
STUDY PROTOCOL Open Access

A study protocol for a randomised
controlled trial evaluating the effects of
intraoperative computed tomography on
the outcomes of zygomatic fractures
Andrew Higgins1* , Michael Hurrell2, Richard Harris1, Geoffrey Findlay1, Michael David3 and Martin Batstone1

Abstract

Background: Zygomaticomaxillary complex (ZMC) and zygomatic arch (ZA) fractures are common injuries resulting
from facial trauma and frequently require surgical management (Huang et al., Craniomaxillofac Trauma Reconstr
8(4):271-6, 2015). A substantial number of post-operative functional and cosmetic complications can arise from the
surgical management of these fractures. These include scarring, inadequate facial profile restoration, facial asymmetries
and diplopia (Ellis et al. J Oral Maxillofac Surg 54(4):386-400, 1996; Yang et al. Oral Maxillofac Surg Clin North Am 23(1):
31-45, 2011; Kloss et al. Int J Oral Maxillofac Surg 40(1):33-7, 2011). Intuitively, most of these aforementioned
complications arise as a result of inadequate fracture reduction; however, current standard practice is to assess reduction
post-operatively through plain radiographs or computed tomography (CT) scans. The role of intra-operative CT scanning
to assess the reduction of ZMC/ZA fractures and the potential impact on complications, has thus far not been established.

Methods: This is a prospective randomised controlled trial currently being undertaken at the Royal Brisbane and
Women’s Hospital. All patients who require operative management of their ZMC or ZA fractures are offered enrollment in
the trial. The patients are randomised into two groups: interventional (intra-operative CT) and control (no intra-operative
CT). All patients in each group will have post-operative radiographs taken. From these radiographs, the reduction of the
ZMC and/or ZA fracture is graded by a blinded assessor. Patients will be reviewed in clinic at 1 week and 6 weeks post-
surgery. During these consultations, all patients will be assessed for scarring, diplopia, facial profile restoration and need
for revision surgery.

Discussion: Many complications associated with surgical management of ZMC and ZA fractures involve poor aesthetic
results as a direct consequence of inadequate fracture reduction. Inadequate fracture reduction is predictable given that
small incisions are used and only limited visualisation of the fractures is possible during the procedure. This is due to a
desire to limit scarring and reduce the risk of damage to vital structures in an aesthetically sensitive region of the body. It
follows that an intraoperative adjunctive tool such as a CT scan, which can assist in visualisation of the fractures and the
subsequent reduction, could potentially improve reduction and reduce complications.

Trial registration: Australian New Zealand Clinical Trials Registry, ACTRN12616000693426. Registered on 26 May 2016.

Keywords: Zygomaticomaxillary complex, Zygomatico-orbital, Zygomatic arch, Zygoma, ZMC, ZA, Intra-operative
computed tomography, Fracture, O-arm, C-arm
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Background
Zygomaticomaxillary complex (ZMC) and zygomatic arch
(ZA) fractures are a relatively common injury in Australia,
with the Royal Brisbane and Women’s Hospital managing
approximately 160 patients per year [1]. Many of these
fractures require surgical reduction and fixation to restore
either function or aesthetic form or a combination of the
two. Precise reduction of ZA and ZMC fractures can be
difficult due to limited visualisation of the fractured bones.
Surgical exposure of the fractures is intentionally kept to a
minimum to reduce facial scarring and protect vital struc-
tures in an aesthetically sensitive region of the body.
Current surgical approaches usually produce minimal
scarring and provide adequate protection of vital struc-
tures; however, as a consequence of this minimalist ap-
proach, exposure of the fractures can be very restricted. A
potential sequala of minimal fracture exposure is inad-
equate reduction. This in turn can lead to poor cosmetic
results such as facial asymmetry, poor facial profile restor-
ation, facial scarring, limited mouth opening or restricted
eye movement [2–4]. It is clearly of the highest priority to
surgeons to avoid these potential adverse outcomes.
The current standard procedure for assessing fracture

