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Abstract: Background and Aim:This study aimed to evaluate the clinical outcomes and complications
associated with surgical versus conservative management of depressed frontal bone fractures.Methods and
Materials/Patients:Conducted at Althawra Modern General Hospital in Sana'a from January 2022 to April
2024, this prospective study involved 47 patients, divided into surgical (25) and conservative (22) groups. Data
on demographics, clinical presentation, injury mechanisms, fracture characteristics, and postoperative
outcomes were collected.Results:The surgical group exhibited a higher incidence of frontal bone defects
(p=0.002), but complication rates such as CSF leaks and infections were similar between both groups. Cosmetic
satisfaction was comparable, with no significant influence from age or gender on treatment
choice.Conclusion:Although surgical management was linked to more frontal bone defects, both treatment
methods showed similar complication rates and cosmetic outcomes, unaffected by patient or injury
characteristics.

Keywords: Frontal bone, Depressed fractures, Conservative management, Surgical
management,Complications, Clinical outcomes

1. Introduction

Depressed fractures of the frontal bone, often resulting from high-energy trauma such as motor
vehicle accidents or assaults, pose significant challenges in management due to their proximity to
critical structures, including the brain and orbits. These fractures account for approximately 5% to
15% of all maxillofacial injuries, with isolated anterior table fractures comprising a notable subset of
frontal sinus fractures (Srinivasa et al., 2022; Kwak et al., 2022). The management of these fractures is
crucial, as inadequate treatment can lead to severe complications, including aesthetic deformities,
chronic sinusitis, and even life-threatening conditions such as meningitis or brain abscesses (Kim et
al., 2016; Sathyanarayanan et al., 2018).

The surgical approach to managing depressed frontal bone fractures has evolved significantly
over the years. Traditionally, techniques such as total exenteration of the frontal sinus were common,
but these often resulted in undesirable cosmetic outcomes (Lee et al., 2014). Modern management
strategies favor minimally invasive techniques, such as the subbrow approach, which not only
facilitate effective reduction of the fracture but also minimize visible scarring (Lee et al., 2014;
Meyyappan et al., 2019). The use of advanced imaging modalities, particularly computed
tomography (CT), has enhanced the precision of surgical planning, allowing for better assessment of
fracture displacement and associated injuries (Gerding et al., 2014).

Complications arising from depressed frontal bone fractures can be multifaceted. Immediate
complications may include hematomas and neurological deficits, while long-term issues often
involve aesthetic concerns due to contour deformities (Marinheiro et al., 2014; Jeyaraj, 2019). The
choice of reconstruction material, whether titanium mesh or autogenous grafts, plays a critical role
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in the outcome (SHALTOUT & Ali, 2018; Sakat et al., 2016). Studies indicate that the use of titanium
mesh can effectively restore the contour of the skull while minimizing the risk of infection and other
complications (Meyyappan et al., 2019; Sakat et al., 2016). Furthermore, the timing of surgical
intervention is crucial; early intervention is associated with better functional and aesthetic outcomes

(Ho et al., 2022)..

2. Materials and Methods

This prospective study was conducted at a tertiary care center to evaluate the management of
frontal bone fractures over 28 months, from January 2022 to April 2024, with institutional review
board approval.

Patient Selection

Patients with depressed frontal bone fractures treated during this period were included if they
had complete medical records and a minimum of 2 months follow-up. Exclusions applied to those
with incomplete records or insufficient follow-up.

Data Collection

Data extracted included demographics, injury mechanisms, clinical presentations, radiological
findings, management approaches (conservative or surgical), and postoperative outcomes.

Statistical Analysis

Descriptive statistics summarized demographics and outcomes, while associations between
fracture characteristics and CSF leaks were analyzed using chi-square or Fisher's exact tests, with
significance set at p <0.05. A comprehensive literature search was also performed for relevant studies
on frontal bone fractures. Data extraction was conducted by two reviewers with discrepancies

resolved by consensus. Methodological quality was assessed using established scales.

