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ABSTRACT

INTRODUCTION: trauma of the zygomaticomaxillary complex (ZMC) has functional and
fractures is considered one of the most debatable issues regarding classification, diagnosis and surgi
fractures needs accurate diagnosis, accessible exposure, and precise rigid fixation
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INTRODUCTION
Zygomatic complex fractures for
fractures (1) and can result into
functional complaints such as trismd
coronoid process, enophthalmos and
injury of infraorbital(10) nerve (2,3). In
bone forms portion of the orbit, so ZM( tures may be
accompanied with orbital trauma, whi esults in orbital
blow-out fractures and ophthalmic injuries such as diplopia
with orbital content entrapment and limited ocular
movements as well as enophthalmos or exophthalmos (4, 5).

Treatment of ZMC fractures involves just follow up without
intervention, closed reduction or open reduction with internal
fixation (ORIF) (6, 7). Recently concern toward less invasive
procedures has been emphasized to limit incisions which lead
to minimal scars (8-9).The coronal approach allows exposure
of the zygomatic arch (ZA) and zygomaticofrontal (ZF)suture
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ure with direct reduction of zygomatic arch
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and the lateral aspect of orbital wall. It gives access to
anatomical (ORIF) of ZA.

The major downside is long duration of exposure than the
direct approach, excessive blood loss, scar alopecia, scarring
at the temporal region, temporal hollowing due to temporal
fat atrophy and facial nerve weekness (10, 11).

ZMC fracture could be accessed through different minimal
approaches. The inferior orbital margin could be exposed
through subtarsal, subciliary, or transconjunctival incision
(12, 13). The ZF suture is exposed through a blepharoplasty,
lateral eye brow incision or lateral canthotomy.
Zygomaticomaxillary (ZM) buttress can be reached through
an intraoral approach in the sulcus (14).

ZMC fracture treatment is challenging as it requires balance
between proper bone fixation and the potential outcomes of
different approaches (15). Thus ZMC fractures management
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should be considered as facial aesthetic procedure and
concern should be given to skin incisions which are used (16).
Despite that the ZF suture and inferior orbital rim (IOR)
could be accessed during surgery as fractured sites; they do
not reflect the position of the zygomatic bone adequately,
Fracture of the ZA is usually treated blindly using bone
elevators through Gillies or keen approaches (17). Therefore,
intraoperative assessment is essential to attain accurate ZA
reduction with a less invasive technique.

The assessment of ZA reduction cannot be directly examined
during operation (18), palpation and click of reduced bone or
intraoperative radiographs are used clinically as a guide for
reduction of the fractured fragments .However, surgeon
cannot depend only on palpation due to presence of edema
which masks the degree of reduction, and intraoperative
radiographs usually are difficult in positioning of the patient
and come with risks of harmful radiation exposure (19). On
the other hand, ultrasonograph (US) is reliable and accessible
without these harmful radiations. US provides a real time
clinical image which is reproducible and reflects the position
of the fractured bone surface (20-22).Coronal flap allgy
exposure and fixation of the ZA and ZF suture. In addi

point fixation of ZMC.
The purpose of this study was to compare bet)
closed reduction and open reduction of
cases of ZMC fracture regarding arg
movement, wound healing, and
complications in both groups.

orbital

MATERIALS AND METHODS
Study design: The study was a Prospective Clinical trial tf
is registered in ggclinicaltrials.gov  (ClinicalTrials.gov
Identifier: NCT04218 wenty patients underwent this
study .The clinical pa dy was performed after
gaining the ethical clea ne Ethlcs Committee,
Faculty of Dentistry, A All patlents
signed an Informed Consg
operation. Participants were
Hospital of Alexandria Unive
the Oral and Maxillofacial Surg
All patients aged between 20 to
ZMC fractures that require red
included in this study. Patients we
infection at the site of fracture lines ¢
from chronic systemic diseases su
disease or immunocompromised status.

was used to gain access to the fracture with the use of
intraoperative US to guide closed ZA reduction and control
group (10 patients) in which coronal approach was used to gain
access to the fracture with open reduction and fixation of ZA.
Preoperative phase:

Comprehensive history and clinical examination were
performed for all the patients. Preoperative Computed

tomography was taken for all the patients.

