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Using Computed Tomography: Predictive Factors for Recovery Time in
Patients with Orbital Fracture with Diplopia

Purpose: To identify predictive factors for recovery time in patients with orbital fracture with diplopia through analysis of pre-
operative and postoperative computed tomography (CT) images and postoperative recovery time.

Methods: We retrospectively analyzed CT findings-preoperative: fracture size, type of fracture, fracture site, extraocular muscle
(EOM) swelling, EOM and soft tissue injury, and the amount of soft tissue herniation; post-operative: degree of enophthalmos,
and diplopia recovery period in 379 patients who underwent surgical treatment for orbital fracture between March 2006 and

December 2015.

Results: The average postoperative follow-up period was 556.2 + 59.5 days, and the mean duration of recovery was 23.9 + 42.5
(range, 3-186) days. The recovery time of diplopia was significantly increased with the following preoperative CT findings: frac-
ture size (small and medium < large) (p = 0.049), type of fracture (linear < hinge < comminuted, trap-door) (p < 0.01), fracture site
(inferior < medial and both) (p < 0.01), EOM and soft tissue injury (prolapse and torsion, muscle entrapment, kinked muscle)
(p < 0.01), and the amount of soft tissue herniation (small and medium < large) (p < 0.001). The mechanism of injury, sex, age,
and the degree of enophthalmos were not related to the length of the diplopia recovery period.

Conclusions: The length of diplopia recovery could be predicted by CT findings.
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ol olg} ZAo] 7], ookte] 92 W A Aw AR (transconjunctival inferior fornix approach)©.& <to}-Z3 %4
Z)9] 4, QFE B A= 52 upeld 4 qlrk? o]d CT a3 AFEIh e AR Al ZAERJHARE A6t
o] Ata} etolmd & BAZ|Tte] gt A4t R Hu o &bl A=Y F5E Felskalon, 4 R9E &
7k Q™ L CTol A Hols 4AL Alislste] & of dEH A4S o 2 5T 3 keSS A
Al Z17FE Aol gk Aate FER Agelth 2 A+ Astieh FAAJNAAE Algsto] kel =48 7
oAl JAZE FREE SrelmEgbAtol| A Stelmd g EE 91 Atolell 22]9] 7]¢lo] §l= A& B & Es TR
S A T B BEALS 24 AT CT 242 24T Ao
om A Su7|7t ol EBAAAE opr A sk, oo} MASRERYL lolB U RE W} 44 4T,
G 6719 olFol AN Sk A 2T CTolAE
CAbT} b 249 27), 240) 37, 249 913, kel 33, o
Qb 9 Az 4 57, A2 9E AES WY
2 Aol A= 2006 39RE] 20159 1297HA] FA|7} o, & AT YR CToA = et dES] $1A] o4,
FHHE QrelmAEehR) S R A EES AR 3 127 =8, 24 7|19 T =R e 28E 5 e S
o ol Hutto] 7HEstd S "o shlch A f4 At §leS Ikt = & FH4 6o71Y
EAE ZETHRAIEARA S4] 30° ofijof] EAIZE Sl ool At & HYT CTolA = teHddE S1A] ol
Ao AoJsilon, HA| 352 ZEVHEAGALA 5 e Eelskal ke s S5k BA] 3E7|XE
4 30° oJfjol] FAZF 2HE] AdlE= A o= AYosiich o] Ayt o iS5 dofEdTh
2 7Y & ¢ FaE A2 & T 1Y, 2¢, 39, 7Y, CTH =49 A7]& &4o| e 79 5 4] 7V
1714, 2704, 370€, 67114, 97id, 12709 ol qlom, & & FHE 7Ieer SAsHeH 89| AA| dol F
A7F e aAE di7A] & % 3, 7Y, 1704, 3704, 67 =4 79l dol7f 20% mHkel FAE & (AR, 50% =
4, o7, 1271¢ o] Ak Ao ZERFEAHAE el A5 o (O= UHAE 5 (B) o= AYsiale
AlBYSFATE ARA] B2 ARA 9] 7]9hE, AlAeA At o, T4 FFe AYEED), BHSAEE), ZH=EE),
of A et el StHEHo] FRbE AE Al SATEEEO)E EFothFig. ). =29 A= W
sholom, BA] 3577k WRE QIAE 2] fl8) o F 9, 5 223 W ok & o Sl A9E Urol &
7155 o83 A AFE Al tH(Table 1). Alsk3ict.
FE 3 B A o8 AREHAeH, BE ps ookt RE AE SAsH] fls 459 AA 0 &
< AR ste] AP ATh HHZELS 7 HEH HAS S48 = A 2t CTY WHolA ket
(transcaruncular approach), sH¥=4-2 Auf A7 L Wt Pt ekl ZHE 71 A7S A5(long axis)