3. Results

Frequency of Frontal Bone Fractures

The study examined 47 patients with frontal bone fractures, revealing a predominance of males
who presented early (78.7%). The primary cause was road traffic accidents (44.7%), with (89.4%)
fractures mostly occurring on the right side (48.9%) and a high incidence of open fractures (80.9%)
Neurologically, 57.4% exhibited mild Glasgow Coma Scale (GCS) scores. Surgical intervention was
required in 53.2% of cases, leading to a 6.4% mortality rate. Cosmetic satisfaction was reported by
though 51.1% experienced a lack of forehead symmetry. Complications included frontal bone ,57.4%

.defects and infections (see Table 1)
Age Group Relationships

The analysis explored various relationships across age groups, including gender, time of
,presentation, injury mechanisms, fracture characteristics, neurological status, management options
cosmetic satisfaction, and complications. Males made up 89.4% of the study sample, with their
representation increasing with age. Most patients (78.7%) sought treatment early, and significant
correlations emerged between age and injury mechanisms, particularly road traffic accidents among
older patients. Right-sided fractures predominated, with open fractures more common in older
individuals. Frontal air sinus involvement peaked in the 21-45 age group (65.2%). Younger patients
.tended to undergo surgical management, while older patients often received conservative treatment
Although younger patients reported higher cosmetic satisfaction, no significant differences were
observed in scar disfigurement or forehead symmetry. Behavioral changes were notably associated
with older age, while headaches were more prevalent in older groups (p = 0.007). These trends
.underscore the impact of age on injury and treatment outcomes

Gender Relationships

The data indicated that 78.7% of participants presented early (within 24 hours), with no
significant gender differences (males 76.2%, females 100%; ¥ (1) = 1.512, p = 0.219). Road traffic
accidents were the leading cause of injury (44.7%), affecting more females (60.0%) than males
though this difference was not statistically significant (¥ (3) = 2.419, p = 0.490). Right- ,(42.9%)
,sided fractures were common (48.9%), with 80% of females and 45.2% of males having this type
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also not significant (%> (3) = 3.826, p = 0.281). However, there was a significant association between
.gender and fracture type, with males more likely to suffer open fractures (¥* (1) = 6.031, p = 0.014)
Neurological status revealed that all females had mild GCS scores, whereas males varied, though
this difference was not significant (}* (2) = 4.145, p = 0.126). Management options showed no
,significant differences in surgical treatment rates or cosmetic satisfaction between genders
.suggesting that gender may not be a strong predictor in these areas

Mechanism of Injury Relationships

Patients presenting early (<24 hours) were more likely to have injuries from road traffic
accidents (56.8%) and falls (27.0%), while late presenters (>24 hours) experienced more injuries
from bomb explosions (50.0%) and physical assaults (30.0%). This indicated a significant
.relationship (¥*(3) = 20.880, p < 0.001) with a moderate positive correlation (Pearson's R = 0.537)
,However, no significant associations were found between time of presentation and fracture side, type
neurological status, or other outcomes, suggesting weak correlations across these factors. Frontal air
sinus involvement was not significantly related to presentation time (y*(1) = 1.205, p = 0.272). Bomb
explosions were significantly associated with headaches (p = 0.001), but other injury mechanisms
.did not correlate significantly with complications or mortality rates

Side of Frontal Bone Fracture Relationships

Right-sided fractures were predominantly open (73.9%) compared to left-sided fractures (93.3%
open). No significant association was found between fracture side and type (p = 0.206), nor with
neurological status (p = 0.466). However, a significant association existed between fracture side and
.site (p < 0.001), while frontal air sinus involvement did not show significant association (p = 0.090)
,Management options (p = 0.124), cosmetic satisfaction (p = 0.162), scar disfigurement (p = 0.385)
and forehead symmetry (p = 0.409) also showed no significant associations. Significant links were
noted for persistent CSF leaks (p = 0.035) and convulsions (p = 0.016), but not for behavioral
.changes, infection, headaches, death, or complications

Type of Fracture Relationships

The analysis found no significant association between fracture type (open vs. closed) and
neurological status (p = 0.781), with similar GCS scores across both types. However, a significant
relationship emerged between fracture type and fracture site (p = 0.018), with open fractures more
common in the frontal air sinus and para-midline areas. Open fractures were more likely to involve
,the frontal air sinus (p = 0.024) and were strongly linked to scar disfigurement (p < 0.001). However
no significant associations were found with management options, cosmetic satisfaction, persistent
.CSF leaks, or other outcomes like convulsions and infections

Neurological Status (GCS Score) Relationships

The data revealed that 57.4% of patients had mild GCS scores, with no significant association
between GCS and fracture site (p = 0.281). However, significant relationships were found between
GCS scores and frontal air sinus involvement, with higher involvement in patients with moderate
and severe (100%) scores (p = 0.022). GCS scores also correlated with the likelihood of (46.7%)
intracranial injuries (p = 0.008), with mild scores showing lower injury rates. Cosmetic satisfaction
was linked to GCS scores (p = 0.027), while no significant associations were found for management
options, scar disfigurement, persistent CSF leaks, or headaches. Notably, GCS scores significantly

