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INTRODUCTION 

The packing method using paraffin mesh or Vaseline gauze after 
the reduction of a nasal bone [1,2] can trigger symptoms such as 
nasal obstruction, mucosal adhesion, sleep disturbance, headache, 
mouth dryness, and dysphagia. Nasal obstruction can give rise to 
especially severe discomfort in patients after surgery. Therefore, 

the ideal nasal packing method should include sufficient splinter 
support and result in less discomfort associated with nasal ob-
struction.

To reduce patient discomfort, studies have assessed the per-
formance of packing methods that use an airway tube Merocel 
[3,4], a rolled silastic sheet [5], or a bronchodilator [6]. These 
studies, however, only evaluated results through patient surveys, 
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Background  Packing after closed reduction of a nasal bone fracture causes inconvenient 
nasal obstruction in patients. We packed the superior meatus with Vaseline gauze to support 
the nasal bone, and packed the middle nasal meatus with a Doyle Combo Splint consisting 
of an airway tube, a silastic sheet, and an expandable sponge to reduce the inconvenience. 
In addition, we aimed to objectively identify whether this method not only enables nasal 
respiration but also sufficiently supports the reduced nasal bone.
Methods  Nasal ventilation was measured via spirometry 1 day before surgery and compared 
to 1 day after surgery. To compare support of the reduced nasal bone by the 2 methods, 2 
plastic surgeons assessed the displacementon X-rays taken after the surgery and after removing 
the packing. The extent of nasal obstruction, dry mouth, sleep disturbance, headache, and 
swallowing difficulty were compared with visual analog scales (VAS) on a pre-discharge survey.
Results  In the experimental group, the nasal respiration volume 1 day after surgery remained 
at 71.3%±6.84% on average compared to 1 day prior to surgery. Support of the reduced 
bone in the experimental group (2.80±0.4) was not significantly different from the control 
group (2.88±0.33). The VAS scores for all survey items were lower in the experimental group 
than in the control group, where a lower score indicated a lower level of inconvenience.
Conclusions  The nasal cavity packing described here maintained objective measures of nasal 
respiration and supported the reduced bone similar to conventional methods. Maintaining 
nasal respiration reduced the inconvenience to patients, which demonstrates that this 
packing method is useful.
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lacking objective measures of nasal respiration. Furthermore, 
there is a dearth of studies comparing how well new and con-
ventional methods support the reduced bone.

We developed a nasal bone support using Vaseline gauze in 
the superior meatus, and a Doyle Combo Splint (DCS, Bos-
ton Medical Products Inc., Westborough, MA, USA) (Fig. 1) 
combined with an airway tube, a silastic sheet, and Rhinocell 
(expandable sponge) in the middle meatus. The specific aims of 
this article were as follows: 1) Determine whether this method 
maintains nasal respiration, and determine whether the nasal-
respiration volume can be measured quantitatively and objec-
tively. 2) Determine whether support of the reduced bone is 
sufficient and similar to the conventional method. 3) Compare 
subjective patient discomfort to conventional Vaseline gauze 
packing.

METHODS

Patients 
This trial was conducted on 120 male patients between 20 and 

50 years old who underwent closed reduction of a nasal fracture 
from December 2008 to October 2010. Sixty patients were ran-
domized into a control group who had nasal packing using Vase-
line gauze alone, and the remaining 60 patients (experimental 
group) had nasal packing with Vaseline gauze and a DCS. The 
mean age of the control group and experimental group were 
38.5±11.3 years and 37.3±11.5 years, respectively. Patients under 
20 years and over 50 years of age, as well as all female patients, 
were excluded due to the likelihood of a distinct nasal respira-
tion volume. Fracture sites were identified in all patients through 
preoperative radiography and computed tomography (CT) 
scans.

Surgical technique
After reducing the nasal fractures and supporting the superior 
meatus with Vaseline gauze, ointment was applied to the DCS, 
which was inserted into the middle meatus of both nasal cavi-
ties (Fig. 2). If nasal respiration decreased due to hematoma or 
intranasal discharge, the airway tube was sucked by applying 
negative pressure with a 10-Fr Nelaton tube. Ventilation was 

Fig. 2. Illustration of nasal packing with an airway silicone splint and Vaseline gauze

(A) Status of packing in the sagittal view. (B) Frontal view.

A B

Fig. 1. Airway silicone splint (Doyle Combo Splint)
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measured using an airway tube and through plain radiography 
on the day of the surgery (Fig. 3).