reduction is to perform plain radiography or computed
tomography (CT) in the post-operative setting. This pro-
vides adequate assessment of the reduction; however, if
there are any inaccuracies, correction can only be achieved
through a second procedure. With the increasing availabil-
ity of intraoperative CT, it is surmised that this technology
could improve ZMC and ZA fracture reduction and subse-
quently reduce post-operative complications. To date there
are only a small number of studies that have investigated
the use of intra-operative CT in the management of ZMC
fractures [5–14]. Most of the studies involve small patient
sample sizes and none provide level-1 evidence. Many of
these studies conclude that intraoperative CT can improve
fracture reduction and revision surgery rates. However, to
date there have been no randomised controlled trials
(RCTs) published to adequately assess this hypothesis.
The aim of this RCT is to assess the use of intra-op-

erative CT in improving radiographic fracture reduction,
clinical outcomes and revision surgery rates in the man-
agement of ZMC and ZA fractures. Due to the lack of
current literature on assessing the potential for use of
intra-operative CT, we feel that an RCT will provide an
invaluable contribution to the medical literature.

Methods
Study objectives
The primary objective of the trial is to determine if
intraoperative CT imaging improves clinical outcomes
for zygomaticomaxillary complex and zygomatic arch
fractures that are managed surgically. This will be assessed
through the following variables:

– Post-operative radiographic reduction adequacy
– Need for revision surgery
– Number of intra-operative re-reductions
– Post-operative diplopia
– Facial profile restoration
– Surgical incision and scarring

The secondary objective of the trial is to ascertain
whether intraoperative CT imaging has a significant
impact on the length of surgery and whether it affects
the outcomes of delayed versus early surgical treatment
outcomes [15].

Study design
This is a prospective, single-centre, double-blinded,
RCT. It will be conducted by the Oral and Maxillofacial
Surgery department (OMFS) at the Royal Brisbane and
Women’s Hospital in Brisbane (RBWH), Australia. This
is a tertiary teaching hospital and major trauma centre
for the city of Brisbane and the state of Queensland. The
study was approved by the Royal Brisbane and Women’s
Hospital Human Research Ethics Committee (reference
number HREC/16/QRBW/18) on 27 July 2016 prior to
recruitment of patients. This study complies with the
National Health and Medical Research Council’s (NHMRC)
National Statement on Ethical Conduct in Human Re-
search (2007). The trial was registered with the Australian
and New Zealand Clinical Trials Registry (registration
number ACTRN12616000693426) on 26 May 2016
prior to patient recruitment. Please see the Standard
protocol items: recommendation for interventional tri-
als (SPIRIT) figure (Fig. 1) for an illustration of the
timeline for enrolment, interventions and assessments
in the trial. The SPIRIT checklist has been completed
for further information (Additional file 1).
If there is any alteration to the trial protocol that has

been submitted to the RBWH Human Research Ethics
Committee and the Australian and New Zealand Clinical
Trials Registry, these organisations will be informed of
the amendments immediately.

Recruitment and consent
All patients who present to the OMFS of the RBWH,
with an isolated ZMC fracture or an isolated ZA frac-
ture, will be screened for a position on the trial. As
RBWH is an adult hospital, all patients will be 16 years
of age or older and they must require surgical manage-
ment of their ZMC or ZA fracture to be included in the
trial. Criteria for exclusion from the trial include the
following:

– Pregnancy
– Inability to give informed consent
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– Concomitant non-zygomatic facial fractures (including
orbital floor fractures) or bilateral zygomatic fractures

– Not wishing to be part of the study

If a patient fulfils the criteria to participate in the trial,
they will be informed verbally of what the trial involves,
the risks associated with it and their role. They will also
be given written information on the trial, the risks in-
volved and all of their rights, including the ability to
withdraw at any stage. If the patient is happy to partici-
pate, they will be given a consent form to complete. The
aforementioned tasks of obtaining informed consent and
recruiting patients to the trial will be completed by an

oral and maxillofacial surgery registrar (training surgeon)
or consultant (surgeon).

