Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

[ g T I =0
nterndliondl /x".‘f_l'ra"id.!' a/

Oral &
Maxill ofa cial
S urgery

www.ijjoms.com

This article appeared in a journal published by Elsevier. The attached

copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the authors institution
and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright


http://www.elsevier.com/copyright

Int. J. Oral Maxillofac. Surg. 2011; 40: 655-661

doi:10.1016/j.ijom.2011.02.001, available online at http://www.sciencedirect.com

A systematic review of the
diagnostic role of
ultrasonography in maxillofacial

fractures

W. L. Adeyemo, O. A. Akadiri: A systematic review of the diagnostic role of
ultrasonography in maxillofacial fractures. Int. J. Oral Maxillofac. Surg. 2011; 40:
655-661. © 2011 International Association of Oral and Maxillofacial Surgeons.
Published by Elsevier Ltd. All rights reserved.

Abstract. This systematic review assessed the diagnostic value of ultrasonography in
maxillofacial fractures. A computerized literature search of MEDLINE, PubMed
and GoogleMed databases was conducted for publications on diagnostic ultrasound
and maxillofacial fractures in English. Search phrases were ‘maxillofacial fractures’
or ‘midfacial fractures’ or ‘zygomatic complex fractures’ or ‘nasal bone fractures’
or ‘orbital fractures’ or ‘mandibular fractures’ combined with ‘ultrasound’ or
‘ultrasonography’. The Boolean operator ‘AND’ was used to narrow the searches.
17 articles published between 1992 and 2009 were reviewed: two on midfacial
fractures, nine on orbital fractures, three on nasal fractures, and two on mandibular
fractures. One article described case series of ultrasonographic diagnosis of
mandibular and midfacial fractures. The sensitivity and specificity of ultrasound in
detecting orbital fractures were 56—-100% and 85-100%, respectively, whilst that of
nasal fractures were 90—100% and 98—100%, respectively. Sensitivity and
specificity of ultrasonography in detecting zygomatic fractures were >90%. For
mandibular fractures, the sensitivity and specificity was 66—100% and 52—-100%,
respectively. Much evidence justifies the use of diagnostic ultrasonography in
maxillofacial fractures, especially fractures involving the nasal bone, orbital walls,
anterior maxillary wall and zygomatic complex. The sensitivity and specificity of
ultrasonography is generally comparable with CT.
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Conventional plain radiography and com-
puted tomography (CT) scans are the tra-
ditional diagnostic tools for maxillofacial
injuries'*%'322%, CT being the gold
standard'*?®. Both are associated with
disadvantages and limitations. In conven-
tional radiography, the superimposition of

images of the overlying structures some-
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times makes definite radiological interpre-
tation difficult'>'®. Another disadvantage
is that real-time image visualization is
impracticable without digital technology,
hence, only a hard copy image of two-
dimensional plain films is available for
evaluation. These limitations have largely
been overcome by CT, but the disadvan-

tages of CT imaging include limited
access to facilities, high cost, and high
radiation exposure’. In addition, in
patients with metallic implants there can
be blurring of the image due to artefacts
generated by the metal'®. Also, CT
requires special patient positioning, which
may not be possible in uncooperative

© 2011 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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patients and in those who may have suf-
fered cervical spine injuries®'”.

Rapid developments in computing hard-
ware and microelectronic technology have
facilitated technological advancement in
ultrasonography in the last three decades,
making it applicable not only to soft tis-
sues but also to bony lesions of the head
and neck®'**, This has increased interest
in evaluating ultrasound imaging as an
alternative to conventional radiography
and CT in the diagnostic evaluation of
maxillofacial fractures™®'* %%, Most lit-
erature reports are very promising, but
whether ultrasonography can replace con-
ventional radiography and CT in the diag-
nosis of maxillofacial fractures has still to
be established.

If evidence in support of the utility of
ultrasonography in maxillofacial trauma
imaging is established, a new level of
evidence-based practice, leading to cost-
effectiveness and optimal risk control in
maxillofacial trauma care may have been
revealed. Evidence-based practice
involves integrating individual clinical
expertise with the best available external
clinical evidence from systematic
research®®. The systematic review of evi-
dence on new diagnostic, prognostic, ther-
apeutic, rehabilitative or preventive
regimens is desirable. In this systematic
review, a pioneering effort, based on best
available research, is made to evaluate and
appraise the current role of diagnostic
ultrasonography in maxillofacial frac-
tures. The objectives are to ascertain the
level of evidence available, to highlight
the specific indications and to identify any
current limitations to the use of ultrasono-
graphy as an alternative to radiation ima-
ging techniques in the diagnostic
evaluation of maxillofacial fractures.

