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Abstract

Background There are no studies about the treatment of
nasal bone fractures in patients with dorsal augmentations
using silicone implants. We aimed to describe the charac-
teristics of nasal bone fracture in patients who underwent
rhinoplasty and compare the difference between closed
reduction and conservative treatment of nasal bone frac-
tures in patients with a history of rhinoplasty.

Methods Between January 2013 and June 2018, a total of
463 patients were admitted to our center for nasal bone
fracture; 17 patients with nasal bone fractures who under-
went rhinoplasty were included, of which, five underwent
closed reduction in the nasal bone and 12 underwent con-
servative treatment. Three of 12 patients who were initially
treated conservatively underwent a secondary rhinoplasty
for esthetic improvements. All patients were classified
according to fracture site and the presence of a nasal septal
fracture—in accordance with the modified Murray classi-
fication—and were analyzed for the correlation between
fracture type and disease course.

Results The nasal bone fracture types per computed
tomography findings were unilateral (n = 13), bilateral
(n = 4), septal (n = 1), and M-type (n = 1). No significant
differences in fracture site (P > 0.05) and the presence of a
nasal septal fracture (P > 0.05) were found between the
groups. Fracture type did not significantly differ among
patients who underwent closed reduction, conservative
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treatment without secondary rhinoplasty, and secondary
rhinoplasty (P > 0.05).

Conclusions Despite risking traumatic capsular rupture,
implant removal is seldom required and closed reduction is
recommended if visible deviations are present; otherwise,
only conservative treatment is recommended.

Level of Evidence IV This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine ratings,
please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.
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Introduction

Nasal bone fracture is the most common fracture of the
facial bone. The nasal bone is a plate-like structure located
directly beneath the skin layer that can be palpated easily
owing to the presence of few fat layers. Since it is sym-
metrical, small changes in the nasal bone, such as depres-
sion or deviation, can be easily recognized. Although often
considered minor, a nasal bone fracture can be a serious
injury if not recognized and treated timely. Management of
such an injury depends on whether the fracture is nondis-
placed, displaced, open, or associated with a complication
that requires a more aggressive approach.

Recently, augmentation rhinoplasty using an alloplastic
material has been commonly performed in Asian countries
[1]. An increasing number of patients with nasal bone
fractures undergo augmentation rhinoplasty with silicone
implants [2]. The nose can be easily deformed even by a
minor fracture, and inadequate treatment can result in poor
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cosmetic outcomes and functional disorders [3]. Compared
with the symptoms of a simple nasal bone fracture, those
from nose injury may differ in individuals who have
undergone augmentation rhinoplasty. The incidence of
complications after augmentation rhinoplasty with silicone
implants significantly varies in the literature, ranging from
approximately 4-36% [4, 5]. Silicone implants may cause
infection, calcification, capsule formation, or bone erosion,
making the nasal bone susceptible to trauma [6]. When
calcification occurs in a silicone implant, the implant
hardens under the skin and soft tissue, thereby increasing
the risk of developing complications [7]. As calcification
progresses, the nose may appear deviated owing to con-
tractive distortion, and the silicone implant may become
palpable through the skin. Furthermore, even if the silicone
implants are removed during the operation, capsules and
thickened tissues may remain and affect nasal bone
reduction.

To date, numerous classification systems for nasal bone
fractures have been proposed. In 1986, Murray et al. [8]
reported a 7-step classification based on pathological
findings of fractures. In 2000, Rohrich and Adam [9] went
one step further and suggested the use of appropriate sur-
gical procedures according to the 7-step classification.

Several studies have reported about the diagnosis and
treatment of nasal bone fractures. However, only few
studies have analyzed the characteristics of nasal bone
fracture in patients who underwent rhinoplasty. Further-
more, the difference between closed reduction and con-
servative treatment of nasal bone fracture in patients with a
history of rhinoplasty has not been evaluated. We
hypothesized that disease course, including inflammation
and nasal deformity, may be different in individuals who
have undergone augmentation rhinoplasty. In this report,
we focused on analyzing the disease course and type of
nasal bone fracture in patients with a history of augmen-
tation rhinoplasty that used a silicone implant. The primary
objective of this study was to describe the characteristics of
nasal bone fractures in patients who underwent dorsal
augmentation and thus to compare the difference between
closed reduction and conservative treatment of nasal bone
fractures in patients with a history of rhinoplasty.