Surgical phase:

= All patients were treated under general anaesthesia. The
surgical field was scrubbed with surgical scrub solution,
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followed by draping of the patient with sterile towels
exposing only the area of surgery.

Study group:
The fracture lines were exposed through direct peri-orbital
approaches with (ORIF) using mini plates. Plates were
placed along vertical and horizontal buttresses of facial
skeleton. Up to three anatomical points of fixation were used
for ZMC fractures: FZ suture, IOR and ZM buttress
(Fig.1,Fig.2).

= Lateral eyebrow, lateral canthotomy or existing wound
incisions were used for FZ suture fixation.

ubtarsal or transconjunctival incisions were

R fixation.

buttress fractures, intraoral upper buccal

ision was used. After appropriate incision

was done and periosteal flap raised in

pose the fracture site Open reduction

red segments.

intraoperative US.

ed with a 12-MHz linear

ortable ultrasound, Kpi

e linear transducer was

e surface of the ZA

d to confirm the
and to show ZA
on was done using
ocal incision in the
gingival suI
= 3-0 vicryl wa
skin layer(Fig
vicryl.
= After reductig
by orophar
arch (Fig

d for deep layers and 5-0 prolene for
,intraoral incisions were sutured by 3-0

protection of the reduced ZA was done
al airway to avoid displacement of the
. Oropharyngeal airway was fixed using
pe and was kept in place for one day until the
totally aware and able to avoid pressure on the

Figure (1):
A) preoperative 3DCT showing ZMC fracture.
B) lateral canthotomy.
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C)inferior cantholysis. reduced side. . L .

D E) reduction of FZ, infraorbital fracture lines E) I;ostop_eratlve clinical photographs showing circumorbital
" o : ' ecchymosis.

F) intraoral incision showing reduction ZM fractuer. F) yCIinicaI ﬁhotographs showing healing of lateral

canthotomy with minimal scar showing.

Control group:

= The fracture lines were exposed through coronal
incision with preauricular extension for (ORIF) of the
ZA and the FZ region (Fig.4).

= Fixation was performed using titanium miniplates and
SCrews.

ZM buttress fracture was managed intraorally.

ebridement was done using saline irrigation.

treated using coronal flap approach needed

re vacuum drain (redivac drain) to prevent

incisions were sutured by 3-0

Figure (2):
A) A photograph showing GE VolusondFpor

B) A photograph showing linear transducer p
and tangential to the surface of the zygomatic arch:
Cg Ultrasound image of displaced zygomatic arch.
D) zygomatic arch after reduction guided by ultrasounds
E,F,G) fixation of IOR,ZF,ZM fracture lines.

showing ZMC fracture.
ection of coronal flap. )
otograph showing fractured zygomatic arch.
D) zygomaticofrontal fracture line.
; Open reduction and fixation of zIy?omatic arch using mini-plate.
F) fixation of zygomaticofrontal fracture line.

Figure (3):
A) Lateral canthotomy su_turin%using 5-0 prolene.

B) Protection of zy%)matlc arch by oropharyngeal airway.

C) Postoperative 3DCT shpwm% zy(g)oma_tlc arch reduction.
D) 3DCT showing calculation of (HOA) in normal side and
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Figure (5): ) ) 55% of cases (11lcases) were due to road traffic accidents,
A) photograph showing suturing of coronal flap.

. s ; .
B) postoperative 3DCT showing z?/gomatic arch reduction. while 30% Of. cases were caused by_ physolcal violence
C) calculation of (HOA) in normal side and reduced side. followed by falling from height representing 15% of cases.

