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A B S T R A C T   

Frontal sinus (FS) fractures are uncommon and depending on the impact’s force the fracture may involve the 
anterior table, the adjacent skull, the posterior table and the frontal sinus outflow tract (FSOT). The treatment is 
based on correcting anti-aesthetic alteration, avoiding the complications, protecting intracranial structures and 
treating cerebrospinal fluid (CSF) leak. However, the indication and type of treatment of FS fractures is still 
controversial. 

The purpose of this study is to evaluate and to propose a surgical algorithm for FS fractures treatment based on 
relevant data found in current literature. 

A comprehensive Literature review on FS fractures management was performed to define the most used 
treatment approaches. In this review, we sought in the Medical Literature for patterns that describe injuries of the 
FS and evaluated the quality of the classification schemes in terms of validity and reliability, severity assessment, 
treatment guidance and prognosis estimation. We identified 705 articles on the topic and after the screening 
process, we included 4 documents. In this 4 papers, the four most used classifications in the modern Literature 
were proposed. Therefore, we analyzed and discussed these main four classifications and, consequentially, we 
developed an algorithm that represents an attempt to provide a general guideline for the management of FS 
injuries. 

Here an intuitive multidisciplinary algorithm based on both radiological and clinical presentation of the 
fracture is proposed, trying to guide the surgeon in the correct treatment choice. We believe that a complete 
classification system must take into account not only the different involvement between anterior and posterior 
table fractures, but also the involvement of the FSOT and define for each type a therapeutic combined approach 
between neurosurgeons and maxillofacial surgeons.   

1. Introduction 

Facial trauma with frontal sinus (FS) fractures represents 15% of 
traumatic facial injuries [1,2,3]. FSs are located within the frontal bone 

above the orbits and ahead of the anterior cranial fossa and consist of an 
anterior and a posterior bony table [4]. FSs are variable in shape and 
dimension, while 15% of the population presents a single FS, and 5% 
have sinus aplasia [5]. 

Abbreviations: CSF, Cerebrospinal Fluid; FS, Frontal sinus; FDA, American Food and Drug Administration; ORIF, open reduction internal fixation; CT, computed 
tomography scan; FSOT, frontal sinus outflow tract. 

* Corresponding author at: via San Godenzo 16, 00189 Rome, Italy. 
E-mail addresses: r.becelli@libero.it (R. Becelli), mauro.palmieri10@gmail.com (M. Palmieri), valerio.facchini@uniroma1.it (V. Facchini), danielearmocida@ 

yahoo.it (D. Armocida), ale_pesce83@yahoo.it (A. Pesce), dr.kapitonov.aleksandr@gmail.com (A. Kapitonov), marta.zappala.95@gmail.com (M. Zappalà), walter. 
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Frontal cranial bones have greater thickness than other parts of the 
skull [4]. The anterior table of the sinus is thicker than the posterior one 
with an average ratio of 2:1, therefore the anterior table is particularly 
resistant to fractures [6]. As a consequence of this feature, greater ki-
netic energy is required in order to cause this kind of fractures. Conse-
quentially, they occur less frequently than other forms of skull fractures, 
and often present with concurrent injuries such as lacerations, abra-
sions, and other soft tissue injuries which can potentially be very 
harmful and for which life-saving interventions is required [7]. The 
presence of frontal bone depression, rhinorrhoea or epistaxis, periorbital 
edema, ecchymosis, and neurological signs such as diplopia or pares-
thesia may be FS fracture symptoms [8]. 

Depending on the impact’s force, the fracture may involve the 
anterior table, the adjacent skull, the posterior table, and the FSOT [9]. 
Two-third of all FS fractures include both the anterior and posterior 
tables. Isolated anterior table fractures account for about 25% of cases, 
whereas 1–7% involve only the posterior one [9]. 

