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Abstract

Background: The standard diagnostic work-up for hand and wrist fractures consists of history taking, physical
examination and imaging if needed, but the supporting evidence for this work-up is limited. The purpose of this
study was to systematically examine the diagnostic accuracy of tests for hand and wrist fractures.

Methods: A systematic search for relevant studies was performed. Methodological quality was assessed and
sensitivity (Se), specificity (Sp), accuracy, positive predictive value (PPV) and negative predictive value (NPV) were
extracted from the eligible studies.

Results: Of the 35 eligible studies, two described the diagnostic accuracy of history taking for hand and wrist
fractures. Physical examination with or without radiological examination for diagnosing scaphoid fractures (five
studies) showed Se, Sp, accuracy, PPV and NPV ranging from 15 to 100%, 13-98%, 55-73%, 14-73% and 75-100%,
respectively. Physical examination with radiological examination for diagnosing other carpal bone fractures (one
study) showed a Se of 100%, with the exception of the triquetrum (75%). Physical examination for diagnosing
phalangeal and metacarpal fractures (one study) showed Se, Sp, accuracy, PPV and NPV ranging from 26 to 55%,
13-89%, 45-76%, 41-77% and 63-75%, respectively.

Imaging modalities of scaphoid fractures showed predominantly low values for PPV and the highest values for Sp
and NPV (24 studies). Magnetic Resonance Imaging (MRI), Computed Tomography (CT), Ultrasonography (US) and
Bone Scintigraphy (BS) were comparable in diagnostic accuracy for diagnosing a scaphoid fracture, with an accuracy
ranging from 85 to 100%, 79-100%, 49-100% and 86-97%, respectively. Imaging for metacarpal and finger fractures
showed Se, Sp, accuracy, PPV and NPV ranging from 73 to 100%, 78-100%, 70-100%, 79-100% and 70-100%, respectively.

Conclusions: Only two studies were found on the diagnostic accuracy of history taking for hand and wrist fractures in the
current review. Physical examination was of moderate use for diagnosing a scaphoid fracture and of limited use for
diagnosing phalangeal, metacarpal and remaining carpal fractures. MRI, CT and BS were found to be moderately accurate
for the definitive diagnosis of clinically suspected carpal fractures.
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Background

Hand and wrist injuries are among the most common trau-
matic presentations to the emergency department [1, 2],
and commonly affect young people of working age [3, 4].
Scaphoid fractures are the most frequently injured carpal
bones, accounting for 61-90% of fractures [4—6]. The diag-
nosis of a scaphoid fracture may however be difficult to es-
tablish on a conventional radiograph [7, 8]. Previous
research has shown that 10-35% of scaphoid fractures are
missed on primary radiographs [4, 9-12]. Metacarpal frac-
tures are detected in 30-40% of all hand fractures in all
emergency department admissions [4, 9, 10].

Hand and wrist injuries represent a considerable eco-
nomic burden, with high health-care and productivity
costs [13]. The total costs have been estimated at US
$410 million per year, with US $307 million in product-
ivity costs [14].

If not treated properly, patients with hand and wrist
injuries may experience lifelong pain and lose their job,
which also has major effects on their quality of life [15].
Accurate diagnosis and early treatment of hand and
wrist fractures are important because missed diagnosis
and delayed initiation of therapy increase the risk of
complications and subsequent functional impairment
[16-22].

In recent decades, research has predominantly focused
on imaging modalities for the diagnosis of wrist frac-
tures. However, the standard diagnostic work-up for
wrist complaints that are suspected fractures should also
include detailed patient history taking, a conscientious
physical examination and, only if needed, imaging [23].
It has been shown that different provocative tests are
somewhat useful for diagnosing wrist fractures [24-27],
but there is no consensus on imaging protocols due to
limited evidence regarding the diagnostic performance
of these advanced imaging techniques [28]. Therefore,
diagnosing wrist pathologies remain complex and chal-
lenging and there is increasing demand for evidence for
accurate diagnostic tools [29].

Diagnostic studies performed in hospital care cannot
automatically be translated into guidelines for non-
institutionalized general practitioner care [30]. The clin-
ical utility of diagnostic tests for hand and wrist fractures
is hindered by the low prevalence of true fractures, ap-
proximately 7% on average [31].

Currently, there are several systematic reviews available
on the diagnostic accuracy of tests for the diagnosis of
hand and wrist fractures, as presented in Table 1 [32-39].
Of these, only the review by Carpenter et al. used ‘history’
as a keyword in their search terms, but they could not find
studies assessing the diagnostic accuracy of history for
scaphoid fractures [32]. All the available systematic re-
views only examined diagnostic tests for scaphoid frac-
tures [32—39], while in practice it is often not quite clear
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during the diagnostic process which hand or wrist ana-
tomical structure or tissue (soft tissue or bone) is affected.
Moreover, these reviews focused predominantly on im-
aging as a diagnostic tool, while in clinical practice a diag-
nosis is mainly made on history taking and physical
examination.

Therefore, the purpose of this literature review is to
provide an up-to-date systematic overview of the diag-
nostic accuracy of history taking, physical examination
and imaging for phalangeal, metacarpal and carpal frac-
tures and to distinguishing between studies in hospital
and non-institutionalized general practitioner care set-
tings, as test properties may differ between settings.
Compared to previously published reviews, in this sys-
tematic review we also included studies that examined
history taking and physical examination for phalangeal,
metacarpal or carpal fractures.

Methods

Data sources and searches

A review protocol was drafted, but central registration
was not completed. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) State-
ment was used to guide the conduct and reporting of
the study [40]. A Biomedical Information specialist
(Wichor M. Bramer) performed a search for studies in
Medline, Embase, Cochrane Library, Web of Science,
Google Scholar ProQuest and Cinahl from 2000 up to 6
February 2019. This starting point was used since mul-
tiple reviews are available that already cover the period
up to the year 2000 (Table 1). Search terms included
phalangeal, metacarpal and carpal injuries, anamnestic
assessment, provocative test(s), diagnostic test(s) and im-
aging tests. The full electronic search strategy for the
Embase database is presented in Table 2 (the others are
available upon request).

