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Quantitative Analysis of the Orbital Volume Change in
Isolated Zygoma Fracture

Han Ju Jung, M.D., Seok Joo Kang, M.D., Jin Woo Kim, M.D.,
Young Hwan Kim, M.D., Hook Sun, M.D.

Department of Plastic and Reconstructive Surgery, Paik
Hospital, Inje University School of Medicine, Busan, Korea

Purpose: The zygoma (Zygomaticomaxillary) complexes
make up a large portion of the orbital floor and lateral orbital
walls. Zygoma fracture frequently causes the posterome-
dial displacement of bone fragments, and the collapse or
overlapping of internal orbital walls. This process consequ-
ently can lead to the orbital volume change. The reduction
of zygoma in an anterolateral direction may influence on the
potential bone defect area of the internal orbital walls. Thus
we performed the quantitative analysis of orbital volume
change in zygoma fracture before and after operation.

Methods: We conducted a retrospective study of
preoperative and postoperative three-dimensional com-
puted tomography scans in 39 patients with zygoma
fractures who had not carried out orbital wall reconstruc-
tion. Orbital volume measurement was obtained through
Aquarius Ver. 4.3.6 program and we compared the orbital
volume change of injured orbit with that of the normal
contralateral orbit.

Results: The average orbital volume of normal orbit
was 19.68 cm®. Before the operation, the average orbital
volume of injured orbit was 18.42 cm®. The difference of
the orbital volume between the injured orbit and the normal
orbit was 1.18 cm® (6.01%) on average. After operation, the
average orbital volume of injured orbit was 20.81 cm’. The
difference of the orbital volume between the injured orbit
and the normal orbit was 1.17 cm® (5.92%) on average.

Conclusion: There are considerable volume changes
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in zygoma fracture which did not accompany internal orbital
wall fracture before and after operation. Our study reflects
the change of bony frame, also that of all parts of the orbital
wall, in addition to the bony defect area of orbital floor, in an
isolated zygoma fracture so that it evaluates orbital volume
change more accurately. Thus, the measurement of orbital
volume in isolated zygoma fractures helps predict the
degree of enophthalmos and decide a surgical plan.

Key Words: Orbital volume change, Zygoma fracture
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Patients Sex Age Affected side Approach otelely ZAd /-3
1 M 40 Lt. SC, 10 1A
2 M 57 Rt. SC, G, D 1A
3 M 33 Rt. 10, G 1Bb
4 M 62 Lt. 10, D 2A
5 M 17 Lt. SC, 10 1A
6 M 32 Rt. SC, 10, 1Bb
7 F 57 Lt. 10, G 1A
8 M 14 Rt. SC, 10, G 1A
9 M 24 Rt. SC, G 1Bb
10 M 68 Lt. 10, G 1Ba
11 M 48 Lt. SC, 10, G 2A
12 F 54 Lt. SC, 10 1A
13 M 19 Lt. SC, 10, G 1A
14 M 27 Rt. SC, 10, G O
15 M 46 Rt. SC, 10, G 1A
16 M 62 Lt SC, G 1A
17 M 30 Lt. SC, 10, G 1A
18 F 67 Lt. 10, G O
19 M 51 Lt. SC, 10, G 1A
20 M 45 Rt. SC, 10, G 1A
21 M 73 Rt. 10, G 1A
22 M 44 Lt. 10, G 2A
23 M 48 Lt. SC, 10, G 1Ba
24 M 45 Lt. SC, 10 1Bb
25 M 46 Rt. 10, G 2A
26 F 50 Lt. 10, sC 1A
27 M 44 Rt. SC, 10, G 1A
28 M 23 Lt. 10, G 1A
29 M 22 Rt, SC, 10, G 1Bb
30 M 24 Lt. SC, G 2A
31 M 37 Lt. 10, G 1A
32 F 13 Rt. 10, G 1Bb
33 M 54 Rt. SC, 10, G 1A
34 M 47 Lt. 10, sC 1A
35 M 70 Lt. SC, IO, G 1Bb
36 M 42 Rt. 10, G 1Ba
37 F 48 Lt. 10, G 2A
38 M 48 Rt. 10, G 1A
39 M 35 Rt. SC, 10, G 1A

SC, subcilliary; IO, intraoral; G, Gilllie’s; D, Dingman’s.
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Fig. 1. Measurement of orbital volume by Aquarius Ver 4.3.6 program. (Left) It can be displayed in four different views:
transaxial, coronal, saggital, and three-dimensional reconstruction view. Every view was reformatted in 1-mm thickness slices.
(Right, above) Drawing the contour of the bony orbit in each slice was conducted in coronal plane. (Right, below)
Three-dimensional reconstructions (oblique and ventral views)of orbital volume.
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Table Il. Orbital Volume before Operation
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Patients Volume of normal orbit (cm®) Volume of injured orbit (cm®) Difference of volume (cm®)  Difference of volume (%)

1 19.61
2 19.16
3 19.80
4 19.36
5 21.86
6 21.68
7 17.88
8 16.04
9 17.67
10 17.99
11 15.75
12 21.74
13 18.33
14 21.90
15 17.66
16 23.73
17 19.27
18 22.40
19 2223
20 2241
21 18.67
22 17.73
23 22.75
24 23.40
25 18.46
26 21.75
27 16.89
28 17.67
29 15.95
30 21.41
31 20.34
32 16.72
33 17.24
34 21.34
35 22.40
36 18.27
37 21.75
38 1843
39 17.80
Mean 19.68
SD 229

