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KEYWORDS Abstract Background: This study was designed to introduce a novel method of applying os-
Zygomatic arch teosynthetic materials to the upper zygomatic arch border for fracture fixation through a tem-
fracture; poral incision, and analyze the radiologic morphometric dimensions of the arch to verify its
Zygomatic arch validity.

morphometry; Methods: Radiological morphometry was analyzed in 51 adult patients with unilateral isolated

Zygomatic arch
fracture open
reduction and internal
fixation;

Zygomatic arch
tangential fixation

zygomatic arch fractures. Frequent fracture sites, sites of minimal thickness and height, and
their correlation were evaluated, as were the locations and dimensions of fixation vantage
points. The novel surgical method based on the results was implemented in 17 clinical cases.
Results: Frequent fracture sites, occurring 4.40, 16.47 and 30.48 mm posterior to the arch
origin, did not correlate to sites of minimal height and thickness. Arch minimal thickness and
height locations were 12.23 and 27.09 mm behind its origin, respectively. Fixation vantage point
dimensions varied from point to point, with upper thickness ranging from 1.67 to 4.86 mm
and mid-portion thickness ranging from 2.06 to 7.36 mm, and height ranging from 8.99 to
22.53 mm. Arch vertical axis inclination ranged from 6.51° to 16.47°, which increased as the
arch stretches posteriorly. These results suggested the use of 1.5 mm-wide plates and 1 mm-
diameter screws with 6-8 mm length. Patients received surgery based on these morphometry
results for satisfactory stabilization.
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Conclusions: This study introduces a new method for open reduction and internal fixation of
arch fractures, with morphometric analysis of the arch verifying the validity of tangential plate
application to the upper border.
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-
sevier Ltd. All rights reserved.

Introduction Frequent fracture sites

In most zygomatic arch fractures, including zygomaticomax-
illary complex fractures involving the arch, the well-known
Gillies or Keen (intraoral) methods are sufficient for stable
reduction.’ However, open reduction is generally considered
for unstable or laterally displaced fractures.?

Previous open reduction methods generally used a coro-
nal or endoscopic approach to apply hardware to the outer
cortex of the arch, which could be palpated through the skin
and also increase facial width. Other drawbacks of these
methods included prolonged operative times, lengthy scalp
scars, and the need for technical proficiency in using addi-
tional equipment.

The authors have devised and implemented a new
method for the management of arch fractures that can over-
come these drawbacks. Under direct vision through a tem-
poral hairline incision, the authors tangentially applied os-
teosynthetic material to the upper border. As a prerequisite
for clinically applying this method, the authors also per-
formed an analysis of arch radiological morphometry. This
study hereby provides reference data for surgical manage-
ment of acute arch fractures, secondary correction of old
arch fractures with malunion, and aesthetic arch proce-
dures that aim to improve facial contour.

Methods & materials
Materials

The radiologic morphometry study included 51 adult pa-
tients admitted to Korea University Anam Hospital for zy-
gomatic arch fractures between January 2008 and August
2014. All patients had 2 mm-thick axial and coronal slice
CT scans with 3D reconstruction, and three distinctly visi-
ble fracture lines and two fractured bone segments on the
CT images. Patients with zygomaticomaxillary complex frac-
tures were excluded except for partial zygoma body frac-
tures in which the anteriormost fracture line upper end was
located within the boundaries of the arch and not on the
zygoma body. The novel surgical method was implemented
in 17 cases. Ethics approval was obtained at the Korea Uni-
versity institutional review board (K2017-3229).

Methods

Morphometry study included evaluation of frequent fracture
sites, sites of minimal arch thickness and height, and their
correlation. The location and dimensions of vantage points
for fixation were also included. Each assessment was per-
formed, repeated thrice at different times, and averaged
by the senior author to ensure reliability.