Materials and methods

In a multi-staged approach, a rigorous
search for articles on ultrasonography in
maxillofacial fractures was conducted.
The first step involved a search for exist-
ing systematic reviews and/or meta-ana-
lyses on the subject via the following
gateways: Cochrane reviews; ADA.
EBD systematic reviews (American
Dental Association. Evidence-based Den-
tistry); HINARI library (Health InterNet-
work Access to Research Intiatives);
PubMed and Essential Evidence plus
(www.essentialevidenceplus.com). In the
second stage, a computerized literature
search of MEDLINE, PubMed and Goo-
gleMed databases was conducted for pub-
lications on ultrasound and maxillofacial
fractures. Mesh phrases used for the search

were ‘maxillofacial fractures’ or ‘midfa-
cial fractures’ or ‘zygomatic complex
fractures’ or nasal bone fractures’ or ‘orbi-
tal fractures’ or ‘mandibular fractures’
combined with ‘ultrasound’ or ‘ultrasono-
graphy’.

The Boolean operator ‘AND’ was used
to combine and narrow the searches. The
search was limited to articles originally
published in English or for which a full
text English translation was available.
During this round of searching, abstracts
were reviewed and the relevant full text
articles were selected. The third step
involved a manual search of the reference
lists of all the selected articles to identify
other relevant articles for final selection.
Articles were selected if the following
inclusion criteria were fulfilled: availabil-
ity of full text article in English; studies
were performed on humans; CT or con-
ventional radiography or intraoperative
findings were the reference methods used
to compare ultrasonography; site of frac-
ture evaluated was unambiguously stated;
type and resolution (frequency) of the
transducer used was clearly specified; out-
comes were measured in terms of sensi-
tivity and specificity or comparison of
absolute number of fractures detected by
the specific imaging techniques. Full texts
of all selected articles were critically
appraised for methodology (including
adequate description of ultrasound evalua-
tion technique, and the reference method
to which the diagnostic value of ultra-
sound was compared), validity of results,
and inferences made.

Results

The initial search for previously published
systematic review on the use of ultrasono-
graphy in maxillofacial fractures yielded
nothing. Subsequent searches for studies
relevant to the subject produced 17 articles
that satisfied the inclusion criteria. These
articles were published between 1992 and
2009. They consist of two articles that
considered midfacial fractures as a group
(S8 and S15), nine articles dedicated to the
study of orbital fractures (S1, S2, S5, S6,
S9-13), three articles specific to nasal
fractures (S14, S16, and S17), and two
articles on mandibular fractures (S4 and
S7). One of the articles described case
series of ultrasonographic diagnosis of
mandibular and midfacial fractures (S3)
(Table 1). All the articles were descriptive
and comparative in nature. With the
exception of the single case series, all were
either prospective or cross-sectional in
design. Investigator blinding was per-
formed in five studies whilst a control

group was introduced in four studies.
The sample size ranged from 10 to 171
subjects in the experimental studies whilst
five cases were involved in the case series.
CT was the commonest imaging modality
to which ultrasonography was compared.
Some investigators used either conven-
tional plain radiographs, or intraoperative
observations or combinations of these
reference methods (Table 1). Transducers
with frequency ranging between 7.5 MHz
and 30 MHz were employed in the studies.
Curved probes and small probe designs
were used in most cases, whilst a few
investigators employed linear probes.
The closed eye technique was preferred
for all orbital ultrasonographic imaging.

Studies that investigated the application
of ultrasonography in midfacial fractures
as a group reported good correlation with
reference methods in the detection of frac-
tures of the anterior wall of maxillary
sinus, nasal bridge, displaced fractures
of the zygomatic arch, medial and lateral
orbital walls (Table 1). Isolated orbital
floor fracture, especially in the posterior
aspect, was not adequately visualized by
ultrasound scans.

The sensitivity and specificity of ultra-
sound in detecting orbital fractures range
from 56% to 100% and 85% to 100%,
respectively whilst that of nasal fractures
range from 90% to 100% and 98% to
100%, respectively (Table 1). Sensitivity
or specificity of ultrasonography in detect-
ing zygomatic fractures was greater than
90% in published studies (Table 1). Only
two studies investigated mandibular sub-
condylar/ramus fractures and these studies
reported sensitivity and specificity in the
range of 66—100% and 52—-100%, respec-
tively. Detailed characteristics and other
findings of all selected studies are pre-
sented in Table 1. The limitations of diag-
nostic  ultrasonography and factors
affecting validity of ultrasound imaging
in maxillofacial fractures based on the
published literature are highlighted in
Tables 2 and 3, respectively.