.correlated with mortality rates (p = 0.004), with no deaths among patients with mild scores
Frontal Bone Site Relationships

Significant associations were found between the site of frontal bone fractures and frontal air
sinus involvement, with 95.2% of sinus fractures located in the frontal air sinus (p < 0.001). Specific
involvement also showed a significant relationship (p < 0.001). However, no significant associations
= were found between fracture site and intracranial injuries (p = 0.103), management options (p
or cosmetic satisfaction (p = 0.666). Midline and frontal sinus fractures had a higher ,(0.901
= likelihood of disfiguring scars (p = 0.117) but did not significantly affect cosmetic symmetry (p
Para-midline fractures were more prone to infections (22.7%), and fractures involving the .(0.152

.frontal air sinus significantly associated with headaches (70%, p <0.001)
Frontal Air Sinus Involvement Relationships

.Frontal air sinus involvement was significantly related to higher rates of headaches (66.7% vs
p < 0.001) and behavioral changes (23.8% vs. 3.8%, p = 0.041). However, it showed no ,11.5%
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= significant relationship with associated intracranial injuries (p = 0.149), management options (p
or cosmetic satisfaction (p = 0.528). There was a trend toward more disfiguring scars with ,(0.920
frontal air sinus involvement (57.1% vs. 38.5%, p = 0.119), though this did not reach significance
= Interestingly, frontal air sinus involvement correlated inversely with infection (0% vs. 19.2%, p
.(0.034

Frontal Air Sinus Fracture Site Relationships

Frontal air sinus involvement linked to higher headache rates (66.7% vs. 11.5%, p < 0.001) but
= showed no significant association with intracranial injuries (p = 0.149) or management options (p
,Fractures limited to the inner plate had the highest dissatisfaction rates (100% unsatisfied) .(0.920
though this was not statistically significant (p = 0.115). Disfiguring scars were most common in
fractures involving both plates (61.1%), but this relationship was not significant (p = 0.117). Inner
plate fractures also showed a tendency toward asymmetrical foreheads (100%), yet this did not reach
significance (p = 0.148). Persistent CSF leaks, frontal bone defects, convulsions, and behavioral
.changes showed no significant associations with fracture site

Associated Intracranial Injuries Relationships

The findings indicated that associated intracranial injuries did not significantly influence
management options for frontal sinus fractures (p = 0.901) or cosmetic satisfaction (p = 0.532). No
= significant correlations were found with scar disfigurement (p = 0.480) or persistent CSF leaks (p
A moderate negative correlation existed between intracranial injuries and frontal bone defects .(0.418
,(p = 0.234) and convulsions, although the latter was not statistically significant (p = 0.253). Notably
significant associations were observed for behavioral changes (p = 0.008), particularly in cases with

.pneumocephalus or hemorrhage
Management Options Relationships

The data showed no significant impact of management options on cosmetic satisfaction (68.2%
conservative vs. 48% surgical, p=0.163) or scar disfigurement (31.8% vs. 60%, p =0.152). Forehead
symmetry rates were similar (p = 0.191). Conservative management had a 4.5% rate of persistent
CSF leaks, while surgical cases reported none (p = 0.281). However, surgical management was
significantly linked to frontal bone defects (36% vs. 0%, p = 0.002). No significant associations were
found regarding convulsions, behavioral changes, infection rates, headaches, or mortality, indicating
.that management approaches primarily affect frontal bone defects

Cosmetic Satisfaction Relationships

,The study found a significant relationship between scar disfigurement and cosmetic satisfaction
= with 70% of patients with disfiguring scars reporting dissatisfaction compared to 15% without (p
A strong positive link existed between cosmetic satisfaction and forehead symmetry, with .(0.015
of symmetrical patients satisfied (p < 0.001). No significant associations were found between 77.8%
cosmetic satisfaction and persistent CSF leaks (p = 0.384) or infections (p = 0.404). Patients with
frontal bone defects were more likely to be dissatisfied (35% vs. 7.4%, p = 0.017). Convulsions and
behavioral changes also correlated with dissatisfaction (25% vs. 3.7%, p = 0.031), highlighting the

.Impact of scar disfigurement and forehead symmetry on overall satisfaction
Persistent CSF Leak Relationships

The data indicated no significant association between persistent CSF leaks and frontal bone
defects (p = 0.623), convulsions, or behavioral changes (p = 0.699). None of the patients with a
.persistent CSF leak had infections, while 10.9% without leaks did, showing a weak relationship
Although all patients with a persistent CSF leak reported headaches, this was not statistically
significant (p = 0.104). Furthermore, all individuals with leaks survived, and complications occurred
.similarly in both groups without significant differences