A reference guideline was established on lateral view 3D
CT scans for measuring the position of fracture sites in
anterior-posterior dimensions. This guideline (‘G-line’ ) was
set perpendicular to the Frankfort horizontal line, pass-
ing through the point where the upper border of the zygo-
matic arch shifts from a horizontal to vertical slope. Points
corresponding to this G-line on 2D axial slices were used
as a reference for fracture position measurement. Since
arch fractures frequently present as oblique lines on lat-
eral views, the distance from the reference point to the
vertical mid-point of each fracture line was measured. This
was done by choosing a 2D axial slice corresponding to this
mid-point, then measuring the anterior-posterior distance
between the G-line reference point and the midpoint of
the fracture site outer and inner cortices on this axial slice
using PiVIEWSTAR®(version 5.0.9.58, Infinitt, Seoul, Korea)
software. The anteriormost fracture line was designated
as Fa, the middle line as Fm, and the posterior fracture
line Fp; the horizontal distance from the G-line to these
sites was measured to verify frequently fractured locations
(Figure 1).

Correlation of arch minimal height, thickness and
fracture sites

Points of minimal vertical height and horizontal thickness,
expected to be prone to fracture, were verified on 2D coro-
nal slices and the distance to the G-line measured on cor-
responding axial slices. The correlation between these sites
and Fa, Fm and Fp were analyzed.

Vantage points for screw insertion

Vantage points for screw insertion were selected in ref-
erence to fracture sites, and arch thickness and height
were measured at these points to ensure secure tangential
screw insertion. Fracture management principles generally
require at least one screw inserted on both sides of a frac-
ture line for secure fixation, and since in most segments the
middle portion is a physically balanced location for screw in-
sertion, these midpoints were designated as vantage points;
axial slices corresponding to 3D images were used to mea-
sure the distance from the G-line to the midpoint of the
anterior segment (between Fa and Fm), designated as P2,
and the midpoint of the posterior segment (between Fm
and Fp) designated as P3. P1 was set anterior to Fa at a
distance equivalent to that between Fa and P2, and P4 was
set posterior to Fp at a distance equivalent to the distance
between Fp and P3. In cases where P1 was located on the
body, it was designated as P1B; arch-located P1 points were
designated P1A. The distance between the G-line and these
points was measured. These points being the minimal screw
insertion points for fixation, the thickness (width) of the up-
per, middle and lower portion at each point (designated on
axial slices) and height were measured on 2D coronal slices
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Figure 1 Landmarks used for Morphometry evaluation. G-line,
virtual origin of the arch; Fa, anterior fracture line; Fm, middle
fracture line; Fp, posterior fracture line; P2, midpoint between
Fa and Fm; P3, midpoint between Fm and Fp; P1, anterior to Fa
at a distance equivalent to that from Fa and P2; P4, posterior
to Fp at a distance equivalent to that from Fp and P3.

as reference values for screw and plate dimensions. Arch
height was measured along the axis connecting the upper
and lower arch border. Upper thickness was measured 1 mm
below the upper arch border to anticipate cortical burring,
middle portion thickness was measured at the vertical mid-
point, and lower portion thickness 1 mm above the lower
border.

Arch cross-sectional vertical axis inclination at each P
point was also evaluated on coronal slices as a reference
for directing screw insertion to avoid protrusion. Since frac-
ture displacement distorts axis inclination, the correspond-
ing points for P1A, P2 and P3 on the contralateral uninjured
arch were used for analysis.

Height, lower thickness and axis inclination were not
measured at P1B, along with P4 lower thickness and incli-
nation, since these sites were regarded to have more than
sufficient dimensions (Figure 2).

Statistical analysis

All statistics were determined using SPSS version 20.0 (SPSS
Inc., Chicago, IL, USA). A series of one-way ANOVA test with
Welch analysis for variance were run to compare means.
This was followed by post hoc Dunnett T3 analyses to de-
termine statistically significant differences (p < 0.05).

