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ABSTRACT

Background: Amyotrophic Lateral Sclerosis (ALS), is a progressive degenerative disease of the motor 
neuronal cells, and its clinical presentation includes upper motor neuron symptoms, lower motor 
neuron symptoms, bulbar symptoms, or a combination of them all. This study aimed to measure the 
association between decrements in Repetitive Nerve Stimulation (RNS) and the overall functional 
status of ALS patients.

Methods: In this cross-sectional study, routine RNS was performed, and its association was measured 
with the demographic data, disease onset, and ALS functional rating scales (ALSFRS) in 20 patients 
having ALS. RNS was performed and patients were divided into RNS-positive and RNS-negative 
groups. ALSFRS was used to assess disease severity, statistical analysis was done using SPSS, and the 
student t-test was used for comparison among groups.  

Results: Twenty ALS patients (mean age: 55.85±11.18 years; 65% males) were enrolled. The patients 
belonged to the following professions: laborers (20%), shopkeepers (20%), homemakers (10%), retired 
from work (10%), and teachers (5%). The mean duration of illness was 14.00±12.98 months. No signifi-
cant difference was observed in RNS decremental responses or ALSFRS scores between patients with 
limb and bulbar onset. There was also no statistically significant association between RNS decre-
ments and ALSFRS scores (p=0.975).

Conclusion:  The association between decremental response to RNS with the clinical correlation of 
patients with ALS was statistically not significant. Future studies with larger and more diverse samples 
are needed to validate these findings and provide a more comprehensive understanding of the 
relationship between RNS decrement and ALS.
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DISCUSSION
The diseases of the nasal cavity and PNS are among 
the most common pathologies which bump into the 
clinics of the ear, nose, and throat (ENT). Anatomic 
variations of the sinonasal region are also frequently 
observed, and they play a vital role in the dysfunc-
tional drainage of sinus cavities. Computed tomog-
raphy (CT imaging) is important to evaluate various 
pathologies of the nasal cavity and PNS. It allows us 
to assess the fine bony details related to the nasal 
cavity and PNS, anatomical variants, and disease 
progress of the sinonasal region. The CT imaging 

technique is now established as the overall best 
method for the evaluation of patients who are 
suspected of having complex anatomy and any 
aggressive lesion of the sinonasal region.

Sinonasal Framework
For a strong understanding of structural anatomy 
and variations of nasal and PNS regions, it is valuable 
to appreciate the various anatomical characteris-
tics and relationships of these structures to their 
surroundings. The lateral wall of the nasal cavity 
contains several structural characteristics and 

recesses that are critical for the extensive under-
standing of PNS morphology, such as nasal 
turbinates which are three to four bony shelves, and 
the three nasal meatuses which are spaces situated 
below each nasal turbinate. The sphenoid and 
posterior ethmoid sinuses drain into the superior 
meatus. The middle nasal meatus present between 
the superior and inferior recesses receives sinus 
drainage from the frontal, maxillary, and anterior 
ethmoid. 

The lower inferior nasal meatus receives drainage 
from the nasolacrimal duct. The sickle-shaped thin 
bony structure called uncinate process is a part of 
the ethmoid bone, which is sheathed by mucoperi-
osteum, situated medial and lateral to the ethmoid 
infundibulum and middle turbinate respectively. 
There is a pyramidal space called the ethmoid infun-
dibulum, which helps in facilitating the drainage of 
the frontal, anterior ethmoid, and maxillary sinuses. 
The uncinate process (UP) and ethmoid bulla have 
a gap in between called semilunar hiatus, that emp-
ties the ethmoid infundibulum. The osteo-meatal 
complex (OMC) is situated near the middle 
turbinate laterally posses openings of various sinuses 
like maxillary, ethmoid, and frontal. This is a collec-
tion of various anatomical features located within 
the middle nasal meatus like the uncinate process, 
middle meatus itself, infundibulum, frontal, maxillary, 
ethmoid sinuses, and anterior ethmoid air cells along 
with sinus ostia6-9.