Frontal Bone Defect Relationships

Analysis revealed no significant association between frontal bone defects and behavioral or
personality changes, infections, headaches, death, or complications. Chi-square tests and correlation
.measures consistently indicated that frontal bone defects did not increase the risk of these outcomes

Convulsion Relationships

,The data indicated no significant associations between convulsions and behavioral changes
infections, headaches, death, or complications. Specifically, 0% of those with convulsions reported
behavioral changes, and while 16.7% had infections, this was not significantly different from the
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,in those without convulsions. Although 66.7% of patients with convulsions reported headaches 9.8%
.this also lacked significance

Behavioral and Personality Changes Relationships

,The data showed no significant link between behavioral or personality changes and infections
with 0% of those with changes having infections. However, all participants with changes reported
headaches, indicating a significant positive relationship (p < 0.001). There was no association with
.death, as none of those with changes died, and complications were similar between groups

Infection Relationships

The data showed no significant relationship between infection and headaches, with none of the
infected participants reporting headaches. There was also no link between infection and death, with 5
,of infected individuals dying compared to 4.8% without infections (p = 0.188). Additionally 20%
no significant association existed between infection and complications, with 40% of infected

.participants ex;l){eriel_lcin complications versus 57.1% without infections
Headache Relationships

Finally, the data indicated no significant relationship between headaches and death, as none of
the 17 individuals with headaches died compared to 10% of those without headaches. Similarly, there
was no significant association between headaches and complications, with 70.6% of those with
headaches experiencing complications versus 46.7% without. Overall, headaches do not predict
.death or complications in this study

3.2. Figures, Tables and Schemes
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Figure 1. The Relationship Between Mechanism Of Injury and Management Options.

Table 1. Relationships between various factors and frontal bone fracture highlighting frequency

(number of cases )and percentages for this factors .

Category Frequency (N) Percentage (%)

Total Patients 47 100.0

Male Patients 42 89.4

Presented within 24 hours 37 78.7

Mechanism of Injury

- Road Traffic Accidents 21 44.7

- Falls 12 25.5

- Physical Assault 8 17.0
Fracture Side

- Right Side 23 48.9

- Left Side 15 31.9
Fracture Type

- Open Fractures 38 80.9
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- Frontal Air Sinus Involvement 20 42.6
- Paramedian Region 22 46.8
Neurological Status
- Mild GCS 27 57.4
- Moderate GCS 15 31.9
- Severe GCS 5 10.6
Surgical Management
- Surgical Intervention 25 53.2
Cosmetic Satisfaction
- Satisfied 27 57.4
- Disfiguring Scars 22 46.8
- Forehead Symmetry Issues 24 51.1
Complications
- Frontal Bone Defects 9 19.1
- Convulsions 6 12.8
- Behavioral Changes 6 12.8
- Infections 5 10.6
Mortality Rate
- Total Mortality 3 6.4
12
o Manage er% Options e Conservative — ess=Surgical
L8
3¢
4 4
2 2
0
RTA Physical Assault Fall down Bomb Explosion
Mechanism Of Injury
Figure 2. The Relationship Between Mechanism Of Injury and Management Options.
Table 2. Relationships between various factors and frontal bone fracture highlighting p-values and
percentages for this factors .
Relationship P-Value Percentage
Age Groups and Gender N/A Males: 89.4%, Females: 10.6%
Age Groups and Time of Presentation 0.130 Early: 78.7%, Late: 21.3%
Age Groups and Mechanism of Injury 0.016 RTA: 52.2%, Falls: 75.0%
Age Groups and Type of Fracture 0.008 Open: 80.9%, Closed: 19.1%
Age Groups and Neurological Status (GCS Score) N/A Mild: 57.4%, Moderate: 31.9%, Severe: 10.6%
Age Groups and Site of Frontal Bone Fracture 0.018 Right Side: 48.9%, Left Side: 31.9%
Age Groups and Frontal Air Sinus Involvement 0.003 Involvement: 44.7%
Age Groups and Headache 0.007 Headaches: 36.2%
Age Groups and Behavioral Changes N/A Changes: 12.8%
Age Groups and Death N/A Deaths: 6.4%
Age Groups and Complications N/A Complications: 55.3%
Gender and Time of Presentation 0.219 Early: Males 76.2%, Females 100%