Methods
Patients

The study protocol was approved by the institutional
review board (IRB Approval No. 2018GR0061). The
medical records of patients who had nasal bone fracture
with a history of augmentation rhinoplasty were retro-
spectively assessed.
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In this study, we analyzed collected data from 463
patients [337 men and 126 women; mean age,
36.8 & 17.8 years (range 5-89 years)] treated for nasal
bone fractures at our medical center between January 2013
and June 2018. Among the 463 patients, those who met the
following inclusion criteria were included in the study: (1)
age > 19 years; (2) diagnosed as having an acute nasal
bone fracture; (3) had a history of augmentation rhino-
plasty using a silicone implant; (4) underwent one of the
following treatment methods: closed reduction or conser-
vative treatment; (5) followed up for > 3 months; and (6)
underwent computed tomography (CT) or plain radiogra-
phy and clinical photography for the assessment of prog-
nosis. Patients were excluded from this study if they had a
nasal bone fracture history with or without surgical cor-
rection, a history of augmentation rhinoplasty using
another silicone implant (i.e., Gore-Tex), concomitant
multiple facial fractures at the orbital or zygoma area, or
ongoing treatment or were lost to follow-up (Fig. 1). Of the
463 patients, 17 met the inclusion criteria.

Study Protocol and Evaluation

Physical and radiological examinations, including facial
three-dimensional CT scanning, and both lateral nasal bone
and reverse Waters’ view radiographies, were performed in
all patients after trauma. The surgeon performed closed
reduction under general anesthesia in the patients who
presented with nasal deviation. After reduction, Nasopores
(Polyganics B.V., Utrecht, The Netherlands) was applied
bilaterally for postoperative preservation, and hemostasis
and packing materials were removed on the third postop-
erative day. In addition, the Denver Splint (Shippert
Medical Technologies, Centennial, CO) was worn for
2 weeks postoperatively to protect the nose from external
shock and to maintain its shape. Nasal lateral view and
Waters’ view radiographs were obtained 1 day after the
operation.

All facial three-dimensional CT scans were reviewed to
assess for the characteristics of nasal bone fractures in the
patients who had previously undergone augmentation
rhinoplasty, by using the modified Murray classification,
which is used to classify the severity of fractures (Table 1)
[10]. The patients were classified according to fracture
severity (types I-III). Type II was subdivided into types
IIA, IIAs, 1IB, and IIBs in accordance with the modified
Murray classification. We defined types I and IIA as mild
fractures and types IIB to III as severe fracture. The
patients were also classified according to fracture site and
the presence of a nasal septal fracture, which are signifi-
cantly associated with postoperative prognosis (Fig. 2).
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| Initial cohort (n=463)

Pediatric or adolescent nasal bone

No history of augmentation

fracture (Age < 19; n=28)

Radiologically diagnosed as an old

rhinoplasty (n=306)

Followed up less than 3 months

nasal bone fracture (n=7)

Refusal of imaging follow-up (n=1) |

(n=38)

| Screening (n=83)

History of previous nasal bone

Concomitant multiple facial

fracture (n=28)

History of augmentation rhinoplasty

fractures at orbit or zygoma (n=8)

Ongoing treatment or lost to follow-

other than silicone implant (n=1)

up (n=101)

| Finally enrolled cohort (n=17) |

Closed reduction (n=5) |

|
| Conservative treatment (n=12) |

l
|

Subsequent secondary
rhinoplasty (n=3)

No subsequent secondary
rhinoplasty (n=9)

Fig. 1 Flowchart of the patients included in the study (n = number of patients)

Table 1 Modified Murray classification

Type Characteristic of the fracture
1 Simple without displacement
11 Simple with displacement/without telescoping
ITA Unilateral
ITAs Unilateral with septal fracture
1IB Bilateral
IIBs Bilateral with septal fracture
I Comminuted with telescoping or depression

Statistical Analyses

All data were expressed as mean =+ standard deviation.
Mann—-Whitney U tests were used to compare quantitative
variables, and Fisher exact tests were used to analyze
categorical variables. A P value < 0.05 was considered
statistically significant. All statistical analyses were per-
formed using the Statistical Package for the Social Sci-
ences version 20.0 software for Windows (SPSS, Inc.,
Chicago, IL).