Study selection

Studies describing diagnostic accuracy of history taking,
physical examination or imaging in adult patients (age >
16 years) with phalangeal, metacarpal and/or carpal frac-
tures were included. No language restriction was ap-
plied. Case reports, reviews and conference proceedings
were excluded. Distal radius and ulna injuries were also
excluded, as they can be diagnosed accurately with plane
X-ray or computer tomography imaging.

Two reviewers (PK, YA) read all titles and abstracts in-
dependently. Articles that could not be excluded on the
basis of the title and/or abstract were retrieved in full
text and were read and checked for inclusion by the two
reviewers independently. If there was no agreement, a
third reviewer (JR) made the final decision. In addition,
the reference lists of all included studies were reviewed
to check for additional relevant studies.
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Author(s) Population in eligible ~ Fracture ~ Number  Diagnostic Pooled Se Pooled Sp Positive LR Conclusion
studies as described of studies  test (95% Cl) (95% ClI)
by the review authors included
HISTORY TAKING
Carpenter Emergency Scaphoid 0 History examination alone is
(2014) [32] Department. inadequate to rule in or rule
out scaphoid fracture.
PHYSICAL EXAMINATION
Carpenter Emergency Scaphoid 6 ASB tenderness  0.96 (0.92-0.98)  0.39 (0.36-043) Except for the absence of
(2014) [32] Department. snuffbox tenderness, which
6 LTC 0.82 (0.77-087)  0.58 (0.54-0.62) can significantly reduce the
7 Ultrasound 067 (059-0.75) 057 (0.51-062) probability of scaphoid
fibration pain fracture, physical examination
alone is inadequate to rule in
3 Clamp sign 073 (067-0.78) 092 (0.89-0.95) or rule out scaphoid fracture.
3 Painfull ulnar 0.77 (0.68-0.83) 042 (0.34-049)
deviation
3 STT 092 (0.86-0.96) 047 (043-0.52)
2 Resisted 094 (0.85-0.98) 0.74 (0.63-0.84)
supination
pain
Burrows Not specified Scaphoid 5 ASB tenderness 1.52 (1.12-2.06)  Three clinical tests with
(2014) [33] . statistically significant
/ Scaphoid. 237 (1.27-441)  giagnostic validity were
compression identified. In isolation, the
test clinical significance of each is
3 STT 167 (133-209) duestionable.
Mallee Patients presenting Scaphoid 8 ASB tenderness  0.87-1.00 ° 0.03-0.98 ° Anatomical snuff box
(2015) [34] to the emergency N b tenderness was the most
department or 8 LTC 048-1.00 0.22-097 sensitive clinical test. The low
outpatient clinic 4 STT 0.82-1.002 0.17-057° specificity of the clinical tests
may result in a considerable
4 Painfull ulnar 067-1.00 ° 0.17-060 ° number of over-treated
deviation patients. Combining tests
4 ASB sweling  067-0.77 2 037-072° improved the post-test
fracture probability.
IMAGING
Carpenter Emergency Scaphoid 5 X-ray fat pad 0.82 (0.76-0.86)  0.72 (0.68-0.75) MRI'is the most accurate
(2014) [32] Department. imaging test to diagnose
18 BS 091 (0.87-094)  0.86 (0.83-0.88) scaphoid fractures in ED
6 us 080 (067-0.90) 087 (081-091) patients with no evidence of
fracture on initial x-rays. If
8 cr 0.83 (0.83-0.89) 097 (0.94-0.98) MRI is unavailable, CT is ad
y » equate to rule in scaphoid
13 MRI 0.96 (0.92-099) 0.98 (0.96-0.99) fractures, but inadequate for
ruling out scaphoid fractures.
Yin (2012) [35]  Not specified Scaphoid 28 Follow-up 091 (0.81-0.98)  1.00 (0.99-1.00) If we acknowledge the lack
radiographs of a reference standard for
diagnosing suspected
18 BS 0.98 (0.96-0.99) 0.94 (0.91-0.95) scaphoid fractures, MRI is the
15 MRI 098 (095-0.99) 1.0 (099-1.00) most accurate test; follow-up
radiographs and CT may be
9 cT 0.85 (0.74-0.94)  1.00 (0.98-1.00) less sensitive, and bone
scintigraphy less specific.
Yin (2010) [36]  Not specified Scaphoid 15 BS 097 (0.93-0.99)  0.89 (0.83-0.94) Bone scintigraphy and MRI
have equally high sensitivity
10 MRI 0.96 (0.91-099)  0.99 (0.96-1.00) and high diagnostic value for
6 a 093 (0.83-0.98)  0.99 (0.96-1.00) excluding scaphoid fracture;
however, MRI is more specific
and better for confirming
scaphoid fracture.
Mallee People of all ages Scaphoid 6 BS 0.99 (0.69-1.00) 0.86 (0.73-0.94) Bone scintigraphy is
(2014) [34] who presented at statistically the best
hospital or clinic 4 cr 072 (036-0.92) 099 (071-1.00) diagnostic modality to
5 MRI 088 (064-097)  1.00 (0.38-1.00) establish a definitive

diagnosis in clinically
suspected fractures when
radiographs appear normal.
The number of overtreated
patients is substantially lower
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Table 1 Characteristics of the Currently Available Systematic Reviews on the Diagnostic Accuracy of Tests (Continued)
Author(s) Population in eligible ~ Fracture ~ Number  Diagnostic Pooled Se Pooled Sp Positive LR Conclusion
studies as described of studies  test (95% Cl) (95% ClI)
by the review authors included
with CT and MRI.
Kwee Not specified Scaphoid 7 us 0.86 (0.74-093) 0.84 (0.72-0971) Ultrasound can diagnose
(2018) [37] radiographically occult
scaphoid fracture with a fairly
high degree of accuracy.
Ali (2018) [38]  Not specified Scaphoid 6 us 0.94 (0.78-1.00)  0.89 (0.78-1.00) US reveals high sensitivity

and specificity in scaphoid
fracture diagnosis.

