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Evaluation of soft tissue asymmetry using cone-beam computed 
tomography after open reduction and internal fixation of 

zygomaticomaxillary complex fracture 
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1Department of Oral and Maxillofacial Surgery, College of Dentistry, Wonkwang University, 2Wonkwang Dental Research Institute, 
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Abstract (J Korean Assoc Oral Maxillofac Surg 2014;40:103-110)

Objectives: In this study, we assessed soft tissue asymmetry that occurred after open reduction of unilateral zygomaticomaxillary complex (ZMC) 
fractures. We proposed a simple method to assess soft tissue asymmetry after reduction surgery by evaluating the symmetry between the affected and 
the unaffected sides. The factors affecting soft tissue contour after surgery were also analyzed.
Materials and Methods: Subjects included patients admitted to Wonkwang University Dental Hospital from 2008 to 2013. Cone-beam computed 
tomography (CBCT) images of asymmetric patients who underwent open reduction at least 3 months prior were compared with healthy patients. 
Results: The degree of asymmetry was measured in both the open reduction and control groups. Landmarks that showed a statistically significant 
difference between the two groups were zygion (1.73±0.24 mm), bucclae (1.08±0.26 mm), point of cheek (2.05±0.33 mm) and frontozygomatic point 
(1.30±0.31 mm).
Conclusion: When compared with the normal group, asymmetry can occur in the affected side, which usually shows depression of overlying soft tis-
sue and is statistically significantly different. Evaluation of soft tissue asymmetry with CBCT images after open reduction of ZMC fracture is useful. 
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Toriumi et al.3	have	described	complication	of	the	ZMC	in-

jury	such	as	asymmetry	of	zygoma,	trismus,	diplopia,	exoph-

thalmos,	enophthalmos,	limitation	of	eye	movement	and	hy-

poesthesia	due	to	injury	of	the	infraorbital	nerve.	Reduction	

accuracy	of	fractured	bone	fragments	were	the	major	focus	of	

most	studies	on	facial	asymmetry	resulting	from	zygomatic	

asymmetry	other	than	eye	ball	symptoms4,5.	When	bone	frag-

ments	were	precisely	reduced,	no	asymmetry	was	reported1.	

Ellis	et	al.6	reported	that	facial	asymmetry	which	did	not	

exceed	2	mm	was	difficult	to	perceive	by	experienced	clini-

cians	and	most	asymmetries	after	reduction	of	ZMC	were	ac-

ceptable.	Unfortunately,	the	ZMC	fracture	pattern	is	diverse	

and	soft	tissue	change	after	reduction	surgery	is	difficult	to	

predict.	In	addition,	perceiving	facial	changes	accurately	is	

difficult	due	to	the	lack	of	information	on	patient’s	face	be-

fore	the	injury.	Gaziri	et	al.7	evaluated	asymmetry	of	the	hard	

tissue	after	ZMC	fracture	by	comparing	the	affected	with	the	

unaffected	side.	Patients	often	complain	of	soft	tissue	asym-

metry	when	comparing	with	the	contralateral	side	of	the	face	

even	when	bone	fragments	were	accurately	reduced.	There-

I. Introduction

Fracture	of	 the	zygomaticomaxillary	complex	(ZMC)	is	

one	of	the	most	common	facial	injuries	associated	with	man-

dibular	fracture1,2.	Treatment	of	ZMC	injury	has	improved	

due	to	various	reduction	methods	and	development	of	mini-

plates	and	screws.	The	ZMC	fracture	treatment	consists	of	

the	reduction	and	fixation	of	the	dislocated	bone	fragments	

to	their	original	location.	Most	ZMC	bones	are	successfully	

repositioned	with	open	reduction	such	as	intraoral	and	trans-

conjunctival	approach	or	closed	reduction	such	as	Gillie’s	

approach1.	
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the	reduction	surgery.	Inclusion	criteria	for	the	patient	group	

were	lack	of	previous	ZMC	or	maxilla	fracture,	the	patient	

did	not	complain	of	asymmetry	before	the	injury,	diagnosis	

of	unilateral	ZMC	fracture,	and	patient	had	open	reduction	

surgery	after	the	injury.	