Results

Among the 17 patients who presented with nasal bone
fracture after augmentation rhinoplasty, 6 were men and 11
were women. Five of the 17 patients underwent closed
reduction of the nasal bone, and 12 received conservative

Fig. 2 Classification of nasal bone fractures according to fracture site
and the presence of a nasal septal fracture. a Septal fracture,
b unilateral fracture, ¢ bilateral fracture, and d M-type fracture
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treatment. Of the 12 patients who received conservative
treatment, 3 patients underwent a subsequent secondary
rhinoplasty at least 12 months after the nasal bone fracture.

All patients enrolled were classified according to frac-
ture site and the presence of a nasal septal fracture in
accordance with the modified Murray classification based
on preoperative CT images. The patterns of nasal bone
fractures classified according to the findings from the CT
scans were unilateral fracture (n = 13), bilateral fracture
(n=4), septal fracture (n=1), and M-type fracture
(n = 1). None of the patients showed any signs of infection
after the treatment. No statistically significant difference
was observed in terms of fracture site (P > 0.05) and the
presence of a nasal septal fracture (P > 0.05) between the
2 groups (Table 2). According to the modified Murray
classification, 13 (76%) of 17 patients presented with type I
and ITA fractures. Among the patients who underwent
closed reduction, 4 out of 5 patients presented with type I
and ITA fractures, whereas 1 out of 5 patients presented
with type III fractures. In addition, among the patients who
underwent conservative treatment without secondary
rhinoplasty, 7 (78%) had type I and IIA fractures. Among
the 12 patients who were treated conservatively, 3 patients
underwent secondary rhinoplasty due to patient dissatis-
faction. Moreover, 2 out of 3 patients who underwent
secondary rhinoplasty had initially presented with type I
and ITA fractures. No statistically significant difference was

observed in terms of fracture type among the patients who
underwent closed reduction, conservative treatment with-
out subsequent secondary rhinoplasty, and conservative
treatment with  subsequent secondary rhinoplasty
(P > 0.05; Table 3).

Figures 3, 4, and 5 show the clinical photographs and
axial CT views at various time points. Figures 3 and 4
show the CT findings before and after closed reduction.
Both cases had a unilateral right-side fracture and depres-
sion after trauma but no deviation of the nasal bone and
destruction of silicone implant 2 months after closed
reduction. Three of 12 patients who were initially treated
conservatively underwent subsequent secondary rhino-
plasty eventually due to the patients’ dissatisfaction or
desire for esthetic improvement. One patient who received
subsequent secondary rhinoplasty did not present with a
hump nose or any other deformities immediately after
trauma. However, the patient presented with a hump nose
6 months after conservative treatment; therefore, he
underwent rhinoplasty using autologous cartilage to
remove the hump and, additionally, to obtain the desired
shape (Fig. 5). Another patient presented with calcification
around the implant that was found to be the Medpore
implant (Porex Surgical) inserted at the antero-caudal
septum before trauma. The Medpore implant was removed,
and the patient underwent secondary rhinoplasty using
autologous cartilage. The other patient presented with

Table 2 Comparison of the

L. Variables
characteristics of fractures

Closed reduction (n = 5)  Conservative treatment (n = 12) P

between nasal bone fracture

. . Age (years)
patients who previously

underwent augmentation Sex
rhinoplasty and closed reduction Male
in nasal bone fracture or Female

nservative treatmen
conservative treatment Septal fracture

Yes
No
Location of fracture
Unilateral
Bilateral
M-type fracture
Yes
No
Deformity after treatment
Yes
No
Infection after treatment
Yes
No