Table 1. Demographics and clinical characteristics of patients

Diplopic period Spearman correlation coefficient p-value
Persistent diplopia 6 (1.6)
Disappeared diplopia 373 (98.4)
Postoperative diplopic period (days) 239 +42.5
Age (years) 323 + 14.1 r = 0.088 0.089"
Gender
Men 294 (78.8) 24.4 + 42.6 0.197"
Women 79 (21.2) 21.9. +42.6
Follow-up period (days) 556.2 + 59.5
Cause of fracture
Slip down 129 (34.4) 19.1. + 28.1
Violence 126 (33.6) 26.3. +44.4 0.09*
Projectile object 43 (11.4) 18.8. +25.9
Traffic accident 38 (10.7) 27.8. +48.4
Sports, working 37 (9.9) 16.6. + 13.8

Values are presented as mean + standard deviation or number (%).
*Spearman correlation; "Mann-Whitney U test; *Kruskal-Wallis test.
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Figure 1. The size and type of blowout fracture. The size of the orbital wall fracture
classified into small (<20%) (A), medium (B) and large (> 50%) (C). The type of the
orbital wall fracture classified into linear (D), hinged (E), comminuted (F) and trap-
door (G).
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Figure 2. Extraocular muscle swelling. The measurement of
extraocular muscles (white arrow, short axis; black arrow,
long axis).
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Figure 3. Soft tissue herniation. Amount of soft tissue herniation classified into small (only soft tissue, small amount) (A), medium
(only soft tissue, large amount) (B) and large (soft tissue with muscle, large amount) (C).

‘

Figure 4. Extraocular muscle and soft tissue injury. Extraocular muscle and soft tissue injury type classified into muscle prolapse
without torsion (A), muscle torsion without prolapse (B), muscle prolapse with torsion (C), kinked muscle by bone (D), muscle en-

trapment (E) and soft tissue entrapment (F).
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G 5 670 o)A, % QPBkE o] F AW CTAA
ITFBES Zsto] A 5 /e AVHAS &
O}HQITHFig. 5). CTY +HH|A Zygomaticofrontal
processS o] Ao =RE okeko] 24 o FurA|o] 7|

& WgE A2 olgstel Z4T F U Aol AT
T8 w2 Yoy

2y QA FA) 35717k A Aol dis] SAw
412 IBM SPSS ver. 18.0 (IBM Corp., Armonk, NY, USA)
© 2 Mann-Whitney U test, Kruskal-Wallis test, Spearman
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Figure 5. Enophthalmos. Degree of enophthalmos (6 to 12 months after the surgery).

Table 2. The relationship between diplopic period and pre-operative CT features of bone fracture

Diplopic period F-value p-value’
Fracture size
Small (n = 46)° 20.3 + 28.5
Medium (n = 91)° 15.4 +28.6 2.998 0.049
Large (n = 236) 27.8 + 42.5
Type of fracture
Linear (n = 10)" 3.0 + 0.0
Hinged (n = 77)* 10.7 + 16.7 4.374 <0.01
Comminuted (n = 257)° 27.9 + 48.4
Trap-door (n = 29)° 30.5 + 31.9
Fracture site
Medial (n = 118)* 32.5 + 52.6
Inferior (n = 162)" 13.0 + 22.8 9.953 <0.01
Both (n = 93)* 32.1 + 50.1