D, E) clinical photographs showing coronal flap 1 week I. Clinical evaluation

,3months postoperatively. 1.  Pain

Pain was evaluated 24 hours after surgery, 1 week ,4 weeks

Post-operatlve ph_ase: and 3months to detect any pain according to a visual
= Patients were instructed to use cold pack extra-orally analogue scale (VAS) (25)

starting immediately postoperatively.
= Postoperative medication included Amoxicillin  +

clavulanate 1 gm every 12 hours for the next 7 days
(Augmentin, GlaxoSmithKline, UK), Metronidazole
500mg (Flagyl, GlaxoSmithKline, UK.) every eight
hours for 7 days. a-chemo-trypsin 5 mg (a-chemo- 2.0
trypsin, Leurquin, France, packed by Amoun
pharmaceutical company, Egypt) ampoules as anti-
oedematous once daily for7 days. Diclofenac potassium
50mg (Cataflam, Novartis, Switzerland) every eight hours
for 7 days. All patients were instructed to rinse their mouth
using Chlorhexidine (Hexitol, ADCO, Egypt) antiseptic
mouth. Instructions of soft, fully liquid, high protein, hi
calorie diet were given for all patients for 4
postoperatively. Patients were instructed to maintai
oral hygiene.

Follow up phase

For the evaluation of the clinical variables: pain, nerve

function, wound healing and ocular complications. A paraesthesia

systematic follow-up was implemented after 24 hours, 40% (4 cases)

1week, 4 weeks and 3 months after surgery.

Radiographic evaluation

Radiographic examination was done through immediately

postoperative computerized tomography (CT) to assess the

adequacy of ZA reduction.

Assessment of zygomatic arch reduction:

The ZA arch is a curved bone structure, shaped like an arch
bridge. Geometrically, A digitalized CT image was used to
evaluate the degree of arch protruding. As in (Fig.5-C), a line
extended from the anterior root to the posterior root of the ZA
in the 3DCT represents the chord of the arch and the distance
from most laterally protruding point to the chord is the height
of the arch (HOA) (23).

The HOA was measured and compared postoperatively
between affected side and normal side in both groups to
reflect the degree of zygomatic arch reduction.

Data analysis:

All the obtained data was statistically analysed and presented in
tables, graphs and charts using the (SPSS) version 20 (24).
Number and percent were used to describe qualitative data.
Range, mean, median and standard deviation were used to
describe the quantitative data. The level of significance was at
5%. ANOVA with repeated measures and T-test were used for
the normally distributed quantitative data.

Pain intensity significantly decreased among all cases
through-out the follow up periods (p value <0.05). There was
significant difference in pain scores between the study and
the control gfoups and the pain was completely relieved by
eeks in both groups.

plications, wound healing, sensory nerve

d infection did not occur in any of the
ia or ocular complications were
observed. Posto circumorbital ecchymosis was

er eyelid, upper lip and
ry region which is the 10
atients regained their
llow up and normal
in all cases.

ediate postoperative

cit of temporal branch
mporal branch weakness: Assessed
ion of frontal wrinkling, tight closure
rmal sensation was regained at the 4™
6 patients, while one patient sustained
ation. Out of four patients suffered from
branch of facial nerve in the first week,

of facial

of the eyes) (Fig.
week of follow u

eakness of the temporal branch of facial nerve.
cases (20%) showed depression of the temporal

RESULTS

20 patients were registered in this study, ten of which were
assigned for the study group and ten for the control group.
The sample included 16 males and 4 females with male to
female ratio 4:1 with age ranging from 20 to 50 years old
with a mean of 27.5 +6.25years in the study group and 31.1
+5.85 years in control group.

Figure (6):

A) postoperative clinical photograph showing coronal
incision covered by normal hair.

B) B, C) clinical testing of temporal branch of facial nerve.
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11. Radiographic evaluation

All  patients were examined postoperatively using
computerized CT to evaluate the reduction of zygomatic arch.
It was measured by comparing the HOA in the normal side
and in the fractured side in both groups. There was no
significant difference in both groups which reflects sufficient
reduction of zygomatic arch (Table 1).

Table (1): Comparison between the (HOA) in the normal
side and reduced side in both groups:

(HOA) in mm

Reduced
side

Normal side

Study
group

0.225 412
Min, — | 70115 172113
Max. 8.91+1.3 8.78+1.14
Mean = | 8.6 85
SD.
Median

control
group

Min. - | 7.8-11 7.8-10
Max. 8.96+0.91 8.89+0.66
Mean + | g8.75 o

SD.