Subsequent secondary rhinoplasty

Yes
No

40.2 37.17 0.72
0.28
3 3
0.52
1 1
4 11
1.0
4 9
1 3
1.0
1
5 11
0.26
0
5 8
1.0
0
5 12
0.52
0 3
5 9
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Table 3 Comparison using the modified Murray classification
Treatment group Mild fracture Severe fracture type Total Mild fracture-type cases/total P
type cases (%)
Type Type Type Type Type Type
1 ITA ITAs 1IB 1IBs il
Closed reduction 1 3 0 0 0 1 5 80 1
Conservative treatment
Without subsequent secondary 4 3 0 2 0 0 9 78
rhinoplasty
With subsequent secondary 2 0 0 0 0 1 3 67
rhinoplasty
Total number of patients 7 6 0 2 0 2 17 17

Fig. 3 Case 1. Patient with a deviated nose after trauma. a,
¢ Computed tomography (CT) scan and clinical photograph after
trauma and before closed reduction. b, d CT scan and clinical
photograph 2 months after closed reduction. No deviation and
destruction of the silicone implant were observed

capsular contracture and complained about nasal length
and thus underwent secondary rhinoplasty using autolo-
gous cartilage.

Discussion

Contracted noses resulting from capsular contracture of
alloplastic implants secondary to rhinoplasty are quite
common in Asians [11-13]. The demand for correction of
these secondary deformities is currently increasing
[12, 13]. Most plastic surgeons in Korea limit the use of

alloplastic implants extending to the nasal tip [14]. How-
ever, in real-world clinical settings, numerous patients
present with nose deformities due to the inadequate use of
alloplastic implants [13].

Patients who had previously undergone augmentation
rhinoplasty were dissatisfied with the previous shape of
their noses; in these patients, it is extremely difficult to
achieve a satisfying reduction result after a nasal bone
fracture. Numerous studies have focused on the proper
management of nasal bone fractures [15-20]; however,
only a few reports have been published about nasal bone
fractures in patients who had previously undergone aug-
mentation rhinoplasty [21]. Furthermore, data about the
clinical characteristics and outcomes of patients who have
previously undergone augmentation rhinoplasty are
limited.

Three previous studies reported on nasal bone fractures
in patients who had previously undergone augmentation
rhinoplasty [1, 21, 22]. The first report focused on the
characteristics of nasal trauma in patients who had previ-
ously undergone augmentation with implants [1]. The
authors classified nasal trauma into five groups and
reported that the most common type of injury was simple
deviations of the implant without fracture and extrusion
[1]. This study did not report the clinical outcomes of these
patients. The second study reported a new classification
method for fractured nasal bones in patients who had
previously undergone augmentation rhinoplasty with sili-
cone implants and patient satisfaction after treatment [22].
The authors proposed a management model using their
classification method [22]. In patients with high- or total-
level fractures, silicone implants were removed owing to
the lack of supporting strength and the interaction between
the fracture and artificial support. However, data about the
clinical characteristics and outcomes of patients who had
previously undergone augmentation rhinoplasty are lim-
ited. The third study focused on the satisfaction of patients
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Fig. 4 Case 2. Patient with a
deviated nose after trauma. a,

¢ Computed tomography (CT)
scan and clinical photograph
after trauma. b CT scan 4 days
after closed reduction. No
deviation and destruction of the
silicone implant were observed,
while the reduction of right
sided nasal wall was seen,

d clinical photograph 2 months
after closed reduction. No
deviation and destruction of the
silicone implant were observed

Iy

who had previously undergone rhinoplasty and their sat-
isfaction after closed fracture reduction [21]. In this study,
no difference in post-reduction satisfaction was observed
between patients with nasal bone fracture who did not
undergo and those who underwent rhinoplasty. No data are
available about patients who had conservative treatment.