Even if the posterior table’s involvement is uncommon, it is highly 
associated with severe complications/conditions such as pneumo-
cephalus, CSF leakage, and epidural hematoma [3]. Persistent rhinor-
rhoea is high suspicious of posterior table fractures with dura mater 
injury and consequent CSF leakage. FS floor’s fractures, anterior 
ethmoid cells’ fractures, and bony obstruction of the FSOT represent 
nasofrontal duct injury [8]. In these cases, critical evaluation and 
treatment of these injuries are mandatory. 

The surgical treatment of these fractures is based on correcting anti- 
aesthetic alterations, avoiding complications (i.e., frontal sinusitis, 
mucocele, brain abscess, and meningitis), protecting intracranial struc-
tures, and treating CSF leakage [3]. An appropriate classification system 
that considers the type of fracture, its characteristics, concurrent injuries 
and the evaluation of different indications for surgical repair is currently 
missing. According to the most relevant studies, we propose an intuitive 
algorithm based on the fracture’s radiological and clinical presentation, 
in order to guide the surgeon in the correct treatment choice. 

2. Materials and methods 

We performed a comprehensive Literature review on FS fractures 
management to define the most used classification systems. In this re-
view, we sought in the Medical Literature for patterns that describe 
injuries in the FS and evaluated the quality of the classification schemes 
in terms of validity and reliability, severity assessment, treatment 
guidance and prognosis estimation. The research was conducted without 
a disposable review protocol for this topic. 

2.1. Eligibility criteria 

The current Literature was investigated using MEDLINE, the NIH 
Library, PubMed, and Google Scholar. The last search date was March 
15, 2021. Search terms included: “frontal sinus fracture” or “frontal 
sinus injury” in combination with “management” or “treatment.” 
Simultaneously, we performed an investigation with terms that included 
“frontal sinus” combined with the term “classification”. Selection of 
abstracts were limited to human studies and English language, we also 
excluded papers published before 1978, since surgical techniques and 
diagnostic methods before the aforementioned year are considered 
obsolete. Backward citation tracking was applied to identify articles not 
retrieved by electronic searches. Therefore, additional relevant articles 
were extracted from the references of the initial full texts. Duplicate 
studies were eliminated. 

From potentially relevant abstract obtained we applied the following 
exclusion criteria:  

- We excluded report of single case and case series, and commentaries;  
- Papers addressed to other pathologies or topic;  
- Papers that not mentioned surgical management;  

- Papers that analysed reported iatrogenic FS fractures;  
- Studies who apply algorithms proposed by other authors 

The full text of the remaining articles was then studied to gather all 
classifications and injury schemes that described the FS injuries and 
further summaries, or duplicated papers were excluded. No statistical 
tests of any kind were performed in the current study. 

2.2. Informations source and study selection 

The aforementioned exclusion criteria were applied to this initial 
cohort, obtaining 4 papers reporting statistically relevant results. 

From many classification systems reported, the most used and widely 
accepted are four: Metzinger [10], Gonty 

[11], Torre [12], and Lofgren [7]. Based on this research and our 
experience, we propose and discuss our classification system; data are 
reassumed in Table 1. This table showed all the included studies, their 
key characteristics and also the key characteristics of our algorithm 
scheme. 

3. Results 

Two independent authors selected abstracts for the literature review 
based on predefined inclusion and exclusion criteria, reported below. 
Studies were eligible if they reported original data on the diagnosis and 
surgical treatment of any lesions involving the frontal sinus. The first 
review returned 705 papers. 

Studies were excluded, at first, if they had no available abstracts for 
selection (123 papers excluded) and paper written in other language 
besides English (13 papers excluded), we also excluded case reports or 
case series (185 papers excluded), commentaries or review articles 
summarizing the results of the previous series (90 papers excluded). 21 
papers were excluded because published before 1978. Moreover, we 
excluded abstract that addressed other disease entities or treatment 
options (201 papers excluded). Papers that did not mention any surgical 
management (13 papers) regarding iatrogenic fractures or secondary 
diseases (4 papers) were excluded as well. We excluded articles that 
were summaries of other articles (7 papers). Finally, we excluded arti-
cles in which were used treatment algorithm proposed by other authors 
(44). 