Sinonasal Anatomical Variants and Sinusitis
Anatomical variations of sinonasal area were very 
common, and many authors classified these 
variants into four familiar groups: nasal septum varia-
tions for instance deviated nasal septum (DNS), 
middle turbinate variations like concha bullosa (CB), 
uncinate process (UP) and ethmoidal anatomical 
variations. 10-12 The DNS was the most common 
anatomical variant found in patients (48.8%) with 
acute/chronic or recurrent sinusitis. The structures 
like agger-nasi-cells and CB were almost similarly 
frequent (30.7%), and infraorbital cells or Haller cells 
were noticed in 11.5%. The UP anatomical variants 
were noticed in 18.2%, and the large prominent 
ethmoid bulla was seen in 10%10. The significance of 
anatomic structural variations requires attention in 
that way that these variations can impair the normal 
sinus drainage process of the associated sinus, 
which could result in various pathologies like inflam-
matory sinus diseases such as sinusitis. Generally, the 
anatomy varies from individual to individual globally 
and anatomical structural variations are harmless 
and are not diseases however, it may exist as an 
incidental finding in people with sinus infections10-12. 
The mucosa lining of the PNS is prone to infection 
and inflammation. Previously, Hippocrates specified 
that “In a person having a painful spot in the head, 
with intense headaches, pus or fluid running from 

the nose removes the disease" which may be 
described as sinusitis. It is the inflammation/swelling 
of the mucosal coating of paranasal sinuses (PNS), 
and the gaps that secrete mucus which is needed 
for the whole nasal passage to work effectively. This 
inflammatory condition called sinusitis is one of the 
most observed illnesses of the upper respiratory 
tract. The prevalence of sinusitis noticed globally 
says that it affects one in seven adults resulting in 
approximately fifty million individuals being diag-
nosed as patients of sinusitis annually13-15. This disease 
is increasing dramatically in epidemic proportions all 
over the globe. The conditions like chronic sinusitis 
and recurrent sinusitis have been recognized to 
influence adversely health-related quality of life 
within the community16.

Computed Tomography Significance for Anatomical 
Variants Evaluation
With the invention of FESS and CT, significant atten-
tion has been directed toward the anatomy of the 
PNS region. Detailed knowledge of anatomical 
variations in the PNS area is of critical value for 
surgeons executing endoscopic sinus surgery as well 
as for radiologists that are involved in the preopera-
tive work-up of the patients17-19. Harmless anatomical 
variations are considered normal and can be 
present in any individual. The importance of 
anatomical variants can’t be ignored as the 
presence of various anatomical variants produces a 
diversity of relationships to the structure in which 
they lie. The Sino nasal cavities possess a multitude 
collection of anatomic variants, few of which are 
significantly common and observed in most people. 
In 2015 it was revealed that there was no noteworthy 
difference in the prevalence of variable anatomical 
features of PNS or nasal cavity between patients 
with mild sinus disease progress versus moderate to 
severe sinus mucosal disease. However, evaluation 
of diverse anatomical variants in every routine 
CT-PNS obtained for rhinosinusitis is of significant 
worth except surgery is aimed. Importantly, for cases 
who are intending to undergo FESS or other skull 
base surgery, however, the caregivers need to be 
aware of variants, such as onodi cells, supraorbital 
cells, infraorbital Haller cells, and many others. There 
are chances of a higher rate of surgical complica-
tions if variants are overlooked19-26.

In the last few years, the most useful sinus surgical 
technique called functional endoscopic sinus 
surgery (FESS) has developed a gold standard, 
especially in the treatment of recurrent or chronic 
rhinosinusitis. Therapeutic outcomes rely on the 
preoperative evaluation of the patients. The radio-
logic CT scanning of the PNS displays appropriate 
sensitivity and good specificity for the early diagno-
sis of pathologies like rhinosinusitis and the detection 
of anatomical variations of the sinonasal region. 
And the pre-FESS evaluation workup is globally 

recommended to provide detailed visualization of 
normal, variable, and pathological structures of the 
sinonasal region. Surprisingly, one study reported 
that variations are common in chronic rhinosinusitis, 
and which are possibly associated with localized 
chronic rhinosinusitis as compared to diffuse one 
which involves a majority of the sinuses. Further 
stated that the anatomical variations are not associ-
ated with the incidence of polyps. Moreover, com-
puted tomography helps to reflect the disease 
severity, also, to some extent, the symptoms. Combi-
nation of medical history, physical examination, and 
in addition to it CT may increase the accuracy of 
diagnosing various sinus pathologies for instance 
rhinosinusitis27-29. 