Nasal respiration comparison
To objectively compare ventilation through the airway tube, the 
natural nasal expiratory volume was measured using spirometry 
1 day before and after surgery in all of the patients. The accumu-
lated nasal respiration was determined by measuring the natural 
nasal expiratory volume for 6 seconds with a closed mouth. Air 
leakage was prevented by closing the nose and mouth with an 
oxygen mask and by connectting an oxygen mask to a spirom-
etry tube with transparent film.

Reduced-support comparison
To compare support of the reduced bone of each group, plain 
X-ray images (Waters view, both lateral views) were taken right 
after surgery and immediately after removing the packing. Two 
blinded plastic surgeons compared X-rays and scored the sup-
port on a scale of 1 to 3. The final score was derived based on 
a consensus of the 2 surgeons (Table 1). A displacement was 
defined as a depression or elevation in the bone fragment on the 

X-ray image taken after removing the packing. Gaps between 
the bone fragments that widened without displacement were 
evaluated as bony gap widening.

Discomfort due to nasal packing
All patients completed a survey of nasal obstruction, dry mouth, 
sleep disturbance, headache, and swallowing difficulty imme-
diately before removing the packing, and results were assessed 
with visual analog scales (VAS) scores.

Statistical analysis
For statistical analysis, SPSS ver.18.0 (IBM, Armonk, NY, USA) 
was used. Measured values are expressed as averages and stan-
dard deviations. The experimental and control groups were com
pared through the Student’s t-test and were considered significant 
when P-value was < 0.05.

RESULTS

Measurement of the nasal respiration via spirometry
Packing accidentally fell out in 5 of the control patients, who 
were excluded from the analyses. The remaining 55 patients 
had a nasal respiration of 3.08 ± 0.17 L before surgery and 0 L 1 
day after surgery. Six patients in the experimental group had no 
nasal respiration, as measured via spirometry 1 day after surgery, 
and were excluded (see “DISCUSSION” section). The remain-
ing 54 had nasal respiration of 3.05 ± 0.15 L before surgery and 
1.82 ± 0.25 L 1 day after surgery. Nasal respiration after surgery 

Fig. 3. Plain films 1 day after surgery

Ventilation was achieved through an airway tube. (A) Waters view. (B) Lateral view of the nasal bone.

A B

 Score Description

 3 No displacement or bony gap widening was observed.
 2 No displacement was observed, but bony gap widening was observed.
 1 Both displacement and bony gap widening were observed.

Table 1. Displacement scoring system
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ferent (P = 0.502). No patients in the experimental group had 
accidental packing removal or filler extrusion to the nostrils or 
nasopharynx; however, as mentioned earlier, accidental packing 
removal occurred in a total of 5 patients (8.3%) in the control 
group. The details of the results are given in Table 2.

DISCUSSION

The existing nasal packing method can cause discomfort, such 
as nasal obstruction, headache, and dry mouth, and complica-
tions, such as nasal septal perforation and toxic shock syndrome 
[7]. Nasal obstruction not only causes severe discomfort but 
can also cause sleep apnea, high blood pressure, and nocturnal 
oxygen desaturation [8,9]. Therefore, various methods have 
been reported for supporting the reduced nasal bone without 

 Variable Control group (n=55) Experimental group (n=54) P-value

 Preoperative nasal respiration (L) 3.08±0.17 3.05±0.15 0.104
 Postoperative nasal respiration (L) 0 1.82±0.25 <0.001
 Nasal respiration after surgery: percentage of that before surgery (%) 0 71.3±6.84 <0.001
 Support scores for reduced bone 2.88±0.33 2.80±0.4 0.052
 Discomfort due to packing

 Nasal obstruction 79.6±10.7 44.6±15.1 <0.001
 Dry mouth 67.8±12 36.4±17.2 <0.001
 Sleep disturbance 68.9±17.4 40.8±16.2 <0.001
 Headache 69.6±16.2 65.2±15.2 0.502
 Swallowing difficulty 64.6±15.5 32.3±20.8 <0.001

VAS, visual analog scales.

Table 2. Results of preoperative and postoperative nasal respiration, support scores for reduced bone, and VAS scores due to 
packing
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Fig. 5. Comparison of VAS scores according to surgical 
method

The experimental group had significantly less severe discomfort than 
the control group. VAS, visual analog scales.

was an average of 71.3% ± 6.84% of that before surgery. Nasal 
respiration after surgery was significantly different between the 
two groups (P < 0.001) (Fig. 4).