Inclusion	criteria	for	 the	control	group	were	absence	of	

previous	hard	tissue	surgery	in	the	head	and	neck	region	and	

absence	of	facial	asymmetry.

Intraoral,	Gillie’s	and	transconjunctival	approaches	were	

used	for	open	reduction.	Bone	fragments	were	fixated	with	

titanium	and	biodegradable	plates.	Fixation	locations	were	

zygomaticomaxillary	buttress,	frontozygomatic	buttress	and	

infraorbital	rim.(Table	1)

2. Materials

1)	Image	acquisition

In	this	study,	we	used	images	obtained	using	the	CBCT	

(The	Alphad	VEGA;	Asahi	Roentgen,	Kyoto,	Japan)	system	

at	Wonkwang	University	Dental	Hospital.	Images	were	taken	

under	the	following	settings:	field	of	view,	200×179	mm;	80	

kV;	5.00	mA;	exposure	time,	17	seconds,	voxel	size,	0.39	

mm;	slice	thickness,	1.00	mm.

2)	Construction	of	3D	planes

CT	 images	were	analyzed	using	3D	software	 (OnDe-

mand3D;	Cybermed	Inc.,	Seoul,	Korea)	from	DICOM	format	

data.	3D	coordinates	were	set	up	for	each	subject	and	cepha-

lometric	landmarks	were	designated.	Nasofrontozygomatic	

(NFZ)	plane	was	used	as	a	reference	plane	of	the	skull	base.	

NFZ	plane	was	composed	of	the	right	and	left	frontozygo-

matic	points	and	nasion.	The	coordinate	origin	(0,	0,	0)	was	

set	on	N.	Based	on	the	origin,	coordinates	were	constructed	

as	x,	y,	z	planes.	X-axis	(transverse	axis)	was	a	line	parallel	

to	the	frontozygomatic (FZ)	line.	Y-axis	(anteroposterior	axis)	
was	a	line	perpendicular	to	the	FZ	line	and	parallel	 to	the	

right	Frankfort	horizontal	(R	FH)	plane.	The	Z-axis	was	per-

pendicular	to	both	FZ	line	and	R	FH	plane.	Using	this	coordi-

nate	system,	three	planes	were	defined.	Midsagittal	plane	was	

defined	as	a	plane	perpendicular	to	R	FH	plane	and	NFZ	line	

while	passing	through	the	origin.	Horizontal	plane	(Frankfort	

plane)	was	defined	as	a	plane	passing	through	right	porion	(R	

Po),	right	orbitale	(R	Or),	and	left	orbitale	(L	Or).	Coronal	

plane	was	defined	as	a	plane	perpendicular	to	horizontal	and	

midsagittal	planes	and	passing	through	the	origin.(Fig.	1)

fore,	assessment	of	asymmetry	should	be	based	on	the	unaf-

fected	side	of	the	face	after	surgery.	

Regarding	assessment	of	facial	asymmetry,	previous	stud-

ies	evaluated	 facial	analysis	methods	using	plain	X-ray,	

3-dimensional	(3D)	computed	tomography	(CT),	cone-beam	

CT	(CBCT)	and	laser	scan8-18.	However,	most	of	the	analyses	

were	related	with	orthognathic	surgery	or	craniofacial	defor-

mity.	Evaluating	asymmetry	after	reduction	surgery	where	

the	distance	of	bone	fragments	was	unplanned	is	difficult.	

Moreover,	use	of	laser	scan	is	limited	due	to	high	cost.

In	this	study,	we	assessed	soft	tissue	asymmetry	that	oc-

curred	after	open	reduction	of	unilateral	ZMC	fractures.	Soft	

tissue	asymmetry	of	the	affected	side	was	quantitatively	com-

pared	with	the	unaffected	side	using	3D	CBCT	scans.	Ten-

dency	of	soft	tissue	asymmetry	after	reduction	was	analyzed	

and	usefulness	of	CBCT	was	also	investigated.	This	study	

was	authorized	by	the	Wonkwang	University	Dental	Hospital	

(WKDIRB	201404-01).