With the invention of new surgical modalities like 
FESS and new radiologic investigations like CT scan-
ning, significant consideration has been directed 
toward the morphology of the nasal and PNS area. 
Comprehensive knowledge of anatomical varia-
tions in the PNS area is of crucial value for caregivers 
executing sinus surgery along with radiologists that 
are concerned with the patient's preoperative 
work-up. The diseases of the nasal cavity and PNS 
are among the most common pathologies which 
bump into the clinics of the ear, nose, and throat 
(ENT). Anatomic variations of the sinonasal region 
are also frequently observed, and they play a vital 
role in the dysfunctional drainage of sinus cavities, 
generally resulting in acute sinusitis followed by 
chronic sinusitis30-36. A study concluded that variants 
were highly prevalent on computed tomography of 
nasal and paranasal structures and the frequently 
observed variant was a septal deviation most of the 
patients had more than one variant present, also 
those subjects were more at risk to develop sinusitis37. 

Surprisingly similar studies were observed by another 
author who observed septal deviation as the most 
common anatomical variant and the occurrence of 
multiple anatomical variations in most of the 
patients. Moreover, in contrast to other studies, the 
author reported that the prevalence of anatomical 
variations does not describe the establishment of 
disease progress but may predispose it to operative 
complications. Hence, radiologists play a crucial 
role to identify and detect anatomical variants to 
provide a clear pathway to surgeons and reduce 
the chances of operative complications38. Interest-
ingly, one study stated that nasal and paranasal 
symptoms in SARS-CoV-2 positive subjects are usual-
ly rare when compared to the lower respiratory 
symptoms. But supporting the practice of computed 
tomography for the evaluation of nasal and para-
nasal structures for proper visualization39. The para-
nasal structures are a group of pneumatized spaces 
developed as an extension of the nasal cavities, 
eroding the adjacent bony structures. According to 
the research, some regions present a high risk for 
trauma and significant intraoperative complica-

tions, with the frontal and ethmoid sinuses being 
most frequently affected. Anatomical variations, in 
correlation with their inherent conditions, are added 
to surgical risks so the knowledge of these vital struc-
tures is critical for endoscopic surgeons as well as for 
radiologists contributing to the preoperative evalua-
tion of the patients, to avoid therapeutic letdown 
and complications. The gaining of an excellent 
definition of the sinonasal anatomy for a preopera-
tive evaluation can be done by computed tomog-
raphy which is the gold standard in the study of 
complicated structures, for providing accurate 
information on soft tissues, bony regions, and the 
presence of air cells, thus characterizing a highly 
sensitive method of imaging39-43.

Highlights of Nasal and Paranasal Anatomical Varia-
tions From 2015-2023
Nowadays increasing interest in FESS has put the 
characteristic distinguishable nasal and paranasal 
anatomy in the spotlight. Now in recent years, 
research about the correlation between anatomic 
variations of sinonasal region and sinusitis has been 
increasing in order to determine the clinical signifi-
cance of anatomic variants to prevent sinus muco-
sal pathologies, but still, it is a matter of discussion.  It 
is argued by several authors that some anatomic 
variants of sinonasal territory can cause sinus drain-
age obstruction, therefore becoming the reason for 
various sinus mucosal infections. Presently the 
modality of choice for the evaluation of nasal struc-
tures, sinuses along with its nearby relations, is com-
puted tomographic imaging. This imaging tech-
nique displays accurate information on both bony 
and soft tissue details along with the extent of 
disease within paranasal sinuses including adjacent 
structures. In contrast to ordinary radiography, CT 
imaging can undoubtedly display the fine bony 
anatomy and variations of the sinuses and OMC 
channels. The research showed that the signifi-
cance of anatomical variants of the sinonasal 
region is still controversial. The majority of authors 
believe that various anatomic variants can cause 
some way for the occurrence of recurrent rhinosi-
nusitis. 