Discussion

Ultrasound is a form of energy that con-
sists of high frequency mechanical vibra-
tions not audible to the human ear’?>.
Ultrasonography was first used in medical
practice during World War II when it was
introduced to obstetric practice by lan
Donald®. It is a non-invasive diagnostic
procedure and does not produce ioniza-
tion. It is rapid and painless and has no
known deleterious biological effect®.
When it was introduced to head and neck
medicine, it was restricted to the imaging



657

A systematic review of the diagnostic role of ultrasonography in maxillofacial fractures

0,,6—dg  onbruyod) 949 paso[)
1O yum
uostedwoo pue purfq o[3uis #002)
%b6—oS  JeUIIAIND ‘ZHN §'/ Surpuy oanerodoenuy 100} [BNqI0 8G  PI[[01U0D JON ‘aAnoadsold 41 T8 30 SINv( 6S
SOUI| 9INJORI] JO UOISU)XS [BId)e]
pue ‘sainjoesj xo[dwos ‘sornjoely
PAJBOO[SIP UOU 10} UONEB[III00 100d
snuis AIe[[IXew JO [[em
JOLIdIUE 93pLIq [eseU JOOY [eNqlo
Jououe F x9[dwod onewo3Az jo
sainjoely o[dnnur ‘yore d1ewWoIAz (€002) T8 10
passaxdap 10J uone[o110o poon)  iojedrjdde jed jewg 1D SAINJoRIy [RIOBIPIN I8 pafonuo) aAnpoadsorg HORIAAR ] 8S
%cSs—ds
(ma1a vd
pue ydei3owojuedoyiio) snuwel pue (1002) g T8 10
2,99—9aS  oqoid [[ews ‘ZHN S/ ydei3orper urejq 9[Apuod Ie[nqrpuejy 7€ PI[onuod JoN aAnoadsorg HORIAAN | LS
"%001—dS “%r6—2S
{AIe[[IXRW-001)BWOTAZ ‘0 G6—dSg s3urpuy oAryerodoenur x9[dwoo purfq o[3uis (0002) ;. Te 3
“0400]—2S ‘100Q [e31qI0 10 XOAU0D ‘ZHIN §°L pue ydeiSorper urejq [e31q10-001)eWO03LZ 7C  POI[01U0d JON ‘aAnoadsold NNVOOIN 9S
%8L—AdN
%C6—Add
%98—3V
2,88—dsg onbruyoo) 249 9s0[)
sguIpuy (L661) ¢ nVHL
2%58—9S  IBJUI[IAIND ‘ZHIN G'L oanerodoenur pue 1) 100} [B31GI0 0C  Po[[0Nu0d JON aAnpoadsorg puB SNDINA[ S
%001—ds
(sydeaSowojuedoyyio) (L661) (  TE 1
%001—2S Teaur| ‘ZHN 'L ydeiSorper urejg saImjoel} JejApuooqns 0€  PO[[OJUOD JON  [BUOIDIS-SSOID) ZNIHHNIETY] ¥S
(1) sisAydwiAs renqipuejy
(1) 21qipuew jo 9[3uy
(1) eqrxewr [[em JIOLIIUY
(1) wu [&1q10
9qoid [rews ydei3orper urerd (9661) e
SOSBD [[B UI UOIJB[A1I0d POOLD) ZHIN 0€ ‘ZHIN S1 ‘sSurpuy aanerddoenuy (1) auoq reseN G Po[[onuod JON SOLIdS ISB) IVIIH €S
%001—Add
9%001—ds  onbruyod) 94a pasor)
(€661)
%76—2S  9qoid [rews ‘ZHA 0 10 S[rem [e31qI10 61 pajjonuo) aAnoadsoig 2z T8 19 VIV 7S
%001—oV
%001—ds  onbruyod) 94s pasor) purq 9[3urg
(€661)
0476—2S Teaul[IAInd zHN 0 10 S[rem [e31qI10 81 pajjonuo) aApdadsold B 30 LSTMUO] IS
awoomnQ od&) 100npsuel], SPOYIOW QOUIOJY amjoely jo adK [, az1s jou I0 ugisoq J[onIy ‘ou
ordwres pajjonuo) Apmig