II. Materials and Methods

1. Subjects

A	total	of	60	adults	were	chosen	to	participate	in	this	study.	

The	patient	group	consisted	of	20	subjects	who	had	open	re-

duction	surgery	after	being	admitted	to	the	emergency	room	

of	Wonkwang	University	Dental	Hospital	or	medical	hos-

pital	due	to	ZMC	fracture.	The	control	group	comprised	40	

healthy	adults	without	any	facial	asymmetry.	Subjects	in	the	

patient	group	had	received	a	CBCT	at	least	3	months	after	

Table 1. Patient data

Variable Data

Age	(yr)
Gender	(male	:	female)
Cause	of	injury
				Accidental	fall
				Traffic	accident
				Human	interaction
				Accidental	slipping	
Type	of	fracture
Duration	of	follow-up	(mo)
Reduction	method
				Intraoral	approach
				Intraoral+Gillie’s	approach
				Others
Fixation	material
				Titanium	plate
				Biodegradable	plate

43.3	(mean)
2.3	:	1

		4
		9
		1
		6

Tripod	
4.3	(mean)

		4
13
		3

11
		9
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3. Methods

To	compare	 the	amount	of	asymmetry	between	healthy	

adults	and	patients	who	underwent	ZMC	reduction,	distance	

from	landmarks	on	the	right	and	left	soft	tissues	to	midsagit-

tal	and	coronal	planes	were	measured	in	both	groups.	The	

degree	of	asymmetry	after	ZMC	surgery	was	assessed	by	

comparing	measurements	between	the	two	groups.	Soft	and	

hard	tissues	were	analyzed	with	landmarks	used	in	previous	

studies	on	midfacial	asymmetry10,11,15.	Next,	factors	affecting	

soft	tissue	convexity	such	as	reduction	techniques,	presence	

of	comminuted	fractures,	amount	of	existing	deviation	and	

fixation	materials	were	evaluated.	Relationship	between	

subjective	perception	and	actual	amount	of	asymmetry	was	

statistically	examined.	

1)	Hard	tissue	landmarks

Nasion	(Na),	Or,	Po,	zygion	(Zy)	and	frontozygomatic	

point	(FZP)	were	used	as	hard	tissue	landmarks.(Table	2)

Fig. 1. Constructed coordinate system 
used. X-axis (transverse axis) is a line 
parallel to the frontozygomatic (FZ) line. 
Y-axis (anteroposterior axis) is a line 
perpendicular to FZ line while parallel to 
right Frankfort horizontal (R FH) plane. 
Z-axis is perpendicular to both FZ line 
and R FH plane.
Dong Hyuck Kim et al: Evaluation of soft tissue 
asymmetry using cone-beam computed tomography 
after open reduction and internal fixation of zygomati-
comaxillary complex fracture. J Korean Assoc Oral 
Maxillofac Surg 2014

Table 2. Landmarks

Landmark Definition

Nasion	(Na)
Porion	(Po)
Zygion	(Zy)
Frontozygomatic	point	(FZP)
Orbitale	(Or)
Zygion’	(Zy’)
Buccale	(Bc)

Point	of	cheek	(Ch)
Frontozygomatic	point’	(FZP’)

The	middle	point	of	the	frontonasal	suture	in	the	frontal	plane
The	most	superior	point	of	the	right	external	auditory	meatus
The	most	lateral	point	where	the	zygomatic	arch	is	the	widest	
The	intersection	of	the	frontozygomatic	suture	and	the	inner	rim	of	the	orbit	in	the	frontal	plane
The	lowest	point	of	the	infraorbital	margin
The	most	lateral	point	where	the	zygomatic	arch	is	the	widest	on	the	external	surface
The	point	on	the	external	surface	of	each	zygomatic	arch	where	the	arch	turns	medially	and	directly	
		starts	sweeping	backwards	
The	most	anterior	point	of	the	cheek	
External	surface	of	the	projection	of	frontozygomatic	points

Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed tomography after open reduction and internal fixation of zygomaticomaxillary complex fracture. 
J Korean Assoc Oral Maxillofac Surg 2014

Fig. 2. Soft tissue landmarks, nasion (N), zygion’ (Zy’), buccale 
(Bc), point of cheek (Ch), and frontozygomatic point’ (FZP’). (R: 
right, L: left)
Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed 
tomography after open reduction and internal fixation of zygomaticomaxillary complex 
fracture. J Korean Assoc Oral Maxillofac Surg 2014
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peated	again	at	2	weeks	by	the	same	investigator	to	prevent	

intra-observer	error.	Intra-observer	error	between	the	2	mea-

surements	was	verified	with	paired	t-test	and	no	significant	

difference	was	found	(P>0.05).	The	first	measurements	were	
used	in	this	study.

Independent	 t-test	and	analysis	of	variance	 (ANOVA)	

were	performed	to	assess	significant	difference	between	the	

measurements.	Statistical	analysis	was	conducted	using	SPSS	

software	(SPSS	version	12.0;	SPSS	Inc.,	Chicago,	IL,	USA)	

with	a	95%	reliability.

III. Results

1. Amount of asymmetry in control and patient groups

The	average	amount	of	asymmetry	in	the	control	group	was	

less	than	2	mm	(Zy’:	1.31±0.57	mm,	Bc:	1.28±0.30	mm),	Ch:	

0.87±0.45	mm,	FZP:	1.06±0.44	mm).	Asymmetry	greater	

than	2	mm	was	observed	in	the	patient	group	(Zy’:	3.05±1.32	

mm,	Bc:	2.36±1.60	mm,	Ch:	2.92±1.97	mm,	FZP’:	2.36±1.86	

mm).	The	measured	symmetry	amounts	in	the	patient	group	

were	statistically	significantly	different	 from	the	control	

group	(P<0.05).(Table	3)

2)	Soft	tissue	landmarks

Bucclae	(Bc),	cheek	point	(Ch),	zygion’	(Zy’)	and	fronto-

zygomatic	point’	(FZP’)	were	used	as	soft	tissue	landmarks.

(Table	2,	Fig.	2)

3)	Soft	tissue	distance	measuring	

Zygomatic	width	was	measured	from	midsagittal	plane	to	

Zy’.	Zygoma	and	cheek	projection	were	measured	from	the	

coronal	plane	to	Bc,	Ch	and	FZP’.	In	the	control	group,	dif-

ference	between	right	and	left	measurements	was	used.	In	the	

patient	group,	measurement	differences	between	the	unaf-

fected	and	affected	areas	were	used.

4)	Hard	tissue	reduction	accuracy	

Reduction	amounts	of	bone	fragments	were	measured	at	

four	buttresses	where	the	ZMC	fracture	occurred	(zygomati-

cofrontal	suture	deviation,	anterior	wall	of	maxilla,	zygomat-

ic	arch	and	infraorbital	rim).	The	patient	group	was	divided	

based	on	the	amount	of	deviation	(2	mm	or	more,	less	than	

2	mm).	Less	than	2	mm	of	deviation	was	considered	as	the	

gold	standard	for	hard	tissue	reduction.

5)	Statistical	analysis

Preparation	and	measurement	of	all	coordinates	were	re-

Table 3. The mean difference between the patient and control groups 

Measurement	(mm)
Patients	(n=20) Controls	(n=40)

Difference Sig
Mean SD Mean SD

Zy’
Bc
Ch
FZP’

3.05
2.36
2.92
2.36

1.32
1.60
1.97
1.86

1.32
1.29
0.87
1.06

0.57
0.31
0.45
0.44

1.73±0.24
1.08±0.26
2.05±0.33
1.30±0.31

*
*	
*	
*	

(SD:	standard	deviation,	Sig:	significance)
*Statistically	significant	difference	between	the	groups	(P<0.05).
Refer	to	Table	2	for	the	definitions	of	landmarks.
Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed tomography after open reduction and internal fixation of zygomaticomaxillary complex fracture. 
J Korean Assoc Oral Maxillofac Surg 2014