Comparison of support for reduced bones 
The average support scores were 2.80 ± 0.4 in the experimental 
group and 2.88 ± 0.33 in the control group, which are not sig-
nificantly different (P = 0.052).

Discomfort due to nasal packing
The VAS scores of nasal obstruction, dry mouth, sleep distur-
bance, headache, and swallowing difficulty were 44.6 ± 15.1, 
36.4 ± 17.2, 40.8 ± 16.2, 65.2 ± 15.2, and 32.3 ± 20.8, respectively, 
in the experimental group, excluding the 6 patients without 
nasal ventilation. The VAS scores were 79.6 ± 10.7, 67.8 ± 12, 
68.9 ± 17.4, 69.6 ± 16.2, and 64.6 ± 15.5, respectively, in the 
control group, excluding the 5 patients with accidental pack-
ing removal (Fig. 5). The experimental group had significantly 
lower scores than the control group for all items except head-
ache (P < 0.001). Although the headache score was lower in 
the experimental group, the 2 groups were not significantly dif-
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Fig. 4. Comparison of the accumulated nasal respiration  
1 day before surgery and 1 day after surgery

Preoperative spirometry
Postoperative spirometry with a complex ventilation silicon splint

The nasal respiration volume after surgery remained at 72% of 
baseline when a complex ventilation splint was used.
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the standard packing [10,11]. In clinical practice, however, pack-
ing is used extensively to support reduced bone.

We devised a method to minimize discomfort by inserting 
DCS into the middle meatus to allow ventilation while sup-
porting the reduced bone with Vaseline gauze. DCS, a complex 
airway silicone splint, is made of a 7 × 2 cm silicone sheet to 
support the nasal septum and a 0.8 cm diameter semicircular 
ventilating tube, and is surrounded by Rhinocell. The silicone 
sheet and ventilating tube enables smooth nasal respiration by 
filling the overall meatus.

Spirometry was used to quantify the nasal respiration through 
the ventilating tube. The natural expiratory flow is associated 
with the extent of patient discomfort, and was measured as the 
accumulated natural nasal expiration volume via unforced expi-
ration for 6 seconds.

The accumulated expiratory flow in the experimental group 
after surgery remained at 71.3% ± 6.84% of that 1 day before 
surgery, excluding 6 patients who did not have expiratory flow. 
Before surgery, most patients had a great deal of expiratory flow 
at the initial stage, which flattened off. After surgery, the expira-
tory flow was consistent during the early and later stages. This 
difference is likely due to obstruction because expiration is car-
ried out only through the ventilating tube. The relatively smooth 
ventilation, however, amounted to 71.3% ± 6.84% of that before 
surgery. A broader ventilating pipe could have improved these 
results to some extent, but the support and ease of use must be 
considered.

In the survey of patient discomfort, the experimental group had 
significantly lower VAS scores for nasal obstruction, dry mouth, 
sleep disturbance, headache, and swallowing than the control 
group. Negative pressure was prevented from building up in the 
nasopharynx and middle ear by enabling early nasal respiration, 
thus reducing uncomfortable symptoms [12]. In addition, be-
cause nasal respiration was possible, there was no need for oral 
respiration, which improved symptoms, such as dry mouth and 
swallowing difficulty. While the experimental group had lower 
headache scores, the difference was not statistically significant. 
Pressure in the sinuses when Vaseline gauze is used to pack the 
superior meatus can result in painful headaches. The displace-
ment of the reduced bone between reduction and the time of 
packing removal in the experimental and control groups was not 
significantly different. Some suggest that sufficient support of re-
duced bone can only be achieved by packing the superior meatus 
and ethmoidal crest with Vaseline gauze. In the conventional 
method, the Vaseline gauze comes out of the nasal cavity or goes 
down to the nasopharynx. In some cases, patients remove the 
gauze due to discomfort, resulting in a lack of appropriate sup-
port for a sufficient time. In this study, 8.3% of the control group, 

but no one in the experimental group, removed the gauze. DCS 
packing of the middle meatus provides sufficient support, which 
prevents the Vaseline gauze from extruding.