Patients and surgical procedure

Under general anesthesia, a 4.0 cm zigzag incision was
made parallel and 1.5 cm superior to the temporal hair-
line. Subsequent dissection followed conventional coronal
approach methods, under direct vision aided by a light
source attached-retractor. Arriving 1.0 cm cephalad to the
arch upper border, a horizontal incision was made in the
deep temporal fascia superficial layer and the arch upper

Vertical Inclination(’J§

Vertical Height

Figure 2 Thickness, vertical height, and vertical inclination
of Zygomatic Arch. The upper, mid-, and lower thickness of the
arch were measured at 1 mm below the upper border, the mid-
portion of vertical height, and 1 mm above the lower border,
respectively. Vertical inclination was measured as the angle be-
tween the arch vertical axis and facial CT vertical line. U.T,
upper thickness; M.T, mid-thickness; L.T, lower thickness. (For
interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

border exposed. The periosteum was incised with minimal
fracture site subperiosteal dissection. After anatomical re-
duction, the upper border was lightly burred (approximately
1 mm) to a flat surface before tangentially applying plate
and screws. 1.5 mm-width plates were used, narrower than
or similar to the arch width. 1 mm-diameter screws with a
length sufficient to span at least half of the vertical height
of each fixation point were selected. Plates were molded
to match the curvature of the contralateral uninjured arch
on 2D axial slices. Screw fixation began with both anterior
and posterior non-fractured portions and proceeded cen-
trally towards each reduced segment held with a bone hook
against the pull of the masseter. The insertion direction for
each screw was matched to arch vertical axis inclination. At
least one screw was inserted on either side of each fracture
line, with additional screws inserted when more stability
was required against anticipated masseter pull. After con-
firming stable fixation, the superficial layer of the deep tem-
poral fascia was sutured to ensure periosteal continuity, and
the superficial temporal fascia and scalp subsequently re-
paired (see Video 1). Post-operative radiologic imagery was
regularly repeated every 2 weeks up to 6 weeks.

Results

The demographics of case patients are summarized in
Table 1.

Frequent fracture sites

The mid-portion of Fa impinged obliquely onto the lateral
zygoma body in almost half of the cases, and in extreme
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Table 1 Demographic characteristics of patients.
Variables Radiological study(n=51) Operative study(n=17)
Age
Mean £SD, yr 46.8 +14.3 42.9+13.0
Sex
Male (%) 38 (74.5) 12 (70.6)
Female (%) 13 (25.5) 5 (29.4)
Side
Right (%) 16 (31.4) 8 (47.1)
Left (%) 35 (68.6) 9 (52.9)
Type of fracture
Arch only (%) 51 (100) 10 (58.8)
Complex (%) 7 (41.2)

Table 2 Distances between G-line and the sites of fractures, minimal vertical height, and minimal thick-

ness.
Variables Fa Fm Fp VH HT
Mean (mm) 4.40 16.47 30.48 27.09 12.23
Standard deviation (mm) 3.399 4.008 2.570 4.411 3.134
Standard error (mm) 0.476 0.561 0.360 0.618 0.439
95% Cl for the mean (mm) 3.44-5.35 15.34-17.60 29.75-31.20 25.85-28.33 11.35-13.11
Minimal value (mm) —4.23 9.86 23.03 21.05 8.01
Maximal value (mm) 10.88 30.27 36.61 43.10 26.88

P value

0.000 (in comparison between any sites)

Cl, Confidence intervals; Fa, Anterior fracture site; Fm, Middle fracture site; Fp, Posterior fracture site; VH, Site
of minimal vertical height; HT, Site of minimal horizontal thickness.

cases Fa occurred 5 mm anterior to the G-line. In aver-
age, Fa was 4.40 mm posterior to the G-line. Fm and Fp
were at an average 16.47 and 30.48 mm posterior to the G-
line, respectively, with significant difference between each
fracture location. Based on these findings, anterior fracture
segments were a mean 12.07 mm long, while posterior seg-
ments were rather longer at 14.01 mm (Table 2, Figure 3).