"SAIPNYS POJIS[As UdaMIeq SSUIPUL puE SOISLISJORIRYD Jo uostedwo) 7 ajqnf



Adeyemo and Akadiri

658

-onfea oAnoIpaxd aanisod—aAJdd ‘onfea aanoipaid oaneSou—AJN ‘AoeInooe—oy (Ajroyroads—dg (Ayianisuos—og

%001—oV
Jyons Kooy
%001—4dS ZHIN S1-01
puIq °[qnop (6002)
%001—2S SN uonnosar YSIy 1D ABI-X [BUOT)USAUO)) Auoq [eseN 8€]  POIIOIUOD JON  [BUOI}IIS-SSOI)) bz T8 30 38 LIS
%L8—AdN ‘%86 pur[q o[qnop (6007 o, e 3@
—Add “%86—4dS ‘%06—2S Jedul] ZHIN 01 KeI-Y UONUIAUOD) Auoq [eseN IL1  PS[[OJUOD JON  [BUOIDIS-SSOI)) IAQYWAVHNA] 91S
yoIe onewodAz padeldsip
pue ej[ixew JO [[em JoLIdjue
hm:m\s ﬁmﬁn—uo ﬁmuoumﬁ ﬁﬁ.&
[e1palu 10} UOIJB[aLI0d POODH) Jeaurg
muvﬁﬂo HO.% ZHIN N~
yoIe dnewodLAz
paoefdstpun pue 100 J1q10 purq o[8urs  (L00T) (T8 1
Pa3e[OsI J0J uone[a1I0d 100 [e31q10 10J ZHIN 8 1D SaInjoel) JeroeJpIjN 01 pa[jonuo) JwﬁoﬁuoomummOHO NNVINSSaTg SIS
ons (L002)
2%001—V %u&oos ZHIN S1—L %mguvm [euOnUIAUOD “,HU QUO(q [eSeN 9T P3[]o1u093 JON [eUO1)03S-SS0I) ﬁ._w 19 ODNOH v1S
%b6—AdN “%88—Add ‘“%l6—oV
“%r6—dS ‘%88—aS ‘[[em [eIoje] S[[em [e31910
%001—AdN “%SL—Add “%C6—0oV  enbruyosy 245 pasopo purlq s[qnop (9002)
‘%06—dS %001—9S ‘[[em [BIPOJA poAINd ‘ZHN 'L 10 [EI0)E] PUE [RIPIN €1 Po[Ionuod JON ‘0An0adso1g BNV €S
%E6—AdN “%88—Add ‘“%06—2V
0%L8—dS ‘%g6—aS ‘[rem [e1ore]
%S6—AdN “%08—Add ‘“%06—2V
“%I16—dS ‘%68—9S [[em [EIPIN
%09—AdN ‘%001—Add ‘“%t6—0oV
‘%001—dS ‘%06—2S ‘100[ [€}1qI0
%68—AdN
‘%Z6—Add %06~V ‘%P6—ds  onbruyos) ok pasopo (9002)
:wa'om mﬁ_w.ﬂma 1e31q.10 JoLI_Juf paAInd nNH.:Z S'L 1D SaInjoel} [eyNqlo T P3[]01u03 JON ®>ﬁooﬂmo.~m mﬁ._m 19 JNV( IS
%LL—AdN “%001—Add “%86—9V
%001—dS ‘%$6—oS 100l [€)1qI0
%Z6—AdN “%I16—Add ‘“%l6—oV  onbruiody a4s pasod (¥002)
:XVNG‘Qm :X,.v@‘om MEC [elqroeayuy paAInNd nNmz S'L 1D SWILI [ejrqloerjuy 09 P3[]01U03 JON u>ﬁo®Qmo.ﬁm M:.E 19 JNV( 11S
%88—AdN “%T6—Add ‘“%06—2V
0%88—4dS ‘%76—oS ‘[[em [e1ore]
%I16—AdN ‘%I1L—Add ‘“%06—oV
0%S6—dS 9%96—aS ‘[[em [BIPIN
%16—Add
%LS—AdN o_\:u@ﬁaooﬁ 2Kk Paso1D s[rem [eyqIO
(+002)
2%96—V paAINd ,NI—Z S'L 1O [elaje] pue JeIpa]N ov P3[]01U0d JON ®>ﬁuoamo.ﬁm c_.ﬁm 19 JNV( 0IS
awoomnQ od&y 100npsuel], SPOYIOW QOUIOJY amjoely jo adA [, az1s jou I0 ugisoq J[onIy ‘ou
Jrdwreg pajjonuo) Apms

(ponunyuo)) | 2|qeL



A systematic review of the diagnostic role of ultrasonography in maxillofacial fractures

Table 2. Limitations of diagnostic ultrasonography in maxillofacial fractures.