Median

t: Student t-test
p: p value for comparing between the two groups
*: Statistically significafitya

DISCUSSION
This study was perfor
operative ultrasound durin
fractures, and compare it
through coronal approach.
The descriptive analysis of th
mean age of 27.5 £6.25 years
mean of 31.1 £5.85 years amond
from 20 to 50 years and this is

he roIe of intra-

(26-28). Melek and Sharara (2016) (29 clared a mean age
(25.56+14.04 years) and male to female rai
agreement with this study as the male to
with male prevalence at 80%.

Road Traffic Accidents (RTA) were the most prevailing
etiological factor with 55% (n=11), followed by falling from
height (30%, n=6) and interpersonal violence (15%,n=3).
There is an obvious agreement among authors that the most
common cause of maxillofacial trauma all around the world
is RTA (30).

Both study and control groups showed an uneventful follow
up period as no infection, hematoma or globe complication
was recorded. Regarding the postoperative sensory nerve
function, the study group showed 80% (8 cases) of transient
nerve affection presented as (paresthesia) of the upper lip,
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lower eyelid and lateral part of nose which is the area of 10
nerve terminal branches. While, in the control group seven
cases (70%) showed the same nerve affection. This
percentage is in agreement with the fact that the majority of
patients have defect in the function of the 10 nerve
subsequent to ZMC fractures, because in 95% of ZMC
fractures the fracture lines involve the 10 foramen. The nerve
can be damaged through ischaemia, traction, compression,
oedema, or sharp margin of the fracture line (31).

The normal sensation was regained for 12 cases out of 15
oups by the end of the 4th week of follow up
may be justified as the state of the nerve
d affection is a parameter that won’t change
proach utilized but rather by the accuracy
. All the patients regained their normal
this study. This result is in agreement

nerve dysfunction
case of open

ch two cases recovered within the 2nd
hile, in one case facial nerve palsy

nerve palsy out O
postoperative we
recovered by the ¢

2d with the above studies.
ed the key in ZMC fracture repair as the
of the ZA guarantees sufficient projection

al side and reduced side on post-operative 3DCT there
no significant difference which reflects sufficient

During the repositioning of fractured segments ZA
assessment using US was satisfactory in all cases except one
case. Imagining of the ZA during reduction showed correct
alignment and confirmed the proper arch projection. Fracture
repair under US control led to excellent results in 9 out of 10
patients. The final US images matched exactly the
postoperative CT images. In the 10th patient, the assessment
of the ZA contour was difficult; due to emphysema which
confused the image interpretation. The ZA in this case was
over reduced which was accepted as there was no
interference with coronoid process.

The value of intraoperative US in repositioning of the ZA is
evident and the technique is easily performed, the
repositioning maneuver takes about 7 min.

As (Gulicher et al) claimed that ultrasonography is
considered a highly effective imaging technique for
intraoperative guided reduction, enabling assessment of
alignment of the ZA and the facial projection of the
zygomatic body(17).
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In the study group 90 % of patients the ZA fractures were
clearly detected by ultrasound. The sensitivity and the value
of fracture detection were both excellent. These results
confirm this method to be a useful visualizing tool for
fractures of the ZA as reported by McCann et al (35).

Also, the control group showed no significant statistical
difference between normal and reduced site according to
HOA which reveal comparatively satisfactory fragment
reduction.

On one hand, coronal flaps propose advantages such as: wide
exposure to ensure accessibility for anatomical reduction and
to avoid nonunion or malunion in patients with ZMC
fracture. On the other hand, this approach has drawbacks
such as haemorrhage, noticeable scars, lengthy operation,
paraesthesia in the operated region, temporal nerve deficit
and temporal hollowing (36). Therefore, the indications for
coronal incisions should be considered.

These conclusions indicate that reasonably satisfactory
results can be obtained without direct reduction and fixation
and through guided reduction of ZA in ZMC fractures (37).

CONCLUSION
ZMC fractures can be quite challenging to mai
complex 3D nature and location make them
reduce and fixate. It is better to use the
incisions and fixation points as possible

considered an effective method for intraoperative
zygomatic arch reduction. Coronal incision has advantag
giving excellent access to the ZMC fracture but
considerable disadvagta
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