Table 4. The mean difference according to type of fracture 

Measurement	(mm)
Linear	fracture	(n=10) Comminuted	fracture	(n=10)

Sig
Mean SD Mean SD

Zy’
Bc
Ch
FZP’

3.23	
2.20	
2.86	
2.25	

1.30	
1.49	
1.80	
2.07	

2.49	
2.85	
3.10	
2.71	

1.38	
1.98	
2.66	
1.14	

NS
NS
NS
NS

(SD:	standard	deviation,	Sig:	significance,	NS:	non-significant)
*Statistically	significant	difference	between	the	groups	(P<0.05).
Refer	to	Table	2	for	the	definitions	of	landmarks.
Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed tomography after open reduction and internal fixation of zygomaticomaxillary complex fracture. 
J Korean Assoc Oral Maxillofac Surg 2014
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3)	Effect	of	fixation	materials	(titanium	or	biodegradable)

Titanium	and	biodegradable	plates	were	used	in	10	patients,	

separately.	Soft	tissue	depression	was	more	pronounced	at	Zy’	

and	Ch’	in	the	titanium	plate	group	(Table	6);	however,	no	

statistically	significant	difference	was	found	(P<0.05).

4)	Effect	of	asymmetry	perception	after	reduction	surgery

Soft	tissue	depression	was	observed	irrespective	of	asym-

metry	perception	after	reduction	surgery.(Table	7)	

IV. Discussion

Various	analysis	methods	using	3D	CT	scans	have	been	

2. Comparison among ZMC reduction patients

1)	Effect	of	comminuted	fractures

When	a	comminuted	fracture	of	the	maxilla	was	present,	

the	amount	of	asymmetry	was	increased	when	compared	with	

a	linear	fracture.(Table	4)	However,	soft	tissue	asymmetry	

was	not	statistically	significantly	different	regarding	the	pres-

ence	or	absence	of	comminuted	fracture	(P<0.05).

2)	Effect	of	the	amount	of	deviation	after	reduction

When	hard	tissue	deviation	was	2	mm	or	greater,	soft	tis-

sue	depression	was	observed	on	Bc	(3.41±1.63	mm;	Table	5)	

and	the	depression	was	statistically	significant	(P<0.05).	

Table 5. The mean difference according to dislocation after surgery

Measurement	(mm)
<2	mm	(n=9) ≥2	mm	(n=11)

Sig
Mean SD Mean SD

Zy’
Bc
Ch
FZP’

3.06	
1.51	
3.40	
2.78	

0.97	
0.96	
1.77	
2.40	

3.03	
3.41	
2.34	
1.85	

1.72	
1.63	
2.15	
0.73	

NS
*
NS
NS

	(SD:	standard	deviation,	Sig:	significance,	NS:	non-significant)
*Statistically	significant	difference	between	the	groups	(P<0.05).
Refer	to	Table	2	for	the	definitions	of	landmarks.
Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed tomography after open reduction and internal fixation of zygomaticomaxillary complex fracture. 
J Korean Assoc Oral Maxillofac Surg 2014

Table 6. The mean difference according to fixation materials

Measurement	(mm)
Titanium	(n=12) Biodegradable	(n=8)

Sig
Mean SD Mean SD

Zy’
Bc
Ch
FZP’

3.60	
2.37	
3.56	
2.87	

1.47	
1.84	
2.44	
2.51	

2.50	
2.36	
2.29	
1.85	

0.92	
1.41	
1.15	
0.68	

NS
NS
NS
NS

(SD:	standard	deviation,	Sig:	significance,	NS:	non-significant)
*Statistically	significant	difference	between	the	groups	(P<0.05).
Refer	to	Table	2	for	the	definitions	of	landmarks.
Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed tomography after open reduction and internal fixation of zygomaticomaxillary complex fracture. 
J Korean Assoc Oral Maxillofac Surg 2014