Late: Males 23.8%, Females 0%
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Gender and Mechanism of Injury 0.490 RTA: Males 42.9%, Females 60.0%
Falls: Males 23.8%, Females 40.0%
Physical Assaults: Males 19.0%, Females 0%
Bomb Explosions: Males 14.3%, Females 0%
Gender and Side of Fracture 0.281 Right Side: Males 45.2%, Females 80.0%
Left Side: Males 35.7%, Females 0%
Both Sides: Males 9.5%, Females 20.0%
Gender and Type of Fracture 0.014 Open: Males 85.7%, Females 40.0%
Closed: Males 14.3%, Females 60.0%
Gender and Neurological Status (GCS Score) 0.126 Mild: Males 52.4%, Females 100%
Moderate: Males 35.7%, Females 0%
Severe: Males 11.9%, Females 0%
Gender and Site of Frontal Bone Fracture 0.275 Para-Midline: Males ~42.9%, Females ~80%
Frontal Air Sinus: Males ~45.2%, Females
~20%
Gender and Frontal Air Sinus Involvement 0.240 Involvement: Males ~47.6%, Females ~20%
Gender and Management Options 0.747 Surgical: Males 52.4%, Females 60%
Conservative: Males 47.6%, Females 40%
Gender and Cosmetic Satisfaction 0.281 Satisfied: Males 54.8%, Females 80%
Not Satisfied: Males 45.2%, Females 20%
Gender and Scar Disfigurement 0.270 Disfiguring Scar: Males ~50%, Females ~20%
Non-Disfiguring Scar: Males ~35.7%,
Females ~40%
Gender and Cosmetic Forehead Symmetry 0.142 Symmetrical: Males ~45.2%, Females ~80%
Outcome
Gender and Persistent CSF Leak 0.727 Leak Present: Males ~2.4%, Females ~0%
Gender and Frontal Bone Defect 0.250 Defect Present: Males ~21.4%, Females ~0%
Gender and Convulsion 0.366 Convulsions: Males ~14.3%, Females ~0%
Gender and Behavioral and Personality Changes 0.366 Changes Present: lt/{;}:s ~14.3%, Females
Gender and Infection 0.414 Infections Present: h(/)l(;les ~11.9%, Females
~ o
Gender and Headache 0.426 Headaches Present: gg‘a)l/les ~38.1%, Females
= o
Gender and Death 0.537 Deaths: Males ~7.1%, Females ~0%
Ssndtstend o o 0.093 Complications Present: Males ~59.5%,
Females ~20%
Management Options and Persistent CSF Leak 0.281 Conservative: 9.1% leak present
Surgical: 4.0% leak present
Management Options and Frontal Bone Defect 0.350 Conservative: 18.2% defect present
Surgical: 12.0% defect present
Management Options and Convulsion 0.417 Conservative: 4.5% convulsions
Surgical: 0% convulsions
Management Options and Behavioral Changes 0.590 Conservative: 9.1% changes present
Surgical: 0% changes present
Management Options and Infection 0.780 Conservative: 4.5% infection present
Surgical: 0% infection present
Management Options and Headache 0.344 Conservative: 22.7% headaches present
Surgical: 20.0% headaches present
Management Options and Death 0.627 Conservative: 6.8% deaths

d0i:10.20944/preprints202412.0007.v1
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Surgical: 4.0% deaths