Each Author reviewed the abstracts independently and generated a 
list of studies to retrieve in order to perform full-text review. When the 
research was completed 4 full articles were evaluated (Table 2). 

Our comprehensive review of the current Literature highlighted 
several validated classification systems. The widely accepted classifi-
cation systems of these fractures are essentially four: one proposed by 
Metzinger et al. [10] for its simplicity and intuitiveness; the classifica-
tion used by Gonty et al. [11] is certainly one of the most used classi-
fications for its high descriptive capacity [13], in fact is widely used in 
clinical practice; the classification described by Torre et al. [12], present 
a classification and treatment scheme based on maximal measured 
dislocation and involvement of surrounding structures (nasolacrimal 
system, orbit and CSF leak) and classifies fracture patterns into four 
descriptive types without suggestions for evaluation and treatment [12]; 
Lofgren et al., in their classification [7], suggest the first step for the 
treatment of different types of fractures. Here, the procedure of FS 
obliteration with cranialization is generally indicated in patients who 
have comminuted anterior table fractures with a linear fracture of the 
posterior table without bony displacement or involvement of the FSOT. 
Another indication is a significant mucosal disruption of the sinus or 
severely comminuted fractures of the anterior table. These conditions 
entail removing all sinus mucosa, occlusion of the FSOT, and filling of 
the sinus cavity with bone grafts or other materials [7]. 

The classifications proposed by Metzinger et al. [10] and Gonty et. al. 
[11] are descriptive and capable of summarizing the main radiological 
characteristics of the fractures, useful for the surgeon in order to choose 
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the most appropriate treatment option, but they take in minor consid-
eration the clinical and diagnostic aspects of the fractures, especially in 
the case of a CSF leakage. Torre’s classification has the advantage of 
being easily descriptive by focusing on the extent of displacement. There 
are also classifications that do not give any indications deriving from the 
simultaneous involvement of the anterior and the posterior walls, which 
instead represents the main criterion in Gonty’s classification, also of-
fering a topographical criterion on the portions of bone involved. 
Lofgren et al. introduce the presence of CSF leakage and intracranial 
injury by including them within type 4 fractures for the classifications 
regarding posterior wall lesions. However, none of these classifications 
consider, in the same scheme, the topographical description, the pres-
ence of CSF fistula, and the therapeutic algorithm. 

4. Discussion 

The history of FS fractures’ surgical treatment started in 1898 when 
Reidel [14] described the removal of the anterior and posterior table of 
the FS as a treatment for these kinds of injuries for the first time. This 
procedure allowed to avoid many complications such as brain infection 
and mucocele. 

This technique’s main flaw was the cosmetic deformity due to the 
collapse of the skin upon the underlying dura. Many surgeons modified 
this technique to improve the aesthetic results [15,16], but only in the 
second half of 1900, with the introduction of the sinus’s obliteration 
with autologous fat proposed by Bergara et al. [17,18] the surgical 
treatment of FS fractures was revolutionized. The anomalous commu-
nication between the sinus compartments and the intracranial content 
and consequent CSF leakage certainly represents one of the most fearful 
complications that must be readily recognized and treated. FS’s oblit-
eration and cranialization are becoming the gold standard for FS 

fractures with the injury of the FSOT and dura mater [19]. Despite this, 
the treatment of FS fractures is still controversial. Appropriate classifi-
cation and indications for surgical repair of FS fractures remain prob-
lematic, resulting in various management strategies. Therefore, the 
difficulty in creating a correct diagnostic and therapeutic algorithm is 
often determined by the complexity of the sinus system’s anatomy, 
making challenging to identify the actual risk of aesthetic, functional, or 
infectious damage. 