ASB Anatomic snuff-box, LTC Longitudinal (thumb) compression test, STT Scaphoid tubercle tenderness, BS Bone Scintigraphy, US Ultrasound, CT Computed

TomographyMRI: Magnetic Resonance Imaging

Sensitivity range described, because of the high heterogeneity Mallee et al. [34] refrained from calculating pooled estimate points
PSpecificity Range described, because of the high heterogeneity Mallee et al. [34] refrained from calculating pooled estimate points

Data extraction and methodological quality assessment
Two reviewers (PK, JR) independently extracted the
data. Data were extracted describing the study design,
characteristics of the study population, test characteris-
tics, study population setting (hospital care or non-
institutionalized general practitioner care) and diagnostic
parameters. Methodological quality was assessed by two
independent reviewers (PK, JR), using the Quality As-
sessment of Diagnostic Accuracy Studies (QUADAS-2)
checklist [41]. Disagreements were resolved by
discussion.

Heterogeneity

Key factors in a meta-analysis are the number and the
methodological quality of the included studies and the
degree of heterogeneity in their estimates of diagnostic
accuracy [42]. Heterogeneity in diagnostic test accuracy
reviews is expected and the possibilities of performing
meta-regression analyses will depend on the number of
studies available for a specific index test that provide
sufficient information [39]. The data from the included
studies were combined when studies showed no limita-
tions according to QUADAS-2 and had no other forms
of bias (e.g. incorporation bias).

Data synthesis and analysis

The following values were extracted, if documented: sen-
sitivity (Se), specificity (Sp), accuracy, positive predictive
value (PPV), negative predictive value (NPV) and likeli-
hood ratio (LR). If these diagnostic outcomes were not
reported, they were calculated using published data. If
an included study presented results from multiple inde-
pendent observers, the measures of Se, Sp, accuracy,
PPV and NPV were averaged over the observers.

Index test
Diagnostic tools such as history taking, physical examin-
ation or imaging were accepted as index tests.

Reference standard

There is no consensus about the reference test for the
diagnosis of a true fracture of the phalangeal, metacarpal
or carpal bones [35]. Therefore, in this systematic review
clinical outcome (physical examination or additional
treatment) and/or various (combined) imaging modal-
ities during follow-up were used as the reference stand-
ard for confirming diagnosis of phalangeal, metacarpal
or carpal fractures.

Results

The flow diagram is presented in Fig. 1. A total of 35
diagnostic studies were identified, assessed and inter-
preted. The characteristics of these studies are presented
in Table 3. 20 studies were performed in an emergency
department, four studies in a traumatology setting and
three other studies in a radiology department. The pa-
tients in the studies by Mallee et al. [56—58] were de-
rived from one prospective study; therefore the setting
was the same for each study: patients were initially seen
by the emergency physicians and in follow-up by the
orthopaedic department and/or trauma surgery depart-
ment, depending on who was on call. In five studies the
setting was not specified. To our knowledge, all first au-
thors of those five studies were working in a hospital
care setting, so we assume all to have been done in hos-
pital care. History taking, physical examination and im-
aging as index tests were investigated in 0, 20% (7/35)
[48, 53, 62, 64, 67, 73, 77] and 86% (30/35) [43-47, 49—
51, 53-61, 63, 65, 66, 68—77] of the studies, respectively.

Quality assessment

There was considerable underreporting of important
quality domains in 23 of the 35 studies (see Table 4). In
13 of the 35 studies [43, 44, 48, 50, 54, 55, 59, 64, 67, 72,
74, 76, 77], patient selection was not well documented.
Furthermore, the risk of bias was predominantly due to
the absence of a proper description of the index test (9/
35) [43, 45, 49, 53, 55, 64, 65, 72, 77] or the reference
standard (13/35) [45, 49, 55, 62, 64—68, 71-73, 75].
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Table 2 Example electronic search strategy

Database Search terms

Embase

(hand injury’/exp. OR ‘wrist injury'/exp. OR ‘wrist fracture’/exp. OR ((hand bone’/exp. OR wrist/exp. OR hand/exp. OR ‘wrist pain’/exp. OR
‘hand pain’/exp) AND (‘bone injury'/exp. OR fracture/de OR ‘ligament injury’/exp. OR ‘ligament rupture’/exp)) OR (((hand OR hands OR
wrist* OR finger* OR carpal* OR carpus OR phalanx* OR metacarp* OR capitate* OR hamat* OR lunat* OR pisiform* OR scaphoid* OR
trapezium* OR trapezoid* OR triquetr* OR navicular* OR lunar OR semilunar® OR multangulum* OR pyramid* OR metacarpophalang* OR
thumb* OR ‘distal radius’ OR ‘distal ulna” OR ‘distal radial’ OR ‘distal ulnar’ OR scapholunate* OR lunotriquetral* OR ‘triangular
fibrocartilaginous’ OR SLIL OR LTIL OR tfcc OR ‘ulnar collateral ligament’ OR ‘ulnar collateral ligaments’ OR ucl) NEAR/3 (injur* OR trauma*
OR wound* OR lesion* OR dislocate* OR fracture* OR damage* OR tear* OR sprain* OR displace* OR rupture®)))ab,ti) AND ('diagnostic
test’/de OR ‘function test'//exp. OR ‘diagnostic error’/exp. OR ‘diagnostic accuracy'/exp. OR ‘diagnostic value’/exp. OR ‘differential diagnosis’/
exp. OR ‘delayed diagnosis’/exp. OR ‘sensitivity and specificity'/exp. OR (((diagnos* OR detect* OR differen* OR strength* OR motion*)
NEAR/3 (test* OR accura* OR error* OR false OR fail* OR value* OR impact* OR effective* OR earl* OR missed OR correct* OR incorrect* OR
delay* OR difficult* OR negative* OR positive* OR sensitivit* OR specificit* OR confirm* OR abilit*)) OR (diagnos* NEAR/3 differen*) OR
misdiagnos* OR underdiagnos* OR undetect* OR (predict* NEAR/3 value*) OR (function* NEAR/3 test*) OR (false NEAR/3 (negative* OR
positive*))):ab,ti) NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/lim OR [Editoriall/lim) AND [english]/lim NOT ([animals]/lim NOT
[humans]/lim)

Search terms for the other databases are available upon request

Fig. 1 Flow chart study selection

.