Values are presented as mean + standard deviation unless otherwise indicated.
CT = computed tomography.
"Kruskal-Wallis test, Ducan T<*<¥,

1414190, % & F FIHA7| 556.2 + 59.5Y ottt =4 IR 9] A9 shEEAN Q= (13.0 £ 22.8%)
2 5] F&57)zto] 71 #Ake] 49 Aakar|zke] |9 Hop i Ak ol 32,5 £ 52.6 ) W} s
s 71 ALz YePdthp<0.01). S dA7F 2947, o =do] e Q= AH(32.1 = 50.1)7F FA] 3)E7|7to]
Z7E 79909tk Hd Yle 2 dojR 1299(34.4%), ZAA UEHTtHp<0.01) (Table 2).
TEF 1269(33.6%)0] 7Y Worom = el W Ao QIoht W ARz ] &4, &0 Ax= FA] FEI|ZE
w2 HA| 3]57|7H] Apol= HolA| AFgtrH(Table 1). of folotA FEFE Foeth 2ehte] FHEEE FuEt 9
ZH9 7|7} ‘A’ (203 £28.5Y), ‘F (154 + 28.6Y) St 2ol e BH(545 £ 73.4Y)7F HEH Jlo] ¢t
ol A-HT ‘o (27.8 £ 42.59)Q1 A FA] 2 &57|1to] < HEU e A58 £ 13.1%), ©E gl QT H
FosHA AAl Uebthp=0.049). 249 FFol wetA e S8 Q= AT = 158Y)9F A=A T=H A
Aol & Heled AdEd3B.0+00Y)EY= AHE4 (14.4 £ 128t} HA] 3]&7]|7ko] Ach E3 2JQtt
(10.7 = 16.79)%1 97t Aglon, FdZdnct=s 24 o] FEHS NS gE0] U= (545 £ 73.4Y)ET)
24279 = 48.4Y), EFEFZHGB0S5 £ 3199 A A A FEel el 2]kl 941 + 68.7Y)<} ]
A BlE7|7ko] AA| UEtHp<0.01). Zeu E4=d ¢htol =% A-HT77.1 £ 1487t FA] I&E7|ke] 4
I EFEEEAE 1o BA] 3E717k9] Aol Holx] ¢k ATHp<0.01). & LIt &4 5 ¢Jehte] FHEHS &5
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0.19% 2x] FE7|7} ou]gls APBAZ HolX

OFQkTtH(r=0.19, p<0.01) (Table 3).
wheh AfolE moledl Az el

Azxze] 2= AHr

e AT} A (149 +

2489, ‘= (11.7 £ 222¢Y)E ) ‘o)’ (39.0 + 56.2¢)21 7
- 5A ﬁl%ﬂﬂo AQthp<0.01). 2% = 67§ o)A
A|Zto] AutE] & 23t CTo|A] FAMEe] Bt QFLetE
AL 008 + 023 mmglow, B4 85717 Qe

X 60 H HM6=-

A oko] FA o)A rgko] 0.174% Zo} EAF & oulg)
= ATIAE HolR] tHr=0.174, p=0.01) (Table 4).

Z 3797, 3792t = 61 6%tof|A] 1 o)A} 2|& Hulkzt
Al FAIZE oA 678 9] kAt E—r°ﬂ/ﬂ T Ao vl
3 FHE 10° Ao EAlQ JES HYort = Ayt

B2 4] 340 30° ol %417} olslsieh 692 2]
CT 24 w4sIs Wl &4 27 o 6%, =89 &
e wEE 5, AHEE 190131l Qb A
24 7 9lo] A A% 4%, HEUT GE BRI A
£ 2702 LElGTHTable 5)

Table 3. The relationship between diplopic period and pre-operative CT features of EOM and soft tissue

