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Forensic Medical Diagnosis of Injuries to the Nose, Ear,
and Larynx: Modern Methods and Algorithms
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Abstract Background: Injuries to the nose, ear, and larynx are among the most common reasons for forensic medical
examination. Accurate diagnosis of such injuries requires a combination of clinical, instrumental, and laboratory approaches.
The purpose of this study was to improve the accuracy and objectivity of forensic evaluation of ENT injuries by integrating
advanced diagnostic algorithms. Methods: The research analyzed 100 forensic medical cases involving ENT trauma using
clinical observation, computed tomography (CT), ultrasound, anterior active rhinomanometry, and morphological as well as
immunohistochemical analyses. Tissue samples were stained for fibronectin, collagens, and cytokines (IL-1f, IL-6, TNF-a)
to determine the injury’s age and healing stage. Results: Nasal injuries accounted for 70% of cases, predominantly caused by
blunt force trauma. CT and ultrasound demonstrated over 90% diagnostic accuracy in identifying fractures. Rhinomanometry
effectively quantified nasal breathing resistance, while immunohistochemical testing provided precise timing of injury
formation. The study also confirmed the value of systematic photographic documentation in expert conclusions. Conclusions:
Combining instrumental imaging, functional assessment, and morphological techniques significantly enhances the precision
of forensic medical evaluations. The proposed diagnostic model aligns with modern international standards and improves the
reliability of expert judgments.
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] importance in determining the time elapsed since injury [6].
1. Introduction

Injuries to ENT organs (ears, nose, larynx, etc) are 2. Materials and Methods
frequently the subject of forensic medical examinations.
According to the literature, nasal injuries account for up to
91% of all ENT injuries [1]. Ear injuries are less common -
about 5-6% of all injuries in otorhinolaryngology, primarily
occurring in young men and in domestic settings [2]. Blunt
and stab wounds of the larynx and pharynx are relatively
rare but potentially dangerous due to the risk of airway

obstruction. Despite the frequency of such injuries, the . .
criteria for their forensic medical assessment - severity, time facial skeleton radiography, computed tomography (CT) of

since injury, and mechanism of formation - remain topics of the nasal z_and tgmporal bones when fractures were susfpected,
discussion [1,2,3]. endoscopic rhinoscopy and laryngoscopy, and audiometry

and tympanometry to assess hearing.

To objectively evaluate nasal breathing, anterior active
rhinomanometry (AARM) was used - a dynamic method for
assessing the resistance of nasal passages to airflow [7].
Photographic documentation of injuries was mandatory at
all stages of the examination [8]. In cases where CT was
contraindicated, ultrasound of the nasal bones was used to
clarify the diagnosis.
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The study incorporated materials from forensic medical
examinations of ENT injuries in recent years, as well as data
from literature. For illustration, generalized clinical and expert
data from 100 cases are presented. During the examination of
victims, a physical assessment was conducted, documenting
the clinical picture, presence of hematomas, edema, wounds,
and deformities. Instrumental methods employed included:

To objectively evaluate nasal breathing disorders during
examinations, instrumental methods are used, including
anterior active rhinomanometry and acoustic rhinometry
[4]. Computed tomography and ultrasound demonstrate high
sensitivity in detecting nasal bone fractures [3,5]. Morphological
and immunohistochemical methods, including the detection
of inflammatory marker expression, have gained significant
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Examination methodology: following the physical
assessment and history taking, macroscopic examination,
photography, and a series of instrumental diagnostic
procedures were performed. If a fracture was suspected, CT
of the paranasal sinuses was conducted. In cases of breathing
difficulties, AARM was employed, while for ear injuries,
audiometry and tympanometry were used. Morphological
analysis included histological and immunohistochemical
examination of tissues.

3. Results

In the examined sample, nasal injuries predominated
(70%), mainly in young men (average age 25-32 years),
which aligns with the data from Mohammadi and Ghasemi-
Rad's study. The primary mechanism of injuries was blunt
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domestic impacts and falls (65-80% of cases), while stab and
cut wounds were rare. Among nasal injuries, 75% were
fractures of the nasal bones involving the nasal septum, with
contusions and injuries to the external nose observed less
frequently. Table 1 presents the summary clinical and expert
indicators.

