bone mineral density compared to du-
al-energy X-ray absorptiometry in postmeno-
pausal women and elderly men with osteopo-
rotic fractures: a real-life study. Arch Orthop
Trauma Surg 2024; 144: 179-188.

Agarwal AR, Malyavko A, Gu A, Harris AB, Rao
S, Sterling R, Golladay GJ and Thakkar SC. Can
Hip and knee arthroplasty surgeons help ad-
dress the osteoporosis epidemic? Clin Orthop
Relat Res 2023; 481: 1660-1668.

Smyth H, Breslin D, Mullany L, Ramiah V,
Riches R, Laguna R, Morgan P and Byrne C.
Silver trauma review clinic: a novel model of
care to manage non-operative injuries in older
patients. Emerg Med J 2023; 40: 721-725.

Am J Transl Res 2024;16(7):2745-2755