Therefore, it can be summarized that the use of 
computed tomographic scanning is the best 
approach to visualize clinically significant anatomy 
and additionally the disease diagnosis of sinuses 
and nasal areas. Surgeons learn from their mentors 
the important instruction of sinus surgeries to spare 
as much as possible and remove as much as 
required. The choice of investigation for the patients 
who are expected for surgical interventions like FESS 
is computed tomography. It will assist the surgeons 
to visualize the anatomic structural features residing 
within the nasal and paranasal areas. Therefore, it is 
labeled as a ‘‘ROAD MAP OF FESS”. The paranasal 
sinuses are critically important having complex 

anatomical variations, and variable anatomical 
relations, hence CT scan is advisable for all patients 
who are undergoing surgical intervention, to 

prevent dreadful complications.39-40 The detailed 
workup of some previous studies from 2015 to 2023 is 
compiled in Table-1.
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INTRODUCTION
Amyotrophic lateral sclerosis (ALS), also termed Lou 
Gehrig disease, is a progressive degenerative 
disease of the motor neuronal cells of the cerebral 
cortex, brainstem, and spinal cord. The prognosis of 
ALS is overall weak with almost all patients succumb-
ing to respiratory failure eventually1. There are 
variable clinical presentations of ALS including 
upper motor neuron symptoms (UMN), lower motor 
neuron symptoms (LMN), bulbar symptoms, or a 
combination of them all. Repetitive nerve stimula-
tion (RNS) is not a routine study but often comes 
abnormal in patients with ALS1-3. The decrements in 
RNS studies are often present in patients with ALS 
and may have an underlying role in the disease 
progression. It was found in research that decre-
mental responses in the RNS were commonly 
observed in ALS patients4.

Repetitive nerve stimulation (RNS) is a commonly 
used electrodiagnostic technique to diagnose 
neuromuscular junction disorders5. In normal individ-
uals, CMAP amplitude remains stable or increases 
slightly with successive stimuli. In contrast, in patients 
with neuromuscular junction disorders, there is a 
progressive decrement in the amplitude of CMAP, 
reflecting the failure of neuromuscular transmission 
with repetitive stimulation6. There is growing 
evidence that RNS may be a useful tool in the diag-
nosis and monitoring of ALS. Studies have shown that 
up to 80% of ALS patients exhibit abnormal decre-
mental responses to RNS, with the orbicularis oculi 
and trapezius muscles being the most commonly 
affected7,8. The RNS decrement has been suggested 
to be related to the involvement of motor neurons 
and the subsequent loss of neuromuscular junction 
integrity in patients with ALS9. Additionally, it has 
been shown in previous research that the onset of 
ALS didn’t affect decremental responses in RNS10,11.

Furthermore, several studies have investigated the 
relationship between RNS decrements and disease 
severity in ALS. In a study of 31 ALS patients, a signifi-
cant correlation was found between the RNS decre-
ment in the trapezius muscle and the ALS Functional 
Rating Scale-Revised (ALSFRS-R) score, a measure of 
overall disease severity12. Another study found that 
RNS decrements in the orbicularis oculi muscle were 
associated with a more rapid disease progression, 
as measured by the time to reach significant respira-
tory dysfunction13. Despite these findings, the role of 
RNS in the diagnosis and monitoring of ALS remains 
controversial. To further characterize the role of RNS 
in patients with ALS, we conducted a cross-sectional 
study that aimed to measure any associations 
between decrements in RNS and the overall func-
tional status of the enrolled ALS patients.

METHODS
A total of 20 participants diagnosed with ALS were 

enrolled in this cross-sectional study after obtaining 
ethical approval from Liaquat National Hospital. 
Informed consent was obtained from all participants 
before data collection. Participants were identified 
during regular clinical visits and were included in the 
study if they fulfilled the following inclusion criteria: 
(1) any laboratory or clinically (according to El- 
Escorial diagnostic criteria) proven case of ALS, (2) 
age of 18+ years. Participants with comorbid neuro-
muscular junction disorders, myopathies, neuropa-
thies, or variants of ALS like familial ALS, primary later-
al sclerosis, progressive bulbar palsy, progressive 
muscular atrophy, or Hirayama were excluded from 
this study. Individuals under the age of 15 and those 
having familial history were also excluded to avoid 
misclassification with familial motor neuron disease 
resembling ALS.

