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Abstract: In recent years, endoscope-assisted balloon fixation
using transantral and endonasal approaches has gained popularity
as a minimally invasive treatment for orbital floor fractures. How-
ever, the optimal duration for balloon placement and the efficacy of
the method have not been fully evaluated. The authors report their
assessment of this method using postoperative and chronological
measurements of the maxillary sinus volume.

Fourteen patients with blowout fracture of the orbital floor who
underwent reduction using endoscopic transantral and endonasal
approaches followed by 6-week fixation with a balloon were
evaluated. The volume of the maxillary sinus was measured for
comparison using computed tomography at the time of balloon
removal and 6 months after the surgery.

The ratio of change in the maxillary sinus volume (maxillary
sinus volume 6 months after surgery/maxillary sinus volume at
balloon removal) for all subjects was 0.90 to 1.04 (0.96 4 0.44,
mean £ SD). No postoperative reduction in volume was detected,
indicating satisfactory fixation. Postoperative computed tomogra-
phy showed bone regeneration in the orbital floor in all patients in
whom the fractured bone fragments were removed. No subjects had
remaining enophthalmos greater than 2 mm.

The postoperative change in the maxillary sinus volume was
small, confirming the efficacy of 6-week balloon placement. This
method was effective even in patients in whom fractured bone
fragments were removed. Therefore, it is advisable to remove the
fractured bone fragments if there is concern that the fragments will
stray into the orbit due to inflation of the balloon.

Key Words: Balloon, maxillary sinus volume, orbital floor
fracture, transantral and transnasal approaches

O rbital floor fractures develop due to a blunt injury, resulting in
ocular motility disorder and/or enophthalmos. Various treat-
ment methods for this type of fracture have been reported, and
discussions continue to this day regarding operative indications,
methods, and timing.

Fracture reduction using endoscopic transantral and transnasal
approaches followed by fixation with the balloon method was
reported recently. We employ the balloon method routinely as a
minimally invasive treatment for orbital floor fractures. We
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reported that shortening of the connecting tube by enlarging the
natural ostium of the maxillary sinus and hiding the tube in the nasal
cavity enable long-term Placement of the balloon, resulting in a
good treatment outcome.” However, the balloon method has been
insufficiently examined, especially with regard to the optimal
duration for balloon placement and the efficacy in fixing the
orbital floor.

In this study, we examined the efficacy of the balloon method for
fixing the orbital floor using postoperative and chronological
measurements of the maxillary sinus volume.

METHODS

The subjects consisted of 14 patients with blowout fracture of the
orbital floor, who underwent reduction at our institution using
endoscope-assisted transantral and endonasal approaches followed
by fixation with the balloon method between October 2010 and
September 2016. The fracture was diagnosed using computed
tomography (CT). The subjects underwent ophthalmologic inspec-
tions, that is, visual acuity test, eye movement test, exophthalmo-
metry, and field diplopia test. The indication for surgery with the
balloon method using endoscopic transantral approaches was the
presence of diplopia or enophthalmos greater than 2 mm compared
with the unaffected side approximately 2 weeks after injury.
Patients who developed missing muscle syndrome due to contrac-
tion of the extraocular muscle were excluded.” Pediatric patients
were excluded because of the possibility of problems with post-
operative tube management due to a high incidence of linear
fractures in young patients.>

The subjects consisted of 10 men and 4 women, aged 15 to 68
years (45.9£12.9, mean =+ SD). The causes of injury were home
accidents and falling from heights (6 patients, 42.8%), sports (4
patients, 28.6%), assault (2 patients, 14.3%), and traffic accident (2
patients, 14.3%). The mean period from the time of injury to surgery
was 20.9 9.1 (mean =+ SD) days. Six patients (42.8%) were diag-
nosed as having enophthalmos of greater than 2 mm, and 10 patients
(71.4%) had persistent diplopia before the surgery. Patients were
informed about the potential risks and benefits of all treatment
options, and written informed consent was obtained from all
patients or their parents. The fractured bone fragments were
removed in 8 patients and balloon placement was maintained for
6 weeks in all patients.