Records identified through database Additional records identified through
searching (n=9958) other sources (n=0)

Records after duplicates removed
(n=6431)

Records excluded from year
1999 and before (n=1564)

Records screened

(n=4867)

Records excluded on title and
abstract (n=4658)

Full-text articles assessed for
eligibility (n=209)

Full-text articles excluded
(n=174)

Case report/review (20)
Studies included in No reference standard

qualitative synthesis (n=35) (18)

Others (38)

Age population (58)

Systemic/Chronic (12)

Vascular/Burn/Infection

/soft tissue (5)

Tendon and ligaments

(23)
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Author(s)

Participants Design

Department of patient
presentation (Country)

Fracture

Index test

Reference test

SCAPHOID AND OTHER CARPAL BONES FRACTURES

Adey
(2007) [43]

Annamalai
(2003) [44]

Behzadi
(2015) [45]

Beeres
(2007) [46]

Beeres
(2008) [47]

Bergh
(2014) [48]

30

50

124

50

100

154

Retrospective

Retrospective

Retrospective

Prospective

Prospective

Prospective

Not described (USA)

Not described (Scotland)

Emergency department
(Germany)

Emergency department
(Netherlands)

Emergency department
(Netherlands)

Emergency department,
outpatient clinic (Norway)

Scaphoid

Scaphoid

Scaphoid

Scaphoid
and other
carpal bones

Scaphoid

Scaphoid

)

Radiology (scaphoid
and pronator fat
stripe)

Radiographs (anterior-
posterior, lateral and
oblique projections)

Bone scintigraphy
(3-7 days after injury)

MRI' 15T (< 24 h) and
Bone scintigraphy
(between 3 and 5
days)

Clinical Scaphoid
Score (CSS):
tenderness in the
anatomical snuffbox
with the wrist in ulnar
deviation (3 points) +
tenderness over the
scaphoid tubercle (2
points) + pain upon

Radiographs 6 weeks after
injury
MRI'02T (12-72 h)

MDCT (within 10 days)

Clinical outcome: physical
examination at fixed
intervals

No fracture, with a
normal physical
examination at 2 or 6
weeks, BS was considered
correct. However, if there
were clinical signs of a
fracture after 2 and 6
weeks, BS was considered
false negative.

Another fracture in the
carpal region and
physical examination after
2 weeks (during change
of cast) matched with
such a fracture, BS was
considered correct. But,
when physical
examination after 2 weeks
showed no signs of
fracture, BS was
considered false positive.
A scaphoid fracture,
confirmed on physical
examination after 2 weeks
(during change of cast),
BS was considered
correct. If however,
neither physical
examination after 2
weeks, nor consecutive
physical examinations
showed evidence of a
scaphoid fracture, there
was no scaphoid fracture.
BS was then considered
false positive.

Absence or presence of a
fracture on both MRI

and bone scintigraphy,
or in the case of
discrepancy, clinical
and/or radiological
evidence of a fracture.

MRITS5T
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Author(s) Participants Design Department of patient Fracture Index test Reference test
presentation (Country)
longitudinal
compression of the
thumb (1 point)
Breederveld 29 Prospective  Emergency department Scaphoid BS (three-fase) and CT  Clinical follow-up
(2004) [49] (Netherlands) (including CT and
Bone scintigraphy)
Cruickshank 47 Prospective  Teaching emergency Scaphoid CT (same or next day) The diagnosis on Day
(2007) [50] department (Australia) and other 10 with clinical
carpal bones examination and
X-rays, with MRI
performed in patients
with persistent
tenderness but
normal X-rays.
Fusetti 24 Prospective  Not described (Switzerland) Scaphoid HSR-S (< 24 h of the CT (immediately after
(2005) [51] clinical examination) ~ HSR-S performed)
Gabler (2001) 121 Prospective  Department of traumatology: Scaphoid Repeated clinical MRI'TOT
[52] fracture clinics (Austria) examination
(tenderness over the
anatomical snuff box
or the carpus as well
as a positive scaphoid
compression test) and
radiological
examinations
(scaphoid views)
Herneth 15 Prospective  Not described (Austria) Scaphoid Clinical examination,  MRI 10T (<72h)
(2001) [53] radiography and
High-spatial resolution
ultrasonography
llica (2011) 54 Prospective  Emergency department (Turkey)  Scaphoid MDCT MRI'T5T
[54]
Kumar 22 Prospective  Collaboration between the Scaphoid MRI15T (<24 h) MRI'in those without
(2005) [55] Department of Emergency fracture at MRl < 24 h
Medicine and Medical Imaging or no clinical signs of
(New Zealand) fracture
Mallee 34 Prospective  Initially emergency physicians Scaphoid CTand MRITOT Radiographs, after 6
(2011) [56] and in follow-up by the (within 10 days) weeks follow-up
Orthopedic department
and/or Trauma surgery
department, depending
on who was on call.
(Netherlands)
Mallee 34 Prospective  Initially emergency physicians Scaphoid 6-weeks radiographs ~ CT, MRI, or CT and MRI
(2016) [57] and in follow-up by the in JPEG- and DICOM-
Orthopedic department and/ view
or Trauma surgery department,
depending on who was on call.
(Netherlands)
Mallee 34 Prospective  Initially emergency physicians Scaphoid CT-scaphoid: Radiographs in four
(2014) [58] and in follow-up by the reformations in planes standard scaphoid views
Orthopedic department and/ defined by the long  after 6 weeks follow-up.
or Trauma surgery department, axis of the scaphoid.
depending on who was on call. CT-wrist: reformations
(Netherlands) made in the anatomic
planes of the wrist.
CT performed within
10 days.
Memarsadeghi 29 Prospective  Not described (Austria) Scaphoid MDCT and MRI 1,0T  Radiographs obtained 6