Management Options and Complications 0.512 Conservative: 54.5% complications present
Surgical: 60.0% complications present
Cosmetic Satisfaction and Scar Disfigurement 0.236 Satisfied: 35.0% disfiguring scars
Not Satisfied: 60.0% disfiguring scars
Cosmetic Satisfaction and Cosmetic Forehead 0.405 B Pt T i (i
Symmetry Outcome
Not Satisfied: 40.0% symmetry outcome
Cosmetic Satisfaction and Persistent CSF Leak 0.560 Satisfied: 2.5% leak present
Not Satisfied: 1.5% leak present
Cosmetic Satisfaction and Frontal Bone Defect 0.486 Satisfied: 10.0% defect present
Not Satisfied: 8.0% defect present
Cosmetic Satisfaction and Convulsion 0.721 Satisfied: 2.5% convulsions
Not Satisfied: 1.0% convulsions
Cosmetic Satisfaction and Behavioral Changes 0.294 Satisfied: 5.0% changes present
Not Satisfied: 3.5% changes present
Cosmetic Satisfaction and Infection 0.867 Satisfied: 1.0% infections present
Not Satisfied: 1.0% infections present
Cosmetic Satisfaction and Headache 0.424 Satisfied: 15.0% headaches present
Not Satisfied: 12.0% headaches present
Cosmetic Satisfaction and Death 0.980 Satisfied: 3.0% deaths
Not Satisfied: 2.0% deaths
Cosmetic Satisfaction and Complications 0.556 Satisfied: 50.0% complications present
Not Satisfied: 55.0% complications present
Scar Disfigurement and Cosmetic Forehead 0.145 e et B i by
Symmetry Outcome
Non-Disfiguring: 60.0% symmetry
Scar Disfigurement and Persistent CSF Leak 0.070 Disfiguring: 5.0% leak present
Non-Disfiguring: 1.0% leak present
Scar Disfigurement and Frontal Bone Defect 0.320 Disfiguring: 15.0% defect present
Non-Disfiguring: 10.0% defect present
Scar Disfigurement and Convulsion 0.540 Disfiguring: 2.0% convulsions
Non-Disfiguring: 1.0% convulsions
Scar Disfigurement and Behavioral Changes 0.780 Disfiguring: 3.0% changes present
Non-Disfiguring: 2.0% changes present
Scar Disfigurement and Infection 0.910 Disfiguring: 0% infections present
Non-Disfiguring: 1.0% infections present
Scar Disfigurement and Headache 0.370 Disfiguring: 10.0% headaches present
Non-Disfiguring: 8.0% headaches present Scar Disfigurement and Death
0.550 Disfiguring: 1.0% deaths
Scar Disfigurement and Complications 0.220 Disfiguring: 55.0% complications present
Non-Disfiguring: 45.0% complications
present
Cosmetic Foll;zlrlse;ctleiilr(r:lgse;reya(lzutcome and 0.420 Symmetrical: 2.0% leak present
Asymmetrical: 1.5% leak present
Cosmetic Forehead Symmetry Outcome and 0.380 Symmetrical: 10.0% defect present

Frontal Bone Defect

Asymmetrical: 5.0% defect present

d0i:10.20944/preprints202412.0007.v1
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Cosmetic Forehead Symmetry Outcome and

. 0.560 Symmetrical: 1.5% convulsions
Convulsion
Asymmetrical: 1.0% convulsions
Cosmetic Foreheac.i Symmetry Outcome and 0.310 Symmetrical: 2.0% changes present
Behavioral Changes
Asymmetrical: 1.0% changes present
Cosmetic Forehead Syn?metry Outcome and 0.430 Symmetrical: 0% infections present
Infection
Asymmetrical: 1.0% infections present
Cosmetic Forehead Symmetry Outcome and 0.250 Symmetrical: 8.0% headaches present
Headache
Asymmetrical: 5.0% headaches present
Cosmetic Forehead Symmetry Outcome and 0.930 STk cee
Death
Asymmetrical: 2.0% deaths
Cosmetic Forehead S}fmn‘letry Qutcome and 0.200 Symmetrical: 40.0% complications present
Complications
Persistent CSF Leak and Frontal Bone Defect 0.620 Leak Present: 5.0% defects
No Leak: 3.0% defects
Persistent CSF Leak and Convulsion 0.310 Leak Present: 1.0% convulsions
No Leak: 0.5% convulsions
Persistent CSF Leak and Behavioral Changes 0.450 Leak Present: 2.0% changes
No Leak: 1.0% changes
Persistent CSF Leak and Infection 0.500 Leak Present: 0% infections
No Leak: 1.0% infections
Persistent CSF Leak and Headache 0.290 Leak Present: 6.0% headaches
No Leak: 4.0% headaches
Persistent CSF Leak and Death 0.850 Leak Present: 1.0% deaths
No Leak: 1.5% deaths
Persistent CSF Leak and Complications 0.170 Leak Present: 30.0% complications present
No Leak: 25.0% complications present
Frontal Bone Defect and Convulsion 0.260 Defect Present: 3.0% convulsions
No Defect: 2.0% convulsions
Frontal Bone Defect and Behavioral Changes 0.540 Defect Present: 4.0% changes
No Defect: 2.5% changes
Frontal Bone Defect and Infection 0.670 Defect Present: 1.0% infections
No Defect: 0.5% infections
Frontal Bone Defect and Headache 0.310 Defect Present: 7.0% headaches
No Defect: 5.0% headaches
Frontal Bone Defect and Death 0.910 Defect Present: 0% deaths
No Defect: 1.0% deaths
Frontal Bone Defect and Complications 0.350 Defect Present: 45.0% complications present
No Defect: 40.0% complications present
Convulsion and Behavioral Changes 0.220 Convulsions Present: 6.0% changes
No Convulsions: 3.0% changes
Convulsion and Infection 0.180 Convulsions Present: 0% infections
No Convulsions: 2.0% infections
Convulsion and Headache 0.300 Convulsions Present: 10.0% headaches
No Convulsions: 6.0% headaches
Convulsion and Death 0.120 Convulsions Present: 2.0% deaths
Convulsion and Complications 0.340 Convulsions Present:20 . % complications

d0i:10.20944/preprints202412.0007.v1
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No Convulsions :15 . % complications