Correlation of arch minimal height, thickness and
fracture sites

Arch minimal vertical height and horizontal thickness
(width) were 27.09 and 12.23 mm posterior to the G-line,
respectively. However, both of these locations presented
significant difference from frequently fractured sites, indi-
cating that minimal height or thickness did not have a direct
correlation to fracture occurrence sites (Table 2, Figure 3).

Vantage points for screw insertion

Table 3 summarizes the data concerning screw insertion
vantage points for rigid fixation.

(1) Distance between G-line and P-points

The mean distance from P1B to the G-line was
—4.73 mm, placing P1B on the lateral portion of the orbital
rim. P1A was an average 1.67 mm posterior to the G-line, P2

10.43 mm, and P3 and P4 an average 23.49 and 37.31 mm
posterior to the G-line, respectively (Table 4, Figure 4).

(2) Vertical height of P-points

The average vertical height of the arch at P1A was
22.53 mm, P2 16.56 mm, P3 9.18 mm, and P4 8.99 mm, dis-
playing a gradual decrease in height as the arch stretches
back. However, there was no significant difference between
arch height at P3 and P4 (Figure 5).

(3) Horizontal thickness of P-points

The thickness of the arch at each point varied accord-
ing to vertical location (Figure 6). Upper portion thickness
ranged from 1.67 to 4.86 mm, with P1A having the great-
est average thickness at 4.11 mm, and P2 being the least
thick at 1.94 mm. Significant difference existed between
the average thickness of each point, however the upper
thicknesses of P3 and P4 displayed no significant difference,
being 2.40 and 2.49 mm, respectively (Table 5).

Mid-portion thickness ranged from 2.06 to 7.36 mm. The
average thickness was greatest at P4, being 5.60 mm, fol-
lowed by P1B at 5.50 mm. P2 displayed the least mean thick-
ness at 3.38 mm, and P3 also was relatively thin at 3.96 mm.
Although the thickness of P1B and P1A were not significantly
different, the thickness of the other points all displayed sig-
nificant difference from each other (Table 6).

Lower portion thickness ranged from 1.93 mm to
4.95 mm. Mean thickness was greatest at P1A (4.51 mm),
compared to the thinnest P3 (2.47 mm). Heights of all
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Figure 3 Distances between G-line and frequent fracture sites and sites of minimal height and thickness. Fa, anterior fracture site;
Fm, middle fracture site; Fp, posterior fracture site; VH, site of minimal vertical height; HT, site of minimal horizontal thickness.
The vertical line at 0.0 point represents the G-line. The distance to Fm was significantly longer than that to HT.

Table 3 Summary of the vantage points for rigid fixation with screw insertion.

Variables P1B(n=25) P1A(n=26) P2(n=51) P3(n=51) P4(n=51)
Distance from the G-line (mm) —4.55 1.73 10.43 23.49 37.31
Vertical height (mm) 22.53 16.56 9.18 8.99
Thickness
Upper border (mm) 3.04 4.1 1.94 2.40 2.50
Mid-level (mm) 5.50 4.83 3.38 3.96 6.00
Lower border (mm) 4.50 2.65 2.47
Vertical inclination (°) 6.51 6.61 16.47

P1B, Point 1 on zygomatic body; P1A, Point 1 on zygomatic arch.

three measured points were significantly different from
each other (Table 7).

(4) Arch cross-section inclination

The arch vertical axis was inclined 6.51° and 6.61° me-
dially at P1A and P2, respectively, with no significant dif-
ference between the two points. However, the medial in-
clination at P3 was significantly different at 16.47° Based

on these results, screws should be inserted in a medially
inclined rather than vertical direction (Table 8).