Studies in which

Limitations it was noted'
Inability to delineate complex multiple facial fractures S17, S14, S8
Inability to distinguish new fracture from old fractures S14
Confusion of some anatomical areas as fractures S14
Difficulty in detecting non dislocated fractures S10, S7. S8, S15
Difficulty in imaging of posterior aspect of the orbital floor S1, S2, S8
Detailed bony imaging may be precluded in acute situations S6, S8

with extensive facial oedema, and emphysema
Unable to identify intracapsular fracture of mandibular condyle S7

due to overlapping of zygomatic arch

'See Table 1 for allocation of study numbers.

Table 3. Factors affecting validity of diagnostic ultrasonography in maxillofacial fractures.

1. Experience of sonographer
2. Type and resolution of transducer

3. Lack of standard scanning technique for the facial skeleton
4. Real time visualization is better than interpretation of hard copy
5. Timing of the sonographic investigation from the time of injury.

of superficial structures of the head and
neck and was thought to have a limited
role in bony lesions>”. Following improve-
ments in ultrasound technology and the
advent of high resolution ultrasonography,
it is now being used routinely in the exam-
ination and diagnosis of bone pathology'.

The relative merits of ultrasonography
are considerable. Ultrasound facilities are
widely available, even at the lowest level of
health care'>!”*'®. The cost of investigation
is comparatively cheap, it is less dependent
on patient cooperation and the technical
sensitivity of patient positioning is mini-
mal®??. Ultrasonographic imaging can be
done in real-time, allowing dynamic and
three-dimensional imaging®®. The equip-
ment is portable enough to be moved into
the operating room for intraoperative ima-
ging and the evaluation of fracture reduc-
tion®?%. The risk associated with radiation
exposure is excluded, so imaging can be
repeated several times without any major
concern®??.

Ultrasonography was first used as a diag-
nostic tool for maxillofacial fractures in
1981 when Orp et al*’. used it to detect
orbital wall fractures. Since then, several
authors have reported their experi-
ences>®!*2%22 There has been no attempt
to encapsulate the evidence from the var-
ious studies in a systematic review or meta-
analysis.

Traditional literature reviews are con-
ducted, using expert opinion to define the
questions and to select and summarize
evidence®'. Unlike traditional reviews,
systematic reviews are conducted using
set criteria to search for evidence, criti-
cally appraising the evidence on the basis
of methodology and validity of results,
and summarizing the evidence to provide
salient information transferable to clinical

practice®'. In this systematic review, a
pool of evidence supporting the use of
ultrasound in the diagnosis of different
types of facial fractures was identified.

The most useful diagnostic tests help to
establish an accurate diagnosis that sup-
ports the most appropriate treatment lead-
ing to the best outcome for the patient®!.
The best tests have high sensitivity and
specificity. When assessing a diagnostic
test, it must be compared blindly and
independently with a gold standard*'. In
the articles available for this review, ultra-
sonography was compared with CT or
conventional plain radiograph or intrao-
perative observation of the fracture or
combinations of the methods.

Ultrasonography has shown very high
accuracy for the detection of nasal bone
fractures with sensitivity ranging from 90%
to 100%, specificity of 98-100% and high
predictive values'>**?. This finding was
supported by the reports of FRIEDRICH et al.”
and Hirat et al.'' thus establishing that
ultrasonography is an adequate investiga-
tion for clinically suspected isolated nasal
fracture. It was found to be better than CT in
the studies of Lk et al.** and HonG et al.'?
in which it was able to detect linear non-
depressed fractures of the nasal bridge and
anterior septal cartilage deviation, which
were missed by CT scanning.

Orbital fractures are the most exten-
sively investigated maxillofacial fractures
with the aid of ultrasonography®''°.
Medial and lateral wall and orbital floor
fractures are the most investigated orbital
wall fractures. Little work has been
reported on orbital roof fractures. The
least sensitivity observed for detection
of medial and lateral wall fractures was
56% and 88%, respectively'>!>, whilst the
least specificity was 90% and 87%,
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respectively'*!®. Generally, accuracy for
detection of orbital wall fractures was 90—
100%%'41>-1% These support the clinical
reliability of ultrasound imaging in the
diagnosis of these fractures. In the case
of the orbital floor, sensitivity and speci-
ficity ranged from 85% to 100% and 57%
to 100%, respectively, and accuracy was
86-98%'%171925 1t was consistently
observed that orbital floor fractures
beyond 4 cm posterior to the orbital mar-
gin is poorly detected by ultrasound’-*.