Randomisation
The patients who are recruited to the trial will be rando-
mised into two groups, intraoperative computed tomog-
raphy scan (intervention) and no intraoperative computed
tomography scan (control). The patient will be rando-
mised by the oral and maxillofacial surgery department
nurse, who will blindly select a table tennis ball from a
container. The container will hold only two balls, with one
ball having the word “intervention” and the other ball hav-
ing the word “control” written on them. Whichever ball is

Fig. 1 Standard protocol items: recommendation for interventional trials (SPIRIT) figure illustrating the timeline for enrolment, interventions and
assessments in the trial. ZMC zygomaticomaxillary complex; ZA zygomatic arch; CT computed tomography; SMV submental vertex; PA posterior
anterior; OM15/OM30 occipitomental 15/30 degrees; LOS length of surgery
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selected by the nurse, is the group to which the patient is
allocated.

Blinding
The patients will not be informed of the group to which
they are randomised. Concurrently, the clinician assessing
the fracture reduction on the post-operative radiographs
will be blinded to the arm of the trial to which the patient
has been allocated. The surgeon operating on the patient
will not be blinded as this is impossible, given they will be
witness to whether or not intra-operative CT is per-
formed. The physician assessing the patient in clinic at
both 1 week and 6 weeks post-surgery will not be blinded
to the patient’s study group. Blinding of this assessment
would be extremely difficult as the physician assessing the
patient will be involved with the operation and hence
know the allocated group. The clinician assessing the
post-operative radiographic reduction will not perform
any of the operations in the trial.

Study groups (control and intervention)
The intervention group will undergo CT during their
operation to reduce the ZMC or ZA fracture. This scan
occurs after the fracture has been opened, reduced and
fixated or in the case of an isolated zygomatic arch frac-
ture, after it has been opened and elevated. Once the
scan has been completed the surgeon will review the
scan and decide if the reduction is satisfactory. If they
are satisfied with the reduction, the incisions will be
closed and the operation completed. If there are inaccur-
acies with the reduction, the fixation equipment will be
removed and the fractured bone adjusted to the correct
position. It is then left to the discretion of the surgeon
to decide if they wish to have another intra-operative
CT scan or if they are clinically satisfied with the reduc-
tion. Once the surgery is completed, post-operative
radiographs will be performed prior to the patient being
discharged home. These radiographs will include a sub-
mental-vertex view (SMV), a posterior-anterior face (PA
face) view and occipitomental 15° and 30° views (OM15
and OM30).
Patients in the control group will undergo their relevant

surgery as normal but will not have any intra-operative
imaging performed. After completion of the surgery, con-
trol group patients will undergo the same post-operative
radiography as described for the intervention group. No
other concomitant care or interventions are prohibited
during the trial.
Surgical incisions are identical in both groups but are

at the discretion of the operating surgeon. Direct access
to fracture sites is via the upper blepharoplasty incision,
subtarsal incision or upper buccal sulcus transoral inci-
sion. Elevation is either via a “Gillies” temporal incision
or upper buccal sulcus incision.

All procedures will be performed by or under the direct
in-theatre supervision of one of three Oral and Maxillo-
facial Specialist surgeons. All three have extensive experi-
ence in the management of facial trauma with each having
a minimum experience of managing 300 hundred zygo-
matic complex fractures.