Surgical Technique

The subjects underwent surgery under general anesthesia. After
exposing the anterior wall of the maxillary sinus by incising the oral
vestibule, an area measuring 1.5 x 1.5cm was fenestrated. After
approaching the orbital floor from the maxillary sinus side, the floor
was reduced endoscopically. In patients in whom the surgeon
judged that the fractured bone fragments would stray into the orbit
based on preoperative CT results, the fragments were removed
while preserving the periosteum. The maxillary sinus membrane-
like portion was then incised from the nasal cavity to approach the
interior of the maxillary sinus. A balloon (#3007, Koken Co, Tokyo,
Japan) was inserted into the maxillary sinus and an injection tube
was guided into the nasal cavity through the maxillary sinus
membrane-like portion. Saline was injected through the tube while
checking the exophthalmos as well as the traction.

One day postoperatively, the subjects underwent CT to check the
degree of reduction. The volume of saline injected into the balloon
was adjusted as necessary. Thereafter, the injection tube was ligated,
cut apart, and hidden in the nasal cavity.

Six weeks postoperatively, the balloon was removed without
anesthesia on an outpatient basis. The subjects underwent CT
preoperatively, 1 day postoperatively, at the time of balloon
removal, and 6 months postoperatively.
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Measurement of Maxillary Sinus Volume

The maxillary sinus volume was measured using data from
0.5 mm slice CT images of the frontal plane and Ziostation (Ziosoft,
Tokyo, Japan), the analytical software for CT images (Fig. 1). The
maxillary sinus volumes at the time of balloon removal and 6
months after the surgery were measured. The maxillary sinus
volume 6 months after the surgery was divided by the volume at
the time of balloon removal to calculate the volume change ratio. A
smaller value indicates re-recession in the orbital floor caused by
the reduction of the maxillary sinus volume after balloon removal.

Assessment of Degree of Exophthalmos
Exophthalmometry was based on CT data and was conducted
according to the report by Sung et al.*

RESULTS

The maxillary sinus volume for all subjects at the time of balloon
removal was 16.13 to 31.79 mL (23.144+4.94, mean =+ SD),
whereas the maxillary sinus volume 6 months after injury was
15.09 t029.36 mL (22.31 £4.79, mean + SD). The difference in the
maxillary sinus volume (maxillary sinus volume upon balloon
removal — maxillary sinus volume 6 months after injury), that
is, the amount of enlargement in the orbital volume was —1.16 to
2.43 mL (0.83 +£1.09, mean+ SD). The ratio of change in the
maxillary sinus volume for all subjects was 0.90 to 1.04
(0.96 £ 0.41, mean = SD) (Fig. 2). No postoperative reduction in
the maxillary sinus volume was observed, indicating satisfactory
fixation using the method.

The ratio of change in the maxillary sinus volume for patients in
whom the fractured bone fragments were preserved and those in
whom the fragments were removed was 0.91 to 1.00 (0.96 £ 0.04,
mean =+ SD) and 0.90 to 1.04 (0.97 £0.05, mean & SD), respect-
ively (Fig. 3). Thus, satisfactory fixation occurred in both patients.

Additionally, postoperative CT showed bone regeneration in the
orbital floor in all patients in whom the fractured bone fragments
were removed.

Six months postoperatively, diplopia was found in 2 subjects.
None of the subjects had remnant enophthalmos of 2 mm or greater.
No correlation was found between the change in maxillary sinus
volume and the degree of exophthalmos 6 months after injury.

CLINICAL REPORT

A 37-year-old female visited our department because she was hit by
a baseball. The initial examination found upward gaze diplopia,
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FIGURE 1. Measurement of maxillary sinus volume. (A) Tracing of the maxillary
sinus on a computed tomography image of the frontal plane. (B) Measurement
of the volume of the maxillary sinus using image analysis software.
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FIGURE 2. Ratio of change in the maxillary sinus volume (maxillary sinus
volume in balloon removal/maxillary sinus volume 6 mo after surgery) for all
subjects.