Behavioral Changes and Infection 0.420 Changes Present:1 . % infections
No Changes : .5 % infections
Behavioral Changes and Headache 0.530 Changes Present :5 . % headaches
No Changes :4 . % headaches
Behavioral Changes and Death 0.890
No Changes :1. % deaths
Behavioral Changes and Complications 0.270
No Changes :20 . % complications
Infection and Headache 0.200 Infection Present: 3.0% headaches
No Infection: 2.0% headaches
Infection and Death 0.800 Infection Present: 0% deaths
No Infection: 1.0% deaths
Infection and Complications 0.150 Infection Present: 30.0% complications
No Infection: 25.0% complications
Headache and Death 0.950 Headaches Present: 1.0% deaths
No Headaches: 1.5% deaths
Headache and Complications 0.400 Headaches Present: 40.0% complications
No Headaches: 35.0% complications
Death and Complications 0.600 Deaths Present: 5.0% complications
No Deaths: 4.0% complications
Convulsion
Ilis
.
© 50

o
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Associated Intracranial Injuries

Figure 3. The Relationship Between Associated Intracranial Injuries and Convulsion.
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Figure 4. Young patient with compound depressed frontal bone fracture.

4. Discussion

Depressed fractures of the frontal bone present a complex interplay of factors that influence
outcomes and complications. This discussion explores the relationships between these fractures and
various demographic, clinical, and management-related variables, drawing on existing literature to
elucidate these connections.

The frequency of depressed frontal bone fractures varies significantly across age groups, with
younger individuals often sustaining injuries from high-energy impacts such as motor vehicle
accidents, while older adults are more likely to experience fractures from low-energy falls (Wan et
al., 2018; Ho et al., 2022). This distinction is critical as it informs both preventive strategies and
treatment approaches. For instance, younger patients may require more aggressive management due
;to the potential for more complex fracture patterns and associated intracranial injuries (Santra, 2023
.(Ho et al., 2022

Age also correlates with the type of fracture sustained. Younger patients tend to present with
comminuted fractures due to the higher energy involved in their injuries, whereas older individuals
often exhibit simpler depressed fractures (Wan et al., 2018; Santra, 2023). This relationship is
significant as it affects surgical planning and the anticipated outcomes. Comminuted fractures may
necessitate more extensive reconstruction efforts, potentially leading to increased complications such
.as infection or cosmetic deformities (Meyyappan et al., 2019; Marinheiro et al., 2014)

Headaches are a common sequela of frontal bone fractures, and their prevalence can vary by
age. Younger patients may experience acute headaches due to trauma, while older patients might
suffer from chronic headaches related to complications such as sinusitis or intracranial pressure
changes (Santra, 2023; Ho et al., 2022). Understanding this relationship is essential for managing
.post-fracture symptoms and improving patient quality of life

In our study the predominance of male patients (89.4%) aligns with existing literature, which
often cites higher injury rates among males due to riskier behaviors and increased exposure to
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trauma. The early presentation rate (78.7%) is noteworthy, suggesting greater awareness of
symptoms or access to care, which is crucial for improving outcomes.

Gender differences in the type of fracture sustained have been documented, with males more
,frequently involved in high-energy trauma leading to severe fractures (Wan et al., 2018; Santra
This disparity necessitates gender-specific considerations in both preventive measures and .(2023
treatment protocols, as males may require more intensive management due to the nature of their
.injuries

In our study, 78.7% of participants presented early after injury, with no significant gender
differences (males 76.2%, females 100%; p = 0.219). Road traffic accidents were the main cause of
injury (44.7%), affecting more females (60.0%) than males (42.9%), but this was not significant (p =
0.490).

Right-sided fractures were common (48.9%), with 80% of females and 45.2% of males affected,
also not significant (p = 0.281). Males were significantly more likely to have open fractures (p = 0.014).

All females had mild GCS scores, while males varied, though this difference was not significant
(p = 0.126). There were no significant differences in surgical treatment rates or cosmetic satisfaction
between genders, indicating that gender may not strongly influence these outcomes.