During repetitive nerve stimulation (RNS), surface 
electrodes were attached to measure compound 
muscle action potential (CMAP) while keeping a 
constant skin temperature of 32 Celsius. Further-
more, RNS was undertaken in the following muscles 
and their associated nerves: deltoid (axillary nerve), 
trapezius (accessory nerve), and orbicularis oculi 
(facial nerve). The RNS was recorded by providing 
10 counts of stimuli (each with a frequency of 3 
Hertz) to the nerve of interest. The decrement in RNS 
was defined as a reduction in the amplitude of the 
CMAP for the 5th response to the 1st stimulus. A 
decrease of ≥10 % was considered statistically signifi-
cant. When the decrease was > 10%, RNS was 
repeated after 10 seconds of isometric exercise with 
evaluation for repair (improvement of the absolute 
size of decrease by ≥2%).

A convenient sampling technique was employed 
for outpatient visits, and a thorough clinical 
interview was done for the diagnosis and duration of 
the illness. All patients underwent nerve conduction 
studies (NCS), electromyography (EMG), and repeti-
tive nerve stimulation (RNS) tests. The participants 
were divided into two major groups: RNS positive 
(with decremental response to RNS) and RNS nega-
tive (no decremental response to RNS). To gauge 
the severity of the disease process and overall quali-
ty of life, ALS functional rating scale (ALSFRS) was 
used. The statistical analysis was done on the SPSS 
version 20 and student t-test was used for compari-
son among groups. An alpha value of 0.05 was 
selected arbitrarily and in accordance, a p-value < 
0.05 was determined statistically significant. 

RESULTS
After initial screening, a total of 20 patients were 
enrolled in our study who had met the diagnostic 
criteria for ALS. The mean age was 55.85±11.18 years. 
With respect to gender, thirteen (65%) were males and 
seven (35%) were females. The patients belonged to 
the following professions: laborer (n=4; 20%), shop-

keepers (n=4; 20%), homemakers (n=2; 10%), retired 
from work (n=2; 10%), and teacher (n=1; 5%). Among 
participants, four (20%) of them gave a history of 
electric shock exposure. The mean duration of illness 
was 14.00±12.98 months. There was no significant differ-
ence in the means of decremental responses in RNS 

and ALSFRs between patients with a limb (n=7) and 
bulbar onset (n=13) motor neuron diseases. Moreover, 
our study showed no statistically significant association 
between decrements in RNS and scores of ALSFRS 
(p=0.975)(Table 1).

DISCUSSION
The diseases of the nasal cavity and PNS are among 
the most common pathologies which bump into the 
clinics of the ear, nose, and throat (ENT). Anatomic 
variations of the sinonasal region are also frequently 
observed, and they play a vital role in the dysfunc-
tional drainage of sinus cavities. Computed tomog-
raphy (CT imaging) is important to evaluate various 
pathologies of the nasal cavity and PNS. It allows us 
to assess the fine bony details related to the nasal 
cavity and PNS, anatomical variants, and disease 
progress of the sinonasal region. The CT imaging 

technique is now established as the overall best 
method for the evaluation of patients who are 
suspected of having complex anatomy and any 
aggressive lesion of the sinonasal region.

Sinonasal Framework
For a strong understanding of structural anatomy 
and variations of nasal and PNS regions, it is valuable 
to appreciate the various anatomical characteris-
tics and relationships of these structures to their 
surroundings. The lateral wall of the nasal cavity 
contains several structural characteristics and 

recesses that are critical for the extensive under-
standing of PNS morphology, such as nasal 
turbinates which are three to four bony shelves, and 
the three nasal meatuses which are spaces situated 
below each nasal turbinate. The sphenoid and 
posterior ethmoid sinuses drain into the superior 
meatus. The middle nasal meatus present between 
the superior and inferior recesses receives sinus 
drainage from the frontal, maxillary, and anterior 
ethmoid. 