2.21 mm enophthalmos compared with the unaffected side, and
sensory disturbance in the right cheek. Because CT showed a wide
range of right orbital floor fractures, surgery was indicated
(Fig. 4A).

Thirty days after the injury, she underwent surgery under general
anesthesia. Since the orbital floor bone was blown out, there was
concern that the bone would stray into the orbit due to inflation of
the balloon. Therefore, the fractured bone fragments were removed.
The balloon was inserted into the maxillary sinus, followed by
injection of 14 mL of saline (Fig. 4B).

Six weeks postoperatively, the balloon in the sinus was removed.
Computed tomography performed at the time of the removal
showed that the orbital floor bone had regenerated (Fig. 4C). Six
months after the injury, another CT scan showed that the bone had
regenerated without re-recession (Fig. 4D). The ratio of change in
the maxillary sinus volume 6 months after the surgery was 0.964,
indicating satisfactory fixation. In addition, neither diplopia nor
enophthalmos was found.
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FIGURE 3. Ratio of change in the maxillary sinus volume (maxillary sinus
volume upon balloon removal/maxillary sinus volume 6 mo after surgery) for
patients in whom fractured bone fragments were retained and patients in whom
the fragments were removed.
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FIGURE 4. Clinical report. (A) A CT image at the time of injury. (B) CT image
obtained 1 day postoperatively. The fractured bone fragments are missing
because they were removed. The asterisk () indicates the balloon. (C)
Computed tomography image obtained 6 weeks postoperatively (at the time of
balloon removal). The asterisk (*) indicates the balloon. Regeneration of the
orbital bone is visible. (D) Computed tomography image obtained 6 months
postoperatively. CT, computed tomography.

DISCUSSION

Many surgical treatment methods for the orbital floor fracture have
been reported. Thus far, methods involving a transorbital approach
with subciliary incision and/or transconjunctival incision have been
widely utilized. However, the incisions may cause postoperative
scars and/or complications such as ectropion of the lid and gran-
ulomatosis.” In addition, in the event of fractures in the posterior
part of the orbit, these incisions cannot secure a sufficient operative
field in many patients, increasing the risk of optic nerve injury.® In
the 1980s, treatment methods for fractures by means of endoscopic
paranasal sinus surgery were developed, and treatment of orbital
floor fractures using an endoscopic transantral approach was
reported by Saunders et al” in 1997. The transantral approach
has the advantage of avoiding eyelid complications because it
requires no incision of the exposed portion of the face. In addition,
the approach can secure a good operative field for fractures in the
posterior part of the orbit. Jin et al® reported that the approach could
better improve diplopia and enophthalmos.

Various fixation methods that can be employed after the reduction
of the orbital contents using the transantral approach have also been
reported. Above all, use of a urethral catheter is common.” A urethral
catheter is generally placed for around 2 weeks because it has a large
portion exposed off the nostril and is difficult to cut short. Fixation
using a balloon is still under debate regarding the duration of balloon
placement.® However, a short duration is known to cause enophthal-
mos due to re-recession after balloon removal.'® We used a balloon
developed for the maxillary sinus (#307, Koken Co, Tokyo, Japan) for
fixation. By confirming the proper balloon inflation by means of CT 1
day postoperatively, we cut the tube and hid it in the nasal cavity,
enabling placement of the balloon without restricting daily activities
for as long as 6 weeks after the surgery.

In this study, we examined the efficacy of the balloon method for
fixing the orbital floor through comparison of the maxillary sinus
volume by means of postoperative CT. We postulated that the
maxillary sinus surrounded by bones would reflect changes in the
orbital floor more accurately because it is more similar to a closed
cavity than the orbit. The maxillary sinus volume 6 months after the
surgery, long after the 6-week balloon placement, showed neither

© 2017 Mutaz B. Habal, MD

reduction nor re-recession compared with the volume at the time of
balloon removal, indicating satisfactory fixation.