Fractures of the inferior orbital rim are
readily detected by ultrasonography with
sensitivity and specificity up to 94% and
92%, respectively'®. Infraorbital orbital
rim fracture often occurs as part of zygo-
matico-maxillary or zygomatico-orbital
fractures. Ultrasonography has been
reported to readily detect fractures of
the anterior wall of the maxilla®”-*. The
use of diagnostic ultrasonography in zygo-
matic arch fractures has been well inves-
tigated and it is found very accurate in all
cases of displaced arch fractures®. A few
other studies™'® support this finding but
were not included in the present review for
failing to meet the inclusion criteria.

Only a few authors have investigated
the use of ultrasound in mandibular frac-
tures. This is probably because mandibu-
lar fractures are easily diagnosed by
clinical examination and conventional
radiography. Hirar et al.'' in their case
series demonstrated that ultrasound read-
ily detects fractures of the mandibular
symphysis and angle. Advanced radiolo-
gical investigations are sometimes indi-
cated in cases of subcondylar fractures of
the mandible. This is one area where the
use of ultrasound might be necessary in
the management of mandibular fractures.
KeemneeNz et al.?® and Frieprich et al.®
reported ultrasonographic sensitivity and
specificity of 100% and 100%, respec-
tively, and 66% and 52%, respectively,
in the detection of mandibular subcondy-
lar/ramus  fractures. FriepricH et al.®
emphasized the limitation of ultrasound
as failure to detect intracapsular condylar
fractures due to the overlap of the zygo-
matic arch’. Although, the current findings
are promising, further investigation is
required to document strong evidence on
the appropriateness of diagnostic ultraso-
nography in mandibular fractures.

Table 2 highlighted some of the notable
limitations of ultrasonography in the diag-
nosis of maxillofacial fractures. Ultraso-
nography may not be sufficient to
diagnose complex maxillofacial fractures,
such Le Fort fractures and multiple or pan
facial fractures, and the use of CT in such
cases is obligatory. Ultrasound poorly
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detects non-displaced fractures of most
facial bones and in the acute situation,
proper imaging may be precluded by mas-
sive inflammatory oedema and emphy-
sema as well as pain and tenderness
elicited during probing. It may be advisa-
ble to delay ultrasonographic examination
until about 72 h post-trauma in nonemer-
gency situations.

CriappeLit and CaruLis* emphasized the
need to take evidence-based clinical prac-
tice beyond academic exercise, and to
focus on ‘Patient Oriented Evidence that
Matters (POEM)’. They cautioned that all
patient oriented evidence is not to be
blindly applied but should be subjected
to ‘Research Evaluation and Appraisal by
the principles of evidence-based Dentistry
(READ)’. They coined the slogan, ‘POEM
is good only as long as we READ’. Fol-
lowing this principle, it is important not to
embrace the evidence supporting the use
and probably the substitution of ultraso-
nography for conventional radiography
and CT in maxillofacial trauma diagnosis
just because it is patient oriented, but also
to appraise the sources of the evidence.
Hence, the authors set up limiting criteria
and critically appraised the study designs
and methodology of the studies reviewed.
They observed that all the studies (except
one case series) were based on prospective
or cross-sectional studies. Observer blind-
ing was adopted in five studies and con-
trols introduced in four. This implies that
the current evidence is essentially at mid-
dle to high level in the hierarchy of evi-
dence’®. In fact, prospective, cohort/cross-
sectional studies have been noted to be
most appropriate for investigating the
diagnostic value of a clinical tool*°.

Internal validity was assessed by ensur-
ing uniformity of technique in individual
study and tests carried out by the same or
calibrated investigators with blinding of
investigators in some studies. Sonographic
techniques, transducer types and fre-
quency as well as expertise of sonographer
differ between studies, so it was difficult to
assess the external validity of the pro-
jected evidence but the consistency of
the findings in the studies suggests the
validity of the evidence.

Some of the factors affecting the valid-
ity of diagnostic ultrasonography in max-
illofacial fractures are itemized in Table 3.
These include the experience of the sono-
grapher and the type and resolution of the
transducer. There is need for a standard
sonographic technique for maxillofacial
imaging. The use of regular linear probes
leads to problems with poor adaptation to
facial topography; some investigators
overcame this by using curvilinear and

small size probes. Specially designed
transducers suited to maxillofacial topo-
graphy are desirable. Real-time sono-
graphic imaging is the best technique
for maximizing the benefits of diagnostic
ultrasound in maxillofacial fractures. This
enables dynamic visualization of the facial
skeleton in three dimensions and forestalls
the need to depend on a hard copy of the
ultrasound image, which is often more
difficult to interpret. This underlines the
need for craniomaxillofacial trauma sur-
geons to be trained in ultrasonographic
techniques so that real-time imaging can
be done intraoperatively.