The most important diagnostic test is a non-contrast enhanced 
computed tomography scan (CT) of the head and facial bones. The axial 
slices permit the evaluation of the anterior and posterior table, the 
coronal slices better visualize the sinus floor and the orbital roof, while 
the sagittal slices are helpful to assess the integrity of the FSOT. Three- 
dimension reconstructions are useful to show the fracture’s entity and its 
eventual cosmetic impact [20]. Angiography can be considered if the 
provider is concerned about possible vascular involvement and Ultra-
sound can detect quickly fractures using the linear probe in a superficial 
mode; however, no recommendations or guidelines are attesting which 
diagnostic investigation is prioritary in the management of FS fractures 
[21,22]. As previously mentioned, classification and treatment guide-
lines are not universal [2,9,12,15,23], which could account for varia-
tions in patient management. 

Despite this lack of consensus, a posterior table fracture with 
displacement greater than 5 mm is generally accepted as an absolute 
surgical indication. Most procedures should occur within 12 to 48 h from 
initial presentation barring any other life-threatening injuries 
[7,24–27]. In our opinion an early and definitive management of FS 
injuries is recommendable, in order to protect intracranial structures 
and to avoid further complications due to delayed treatment. 

Table 1 
Classification systems: in table 1 we summarize the characteristics of the various recognized and used treatment schemes, including in the last column the charac-
teristics of the algorithm proposed in this article.  

Metzinger et al [10] Gonty et al [11] Torre et al [13] Logfren et al. [7] Present study 

1. Open/Closed fractures  

2. Linear/Comminuted 
fractures  

3. Displaced/ 
Nondisplaced  

4. Anterior/Posterior 
Wall/Anterior and 
posterior walls  

5. With/Without 
nasofrontal ostia 
involvement  

6. With/Without 
central nervous system 
involvement 

Type 1 Anterior table 
fractures 
a. Isolated to anterior 
table 
b. Accompanied by 
supraorbital rim 
fractures 
c. Accompanied by 
nasoethmoidal complex 
fractures  

Type 2 Anterior and 
posterior table fractures 
a. Linear fractures 
1. Transverse 
2. Vertical 
Comminuted fractures 
1. Involving both tables 
2. Accompanied by 
nasoethmoidal complex 
fractures 
Posterior table fracture  

Type 3 Posterior table 
fracture   

Type 4 Through and 
through frontal sinus 
fracture 

Type A: No 
displacement: 
Observation   

Type B: 0 to 2 mm 
displacement 
No concomitant 
injury: observation 
Concomitant injury: 
surgical repair   

Type C: 2 to 5 mm 
displacement 
No concomitant 
injury: observation 
Concomitant injury: 
surgical repair   

Type D: greater than 
5 mm displacement: 
Surgical repair 

1. Minimally displaced anterior table fractures (<1–2 
mm), without nasofrontal recess injury: Observation 
with Close Follow-Up  

2. Fractures of the anterior table (>2 mm) without the 
involvement of the nasofrontal recess or in patients 
with an obvious cosmetic forehead deformity: ORIF  

3. Comminuted anterior table fractures with a linear 
nondisplaced posterior table fracture or involvement 
with the frontonasal duct. Significant mucosal 
disruption of the sinus or severely comminuted 
fracture of the anterior table: Frontal Sinus 
Obliteration/Ablation  

4. Posterior table fractures with significant 
displacement or comminution, intracranial injury, or 
CSF leak: Cranialization 

1. Anterior table fractures 
a. Without both nasal frontal recess 
involvement and anterior table 
displacement/comminution: observation 
b. Without nasal frontal recess 
involvement but with none/mild anterior 
table displacement/comminution: ORIF 
c. Without nasal frontal recess 
involvement but with moderate/severe 
anterior table displacement/ 
comminution: obliteration 
d. With nasal frontal recess involvement: 
obliteration  