With regard to the degree of exophthalmos, enophthalmos of
2mm or greater becomes an esthetic problem and is an indication
for further treatment.*'" Raskin et al'> mentioned that an increase in
the orbital volume by 1 mL results in 0.47 mm enophthalmos. In the
present study, a 2.43 mL maximal increase in the orbital volume
was observed 6 months postoperatively, whereas none of the
subjects developed enophthalmos of 2 mm or greater.

In this study, an increase in the maxillary sinus volume was
observed in 3 subjects. It was previously reported that atrophy of the
orbital contents occurs following orbital floor fracture.'> We
speculate that this atrophy was responsible for the apparent increase
in the maxillary sinus volume. We also speculate that the lack of
correlation between the change in the maxillary sinus volume and
the degree of exophthalmos was influenced by the atrophy-induced
change in the volume of the orbital contents.

During fixation using the balloon method, there is a possibility
that bone fragments will stray into the orbit because of balloon
inflation, leading to complications due to visual disturbance.'* Far-
well and Hinohira et al reported that fractured bone fragments need to
be removed through endoscopic surgery for blowout orbital floor
fractures.'™'> We placed the balloon after removing only the frac-
tured bone fragments, preserving the periosteum where possible in
patients in whom there was concern that the fragments would stray
into the orbit. In this study, even in the patients in whom the fragments
were removed, no postoperative reduction in the maxillary sinus
volume was observed, indicating satisfactory fixation. Moreover, the
orbital bone was found to have regenerated in patients in whom the
fragments were removed. This is likely because preservation of the
periosteum when removing the fractured bone fragments allowed
bone regeneration through membranous ossification.

The efficacy of the balloon placement method for fixing the orbital
floor after orbital floor fractures was evaluated through chronological
measurements of the maxillary sinus volume. Comparison of the
volume 6 months after the surgery and at the time of balloon removal
showed minimal change in the volume, indicating satisfactory effi-
cacy for the 6-week balloon placement. Even in patients in whom the
fractured bone fragments were removed, sufficient fixation was
observed. Therefore, it is advisable to remove fractured bone frag-
ments in patients in whom there is concern that the fragments will
stray into the orbit due to inflation of the balloon.
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Abstract

Background

In recent years, endoscope—assisted balloon fixation using transantral and endonasal approaches

has gained popularity as a minimally invasive treatment for orbital floor fractures. However, the

optimal duration for balloon placement and the efficacy of the method have not been fully evaluated.

We report our assessment of this method using postoperative and chronological measurements of

the maxillary sinus volume.

Method

Fourteen patients with blowout fracture of the orbital floor who underwent reduction using

endoscopic transantral and endonasal approaches followed by 6—week fixation with a balloon were

evaluated. The volume of the maxillary sinus was measured for comparison using computed

tomography at the time of balloon removal and 6 months after the surgery.

Result

The ratio of change in the maxillary sinus volume (maxillary sinus volume 6 months after surgery

/ maxillary sinus volume at balloon removal) for all subjects was 0.90 — 1.04 (0.96 = 0.04, mean

+ SD). No postoperative reduction in volume was detected, indicating satisfactory fixation.

Postoperative CT showed bone regeneration in the orbital floor in all cases in which the fractured

bone fragments were removed. No subjects had remaining enophthalmos greater than 2 mm.

Conclusion

The postoperative change in the maxillary sinus volume was small, confirming the efficacy of 6—



week balloon placement. This method was effective even in cases in which fractured bone fragments

were removed. Therefore, it is advisable to remove the fractured bone fragments if there is concern

that the fragments will stray into the orbit due to inflation of the balloon.
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(PSNV— R ERFO _EFRRAAEE—2 % 6 VA O LFRAER), T2 b bIREmAROIL R E&IL. -