In conclusion, a high level of evidence
is available to justify the use of diagnostic
ultrasonography in maxillofacial frac-
tures. Nasal bone fractures, orbital frac-
tures, anterior maxillary wall and
zygomatic arch fractures are readily
detected. Ultrasonography is also promis-
ing in the detection of extracapsular sub-
condylar fractures, but the clinician must
appreciate its limitations in undisplaced
fractures, complex maxillofacial fractures,
posterior orbital floor fractures and intra-
capsular mandibular condyle fractures.
The need to develop standard sonographic
techniques and design special transducer
probes has been highlighted. It is also
important for craniomaxillofacial trauma
surgeons to be trained in the use of ultra-
sound. Ultrasonography holds greater pro-
mise in maxillofacial trauma care, both in
diagnosis and treatment. If properly devel-
oped and deployed, the relative advan-
tages of ultrasonography over CT could
relegate the use of CT to exclusive situa-
tions and so revolutionize maxillofacial
imaging in trauma care.

Funding

None.

Competing interests

None declared.

Ethical approval

Not required.

References

1. AbEYEMO WL, OGUNLEWE MO,
LADEINDE AL. Ultrasound as a diagnostic
aid in head and neck lesions. Niger Post-
grad Med J 2006: 13: 147-152.

2. Akisuki H, YosHipa H, MicHi K. Ultra-
sonographic evaluation during reduction
of zygomatic arch fractures. J Cranio-
maxillofac Surg 1990: 118: 263-266.

12.

. BLESSMANN M, POHLENZ P, BLAKE FAS,

LENARD M, SCHMELZLE R, HEILAND M.
Validation of a new tool for ultrasound as
a diagnostic modality in suspected mid-
facial fractures. Int J Oral Maxillofac
Surg 2007: 36: 501-506.

. CHiAppPELLI F, CasuLis OS. Transitioning

toward evidence-based research in the
health sciences for the XXI century.
eCAM 2008: 5: 123-128.

. DoroBisz H, VOgeGELI E, HARDT N. Con-

ventional radiology and computed tomo-
graphy in facial fractures. Rontgenblatter
1983: 36: 428-433.

. ForresT CR, LATA AC, MARCUZZI DW,

BaiLey MH. The role of orbital ultra-
sound in the diagnosis of orbital fractures.
Plast Reconstr Surg 1993: 92: 28-34.

. FriEDRICH RE, HEILAND M, BARTEL-

FrIEDRICH S. Potentials of ultrasound in
the diagnosis of midfacial fractures. Clin
Oral Investig 2003: 7: 226-229.

. FrRIEDRICH RE, PLAMBECK K, BARTEL-

FriEDRICH S, GIESE M, SCHMELZLE R.
Limitations of B-scan ultrasound for
diagnosing fractures of the mandibular
condyle and ramus. Clin Oral Investig
2001: 5: 11-16.

. GriTZMANN N, HOLLERWEGER A,

MACHEINER P, RETTEBACHER T. Sono-
graphy of soft tissue of the neck. J Clin
Ultrasound 2002: 30: 356-373.

. GULICHER D, KRIMMEL M, REINERT S.

The role of intraoperative ultrasonography
in zygomatic complex fracture repair. Int J
Oral Maxillofac Surg 2006: 35: 224-230.

. Hirat T, MANDERS EK, NAGamoTO K,

SAGGERS GC. Ultrasonic observation of
facial bone fractures: report of cases. J
Oral Maxillofac Surg 1996: 54: 776-779.
HonGg HS, CHA JG, Paik SH, PArRkK SJ,
Park JS, Kim DH, LEe HK. High resolu-
tion sonography for nasal fracture in chil-
dren. AJR 2007: 188: W86-W92.

. IInumA T, HiroTA Y, IsH10 K. Orbital

wall fractures. Coventional views and
CT. Rhinology 1994: 32: 81-83.

. Jank S, DEBL M, STrOBL H, OBER-

RAUCH A, NICASI A, MISSMANN M, BoD-
NER G. Interrater reliability of
sonographic examinations of orbital frac-
tures. Eur J Radiol 2005: 54: 344-351.