2. Posterior table fractures 
a. Without nasal frontal recess 
involvement, posterior table 
displacement and CSF leak: observation 
b. Without nasal frontal recess 
involvement and posterior table 
displacement but with CSF leak: 
obliteration/cranialization 
c. Without nasal frontal recess 
involvement and CSF leak, but with 
posterior table mild comminution: 
obliteration/cranialization 
d. Without nasal frontal recess 
involvement and CSF leak, but with 
posterior table severe comminution: 
cranialization. 
e. Without nasal frontal recess 
involvement but with CSF leak: 
cranialization 
f. With nasal frontal recess involvement: 
cranialization/obliteration  
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4.1. Our proposal of a classification system and flow chart 

In our classification system and treatment flow-chart (showed in 
Fig. 1) we take into consideration the different approach that should be 
taken according to whether the anterior wall is involved compared to 
the posterior wall in first place. Consequentially, we immediately 
consider the importance of identifying the involvement of the FSOT. 
This priority is determined by the fact that for FS, FSOT is the main 
communication link to the middle nasal meatus. The FS drains inferiorly 
into either the middle meatus or ethmoid infundibulum through the 
FSOT [23,28]. The relevance of evaluating FSOT involvement in FS in-
juries is due to the consequential FSOT obstruction [9], which may cause 
frontal sinusitis or mucocele [29]. The presence of anterior table medial 
wall or frontal sinus floor fractures are high suggestive of FSOT 

involvement [9], which patency can be assessed through intraoperative 
use of Fluorescein or a solution of methylene blue. When the FSOT is 
involved, obliteration or cranialization of the FS is required, even 
though stenting procedures with endogenous or exogenous materials 
may be taken into account [29]. In fact, nowadays, endoscopic tech-
niques allow sinus preservation when possible, avoiding sinus obliter-
ation [30]. 

Many treatments options were reported in Literature for these frac-
tures [3,31], such as a classical drainage system’s reconstruction, FSOT 
obliteration or stenting, reconstruction with mucosal flaps, and endo-
scopic reconstruction. Despite that, frontal sinus obliteration is consid-
ered the gold-standard for frontal recess injuries for its long-term 
efficacy. Many materials have been experimented for sinus obliteration, 
such as autologous fat, muscle and bone, alloplastic bone, cement, and 

Table 2 
Review process: in this table we show the process of selecting articles for review, specifying the reasons for exclusion of the articles.  

Records identified from:

Databases (n = 705)

Records removed before
screening:

Duplicate records removed (n
= 123)
Records marked as ineligible
by automation tools (n = 0)
Records removed because
not in English language (n =
13): 

Records screened
(n = 569)

Records excluded
(n = 0)

Identification of studies via databases and registers

Id
en

tif
ic

at
io

n

Reports sought for retrieval
(n = 569)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 569)

Reports excluded:
- Case reports or case series
(n = 185)
- Commentaries (n = 90)
- Published before 1978 (n =
21)
- Addressed to other diseases
and treatment (n = 201)
- Not mentioned surgical
management (n = 13)
- Iatrogenic fractures (n = 4)
- Summaries from other 
articles (n = 7)
- Studies that use algorithm
proposed by other authors (n
= 44)

Studies included in review
(n = 4)

Sc
re

en
in

g
In

cl
ud

ed
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other polymers (i.e., calcium phosphate, hydroxyapatite, and glass 
ionomer) [8,32]. Considering that neither calcium phosphate nor hy-
droxyapatite cement is approved by FDA (American Food and Drug 
Administration) for sinus obliteration with poor long-term outcome and 
considering the lack of strong evidence about the results of glass ion-
omer (approved by the FDA), autologous abdominal fat nowadays re-
mains the gold standard for frontal sinus obliteration [32]. 

First of all, we evaluate which bony wall of the FS is involved, the 
anterior and/or the posterior one. 

Therefore, three main variables were considered for the treatment 
algorithm: the entity of the table displacement, presence of comminu-
tion and CSF leakage. 