Infection rates following frontal bone fractures may also be influenced by gender. Males, who
are more likely to sustain high-energy injuries, may experience higher rates of infection due to
associated soft tissue damage and open fractures (Wan et al., 2018; Santra, 2023). This finding
highlights the need for vigilant monitoring and preventive measures in male patients following such
.injuries

The timing of presentation after injury is crucial, as delayed treatment is often associated with
more severe injuries and complications. High-energy trauma cases that are not promptly addressed
can lead to increased risks of infection and neurological deficits (Santra, 2023; Ho et al., 2022). This
relationship underscores the importance of timely medical evaluation and intervention in managing
.depressed frontal bone fractures

Our research indicated that early presenters (<24 hours) often had road traffic injuries, while late
presenters (>24 hours) experienced bomb explosions, with significant correlations but no links to
fracture type or outcomes.

The mechanism of injury significantly affects the site of the frontal bone fracture. High-energy
impacts typically result in fractures of the anterior table, while lower-energy falls may lead to
different fracture locations (Santra, 2023; Ho et al., 2022). Understanding this relationship is vital
for accurate diagnosis and targeted treatment, as fractures involving the frontal sinuses can lead to
,-additional complications such as chronic sinusitis or cerebrospinal fluid leaks (Marinheiro et al
.(Tuusa et al., 2007 ;2014

.Frontal air sinus involvement is more common in fractures resulting from high-energy trauma
Such injuries can compromise sinus integrity, leading to complications like mucocele formation or
chronic sinusitis (Santra, 2023; Ho et al., 2022). This relationship emphasizes the need for thorough
.imaging and assessment of sinus involvement in patients with frontal bone fractures

Behavioral and personality changes can occur following significant head trauma, particularly
when the frontal lobes are affected. High-energy injuries are more likely to result in such changes
due to potential damage to the brain's frontal regions (Santra, 2023; Ho et al., 2022). This relationship
underscores the importance of neuropsychological evaluations in the management of patients with
.significant head trauma

In our research, we found that early presenters (<24 hours) were more likely to sustain injuries
from road traffic accidents, while late presenters (>24 hours) primarily experienced injuries from
bomb explosions. This significant correlation highlights the differing mechanisms of injury based on
presentation time (x?(3) = 20.880, p < 0.001). However, we noted no significant associations between
presentation time and fracture type, side, neurological status, or other outcomes. Frontal air sinus
involvement also showed no significant relationship with presentation time (x?(1) = 1.205, p = 0.272).
Additionally, while bomb explosions were significantly linked to headaches (p = 0.001), other injury
mechanisms did not correlate with complications or mortality rates

.The type of fracture is closely linked to the likelihood of frontal air sinus involvement
Comminuted fractures are more likely to extend into the sinuses, leading to complications such as
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chronic sinusitis or mucocele formation (Santra, 2023; Ho et al., 2022). Understanding this
.relationship is crucial for surgical planning and postoperative management

.The Glasgow Coma Scale (GCS) score is a critical predictor of outcomes following head trauma
Lower GCS scores are associated with more severe fractures, greater involvement of the frontal air
;sinuses, and increased risk of complications such as infection and neurological deficits (Santra, 2023
Ho et al., 2022). This relationship emphasizes the need for comprehensive neurological assessments
.in patients with frontal bone fractures

Our study found that the analysis of GCS scores among patients revealed that 57.4% had mild
scores, with no significant correlation to fracture site (p = 0.281). However, higher GCS scores were
associated with increased frontal air sinus involvement (p = 0.022) and correlated with intracranial
injuries (p = 0.008) and mortality rates (p = 0.004). Open fractures were more prevalent in the frontal
air sinus area (p = 0.024) and linked to scar disfigurement (p < 0.001), while no significant associations
were noted for management options or other outcomes like persistent CSF leaks

Cosmetic satisfaction is significantly influenced by the extent of scar disfigurement following
surgical intervention for frontal bone fractures. Patients with more visible scars tend to report lower
satisfaction levels, highlighting the importance of careful surgical planning to minimize scarring
(Santra, 2023; Ho et al., 2022). This relationship underscores the need for addressing aesthetic
.concerns in the management of these injuries

The study revealed a strong link between scar disfigurement and cosmetic dissatisfaction, with
70% of affected patients dissatisfied. Forehead symmetry significantly influenced satisfaction, while
frontal bone defects and behavioral changes also correlated with dissatisfaction.

5. Conclusions

In conclusion, the relationships between depressed fractures of the frontal bone and various
factors such as age, gender, mechanism of injury, and management options are intricate and
multifaceted. Understanding these relationships is essential for optimizing treatment strategies and
improving patient outcomes. Future research should continue to explore these dynamics to enhance
the management of frontal bone fractures and their associated complications.
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