. JaANK S, DEiBL M, STrOBL H, OBER-

RAUCH A, NIcAsI A, MiIsSMANN M, BoD-
NER G. Interrater reliability in the
ultrasound diagnosis of medial and lateral
orbital wall fractures with a curved array
transducer. J Oral Maxillofac Surg 2006:
64: 68-73.

. JANK S, ERMSHOFF R, ETZELSDORFER M,

StrOBL H, Nicast A, Norer B. The
diagnostic value of ultrasonography in
the detection of orbital floor fractures
with a curved array transducer. Int J Oral
Maxillofac Surg 2004: 33: 13-18.

. JANK S, ERMSHOFF R, ETZELSDORFER M,

StrOBL H, Nicasi A, Norer B. Ultra-
sound versus computed tomography in
the imaging of orbital floor fractures. J
Oral Maxillofac Surg 2004: 62: 150-154.



20.

21.

22.

23.

A systematic review of the diagnostic role of ultrasonography in maxillofacial fractures

. JANK S, ERMSHOFF R, STROBL H, ETZEL-

DORFER M, Nicasi A, NorRer B. Effec-
tiveness of ultrasound in determining
medial and lateral orbital wall fractures
with a curved-array scanner. J Oral Max-
illofac Surg 2004: 62: 451-455.

. JENKINS CM, THUAU H. Ultrasound ima-

ging assessment of the fractures of the
orbital floor. Clin Radiol 1997: 52: 708—
711.

KLEINHEINZ J, ANASTASSOV GE, Joos U.
Ultrasonographic versus conventional
diagnostic procedures in dislocated
subcondylar mandibular fractures. J Cra-
niomaxillofac ~ Trauma 1997 3:
40-42.

Koiscuwitz D, GritzMAN N. Ultra-
sound of the neck. Radiol Clin North
Am 2000: 38: 1029-1045.

LATtAa AC, MArcuzzi DW, FOrRrREST CR.
Comparison of real-time ultrasonography
and coronal computed tomography in the
diagnosis of orbital fractures. Can Assoc
Radiol 1993: 44: 371-376.

Lauria L, Curt MM, CHAMMAS MC,
PinTo DS, TorLont H. Ultrasonography
evaluation of bone lesions of the jaws.
Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1996: 82: 351-357.

24.

25.

26.

27.

28.

29.

LeEe MH, CHa JG, HonG SH, LEE JS,
Park SJ, Paik SH, LEe HK. Comparison
of high-resolution ultrasonography and
computed tomography in the diagnosis
of nasal fractures. J Ultrasound Med
2009: 28: 717-723.

MccaNN PJ, BROCKLEBANK LM, AYOUB
AF. Assessment of zygomatico-orbital
complex fractures using ultrasonography.
Br J Oral Maxillofac Surg 2000: 38: 525—
529.

MOHAMMADI A, JAVADRASHID R, PEDRAM
A, Masupt S. Comparison of ultrasono-
graphy and conventional radiography in
the diagnosis of nasal bone fractures. Iran
J Radiol 2009: 6: 7-11.

OrD RA, LE MAY M, DUNCAN JG, Moos
KF. Computerized tomography B-scan
ultrasonography in diagnosis of fractures
of the medial orbital wall. Plast Reconstr
Surg 1981: 67: 281-288.

Rowe LD, MiLLER E, BRANDT-
ZawADzKl M. Computed tomography
in the maxillofacial trauma. Laryngo-
scope 1981: 91: 745-757.

SACKETT DL, ROSENBERG WMC, GRAY
JAM, HAYNEsS RB, RICHARDSON WS.
Evidence based medicine: what it is
and what it isn’t: it’s about integrating

30.

31

32.

661

individual clinical expertise and the best
external evidence. BMJ 1996: 312: 71—
72.

SuTHERLAND SE. Evidence-based dentis-
try. Part IV. Research design and levels of
evidence. J Can Dent Assoc 2001: 67:
375-378.

SuTHERLAND SE. Evidence-based dentis-
try. Part VI. Critical appraisal of the
dental literature: papers about diagnosis,
etiology and prognosis. J Can Dent Assoc
2001: 67: 582-585.

WHAITES E, CAwsoN RA. Essential of
dental radiography and radiology. 2nd ed.
London: Churchill Livingstone 1996: p.
193-195.

Address:
Wasiu Lanre Adeyemo
Department of Oral and Maxillofacial

Surgery

Faculty of Dental Sciences
College of Medicine

University of Lagos

Nigeria

Tel.: +234 8023115885

E-mail: lanreadeyemo @yahoo.com