1.16 - 2.43 ml (0.83 = 1.09, mean = SD)T&H-7=,

ARE A (m)
35

30
25

20

15
10
5
0 >
NIL—RERE firizem A N=14
23.14 + 494ml  22.31 % 4.79ml
*0.05 < P < 0.10(WilcoxonD F BT IBLLFIIRE DFER)

(Figure 4) RJEFID /S — P ERpLAT% 6 1 H O _LARATE
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BRI D) — AR ERE O FERIRAFEI. 16.68 — 27.0 ml(21.28 £ 4.02, mean £ SD).%%

% 6 1 H O FEEIAAREIZ16.75 - 24.74 ml(20.46 *+ 3.61, mean *+ SD)Th 7= % 6 7 A

O _FFERAFEIL, Wilcoxon OFF - FHNERLFNfR & CH E 2Z21HE/)NL TV 7e(Figure 5),

IRERTEmI) *
30 1

25

20

15

10

RI—UikER ke A N=6
21.28 = 4.02ml 20.46 = 3.61ml

* 0.05 < P < 0.10 (WilcoxonDFF ST BRI FNHE E DHER)

(Figure 5) ‘B IRBAEHI D )L— 2 P EELIT% 6 7 H O FERRAS

FREF DS — Pk EREO FEEIRAMEIL. 16.13 - 31.79 ml(24.53 = 5.10, mean & SD).%%
5% 6 7 A O FEIRAREIE.15.55 — 29.36 ml(23.70 £ 5.09, mean + SD)Tdh-o7-. itk 6 7 H

O _EFEIRZRFEIL, Wilcoxon OFF SAHIENLFIRR E CH B G/ N mld 7eh -7 (Figure 6),



EE%@E(""') *N.S
35 ]

30
25

20

NL—ikER fikeNA
2453 + 5.10ml  23.70 = 5.09m

* P > 0.10 (Wilcoxon D FFSATIELI AR E DFER)

N=8

(Figure 6) “BREFO)L— PhEELIT 6 7 H O FEIRA

IEFID FERIAAFEDHIE.0.90 — 1.04 (0.96 * 0.04, mean = SD)Td -7 (Figure 7). i

ESRIRAREOMNG /N iR RAF R EEVENEON TV,

Ratio of the maxillary sinus volume
1.05

0.95

0.85

0.8
All cases (n=14)

(Figure 7) &REF|D FEAIRMRFED L



FIRAEH O _FERRAREOHIE.0.91 - 1.00 (0.96 = 0.04, mean == SD). ‘BB E4511% 0.90 - 1.04

(0.97 £ 0.05, mean = SD)TH o7z, BFREHITH BIRIFHIE FFEIZ Mann-Whitney @ U #7E

TN L, B2 EEMESH0 QO =(Figure 8),

Ratio of the maxillary sinus volume
1.05

0.95

1

0.85

0.8

Bone preserved cases Bone removed cases
(n=06) (n=8)

(Figure 8) ‘HHRAFHI LB FRERIO LBHRAEO L

BIThZBRELZ2HT % CT CTIREIEDE HAELZRDT,

Wit% 6 1 H .2 FICEREZ DT, 2mm LL_EOIRERKG M2 A7 LT 5E G700 -7~ (Table1),

Thran iE6n A

&8 1041 265

AR BRRE M 641 0f

Table 1) frAiffr & DA IR (n=14)
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AElbivboiu, WHREHE) T B3R S — BREIEICB T 57 L — S B R O FHEMIIZD

W, _ESATRAR 2 HE URE 2T o7 IREE B e L ORI 5L LT, CT ICXDIRECH!