Regarding the evaluation of the table displacement, according to 
Torre et al., fractures with 0–2 mm dislocation were classified as mini-
mally displaced, fractures with 2–5 mm as moderate and the ones with 
more than 5 mm as severe [12]. 

4.2. Anterior table fractures 

Isolated anterior table fractures of the frontal sinus occur in up to 
nearly 25% of the cases [9]. Generally anterior table fractures minimally 
or non-displaced without injury of the FSOT do not require surgical 
treatment, where in almost all cases of these fractures can be monitored 

with observation and close clinical follow-up. In the case of FS fracture 
with an overlying laceration (deemed open fracture), it is imperative to 
administer appropriate antibiotics and tetanus prophylaxis/immuno-
globulin [7]. 

In case of FSOT involvement or moderately and severely commi-
nuted and displaced fractures should be treated with sinus obliteration 
to avoid mucocele and mucosal entrapment. 

Mildly displaced or comminuted fractures may require open reduc-
tion and internal fixation (ORIF), in which the main surgical goals are 
the treatment of the cosmetic deformity and the removal of the 
entrapped mucosa of the sinus [9,33]. In fractures with extensive 
comminution or fragments lost, the anterior table could be recon-
structed with bone graft (i.e., cranial and iliac bone graft) [33]. 

If surgery is required, soft tissue lacerations may be used as surgical 
access point to achieve proper exposure of fracture rim. Surgical inter-
vention with the coronal incision is necessary in the case of severe 
displacement. Moreover, a coronal incision remains the gold standard 
allowing perfect visualization of the surgical field with good aesthetic 
results [3]. 

4.3. Posterior table fractures 

The posterior table fractures are mostly associated with the anterior 

Fig. 1. The flow-chart of our algorithm.  
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table and FSOT fractures. Coronal approach is preferred to treat dural 
lesion and ease neurosurgical treatment. Coronal approach is also rec-
ommended in combined anterior-posterior table fractures [33]. 

As described for anterior table injuries, non-displaced fractures of the 
posterior wall may be observed. Cranialization is indicated for posterior 
table fractures with significant displacement or comminution, intra-
cranial injury, or CSF leakage [9,34]. It involves removing the entire 
frontal sinus contents, including the mucosa, bone fragmentation, and 
the frontal sinus’s posterior table. Any anterior table defects must be 
reconstructed to protect further the brain and dura that have herniated 
into the FS. 

According to Rohrich and Hollier [19], in the posterior table’s 
displacement of more than one table width, many treatment options 
should be considered, such as sinus exploration, dura repair, and sinus 
obliteration or cranialization. 

Mildly comminuted fractures require sinus obliteration, while for 
severely comminuted ones, cranialization is the best option. Also, Dalla 
Torre et al. [12] reported a high incidence of CSF leakage in the 
displacement greater than 5 mm; in these cases, cranialization is 
strongly recommended. 

4.4. Limitations of the study 

The main methodological limitation of the current purpose is that 
our FS injury classification preference is directly deduced from our 
experience without a structured study in which this new classification 
system is applied. Furthermore, the present Literature review lacks 
statistical validation through proper analysis and was limited to the 
English language. There could exist FS injury classifications in other 
languages as well, that might be potentially very useful. Moreover, there 
could exist FS injury classifications that are not popular, but still be 
potentially very useful in clinical practice. 

5. Conclusions 

Nowadays, there is no universally accepted algorithm to manage FS 
fractures. We found that most of the proposed classifications indepen-
dently affected fractures of maxillofacial competence, with prevalent 
involvement of the anterior wall of the FS, and fractures of neurosurgical 
competence, with prevalent involvement of the posterior wall, 
completely lacks a unique diagnostic and therapeutic flow-chart. The 
present algorithm represents an attempt to provide a general and intu-
itive guideline for the multidisciplinary management of FS injuries and 
it might represent an effective starting point for further studies. 
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