Table 7. The mean difference according to recognition of asymmetry

Measurement	(mm)
Asymmetry	group	(n=6) Symmetry	group	(n=14)

Sig
Mean SD Mean SD

Zy’
Bc
Ch
FZP’

3.54	
1.78	
2.68	
2.15	

1.90	
2.24	
1.87	
0.46	

2.88	
2.56	
3.00	
2.43	

1.11	
1.37	
2.06	
2.15	

NS
NS
NS
NS

(SD:	standard	deviation,	Sig:	significance,	NS:	non-significant)
*Statistically	significant	difference	between	the	groups	(P<0.05).
Refer	to	Table	2	for	the	definitions	of	landmarks.
Dong Hyuck Kim et al: Evaluation of soft tissue asymmetry using cone-beam computed tomography after open reduction and internal fixation of zygomaticomaxillary complex fracture. 
J Korean Assoc Oral Maxillofac Surg 2014
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bility	of	bony	fragments	after	the	surgery.	

Presence	of	comminuted	maxilla	fracture	did	not	affect	

the	amount	of	asymmetry	on	each	landmark	in	a	statistically	

significant	manner.	According	to	a	study	by	Klotch	and	Gil-

liland28,	facial	expression	muscles	were	detached	from	hard	

tissue	and	fibrosis	occurred	at	an	abnormal	location	if	open	

reduction	was	not	performed	when	a	maxillary	comminuted	

fracture	occurred	leading	to	inappropriate	soft	tissue	contour.	

They	recommended	immediate	reconstruction	of	hard	tissue	

and	best	results	were	obtained	when	open	reduction	surgery	

was	performed	within	48	hours.	Their	recommendation	is	

in	contrast	to	conventional	treatment	of	closed	reduction	to	

prevent	demineralization	of	bone	tissue	when	mandibular	

comminuted	fracture	occurs29.	In	the	present	study,	open	re-

duction	was	immediately	performed	when	the	comminuted	

fracture	occurred.	Slight	soft	tissue	depression	was	observed	

compared	with	the	control	group.	However,	no	significant	

difference	was	found	when	compared	with	cases	where	a	

comminuted	fracture	did	not	occur.	Immediate	open	reduc-

tion	is	required	in	the	maxilla	for	esthetic	soft	tissue	contour	

because	the	maxilla	has	ample	blood	supply.

When	soft	tissue	asymmetry	was	compared	according	to	

the	amount	of	deviation	after	the	reduction	surgery,	soft	tis-

sue	was	more	conspicuous	on	the	landmark	Bc	when	hard	

tissue	deviation	exceeded	2	mm	after	surgery	(Bc:	3.41±1.63	

mm).	Statistically	significant	difference	was	found	(P<0.05).	
Soft	tissue	depression	around	zygoma	would	be	more	notice-

able	if	reduction	was	not	accurate.	The	majority	of	previous	

studies	reported	that	hard	tissue	asymmetry	less	than	2	mm	

was	not	perceivable30,31;	 in	the	present	study,	patients	with	

less	than	2	mm	deviation	did	not	complain	of	asymmetry.	

Location	of	the	landmarks	in	patients	with	less	than	2	mm	of	

deviation	was	not	considerably	different	from	patients	with	

2	mm	or	greater	deviation.	The	amount	of	deviation	in	the	

patient	group	where	deviation	was	2	mm	or	greater	ranged	

from	2	mm	to	3.78	mm	indicating	that	approximately	3	mm	

of	soft	tissue	asymmetry	can	be	expected	if	reduction	is	not	

precisely	performed.	