(2006) [59]

weeks after trauma. View:
posteroanterior with the
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Author(s) Participants Design Department of patient Fracture Index test Reference test
presentation (Country)
wrist in neutral position,
lateral, semipronated
oblique scaphoid, and
radial oblique scaphoid.
Ottenin 100 Retrospective Radiology department of the Scaphoid Tomosynthesis The reference standard
(2012) [60] emergency unit (France) and other (frontal and lateral), for each case was
carpal bones  MDCT (within 7 days)  determined after
and radiographs completion of all
(posteroanterior examinations; analysis of
view, lateral view, MRI (n = 13; performed in
anteroposterior cases of doubt after
oblique view, completion of diagnostic
scaphoid view with standard radiography,
ulnar deviation, and tomosynthesis, and CT);
posteroanterior view  and follow-up
with clenched fist) information obtained
by physical examination
or, in case of no clinical
follow-up, by telephone
recalls.
Platon 62 Prospective  Emergency department Scaphoid US within 3 days CT (immediately after US)
(2011) [61] (Switzerland) (presence of a cortical
interruption of the
scaphoid along with a
radio-carpal or
scaphotrapezium-
trapezoid effusion)
Rhemrev 100 Prospective  Emergency department Scaphoid MDCT (< 24 h) and Final diagnosis after final
(2010) [62] (Netherlands) Bone scintigraphy discharge, according to

(3-5days)

the following standard:
If CT and bone
scintigraphy showed a
fracture, the final
diagnosis was fracture.

If CT and bone
scintigraphy showed no
fracture, the final
diagnosis was no fracture.
In case of discrepancy
between CT and bone
scintigraphy, both
radiographic (6 weeks
after injury) and physical
reevaluation during
follow-up were used to
make a final diagnosis.

In case of radiographic
evidence of a scaphoid
fracture 6 weeks after
injury, the final diagnosis
was fracture.

In case of no
radiographic evidence of
a scaphoid fracture 6
weeks after injury but
there were persistent
clinical signs of a
scaphoid fracture after 2
weeks, the final diagnosis
was fracture.

If there was no
radiographic evidence of
a scaphoid fracture 6
weeks after injury and
there were no longer
clinical signs of a
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Author(s) Participants Design Department of patient Fracture Index test Reference test
presentation (Country)
scaphoid fractures
throughout follow-up, the
final diagnosis was no
fracture.
Rhemrev 78 Prospective  Emergency department Scaphoid Three clinical exams: ~ MRI 1,5T, bone
(2010) [63] (Netherlands) 1) inspection of the scintigraphy, radiography
snuffbox for the and physical re-evaluation
presence of during 6 weeks clinical
ecchymosis or follow-up.
edema, 2) flexion and
extension of the wrist,
3) Supination and
pronation strength, 4)
Grip strength.
Steenvoorde 31 Not Emergency department Scaphoid Five or more positive  Clinical follow-up
(2006) [64] described (Netherlands): request for and other clinical tests out of
radiograph of the scaphoid carpal bones seven tests: 1) loss of
by general practitioners were concavity of the
excluded anatomic snuff box, 2)
snuffbox tenderness,
3) the clamp sign, 4)
palmar tenderness of
the scaphoid, 5) axial
compression of the
thumb along its
longitudinal axis,
6) site of pain on
resisted supination, 7)
site of pain on ulnar
deviation.
Yildirim 63 Prospective  Emergency department Scaphoid BUS (presence of a MRI (< 24 h)
(2013) [65] (Turkey) cortical interruption
of the scaphoid along
with a radiocarpal or
scaphotrapezium
trapezoid effusion)
de Zwart 33 Prospective  Emergency department Scaphoid MRI (< 72 h), CT(< If MRI, CT and BS all
(2016) [66] (Netherlands) 72 h) and Bone showed a fracture, the
Scintigraphy final diagnosis was:
(between 3 and 5 fracture.
days) If MRI, CT and BS all
showed no fracture, the
final diagnosis was: no
fracture.
In case of discrepancy
between MRI, CT and BS,
the final diagnosis was
established based on
specific clinical
signs of a fracture after 6
weeks (tender anatomic
snuffbox and pain in the
snuffbox when applying
axial pressure on the first
or second digit)
combined with the
radiographic evidence of
a fracture after 6 weeks. If
these signs were absent
and no radiographic
evidence, the final
diagnosis was: no
fracture.
Sharifi 175 Prospective  Emergency department Scaphoid VAS pain score MRI
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Table 3 Characteristics of the Eligible Studies (N = 35) (Continued)
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Author(s) Participants Design Department of patient Fracture Index test Reference test
presentation (Country)
(2015) [67] (Iran) fractures (anatomical snuff
box tenderness)
Brink 98 Prospective  Department of Radiology Fractures CT or radiography Clinical follow-up
(2014) [68] (Netherlands) carpus and
metacarpal
Neubauer 102 Retrospective Orthopedics and Trauma/ Scaphoid CBCT or radiography  Clinical follow-up
(2018) [69] Hand Surgery (Germany) fractures (including images)
Borel 49 Prospective  Orthopedics and Trauma Scaphoid CBCT MRI
(2017) [70] Surgery (France) or wrist
fractures
SCAPHOID, OTHER CARPAL AND METACARPAL BONES FRACTURES
Balci 455 Retrospective Emergency department Carpal and Radiographs MDCT
(2015) [71] (Turkey) metacarpal
Jorgsholm 296 Prospective  Emergency department Scaphoid, Radiographs MRI'0.23 T (within
(2013) [72] (Sweden) other (dorsovolar and 3 days)
carpal and lateral projections
metacarpal with an additional
bones 4 views of the
scaphoid.) and CT
Nikken 87 Prospective  Radiology department referred Scaphoid Anatomic snuffbox Additional treatment
(2005) [73] by traumatologist, orthopedic and other tenderness,
surgeon or emergency carpal bones.  radiographs
physician (Netherlands) Metacarpal (posteroanterior
bones II-IV and lateral projection)
and MRI'02 T (short
procedure)
CARPAL AND METACARPAL BONES AND PHALANGEAL FRACTURES
Javadzadeh 260 Not Emergency department (Iran) Carpal, BUS and WBT Radiographs (not
(2014) [74] described metacarpal, ultrasonography described when
performed)
and phalangeal
METACARPAL BONES AND/OR PHALANGEAL FRACTURES
Faccioli 57 Prospective  Traumatology department Phalangeal CBCT MSCT
(2010) [75] (Italy)
Kocaoglu 96 Prospective  Emergency department (Turkey) —Metacarpal us Radiographs
(2016) [76] (anteroposterior
and oblique)
Tayal 78 Prospective  Emergency department (USA) Metacarpal and US and physical Radiographs and
(2007) [77] phalangeal examination when operated,