Follow up and outcomes
All patients in the trial will have post-operative SMV,
PA face, OM15 and OM30 radiographs taken either on
the day of surgery or on the following day, prior to dis-
charge. These radiographs will be assessed blinded to
study group, by an oral and maxillofacial surgeon who
will not be involved in any of the operations or pre-surgical
or post-surgical clinical assessments. The adequacy of the
fracture reduction will be based on the radiographs and the
quality of the reduction will be evaluated as “good”, “fair” or
“poor”:

– Good: equivalent to premorbid
– Fair: minor discrepancy but unlikely to require

re-operation
– Poor: major discrepancy, re-operation required

Patients in the trial who are undergoing ZMC open re-
duction and internal fixation will stay overnight in hos-
pital, and barring any complications will be discharged
home on day 1 post-surgery. Patients undergoing open
reduction of their isolated ZA fracture will be discharged
on the same day as surgery, unless there are any unfore-
seen complications. All patients will be followed up in
the OMFS outpatient department at 1 week and 6 weeks
post-surgery. During these outpatient appointments, the
registrar or consultant reviewing the patient will assess
them for diplopia, surgical site scarring and facial profile
restoration. These parameters will be graded by the
OMFS registrar or consultant and their assessment will
be recorded on a standardised form (Figs. 2 and 3). The
need for revision surgery at any timepoint until 3
months following the completion of the study and a
number of other variables (see Figs. 2 and 3 for a full
list) will also be recorded on the form.

Data collection, management and confidentiality
Data from the post-operative radiographic assessments
will be entered directly into the trial Excel spreadsheet.
All data recorded on the post-operative assessment
forms (Figs. 2 and 3) will be transferred to the trial Excel
spreadsheet. This Excel file will be stored on a single,
password-protected personal computer. At the comple-
tion of the trial, the Excel spreadsheet will be transferred
to a password-protected computer within the OMFS de-
partment at the RBWH. It will be stored on this com-
puter for 15 years. All hard copies of the consent and
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Fig. 2 This is the post-operative assessment form that will be completed for all patients. It will be completed when the patient is reviewed in the
outpatient department at one and six weeks post-operatively
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Fig. 3 This is the post-operative assessment form that will be completed for all patients. It will be completed when the patient is reviewed in the
outpatient department at one and six weeks post-operatively
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post-operative assessment forms will be stored in a des-
ignated trial folder, which will be stored in a locked
room in the OMFS department at the RBWH. At the
completion of the trial, this folder will remain in the
OMFS department for 15 years. The final trial data set
will only be accessible to the authors of the trial.
Data on patients’ names, date of birth, gender, address

and occupation will not be collected. Patients will only
be identified by their unique record number (URN),
otherwise known as a medical record or hospital record
number. The URNs will be removed from the data pool
prior to statistical analysis.

Withdrawal
Patients are entitled to withdraw from the trial at any
stage. Their withdrawal will have no implications for
their ongoing management. Any patient who elects to
withdraw will have their trial data deleted and the data
will not be used in the statistical analysis.
If trial participants fail to attend their 1-week or 6-

week follow-up appointments, any of their previously re-
corded data will be included in the trial data set and
analysed accordingly.

Evaluation of outcomes
The two-sample t test will be used for analysis of continu-
ous variables. The chi-square test will be used for analysis
of categorical variables and for all data, a p value <0.05 will
be considered significant. The software program SPSS will
be used for all statistical analysis. Subgroup analysis based
on the severity of the fractures will also be conducted.
Patients will be analysed as per their treatment but non
adherence will be considered in the final presentation of
data. An interim analysis will be also be undertaken. There
are no other audits of trial conduct planned.

Adverse outcomes
Any adverse outcomes involving trial participants such
as surgical site infection, metal wear infection, excessive
bleeding, change in vision, death or common perioperative
complications such as deep vein thrombosis, pulmonary
embolism or pulmonary infections will be documented
and treated accordingly. If warranted, patients will be re-
ferred to other medical specialist teams. Any post-trial
care and compensation required will be as per Queensland
Health standard arrangements.