The lower inferior nasal meatus receives drainage 
from the nasolacrimal duct. The sickle-shaped thin 
bony structure called uncinate process is a part of 
the ethmoid bone, which is sheathed by mucoperi-
osteum, situated medial and lateral to the ethmoid 
infundibulum and middle turbinate respectively. 
There is a pyramidal space called the ethmoid infun-
dibulum, which helps in facilitating the drainage of 
the frontal, anterior ethmoid, and maxillary sinuses. 
The uncinate process (UP) and ethmoid bulla have 
a gap in between called semilunar hiatus, that emp-
ties the ethmoid infundibulum. The osteo-meatal 
complex (OMC) is situated near the middle 
turbinate laterally posses openings of various sinuses 
like maxillary, ethmoid, and frontal. This is a collec-
tion of various anatomical features located within 
the middle nasal meatus like the uncinate process, 
middle meatus itself, infundibulum, frontal, maxillary, 
ethmoid sinuses, and anterior ethmoid air cells along 
with sinus ostia6-9.

Sinonasal Anatomical Variants and Sinusitis
Anatomical variations of sinonasal area were very 
common, and many authors classified these 
variants into four familiar groups: nasal septum varia-
tions for instance deviated nasal septum (DNS), 
middle turbinate variations like concha bullosa (CB), 
uncinate process (UP) and ethmoidal anatomical 
variations. 10-12 The DNS was the most common 
anatomical variant found in patients (48.8%) with 
acute/chronic or recurrent sinusitis. The structures 
like agger-nasi-cells and CB were almost similarly 
frequent (30.7%), and infraorbital cells or Haller cells 
were noticed in 11.5%. The UP anatomical variants 
were noticed in 18.2%, and the large prominent 
ethmoid bulla was seen in 10%10. The significance of 
anatomic structural variations requires attention in 
that way that these variations can impair the normal 
sinus drainage process of the associated sinus, 
which could result in various pathologies like inflam-
matory sinus diseases such as sinusitis. Generally, the 
anatomy varies from individual to individual globally 
and anatomical structural variations are harmless 
and are not diseases however, it may exist as an 
incidental finding in people with sinus infections10-12. 
The mucosa lining of the PNS is prone to infection 
and inflammation. Previously, Hippocrates specified 
that “In a person having a painful spot in the head, 
with intense headaches, pus or fluid running from 

the nose removes the disease" which may be 
described as sinusitis. It is the inflammation/swelling 
of the mucosal coating of paranasal sinuses (PNS), 
and the gaps that secrete mucus which is needed 
for the whole nasal passage to work effectively. This 
inflammatory condition called sinusitis is one of the 
most observed illnesses of the upper respiratory 
tract. The prevalence of sinusitis noticed globally 
says that it affects one in seven adults resulting in 
approximately fifty million individuals being diag-
nosed as patients of sinusitis annually13-15. This disease 
is increasing dramatically in epidemic proportions all 
over the globe. The conditions like chronic sinusitis 
and recurrent sinusitis have been recognized to 
influence adversely health-related quality of life 
within the community16.

Computed Tomography Significance for Anatomical 
Variants Evaluation
With the invention of FESS and CT, significant atten-
tion has been directed toward the anatomy of the 
PNS region. Detailed knowledge of anatomical 
variations in the PNS area is of critical value for 
surgeons executing endoscopic sinus surgery as well 
as for radiologists that are involved in the preopera-
tive work-up of the patients17-19. Harmless anatomical 
variations are considered normal and can be 
present in any individual. The importance of 
anatomical variants can’t be ignored as the 
presence of various anatomical variants produces a 
diversity of relationships to the structure in which 
they lie. The Sino nasal cavities possess a multitude 
collection of anatomic variants, few of which are 
significantly common and observed in most people. 
In 2015 it was revealed that there was no noteworthy 
difference in the prevalence of variable anatomical 
features of PNS or nasal cavity between patients 
with mild sinus disease progress versus moderate to 
severe sinus mucosal disease. However, evaluation 
of diverse anatomical variants in every routine 
CT-PNS obtained for rhinosinusitis is of significant 
worth except surgery is aimed. Importantly, for cases 
who are intending to undergo FESS or other skull 
base surgery, however, the caregivers need to be 
aware of variants, such as onodi cells, supraorbital 
cells, infraorbital Haller cells, and many others. There 
are chances of a higher rate of surgical complica-
tions if variants are overlooked19-26.