surgical findings

MRI Magnetic resonance imaging, CT Computed Tomography, CBCT Cone Beam Computed Tomography, MSCT Multi-slice Computed Tomography, HSR-S High
Spatial Resolution sonography, BUS Bedside ultrasonography, WBT Water bath technique ROM Range of motion

Twelve of the studies (34%) demonstrated no limitations
when risk of bias was assessed, according to QUADAS-2
[46, 47, 51, 52, 56-58, 60, 61, 63, 69, 70]. Eight showed
incorporation bias [46, 47, 49, 55, 60, 62, 66, 69].

Diagnosing carpal fractures in hospital care

Table 5 presents the accuracy of the diagnostic tests of
all the carpal fractures. Two studies described the diag-
nostic accuracy of history taking [62, 67]. Physical exam-
ination [48, 53, 62, 64] and combined physical and
radiological examination [52] for diagnosing scaphoid
fractures showed Se, Sp, accuracy, PPV and NPV

ranging from 15 to 100%, 13—98%, 55-73%, 14—73% and
75—-100%, respectively.

Repeated physical examination with radiological exam-
ination after 38days [52] for diagnosing other carpal
bone fractures showed a Se of 100% with the exception
of the triquetrum (75%).

Radiographs used as an index test for diagnosing scaph-
oid fractures showed Se, Sp, accuracy, PPV and NPV ran-
ging from 25 to 87%, 50-100%, 48—88%, 14—100% and
49-94%, respectively. For diagnosing scaphoid fractures,
Magnetic Resonance Imaging (MRI) as an imaging modal-
ity showed Se, Sp, accuracy, PPV and NPV ranging from
67 to 100%, 89-100%, 85—-100%, 54—100% and 93—-100%,
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Table 4 Summary of Methodological Quality according to Quality Assessment of Diagnostic Accuracy Studies-2

Author(s) Risk of Bias Applicability Concerns
Patient Selection Index Test Reference standard Flow and Timing Patient Selection Index Test Reference standard

Adey (2007) [43] HR UR LR LR LR LR LR
Annamalai (2003) [44] HR LR LR LR LR LR LR
Balci (2015) [71] LR LR HR LR LR LR LR
Beeres (2007) [46] LR LR LR LR LR LR LR
Beeres (2008) [47] LR LR LR LR LR LR LR
Behzadi (2015) [45] LR HR HR LR LR LR LR
Bergh (2014) [48] UR LR LR LR LR LR LR
Borel (2017) [70] LR LR LR LR LR LR LR
Breederveld (2004) [49] LR UR UR LR LR LR LR
Brink (2019) [68] LR LR HR LR LR LR LR
Cruickshank (2007) [50] UR LR LR LR LR LR LR
Faccioli (2010) [75] LR HR HR LR LR LR LR
Fusetti (2005) [51] LR LR LR LR LR LR LR
Gabler (2001) [52] LR LR LR LR LR LR LR
Herneth (2001) [53] LR UR LR LR LR LR LR
llica (2011) [54] UR LR LR LR LR LR LR
Javadzadeh (2014) [74] UR LR LR LR LR LR LR
Jorgsholm (2013) [72] UR HR HR LR LR LR LR
Kocaoglu (2016) [76] UR LR LR LR LR LR LR
Kumar (2005) [55] UR HR HR HR LR LR LR
Mallee (2011) [56] LR LR LR LR LR LR LR
Mallee (2016) [57] LR LR LR LR LR LR LR
Mallee (2014) [58] LR LR LR LR LR LR LR
Memarsadeghi (2006) [59] UR LR LR LR LR LR LR
Neubauer (2018) [69] LR LR LR LR LR LR LR
Nikken (2005) [73] LR LR HR LR LR LR LR
Ottenin (2012) [60] LR LR LR LR LR LR LR
Platon (2011) [61] LR LR LR LR LR LR LR
Rhemrev (2010) [62] LR LR HR LR LR LR LR
Rhemrev (2010) [63] LR LR LR LR LR LR LR
Sharifi (2015) [67] UR LR UR LR LR LR LR
Steenvoorde (2006) [64]  UR HR HR LR LR LR LR
Tayal (2007) [77] UR LR LR LR LR LR LR
Yildirim (2013) [65] LR HR HR HR LR LR LR
de Zwart (2016) [66] LR LR HR LR LR LR LR

Abbreviations: LR Low Risk, HR High Risk, UR Unclear Risk

respectively. Multi Detector Computed Tomography
(MDCT) showed Se, Sp, accuracy, PPV and NPV ranging
from 33 to 100%, 85—-100%, 79—100%, 28—-100% and 86—
100%, respectively. Bone Scintigraphy (BS) as an index test
for diagnosing scaphoid fractures showed Se, Sp, accuracy,
PPV and NPV ranging from 78 to 100%, 87-97%, 86—
97%, 62-78% and 90-100%, respectively. For diagnosing
scaphoid fractures, Ultrasonography (US) as an imaging

modality showed Se, Sp, accuracy, PPV and NPV ranging
from 78 to 100%, 34—100%, 49—-100%, 30—100% and 75—
100%, respectively.