Surgical results

Based on this data, upper border fixation was surgically
applied to 17 patients (among which 7 had zygomatico-
maxillary complex fractures) who presented unstable frac-



836

H. Kim, J. Yoon and B.-i. Lee

Table 4 Distances between G-line and vantage points for rigid fixation with screw insertion.

Variables P1B(n=25) P1A(n=26) P2(n=51) P3(n=51) P4(n=51)
Mean (mm) —4.55 1.73 10.43 23.49 37.31
Standard deviation (mm) 3.264 1.420 3.290 2.774 3.110
Standard error (mm) 0.653 0.279 0.461 0.388 0.435
95% Cl for the mean (mm)  —(5.89-3.20) 1.15-2.30 9.50-11.35  22.71-24.27  36.43-38.18
Minimal value (mm) —11.46 0.02 2.99 18.32 26.73
Maximal value (mm) —0.06 0.02 20.58 33.39 44.08

Significant difference

0.000 (in comparison between any points)

Cl, Confidence intervals; P1B, Point 1 on zygomatic body; P1A, Point 1 on zygomatic arch.
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Figure 4 Distances between G-line and vantage points for rigid fixation with screw insertion. The vertical line at 0.0 point repre-
sents the G-line. P1B, Point 1 on zygomatic body; P1A, Point 1 on zygomatic arch.

Table 5 Zygomatic arch upper portion thickness.

Variables P1B(n=25) P1A(n=26) P2(n=51) P3(n=51) P4(n=51)
Mean (mm) 3.03 4.11 1.94 2.40 2.50
Standard deviation (mm) 0.287 0.417 0.118 0.249 0.282
Standard error (mm) 0.057 0.082 0.017 0.035 0.040
95% Cl for the mean (mm) 2.92-3.16 3.95-4.28 1.91-1.98 2.33-2.47 2.42-2.58
Minimal value (mm) 2.65 3.06 1.67 1.98 1.72
Maximal value (mm) 3.56 4.86 2.16 2.98 2.89

Significant difference

0.000 (in comparison between any points, except between P3 and P4)

Cl, Confidence intervals; P1B, Point 1 on zygomatic body; P1A, Point 1 on zygomatic arch.
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Figure 5 Vertical height of Zygomatic arch at vantage points for rigid fixation. §, significant difference between P2 and P4. f,
significant difference between P3 and P4.

Table 6 Zygomatic arch mid-portion thickness.

Variables P1B(n=25) P1A(n=26) P2(n=51) P3(n=51) P4(n=51)
Mean (mm) 5.50 4.83 3.38 3.96 5.60
Standard deviation (mm) 1.257 0.978 0.520 0.383 0.872
Standard error (mm) 0.251 0.192 0.073 0.054 0.125
95% CI for the mean (mm) 4.99-6.02 4.43-5.22 3.24-3.53 3.85-4.06 5.75-6.25
Minimal value (mm) 3.38 2.98 2.06 3.13 4.00
Maximal value (mm) 7.36 6.48 4.77 4.76 8.30

Significant difference i +5 §

Cl, Confidence intervals; P1B, Point 1 on zygomatic body; P1A, Point 1 on zygomatic arch;
$ Thickness was significantly thinner than in the other three points (p=0.000, P1B, P1A, or P4);
 Thickness was significantly thinner than in P4 (p=0.000);
+ Thickness was significantly thinner than in P3 (p =0.000).

ture reduction including floating segments during conven- 1 h 20 min. A soft diet was recommended for the imme-
tional procedures from September 2014 to August 2017. diate postoperative period, but regular diets were permit-
Screws of 6 or 8 mm-length were inserted in each fixation ted after one week, and after a 2-week period of limit-
point; 6-9 screws were used in comminuted cases (Figure ing mouth opening to a width of 2 finger breadths, free
7), and 5-6 in simple fractures. Operational time averaged jaw movement was permitted. No significant postoperative
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Figure 6 Horizontal thickness of Zygomatic arch at vantage points for rigid fixation. P2 had the least thickness at all vertical
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Table 7 Zygomatic arch lower portion thickness.