With	respect	to	plate	materials,	titanium	and	biodegradable	

plates	were	used	for	10	patients,	separately.	Soft	tissue	de-

pression	was	more	noticeable	on	Zy’	and	Ch	when	titanium	

was	used	in	comparison	to	biodegradable	plates	(P<0.05)	
because	titanium	plates	were	used	when	the	ZMC	fracture	

dislocation	amount	was	larger.	Previous	studies	investigated	

tissue	response	to	fixation	materials.	Wittwer	et	al.32	reported	

that	a	biodegradable	plate	achieved	satisfactory	fixation	ef-

fects	due	to	improvements	in	physical	properties	and	reported	

introduced	to	evaluate	soft	tissue	change	after	surgery8-18	and	

are	useful	despite	possible	image	errors19,20.	Most	of	 these	

studies	focused	on	assessment	of	soft	tissue	change	after	or-

thognathic	surgery	or	surgery	for	correction	of	craniofacial	

deformity.	Evaluation	of	soft	tissue	change	after	ZMC	frac-

ture	reduction	surgery	employing	the	same	principles	used	

in	those	studies	is	difficult.	Recently,	laser	scans	are	gaining	

popularity	to	evaluate	facial	soft	tissue.	However,	the	high	

cost	of	laser	scans	can	be	a	limiting	factor.	In	this	study,	soft	

tissue	was	assessed	using	CBCT	images	with	OnDemand3D	

software	and	relatively	accurate	results	were	obtained.	

Furst	and	colleagues	reported	no	statistically	significant	

difference	between	ZMC	CT	images	and	dry	skull21.	Gwil-

liam	et	al.22	 reported	that	cephalometric	 landmarks	on	the	

soft	tissue	were	statistically	reproducible.	The	present	study	

also	revealed	no	statistically	significant	difference	when	the	

measurements	were	repeated	after	2	weeks	to	avoid	intra-

observer	errors	(P<0.05).	3D	planes	for	image	analysis	were	
constructed	using	the	same	method	described	by	Cho23.	

CBCT	images	used	in	this	study	were	taken	after	at	least	

3	months	of	follow-up.	Modabber	et	al.24	investigated	swell-

ing	after	ZMC	fracture	reduction	according	to	two	different	

cooling	therapy	methods.	They	reported	that	swelling	was	

the	most	severe	3	days	after	the	surgery	and	no	statistically	

significant	difference	was	found	between	the	two	groups	28	

days	after	 the	surgery.	Generally	soft	 tissue	assessed	at	6	

months	after	surgery	in	orthognathic	surgery	is	considered	a	

relapse.	This	study	evaluated	CBCT	images	taken	3	months	

after	surgery	to	minimize	the	effects	of	postoperative	swell-

ing	and	relapse	was	not	considered	because	rigid	fixation	was	

used.

Hwang	et	al.25	evaluated	asymmetry	in	adults	with	normal	

occlusion	and	reported	a	difference	in	distance	from	the	mid-

sagittal	plane	to	right	and	left	bilateral	landmarks	such	as	Bc,	

Ch	and	Zy’	(Bc:	1.43±1.06	mm,	Ch:	0.85±0.69	mm);	similar	

results	were	obtained	in	our	study	for	normal	adults	(Zy’:	1.32
±0.57	mm,	Bc:	1.29±0.31	mm,	Ch:	0.87±0.45	mm,	FZP’:	

1.06±0.44	mm).(Table	3)

A	variety	of	studies	have	 investigated	 the	accuracy	of	

ZMC	reduction	surgery	on	the	hard	tissue	and	the	majority	

reported	satisfactory	results26,27.	However,	patients	perceive	

facial	asymmetry	in	their	soft	 tissue.	In	the	present	study,	

asymmetry	was	assessed	on	the	soft	 tissue	and	the	patient	

group	showed	statistically	significantly	more	pronounced	

facial	asymmetry	than	the	control	group	(P<0.05).	Soft	tissue	
asymmetry	is	affected	by	soft	tissue	change	after	trauma	or	

surgery,	inappropriate	reduction	of	bony	fragments,	and	sta-
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different	(P<0.05)	regardless	of	whether	patients	complained	
of	asymmetry.

Soft	tissue	asymmetry	occurs	after	open	reduction	surgery	

and	various	factors	are	associated.	Asymmetry	of	ZMC	frac-

ture	patients	after	surgery	was	evaluated	using	CBCT.
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