Diagnosing phalangeal and metacarpal fractures in
hospital care

Table 5 also presents the accuracy of the diagnostic tests
for metacarpal and/or phalangeal fractures, as described
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in six studies [71, 73-77]. Physical examination [77] for
diagnosing phalangeal and metacarpal fractures showed
Se, Sp, accuracy, PPV and NPV ranging from 26 to 55%,
13-89%, 45-76%, 41-77% and 63-75%, respectively. Im-
aging for metacarpal and finger fractures showed Se, Sp,
accuracy, PPV and NPV ranging from 73 to 100%, 78—
100%, 70-100%, 79-100% and 70-100%, respectively.
The reported diagnostic accuracy measures of phalan-
geal and metacarpal fractures were characterized by
markedly heterogeneous results among the eligible
studies.

Combined diagnostic accuracy of the studies with no
limitations and no incorporation Bias

Table 6 shows combined diagnostic accuracy mea-
sures of the studies that had no limitations and no
incorporation bias. A wide range of results were
found for the specificity, accuracy and NPV of MRI,
US, CT and BS. The sensitivity of BS and US showed
similar, acceptable results. US and MRI are imaging
tools that have similar PPV, but with large confidence
intervals.

Discussion

In previous reviews, no studies were identified on the
diagnostic accuracy of history taking for phalangeal,
metacarpal or carpal fractures. In the current system-
atic review, only two such studies were identified.
This update included one extra study on physical ex-
aminations for diagnosing scaphoid fractures in hos-
pital care, which was not included in previous reviews
[48]. Based on these results and those presented in
the previous reviews, physical examination is of mod-
erate use for diagnosing a scaphoid fracture. Physi-
cians should be aware that tenderness in the
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anatomical snuff box (ASB), tenderness over the
scaphoid tubercle and pain on longitudinal compres-
sion of the thumb have limited added value in a diag-
nostic process for a scaphoid fracture.

The present systematic review identified eight supple-
mentary imaging studies [58, 61, 65, 66, 68—70, 74], sub-
divided into MRI [66], CT [58, 66, 68-70], BS [66] and
US [61, 65, 74]. The overall conclusion is that imaging
tests were found to be moderately accurate for a defini-
tive diagnosis. However, the standard diagnostic work-
up for wrist complaints suspected of being a fracture
should also include detailed patient history taking, a
conscientious physical examination and, only if needed,
imaging [23]. Diagnostic studies focusing on history tak-
ing and physical examination of patients with suspected
phalangeal, metacarpal and carpal fractures are therefore
desired.

Compared with previous reviews, the current sys-
tematic review attempted to distinguish between stud-
ies based on their setting. Remarkably, no studies
examined the diagnostic accuracy of any diagnostic
test for phalangeal, metacarpal and carpal fractures in
a non-institutionalized general practitioner care set-
ting. It is known that results from hospital care can-
not automatically be translated into guidelines for
non-institutionalized general practitioner care. For
that reason, it is not possible to advise general practi-
tioners properly on the diagnosis of carpal, metacar-
pal and phalangeal fractures based on the currently
available literature. Given the burden of finger, hand
and wrist fractures on non-institutionalized care and
the importance of proper diagnoses, diagnostic studies
focusing on phalangeal, metacarpal and carpal frac-
tures in non-institutionalized general practitioner care
are urgently needed [2].

Table 6 Combined Diagnostic Accuracy of the Studies with no Limitations on QUADAS-2 and No Incorporation Bias (N=7)

Author(s) Diagnostic test Scaphoid fracture Se % Sp % Accuracy % PPV % NPV %

Gabler (2001) [52] Repeated clinical and Scaphoid 82-100 100 100 100 100
radiological examinations®

Mallee (2016) [57] Radiographs b Scaphoid 42-79 53-59 53-58 14-26 79-94

Fusetti (2005) [51] and Ultrasonography Scaphoid 92-100 42-100 54-100 30-100  97-100

Platon (2011) [61]

Mallee (2011) [56] MRI Scaphoid 67 8 85 57 93

Mallee (2011) [56] and (MD)CT® Scaphoid 33-67 89-96 79-91 40-80 86-93

Mallee (2014 [58]

Borel (2017) [70] CBCT Scaphoid 94 97 94 97

Author Diagnostic test Other carpal fracture  Sensitivity % Specificity %~ Accuracy % PPV % NPV %

Mallee (2014) [58] Repeated clinical and

radiological examinations

Other carpal bones

75-100

“Repeated clinical and radiological examinations after 10 and 38 days
PRadiographs after 6 weeks evaluated with JPEG or DICOM files

“CT-scaphoid: reformations in planes defined by the long axis of the scaphoid versus CT-wrist: reformations made in the anatomic planes of the wrist
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Methodological quality assessment

The methodological quality of the eligible studies in-
cluded in this update was limited, which might affect the
estimates of diagnostic accuracy. Many of the included
studies had methodological flaws and lacked the neces-
sary details to replicate the studies. There was consider-
able underreporting of important domains in most of
the included studies. The studies in this and previous
systematic reviews also had the inherent risk of publica-
tion bias. As the mechanisms of publication bias are not
yet well understood for diagnostic accuracy studies,
there are currently no assessment tools available to in-
vestigate this risk other than graphical interpretation.
Furthermore, several studies demonstrate incorporation
bias, with the risk of overestimation of the diagnostic ac-
curacy [78].