17.26
15.56
18.68
18.60
20.79
20.75
15.94
14.47
16.54
15.56
14.40
21.19
16.60
20.75
17.11
21.69
19.34
21.89
20.18
21.69
17.99
16.15
21.74
21.51
17.62
21.14
16.03
17.18
15.12
20.27
19.75
16.14
16.11
20.63
21.26
17.74
20.24
16.22
16.75
18.42

2.39

-2.53
-3.60
-1.12
-0.76
-1.07
-0.93
-1.94
-1.57
-1.13
-243
-1.35
-0.55
-1.73
-1.15
-0.55
-2.04
+1.07
-0.51
-2.05
-0.72
-0.68
-1.58
-1.01
-1.89
-0.84
-0.61
-0.86
-0.49
-0.73
-1.14
-0.59
-0.58
-1.13
-0.71
-1.14
-0.53
-1.51
-2.21
-1.05
-1.18

0.78

-12.90
-18.79
-5.66
-3.92
-4.89
-4.28
-10.62
-9.80
-6.39
-13.50
-8.57
-2.53
-9.44
-5.25
-3.11
-8.60
+5.52
-2.28
-9.22
-3.21
-3.64
-8.91
-4.43
-8.07
-4.55
-2.80
-5.09
-2.77
-4.57
-5.32
-2.90
-3.46
-6.55
-3.32
-5.09
-2.90
-6.94
-11.99
-5.89
-6.01
7.32

SD, standard deviation
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Table lll, Orbital Volume after Operation

787

Patients Volume of normal orbit (cm®) Volume of injured orbit (cm®) Difference of volume (cm’
J

Difference of volume (%)

1 19.61 22.53 +2.92 +14.89
2 19.16 19.97 +1.81 +9.45
3 19.80 19.98 +1.18 +5.96
4 19.36 20.02 +0.66 +3.40
5 21.86 2219 +0.33 +1.51
6 21.68 23.45 +1.77 +8.16
7 17.88 19.62 +1.74 +9.73
8 16.04 17.88 +1.84 +11.70
9 17.67 19.14 +1.47 +8.32
10 17.99 19.47 +1.48 +8.23
11 15.75 17.69 +1.94 +12.32
12 21.74 22.84 +1.10 +5.06
13 18.33 18.92 +0.59 +3.22
14 21.90 23.72 +1.82 +8.31
15 17.66 18.65 +0.99 +5.61
16 23.73 23.99 +1.26 +5.31
17 19.27 19.90 +0.63 +3.27
18 22.40 23.38 +0.98 +4.38
19 22.23 22.43 +1.12 +5.40
20 2241 23.72 +1.31 +5.84
21 18.67 19.34 +0.67 +3.58
22 17.73 19.43 +1.70 +9.58
23 22.75 23.38 +0.63 +2.76
24 23.40 23.98 +0.58 +2.47
25 18.46 19.38 +0.92 +4.98
26 21.75 22.65 +1.05 +4.82
27 16.89 17.76 +0.93 +5.50
28 17.67 18.55 +0.88 +4.98
29 15.95 16.87 +0.92 +5.77
30 21.41 22.68 +1.27 +4.67
31 20.34 21.02 +0.68 +3.34
32 16.72 17.69 +0.97 +5.80
33 17.24 17.69 +0.45 +2.61
34 21.34 21.97 +0.63 +2.95
35 22.40 23.92 +1.52 +6.78
36 18.27 23.56 +0.60 +2.61
37 21.75 23.44 +1.69 +7.77
38 18.43 20.27 +1.86 +10.09
39 17.80 18.62 +0.82 +4.60
Mean 19.68 20.81 +1.17 +5.92
SD 2.29 2.28 0.54 3.04
SD, standard deviation
2zjo] whA Wb Hd otet Bo] B ol %% ufel WeiEolsk 9l Yejolck Grade Bai 9]2]
B3 AR U oo oy o) §He WA wE7E kel 9w Furh ozt 21gEo] BIo| HE
So| wEF AYE Hgto R BEs) Nt e [A+= S717F AP E FEANA S5em HH FolH,
olelolalEl7} qtol o]u] Zat Waysle] TAE P2O] AF  Grade IBbis 2]2j0] WE|7} Qko} ofu] Zwirt Eztof 4 2}
=717F HLI=A] ool B s Sl oF o BEo] T AT =771 et = welE B9tk Grade



788 et | o mheks| 2] Vol. 38, No. 6, 2011

Table IV, Mean Orbital Volume before and after Operation

Mean volume of normal orbit (cm®) Mean volume of injuerd orbit (cm®) *p-value
Before operation 19.68 +£2.29 18.42 +2.39 0.000
After operation 19.68 +2.29 20.81 +2.27 0.000

*p-value<0.05: stastically sifnificant.

Table V. Mean Volume Difference of Injured Orbit before and after Operation

Mean volume difference of injured orbit (cm®) (%) *p-value
Before operation -118 £0.78 (-6.01 £ 7.32%) 0.000
After operation +1.17 £0.54 (+5.92 £3.04%) 0.000

*p-value<0.05: stastically sifnificant.

Fig. 2. Classification of lateral orbital wall fracture. (Above, left) Grade IA. Compression fracture at zygomaticosphenoidal
suture, frontal process of zygoma is compressed slightly along the axis of lateral orbital wall. (Above, right) Grade IBa. Fracture
at zygomaticosphenoidal suture, frontal process of zygoma is displaced medially. (Below, left) Grade IBb. Fracture at
zygomaticosphenoidal suture, frontal process of zygoma is displaced laterally. (Below, right) Grade IIA. Fracture extended
to middle portion of orbital plated of sphenoidal greater wing. Frontal process of zygoma and sphenoidal orbital plate is
compressed along the axis of lateral orbital wall.
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