Variables P1A(n=26) P2(n=51) P3(n=51)
Mean (mm) 4.51 2.67 2.47
Standard deviation (mm) 0.325 0.289 0.218
Standard error (mm) 0.064 0.040 0.030
95% Cl for the mean (mm) 4.38-4.64 2.57-2.73 2.41-2.54
Minimal value (mm) 4.03 1.93 2.08
Maximal value (mm) 4.95 3.09 2.98
Significant difference t 5 i
Cl, Confidence intervals;
$ Thickness was significantly thinner than in P1A and P2 (p=0.000, 0.003);
 Thickness was significantly thinner than in P1A (p=0.000).
Table 8 Vertical inclination at vantage points.
Variables P1A(n=51) P2(n=51) P3(n=51)
Mean (°) 6.51 6.61 16.47
Standard deviation (°) 3.64 4.94 6.54
Standard error (°) 0.51 0.69 0.92
95% Cl for the mean (°) 5.49-7.53 5.21-7.99 14.63-18.31
Minimal value (°) 1.00 —5.00 3.00
Maximal value (°) 14.00 19.00 32.00

Significant difference

s

Cl, Confidence intervals;

$ Vertical inclination was significantly greater than P1A and P2 (p = 0.000).

complications such as facial nerve injury, trismus, or mid-
face width discrepancies were observed during follow-up
periods of at least 6 months. One patient presented hypoes-
thesia around the incision site for several months, which
gradually improved.

Discussion

Fractures of the arch may occur as part of zygomaticomax-
illary complex fractures but also as independent injuries
resulting from direct impact to the temporolateral facial
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Figure 7 Left Zygomaticomaxillary complex fracture includ-
ing segmental arch fracture. (A) Comminuted fracture with dis-
placed segment of arch in lateral view of preoperative three-
dimensional CT. (B) Open reduction and arch upper border plate
fixation in lateral view of three-dimensional CT at postopera-
tive 4 months.

region.? Various studies have focused on the morphological
findings and management of zygomatic fractures. Although
many categorize fracture types based on impact force and
direction or displacement patterns,*> some propose a clas-
sification system based on the number of fractured seg-
ments or whether or not bony contact was maintained be-
tween fragments.?¢7 Differences in classification philoso-
phies notwithstanding, the classic Gillies or Keen methods
are used for most arch fractures, providing stable reduction
in cases with a small number of fracture segments and in-
tact surrounding tissue.®

However, studies on frequently fractured locations and
their correlation with morphometry dimensions are hard to
find. Likewise, classical methods are unsatisfactory for un-
stable floating segments or laterally displaced fractures.
The coronal approach has its own drawbacks, while less in-
vasive methods using K-wires or lag screws do not always
provide a direct view of the fracture, leading to uncertain
results.® 1

The surgical method introduced in this study applies os-
teosynthetic material to the upper arch surface in order
to overcome these problems. The morphometry analysis

provides the basis for this method, especially concerning
frequent fracture locations, application of hardware, and
surgical approach.

The first significance of this study is that morphomet-
ric analysis was performed to verify the locations of fre-
quently fractured sites and the practicality of rigid fixa-
tion through tangential hardware application. Although the
fact that only typical M-shaped fractures with two segments
were included is a limitation, the results state that the arch
is most frequently fractured 4.40, 10.95 and 24.3 mm pos-
terior to its virtual origin. The arch had the least verti-
cal height 27.09 mm behind its origin, which was not cor-
related to any of the frequent fracture sites. Song et al
have reported that the horizontal thickness of the arch was
fairly consistent along its length at about 3.5 mm, and that
the most laterally prominent region had the least thick-
ness."" The results of this study concur that the central
portion of the arch is generally thinner, with the thinnest
point 12.23 mm posterior to the G-line. The vertical mid-
portion is also thicker than the upper border portion along
the whole arch length; screws applied correctly to the up-
per surface would be safely embedded in bone without
protrusion.