Another advantage of the proposed method is that it has less 
pain and bleeding upon packing removal, and can be useful 
in providing support after reducing septal fractures. Merocel, 
which has been extensively used as a packing material of late, 
causes excessive pain and bleeding upon removal compared to 
Vaseline gauze because it tends to adhere to the mucosa [13,14]. 
Furthermore, Merocel is less flexible than Vaseline gauze, and it 
is difficult to accurately insert into the superior meatus due to its 
shape. The lateral side of DCS consists of Rhinocell (expandable 
sponge). Rhinocell, composed of polyvinyl, provides a smooth 
surface to minimize tissue in growth. In addition, its high tensile 
strength prevents shedding or tearing the mucosa. Rhinocell is 
expanded by normal saline, and delivers appropriate pressure 
to the nasal mucosa and septum. Thus, it has less risk of moving 
the DCS and provides support to the reduced nasal septum. 
The medial side of DCS stably maintains the corrected nasal 
septum along with Rhinocell because it is made of a silicone 
sheet. Furthermore, if damage occurs to the mucous membrane 
during surgery, it maintains moisture by covering the damaged 
site, and promotes quick healing by preventing additional mu-
cosal damage and irritation.

There are some precautions, however, to using this method. 
In patients with a narrow nasal cavity, including children under 
10 years old, it can be difficult to insert a splint. A portion of the 
silicone sheet and expandable sponge can be cut off, however, to 
reduce the size outside the ventilating tube.

Six patients had no nasal respiration volume in the spirometry 
despite having an airway silicone splint, but still recorded high 
VAS scores (data not shown). In these patients, there was likely 
severe nasal bleeding during reduction of the nasal bone, or the 
Vaseline gauze blocked the end of the ventilating opening. Their 
airway was not opened because the ventilating opening was block
ed due to clotted blood or continuous discharge. Therefore, it is 
ideal to check whether the ventilating tube can be penetrated by 
a thin suction tip so that the airway can be appropriately main-
tained. On the day of the surgery, frequently checking nasal res-
piration and opening the ventilating tube by suction with a thin 
tube if blocked due to blood clotting or secretion will help ease 
discomfort.

A limitation of our study is that CT scanning was not used 
to compare the support of the reduced bone between groups. 
Although CT provides a more accurate evaluation, its use can 
be cost-ineffective. Several studies conducted closed reduction 
with a C-arm, achieving accurate results by observing the bone 
with continuous imaging. The results were confirmed by CT 
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scanning [15,16]. Therefore, it is concluded that relatively suit-
able assessments can be obtained using plain film.

In conclusion, the authors were able to pack the superior me-
atus with Vaseline gauze after closed reduction, and maintained 
nasal ventilation of the middle meatus by filling it with DCS. 
This was quantitatively determined through spirometry. In ad-
dition, the decrease in uncomfortable symptoms was confirmed 
through a survey. The suitable support of this packing method 
was determined by X-ray. We conclude that this method of nasal 
packing is useful in reducing discomfort and providing appro-
priate support.
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This is a quantitative and objective study using spirometry to 
verify that the airway is maintained in the case of intranasal 
packing with a Doyle Combo Splint (Boston Medical Products, 
Westborough, MA, USA) [1]. The patient’s discomfort during 
the nasal packing was scored on a survey using a visual analogue 
scale. Thus, the topic of this study is not a new one in which the 
airway was maintained after the nasal packing with the Doyle 
Combo Splint, and patient’s discomfort was reduced because 
nasal respiration was possible. The researchers evaluated the pa-
tients using plain X-ray images postoperatively and immediately 
after removing the nasal packing. They reported that there was 
no difference in the degree of support for the reduced bone in 
the control group and experimental group using a Doyle Com-
bo Splint with. Considering the purpose of the nasal packing, 
this result is the main point of this study.
  However, the research method is insufficient for producing 
objective scientific results. Plain X-ray images can be changed 
depending on the angle because they are two-dimensional im-
ages. Some simple fractures can be displayed well on dedicated 
X-ray projections. On the other hand, complex fractures can 
only be partially evaluated because of the overlap of the vari-
ous structures in the craniofacial skeleton, the complexity of 
which demands considerable expertise in evaluation [2]. Us-

Discussion

Postoperative Evaluation of Silicone Airway 
Splint in Nasal Bone Fracture Treatment 

Yong-Ha Kim
Department of Plastic and Reconstructive Surgery, Yeungnam University Medical 
Center, Yeungnam University College of Medicine, Daegu, Korea

ing computed tomography (CT) is limited due to the cost and 
radiation exposure; however, studies with CT are necessary for 
objective evaluation. Another limitation of this study is that the 
short-time progress was only observed for the evaluation of the 
patient’s discomfort during the nasal packing. 
  A significant conclusion could be drawn if patient satisfac-
tion, nasal deformities, and possible complications after removal 
of the nasal packing had been compared in the control and the 
experimental groups over an extended period of observation 
[3,4]. 
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