Use of CT and ultrasound. Lateral radiography of the
facial skeleton revealed nasal fractures in approximately
70% of cases, which corresponds to the data reported in the
literature. However, radiography is limited by anatomical
overlapping of bones. Ultrasound examination (US)
demonstrated high sensitivity - around 95% and specificity
over 90%, which is confirmed by meta-analysis data. In
doubtful and complex cases, CT of the paranasal sinuses and
nose was performed - sensitivity reached almost 100%,
which is consistent with international recommendations.

Table 1. Clinical and expert data on ENT organ injuries (sample size n=100)

Indicator Nose Ear Larynx/Pharynx
Number of cases (n) 70 20 10
Age (mean), years 25.3 28.1 31.7
Sex (M/F), % 85/15 90/10 80/20

— Blunt (punch, fall) — 65%

Injury mechanism — Sharp (knife, blunt object) — 35%

— Blunt — 80%- Sharp — 20% — Blunt — 100%

— Domestic/street-related — 60%— Road
traffic accidents — 25%-— Occupational — 15%

Circumstances
(cause)

— Domestic/street-related — 74%
— Road trauma (compression) — 26%

— Strangulation/compression
— 80%-— Penetrating trauma — 20%

Nasal bone fractures — 55%

Type of injury Abrasions/bruises/lacerations — 45%

Tympanic membrane
perforation/hematoma — 40%
Contusion of auricle/cartilage

damage — 60%

Cartilage ruptures,
hematomas — 100%

Time to seek medical
help after trauma

1-3 days — 50%4-7 days
—30%>7 days — 20%

0-2 days — 70%3-7 days
—20%>7 days — 10%

0-1 day — 40%2-5 days
—30%>5 days — 30%

Medical
interventions before
forensic evaluation

Repositioning of nasal bones — 30%
Nasal passage catheterization — 10%

Hematoma incision — 20% Intubation/tracheostomy — 50%

Long-term
consequences

Nasal deformity — 20%
Chronic nasal obstruction — 15%

Hearing loss — 10%
Ear scarring — 20%

Post-traumatic laryngeal
stenosis — 10%

Note: The data presented in the table are derived from the analysis of forensic medical cases and reflect characteristic statistical indicators.
The distribution of mechanisms and outcomes corresponds to the published data by Rasulova M. R. and Indiaminov S. I. [2]

Table 2. Morphological and immunohistochemical features at different stages of ENT organ wound healing

Time Sin . . .
Iln?l;srlyce Morphological Features Immunohistochemical Markers (Wound Age)
e gins. TNF-o,; selectins (E-, L-), ICAM-1, VCAM-1.
neutrophilic infiltration.
— Onset of granulatlon:.macrophages and fibroblasts in tr.1e . Transitional markers: persistent IL-1p and TNF-a; appearance
1-3 days wound zone. — Resorption of hematomas. — Neovascularization - - -
. I : of tenascin; increasing expression of collagen type I11.
and increasing fibrosis.
. Active granunlatl(_)n and scafrlng:_pronou_nced fibrosis and Late markers: peak tenascin expression (~5 days); collagen types
4-7 days tissue vascularization. — Proliferation of fibroblasts and A ;
. 111 and V; initial expression of collagen type | (mature collagen).
microvessels.
— Mature scar formation: predominance of collagen type | and Mature markers: collagen type | (peak expression ~2 weeks);
> 7 days N . o ) . - .
reduced vascularization. — Dense fibrous cicatrix. p53; decreased expression of pro-inflammatory cytokines.

Note: The observed histological processes correspond to the classical stages of repair (inflammation — granulation — scarring).
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Audiological examination. In ear injuries, conductive
hearing disorders were detected in 20% of cases due to
tympanic membrane perforation or fractures of the auditory
ossicles. Audiometry results also align with those of Deshmukh
et al., where patients with temporal bone fractures exhibited
persistent hearing impairment.

Rhinomanometry. Anterior active rhinomanometry was
used to objectively assess nasal breathing. The method
proved its effectiveness as a reliable test for nasal airway
resistance.

Photo documentation. Photographic recording of injuries
was mandatory, which is consistent with international forensic
medical guidelines. The importance of objective photographic
documentation of the external appearance and the dynamics
of organ deformation is confirmed.

Morphological and immunohistochemical  studies.
Examination of wound tissues revealed classical stages of
the inflammatory response, confirmed by markers at different
time points - from neutrophilic infiltration to pronounced
fibrosis (Table 2). Changes in the expression of cytokines
(IL-1p, IL-6, TNFa), fibronectin, tenascin, and collagens III,
V, and | were identified, corresponding to the healing phases.