Diplopic period F-value Spearman correlation coefficient p-value
EOM and soft tissue injury
Muscle prolapse (n = 18)" 25.8 + 13.1
Muscle torsion (n = 43)* 11.7 + 15.8
Prolapse and torsion (n = 31)T 54.5 +73.4 41.109 <0.01*
Kinked muscle (n = 34)° 94.1 + 68.7
Muscle entrapment (n = 8)§ 77.1 + 14.8
Soft tissue entrapment (n = 25)* 144 4+ 12.8
None (n = 214)° 9.7 + 17.6
Amount of soft tissue herniation
Small (n = 72)" 149 +24.8
Medium (n = 143)" 11.7 £ 22.2 19.165 <0.01*
Large (n = 158)" 39.0 + 56.2
EOM swelling
S/L ratio r =0.19 (0.50 + 0.12) <0.01"
Cross section area (mm>) r = 0.071 (30.36 + 6.89) 0.158"

Values are presented as mean + standard deviation unless otherwise indicated.
CT = computed tomography; EOM = extraocular muscle; S/L ratio = short axis length/long axis length ratio.
*Kruskal-Wallis test, Ducan << §; HSpearmam correlation.

Table 4. The relationship between diplopic period and the degree of post-operative enophthalmos (6 to 12 months after the surgery)

Spearman correlation coefficient p—value*

Degree of enophthalmos (mm)

r =0.174 (0.08 + 0.23) 0.01

Values are presented as mean + standard deviation unless otherwise indicated.

* .
Spearman correlation.

Table 5. Radiological characteristics of patients with persistent diplopia

Patient Sex Age Fracture EOM injury Soft tissue Degree of
number Size Type Site Type S/L ratio (swelling) herniation enophthalmos (mm)
1 Male 31 Large Comminuted M&I  Prolapse & torsion 0.826 Medium 0.12
2 Male 30 Large Comminuted M Kinked muscle 0.638 Large 0.57
3 Female 39 Large Hinged I Kinked muscle 0.676 Large 0.05
4 Female 37  Large Comminuted M Kinked muscle 0.901 Large 0.61
5 Male 56 Large Comminuted 1 Prolapse & torsion 0.567 Large 0.11
6 Female 45 Large Comminuted M&I Kinked muscle 0.560 Large 0.15

EOM = extraocular muscle; S/L ratio = short axis length/long axis length ratio; M = medial wall; I = inferior wall.
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SA7L SHEE OILZEBIXI0NM Qlot MASICHEEN A0 e
2 5 2A| 32712t 0lE

EX: SAV S LA HEXNM +& TS 2fet FitsiHEE H(computed tomography, CT) 711t & & S| 3|=7(22
2AGI0 A 3|22t o SREQIXIE Lot A} B
CHelzt i 2201M 2006 322016 127X SA7t SHHE QB HEA & +aX XTE MY = 2|4 12742t ot
ot 3799, 379%f0i sl & & CT 471Q1 28 37|, 22 IF 2E 9xl, 289 &4 7 Gx2 25 289 28 & =
671 olF EFE CTOIM et7elaE x|, 1 o Ho|, g8, L4 2ol 5ol ThE 24| 387[7e 2Xez 2Molrt
Zik a2 2 TP JUUEV|ZH2 556.2 £ 50.5U0I{CH, EA| Sl57(2He B 239 £ 42.52(3-186)0|UCt 2 T CT 47
& 3E A7|(2, B<ti[p=0.049]), 2H SRUSSE<FHSE<ENSE, SEEE2E[0<0.01)), 2E AXI(clH<Lis, L1} 5}
H[p<0.,01]), Qletol AM(FISE 25 S8 22 A 2Ll 70 Z2, <Aet2el HE[p<0.01]), AXRE PH(4, B<d
[0<0.001))Y B2 =A| 257]2t0] Relot B7totAnt. LIt29] BE, 47|, &8, Uo|, eEE Frs 24 3=7(2t)
Rolet HEe FA| EULCL
ZE: 2 275 Soft & ©F CT FYeHA 2010 =A] 3=7(2t2 oI5 g 4 Us AXIYS =felsict, A oM +4
Al HHE CT AHCR 2A7|2tS olSste ol R8Y Ae2 JItfEt
(CHstetarsts|X| 2019:60(6):501-509)
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