Diagnostic accuracy of the diagnostic tests for phalangeal
and metacarpal fractures

The identified studies evaluated a variety of metacarpal
and phalangeal pathologies. US may be an option for de-
tecting metacarpal fractures and prevent unnecessary X-
ray imaging examinations in patients presenting to the
Emergency Department (ED) with hand trauma. Some
advantages of US have increased its utilization in emer-
gency departments; these include a short procedure
time, a non-invasive and nonionizing radiation involving
nature, availability for use in nonhospital settings or bed-
side settings, repeatability, and a higher safety in chil-
dren and pregnant patients [79].

None of the previous reviews included studies showing
evidence on the diagnostic accuracy for diagnosing
metacarpal and phalangeal fractures. Therefore, this is
the first study to systematically summarize the diagnos-
tic accuracy of diagnostic tests for phalangeal and meta-
carpal fractures. This study concludes that physical
examination was of limited use for diagnosing phalan-
geal and metacarpal fractures.

Diagnostic accuracy of history taking and physical
examination of carpal fractures

History taking and physical examination are important
tools in a diagnostic process of diagnosing patients with
wrist pain [23]. Although common practice in hospital
care, only two studies were found on the diagnostic ac-
curacy of history taking for carpal fractures in the previ-
ous reviews and current review.

Previous reviews reported that tenderness in the ana-
tomical snuff box demonstrated an Se and Sp for scaph-
oid fractures ranging from 87 to 100% and 3-98%,
respectively [32, 34]. Tenderness over the scaphoid tu-
bercle (ST) demonstrated a Se and Sp ranging from 82
to 100% and 17-57%, respectively [32, 34]. The Longitu-
dinal Thumb Compression test (LTC) demonstrated a
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Se and Sp ranging from 48 to 100% and 22-97%, re-
spectively [32, 34].

The current systematic update included three extra
studies on physical examinations for diagnosing scaph-
oid fractures in hospital care [48, 52, 53]. Based on these
results and those presented in the previous reviews,
combining provocative tests improved the accuracy of
the post-test fracture probability, and physical examin-
ation alone was not sufficient to rule in or rule out
scaphoid fracture, which may lead to unnecessary out-
patient reviews and/or overtreatment. If a patient with
wrist pain and normal X-rays has a combination of ten-
derness in the anatomical snuff box, tenderness over the
scaphoid tubercle and longitudinal compression (LC)
tenderness towards the scaphoid, supplementary imaging
is still recommended. At present, in a patient with a
strong suspicion of a scaphoid fracture based on history
taking and physical examination despite no deviation on
imaging, the wrist will be temporarily immobilized until
repeated evaluation of the physical examination and im-
aging has taken place later [80].

Diagnostic accuracy of imaging of carpal fractures

In this and previous systematic reviews, the reported
diagnostic accuracy measures for imaging modalities
were characterized by markedly heterogeneous results
among the eligible studies. Plain radiography remained
the commonest modality for diagnosing carpal fractures
[81-83]. Its advantages include its wide availability, easy
accessibility and low costs. Most studies describe diag-
nostic tests of scaphoid fractures and only a few studies
concern other carpal fractures. At present, there is still
insufficient scientific evidence regarding the ideal im-
aging technique for scaphoid fractures [23]. Repeated ra-
diographs seems to have limited value for evaluating
suspected scaphoid fractures. The irregular contour, the
three-dimensional location in the wrist of the scaphoid
and the overlap of the carpal bones render interpretation
of scaphoid radiographs difficult, especially in the ab-
sence of fracture dislocation [81—-83].

The best diagnostic modality for confirmation of the
diagnosis of a carpal fracture that is not visible on the
initial radiograph is still the subject of debate. As found
in previous reviews (Table 1), MRI, CT and BS have
been shown to have better diagnostic performance than
isolated repeated scaphoid radiographs. Previous reviews
by Yin et al. concluded that BS and MRI have equally
high pooled sensitivity and high diagnostic value for ex-
cluding scaphoid fracture, when the lack of a reference
standard is acknowledged [35, 36]. However, MRI is
more specific and better for confirming scaphoid frac-
tures when compared to BS. According to the Cochrane
review of Mallee et al., statistically BS is the best diag-
nostic modality for establishing a definitive diagnosis in
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clinically suspected fractures when radiographs appear
normal, but the number of overtreated patients is sub-
stantially lower with CT and MRI [39]. Moreover, physi-
cians must keep in mind that BS is more invasive than
the other modalities. Previous reviews by Kwee et al. and
Ali et al. concluded that US can diagnose occult scaph-
oid fracture with a fairly high degree of accuracy and
Kwee et al. stated that US may be used when CT and
MRI are not readily available [37, 38]. Nonetheless, one
needs to keep in mind that, although scaphoid fractures
are the most frequently injured carpal bones, the conse-
quences of fractures of other carpal bones should not be
underestimated. All previously available systematic re-
views only examined diagnostic tests for scaphoid frac-
tures [32—-39], while in practice it is often not quite clear
during the diagnostic process which hand or wrist ana-
tomical structure or tissue (soft tissue or bone) is
affected.

Conclusion

As no studies in non-institutionalized general practi-
tioner care were identified, general practitioners who
examine patients with a suspected hand or wrist fracture
have limited instruments for providing adequate diag-
nostics. A general practitioner could decide to refer such
patients to a hospital for specialized care, but one could
question what assessments a specialist can use to come
to an accurate diagnosis. In hospital care, two studies of
the diagnostic accuracy of history taking for phalangeal,
metacarpal and carpal fractures were found and physical
examination was of moderate use for diagnosing a
scaphoid fracture and of limited use for diagnosing pha-
langeal, metacarpal and remaining carpal fractures.
Based on the best evidence synthesis, imaging tests (con-
ventional radiograph, MRI, CT and BS) were only found
to be moderately accurate for definitive diagnosis in hos-
pital care.
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