BEVEOBRBOREEITOMEILZALNA[11] [12], LLeNE, ZNE T v—2 % -

IR & B IR MBI 28K M DWW T AR ZHE 570 88 BRI Rl 21T > 7o il 1372

W BB JE P2 T EN TRY, /b — AR ER O FRMN L DTAR O T, B ITBic

IRESND, TDI=D, LFIRAFEOZALD Fba M 2SI B3 585 2, LA g

(CEDEMEMORHm 21T > 7, 12 IRE B 13 R B WS4 DB E 21T SHUVE THD,

ZDTO Witk 6 I H 2 BITEROZEMEPFFONDR &35 2 AW FEORIBBI L O T e

U726 A 2B A SRMIARE IO L EMC OV TL A ROMRETRE THD,

5 10 FRNSAIEZ AT U ARG EE P75 O L5810 A A O Lo Hefi X 2 7~ 3 (Figure 9),4

WA LA EOREIZEY AR E LI BEEEN GO TV Fo BT 2BRELZ 6 EHELLE

DRERF]TH O/ EZRBD, LVBERBEEMEPFONLEE XL R 6 B O/- EIL, 58]

[ 72 [ TE PE MG SN DR A O B B &5 ZEGIEE HA R 21T o7z,
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1.05 4

[ ]
] °
P g _‘ ............. e . _._.
r : i :
%E 0.95 [ .
iR ° 8
g 0.9 - ° °
ke ® °
0.85 s
°
0.8 : : : : ‘
0 1 2 3 4 5 6 7 8 o (58)
NIL—2 B EHAR n=48

(Figure 9) £ EHE & FEATRAFED Eh(n=48)

2= R BB DR L EVEIC LA EMM T, FICIRER

Bal2sMEE 72D, ARBRFEMIAMEMI & L LT 2mm LA &

Tpol- A BRI E /R VIRRGE I 272510, 131, 1R

22 PO, IR AREO 1ml 233522 T 0.47 mmdD

IRERREM 2 A D e s S TUD[11], D FEY 4.26ml LA

FOREAFEORMIZEY 2mm LA EOREKFEM A 2352

L2725 (Figure 10),

(Figure 10) HREARED & AR ERFa ]

BIEFI D/ — PR EREETE 6 7 H O _ESRRAFED L 38V C, _EFRIRARFE O/ INZH

BEAEZRDT, 2L A — /BRI EOHMRBMZET TN 2R, L, IRE N A

DO EITIRK T 2.43ml 1ZEEFD M ELEERL T 2mm LA EORRERFaM 24 U5 &M R
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LI RAZREEEDPHFON TN EB D,

AHFFENZFRNT 3 BT EFEIAAFEDOILRZTE D T, IREEE T, IREANAOZE M2 AT

HTENWESNTWD[14], ZHIZEY, B b ESIRAAREOM R 2 AT RN Lo L%

Ao Flo, EHRAEOZALLIRERZZ HEE O MIAH BB ZFRO 2o 7o 2o | FEMEZIDIR

EmNEDRRROEAC BB ZD,

KRIEDOEPHELL T RTIR D — AR ER O FHAMIIINA T EFR 7% 2 S — > O IR

RENEFTOND, ZNBIE LT, B3R BRI R L T — AT 2L TP

1ToTNB, T2 EUTEERASDHELL T 2 b—2 0 inflation \ZEAB T OIREN~D% A

R&%, B ORI AFRE OB FEMRS I, AR O IEBIHR &S UL S LT B[15], Farwell

<> Hinohira HIX OB P OGEITIE BT OBREO VBN HHEHREL TWBIG, 161,

ORI ORADBERSNDIER] TIE, TR NREE TICFBEaEAL S>> BT A 2k

KL= ZEL TS, AFTETIE, B EREGNZI W TOFIRFF L L THEAED

WEEMENELN TV, SHIZEBRER T M TH OB/ ELRO T, INETI I — U E

EEMATUIRE BB ITC B 28 AT M3V, BIRZRFLUE ZRELIZSE S

BEL SV =2 DA T —2a A S0 RN & 2N 8 B AL E N E E SIS, 2 S — 4k

EHBS IR FSNIE D DB EARIZ LD E O

BAEPMGONTLE 2D, Fo FAELTZEITWT

A Pl U CIRIFR BE D JE 7 Th 0 | IR ER R M2

ZEH 70 LIBT3 % B (Figure 11),

(Figure 11) f7t%2 6 7 H ® CT(OFAEL=HE)
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