4. Discussion

The obtained results confirm that a combined approach -
integrating clinical examination, instrumental methods, and
morphological analysis - provides the most comprehensive
understanding of the nature of ENT injuries and their
consequences. The high frequency of domestic injuries
reflects a typical criminogenic pattern: blows to the face,
received in fights and conflicts, often lead to nasal bone
fractures and contusions of the external ear. The proportion
of nasal injuries exceeding 90% in the sample confirms the
high vulnerability of this anatomical area.

Instrumental diagnostics (CT, X-ray, ultrasound).
Facial skeleton radiography is still used in forensic practice,
but its sensitivity is limited due to the overlap of anatomical
structures. Computed tomography allows for the detection
of hidden fractures and combined injuries of the paranasal
sinuses and orbits, as well as three-dimensional reconstruction
for surgical planning. The advantage of CT is its high
sensitivity and the ability to visualize even minimal
displacements in detail. Meanwhile, ultrasound examination
of the nasal bones remains an alternative when CT is
contraindicated (pregnancy, pediatric patients), demonstrating
high diagnostic reliability.

Obijectification of nasal breathing. Active anterior
rhinomanometry (AARM) has proven to be a reliable
method for verifying nasal breathing disorders. In injuries
accompanied by swelling or deformation, the patient's
subjective sensations may not correspond to the objective
picture. AARM allows for the quantitative assessment
of airflow resistance in the nasal passages and thereby
establishes the degree of impairment. This is especially
important when examining persistent consequences, such as

chronic congestion that impedes breathing. The methodology
is characterized by high reproducibility and objectivity,
making it applicable in forensic practice.

Assessment of injury severity. In the expert assessment
of ENT injury severity, the nature of the damage, the
duration of functional loss, and the presence of persistent
consequences are taken into account. For nasal injuries,
the main criteria are the duration of respiratory disorders
and the presence of deformities; for ear injuries - the degree
of hearing loss; for laryngeal injuries - the severity of
respiratory and phonation disorders. Such a comprehensive
approach allows for more accurate qualification of health
damage and justification of the expert opinion.

Photo documentation and expert protocols. Mandatory
photo documentation significantly increases the reliability
of expert conclusions. It not only records the external signs
of injury but also serves as evidence in court proceedings,
supplementing  written  descriptions. Modern  expert
examination algorithms involve the phased implementation
of all diagnostic procedures - from initial examination to
morphological analysis and immunohistochemistry.

Morphology and immunohistochemistry. Morphological
examination of damaged tissues remains the gold standard
in determining the duration and stage of injury. In addition to
standard histology, immunohistochemical methods allow for
the determination of inflammatory marker expression (IL-1p,
IL-6, TNF-a) and repair markers (fibronectin, TGF-f,
various types of collagens). Using these data in conjunction
with the morphological picture makes it possible to clarify
the timing of the injury with an accuracy of up to a day. This
is especially valuable during examinations with unclear
medical history and the absence of reliable information about
when the injuries were sustained.

5. Conclusions

The conducted research confirmed the need for a
comprehensive approach to the forensic medical assessment
of ENT injuries, including clinical, instrumental, and
laboratory methods. Computed tomography and ultrasound
examination provide high accuracy in detecting fractures of
the nasal and temporal bones, including in cases that are
difficult to diagnose radiologically. Objective functional
assessment methods, such as anterior active rhinomanometry,
allow for quantitative characterization of the degree of nasal
breathing impairment and use of the obtained data for expert
interpretation.

Morphological ~ studies  with  histological  and
immunohistochemical analysis enable reliable determination
of the timing of injuries and the stage of the reparative
process. The use of specific markers of inflammation and
tissue scarring significantly increases the accuracy of determining
the age of trauma, especially in cases with unclear medical
history. Photographic documentation of injuries at all stages
of expert examination enhances the evidentiary value of the
materials and increases the reproducibility of conclusions.
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The developed clinical and morphological scales for assessing
the severity of ENT injuries, based on a set of criteria (the
nature of the injury, the duration and persistence of functional
disorders), can be recommended for implementation in
practice. The combination of applied methods makes forensic
medical diagnostics of these injuries more objective, accurate,
and compliant with modern standards of expert activity.
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