We focused on analyzing the disease course and type of
nasal bone fracture in patients who had undergone a pre-
vious rhinoplasty. Most patients showed no implant
extrusion, infection, or severe implant disfigurement (e.g.,
deviation or rotation). In this present study, we hypothe-
sized that traumatic capsular rupture, which might cause
capsular contracture and result in nasal deformity, would
occur in nasal bone fractures in patients who previously
underwent a rhinoplasty. However, the deformity and
infection were not as bad as we expected. In addition, no
statistically significant difference in fracture severity
according to the modified Murray classification was
observed between the groups. We assumed that the degree
of fracture did not significantly affect the deviation and
deformity because the fracture was masked by the cam-
ouflage effect of the implant.

@ Springer

There are crucial issues that should not be missed when
examining a patient with acute nasal bone fracture who
previously underwent dorsal augmentation using an allo-
plastic implant. Bilateral osteotomy is frequently con-
ducted before the insertion of the alloplastic implant when
augmentation rhinoplasty is performed, particularly for
complicated cases of esthetic rhinoplasty. Therefore, the
stability of the nasal bone should be examined thoroughly
when evaluating nasal bone fractures to not misinterpret
acute fracture lines. In addition, it is difficult to find that the
dorsal implant remained ideally in the midline in the long-
term follow-up; the finding of a laterally skewed alloplastic
implant should not be misinterpreted as the consequence of
nasal bone fractures in the interpretation of the patient CT
results. On the contrary, the dorsal implant deviation
should be determined based on the photographs of the
patient taken before nasal bone fracture.

The present study has some limitations. As this was an
exploratory retrospective pilot study, a formula was not
used to calculate the sample size. The small sample size
(n = 17) may not be sufficient to statistically analyze the
effect of nasal bone fracture in patients who previously
underwent augmentation rhinoplasty with silicone
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Fig. 5 Case 3. Patient with a
hump nose after trauma.

a Computed tomography (CT)
scan after trauma, b CT scan
6 months after M-type nasal
bone fracture, without closed
reduction. No deviation and
destruction of the silicone
implant were observed,

¢ immediately after trauma,
d 6 months after trauma,

e 6 months after secondary
rhinoplasty

implants. Although augmentation rhinoplasty using sili-
cone implants is prevailing in Asia, recruiting a sufficient
number of members in the cohort who met the inclusion
and exclusion criteria, which were elaborately designed to
overcome the limitation from the small sample size,
required a long time. In addition, sufficient follow-up time
is needed to determine precisely the effect of nasal fracture
in patients who previously underwent augmentation
rhinoplasty with silicone implants. Our study was con-
ducted on the basis of a large population (n = 463) with
nasal bone fractures between January 2013 and June 2018.
We have narrowed down the cohort by excluding patients
who might influence the results of our study, such as those
with short-term follow-up or concomitant facial bone
fracture at the orbital or zygoma area and a history of
augmentation other than silicone implants such as Gore-
Tex. Further, well-designed prospective studies with a
larger sample size and longer follow-up might be needed to
obtain statistically significant results.

In addition, postoperative assessment using a CT scan
was not available to all the enrolled patients. CT scanning
has a better sensitivity and specificity than plain radiogra-
phy, which was previously used for the diagnosis and
evaluation of nasal bone fractures [23, 24]. However,
despite these advantages, performing a postoperative CT
scan is difficult owing to problems in national insurance
coverage; thus, it is performed only in patients with severe
deformities and those who need additional surgery.

Despite these aforementioned limitations, this study
might be the first to describe the characteristics of nasal
bone fractures in patients who underwent dorsal augmen-
tation. Thus, it is the first to compare the difference
between closed reduction and conservative treatment of
nasal bone fractures in patients with a history of rhino-
plasty. In addition, it introduces a reconstructive strategy
for plastic surgeons who frequently encounter nasal bone
fractures, which are the most common facial bone frac-
tures, in this day and age when silicone implant augmen-
tation prevails, particularly for Asian rhinoplasty.

Conclusions

Despite concerns about traumatic capsular rupture that
might cause capsular contracture, none of the patients in
this study developed infection or severe implant disfig-
urement without regard to closed reduction. Therefore,
implant removal is not recommended, and closed reduction
is necessary if visible deviations are present. Otherwise,
only conservative treatment should be recommended for
nasal bone fractures in patients who have previously
undergone augmentation rhinoplasty.
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