Power calculation
An estimated 200 patients will be required for a sample
size that will produce significant results. This is based
on two-sided testing with a power calculation of 80%
and is established from local department outcome esti-
mates and results from studies by Van Hout et al., Hurrell
et al. and Van Den Bergh et al. [10, 15, 16]. The variable

that required the largest projected sample size to obtain
a statistically significant result was the adequacy of
post-operative fracture reduction as demonstrated radio-
graphically. The power calculation was performed by Dr
Michael David, a biostatistician from the University of
Queensland (UQ) School of Population Health.
Due to the low level of evidence available in the

current literature, the sample size calculations may not
be reliable and estimates were not possible for all variables
being proposed in this study. Subsequently, a mid-study
analysis will be conducted to more accurately assess the
predicted sample size calculations. It is estimated that
from the average number patients presenting yearly with
ZMC and ZA fractures at the RBWH, this study will take
approximately 2 years to complete. If the mid-study ana-
lysis identifies a statistically significant result, the study
will potentially be terminated early. The decision to ter-
minate the trial or continue after the mid-study analysis
will be at the discretion of the study authors.

Ethical considerations
The standard practice for post-operative assessment
following a ZMC or ZA fracture at the RBWH is for a
patient to have four plain radiographs (OM15, OM30,
PA face and SMV). Occasionally post-operative CT is
ordered in lieu of plain radiographs. In this study, the
interventional group will undergo intra-operative CT
and the control group will not undergo any intra-opera-
tive imaging. Both groups will have four plain radio-
graphs taken post-operatively. It is estimated that the
interventional group will receive 1.5 millisieverts (mSv)
and the control groups will receive 0.4 mSv of ionising
radiation. The Australian Radiation Protection and Nu-
clear Safety Agency (ARPANSA), a department of the
Australian Government, estimates that a domestic airline
pilot will be exposed to 2mSv of cosmic radiation per year
[17]. ARPANSA also states that there is “no direct evi-
dence of human health effects” up to 10mSv of ionising
radiation [17]. As such, the increased dose of radiation to
the interventional group is not considered harmful to the
patient and by performing post-operative radiographs on
both groups, blinding of the assessing surgeon to group al-
location is made possible. If the study shows that intra-op-
erative CT should be used in the management of ZMC/
ZA fracture, the need for post-operative imaging would be
eliminated, thus reducing the radiation exposure further.
This is supported by a paper published by Van Hout el all,
which states that “intraoperative imaging rarely increased
patient exposure to ionizing radiation as the intraoperative
imaging obviates postoperative imaging” [10].
The use of intra-operative CT in the interventional

group is likely to increase the overall operative time for
these patients. It is estimated that intra-operative CT
will increase the operation duration by 10 min.
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Discussion
Surgical management of ZMC and ZA fractures can be
complex and challenging due to a number of factors.
Visualisation of the fractures is frequently difficult due
to the aesthetically sensitive region of the body and

critical structures such as the facial nerve. This study
aims to determine if better visualisation of the fractures
through intra-operative CT will improve fracture reduc-
tion and post-operative clinical outcomes. As with all
therapies and adjunctive treatments in medicine, the

Fig. 4 This is the consent form that will be completed and signed by all patients for enrolment into the trial
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risks and benefits to the patient and cost to the health-
care system must be considered in earnest. Computed
tomography does increase the radiation exposure to the
patient, albeit by a margin that in considered well below
internationally recognised harmful levels. In addition,
the act of performing CT will increase operative time.
Theatre time is an incredibly valuable and expensive re-
source with mean costs estimated to be approximately
US$37 per minute [18]. Consequently, the implementa-
tion of any device that consumes more of this precious
resource must be evaluated judiciously and proven to be
of benefit prior to any recommendation of regular and
widespread use. Conversely, inadequate ZMC and ZA
fracture reduction can result in poor cosmetic and func-
tional outcomes for patients [19, 20]. The personal harm
to patients of poor fracture reduction and the financial
burden placed on hospitals when revision surgery is re-
quired cannot be underestimated. As there are no level-
1 evidence studies published to answer all of these afore-
mentioned questions, we feel that this RCT is of signifi-
cant importance in the future management of ZMC and
ZA fractures.

Trial status
The final version of the trial protocol is dated 5 April
2016. Recruitment for the trial began in August 2016
and is estimated to finish in September 2019.

Additional file

Additional file 1: SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents. (DOCX 41 kb)
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