The second significant point of this study is that hard-
ware is tangentially applied to the upper border of the
arch. Regardless of the approach, conventional methods for
unstable arch fracture management involved applying os-
teosynthetic material to the outer cortex.'>'* While the
coronal approach would allow upper surface tangential fix-
ation, to the best of the authors’ knowledge, this method
has not been reported before. Plates applied to the lateral
cortex can be palpated through the skin, and thick plates
can also increase facial width. Tangential upper surface fix-
ation can avoid these complications. Periosteal dissection
is also limited to a small area of the upper border, which
may help enhance bone healing. Biomechanically speak-
ing, upper border fixation may be less stable than fixation
to the outer cortex considering muscle movement; how-
ever, only a limited portion of the masseter muscle affects
the arch, and additional screws can adequately resist this
force.

The third significance of this study is that a temporal
hairline incision was used. This provides a direct view of the
fracture for precise anatomical reduction and fixation. The
range of dissection is much smaller than with the coronal
approach. The short incision placed inside the hair-bearing
scalp leaves an inconspicuous scar. Other less-invasive ap-
proaches such as preauricular or intraoral incisions can also
be used for fixation, but the view provided by these inci-
sions is frequently insufficient for fixation, therefore requir-
ing the assistance of additional equipment; even so, hard-
ware can only be applied to the outer cortex.

Some precautions are necessary when using this method.
Cicatrical alopecia or dysaesthesia can occur around the in-
cision, and temporal hollowing also is a potential complica-
tion. A beveled incision parallel to the temporal hair folli-
cles and limited use of electrocautery hemostasis can min-
imize follicular damage and subsequent alopecia. The skin
around the incision site is innervated by the zygomaticotem-
poral nerve, which emerges through the superficial layer of
the deep temporal fascia 15 mm posterior to the frontozy-
gomatic suture and 20 mm superior to the upper margin of
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the arch, with a horizontal branch extending laterally to
connect with branches of the auriculotemporal nerve.'>"”
The anterior portion of the incision should be placed slightly
superior-posterior to this area. The frontotemporal branch
of the facial nerve should be preserved in the same method
as in a coronal approach, taking care to avoid excessive
traction. Temporal hollowing can be prevented by securely
restoring integrity of each fascial layer,'® which is also im-
portant for postoperative fracture segment stability and
bony union.

According to the morphometric study, the thinnest por-
tion of the arch is 12.23 mm behind its origin, which should
be kept in mind. Screws 6 or 8 mm long would be appro-
priate to ensure an insertion length reaching at least half
of the arch height. The authors’ recommended fixation se-
quence begins with selecting a plate of appropriate length
and molding its contour to the non-injured contralateral
arch. The anterior and posterior non-fractured portions are
fixated first, after which the central fractured segments are
fixated.

There were some limitations to this study. Force of im-
pact was not evaluated when investigating frequent frac-
ture points, as the study subjects were actual patients. Po-
tential discrepancies between CT image evaluation and ac-
tual bone measurements was also an issue. However, recent
multi-slice CT with multiple detector arrays (64 rows) pro-
vide reduced artifacts and sub-millimeter resolution up to
0.4 mm isotropic voxel, resulting in an accuracy over 90% in
displaying linear fractures, and this was deemed sufficient
for this study.'®2°

Conclusions

The authors’ novel method can provide immediate anatom-
ical reduction and rigid fixation in arch fractures where
closed reduction methods would likely produce poor results.
Internal fixation can reduce the period of diet and jaw open-
ing limitation, and morbidity is less compared to the coronal
approach. In this sense, this study introduces a new method
of open reduction and internal fixation for zygomatic arch
fractures, validated by morphometric analysis of the arch
for tangential plate application. A prospective study series
including objective cadaver evaluation methods should be
performed in the future for stronger evidence.
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