In the last few years, the most useful sinus surgical 
technique called functional endoscopic sinus 
surgery (FESS) has developed a gold standard, 
especially in the treatment of recurrent or chronic 
rhinosinusitis. Therapeutic outcomes rely on the 
preoperative evaluation of the patients. The radio-
logic CT scanning of the PNS displays appropriate 
sensitivity and good specificity for the early diagno-
sis of pathologies like rhinosinusitis and the detection 
of anatomical variations of the sinonasal region. 
And the pre-FESS evaluation workup is globally 

recommended to provide detailed visualization of 
normal, variable, and pathological structures of the 
sinonasal region. Surprisingly, one study reported 
that variations are common in chronic rhinosinusitis, 
and which are possibly associated with localized 
chronic rhinosinusitis as compared to diffuse one 
which involves a majority of the sinuses. Further 
stated that the anatomical variations are not associ-
ated with the incidence of polyps. Moreover, com-
puted tomography helps to reflect the disease 
severity, also, to some extent, the symptoms. Combi-
nation of medical history, physical examination, and 
in addition to it CT may increase the accuracy of 
diagnosing various sinus pathologies for instance 
rhinosinusitis27-29. 

With the invention of new surgical modalities like 
FESS and new radiologic investigations like CT scan-
ning, significant consideration has been directed 
toward the morphology of the nasal and PNS area. 
Comprehensive knowledge of anatomical varia-
tions in the PNS area is of crucial value for caregivers 
executing sinus surgery along with radiologists that 
are concerned with the patient's preoperative 
work-up. The diseases of the nasal cavity and PNS 
are among the most common pathologies which 
bump into the clinics of the ear, nose, and throat 
(ENT). Anatomic variations of the sinonasal region 
are also frequently observed, and they play a vital 
role in the dysfunctional drainage of sinus cavities, 
generally resulting in acute sinusitis followed by 
chronic sinusitis30-36. A study concluded that variants 
were highly prevalent on computed tomography of 
nasal and paranasal structures and the frequently 
observed variant was a septal deviation most of the 
patients had more than one variant present, also 
those subjects were more at risk to develop sinusitis37. 

Surprisingly similar studies were observed by another 
author who observed septal deviation as the most 
common anatomical variant and the occurrence of 
multiple anatomical variations in most of the 
patients. Moreover, in contrast to other studies, the 
author reported that the prevalence of anatomical 
variations does not describe the establishment of 
disease progress but may predispose it to operative 
complications. Hence, radiologists play a crucial 
role to identify and detect anatomical variants to 
provide a clear pathway to surgeons and reduce 
the chances of operative complications38. Interest-
ingly, one study stated that nasal and paranasal 
symptoms in SARS-CoV-2 positive subjects are usual-
ly rare when compared to the lower respiratory 
symptoms. But supporting the practice of computed 
tomography for the evaluation of nasal and para-
nasal structures for proper visualization39. The para-
nasal structures are a group of pneumatized spaces 
developed as an extension of the nasal cavities, 
eroding the adjacent bony structures. According to 
the research, some regions present a high risk for 
trauma and significant intraoperative complica-

tions, with the frontal and ethmoid sinuses being 
most frequently affected. Anatomical variations, in 
correlation with their inherent conditions, are added 
to surgical risks so the knowledge of these vital struc-
tures is critical for endoscopic surgeons as well as for 
radiologists contributing to the preoperative evalua-
tion of the patients, to avoid therapeutic letdown 
and complications. The gaining of an excellent 
definition of the sinonasal anatomy for a preopera-
tive evaluation can be done by computed tomog-
raphy which is the gold standard in the study of 
complicated structures, for providing accurate 
information on soft tissues, bony regions, and the 
presence of air cells, thus characterizing a highly 
sensitive method of imaging39-43.

Highlights of Nasal and Paranasal Anatomical Varia-
tions From 2015-2023
Nowadays increasing interest in FESS has put the 
characteristic distinguishable nasal and paranasal 
anatomy in the spotlight. Now in recent years, 
research about the correlation between anatomic 
variations of sinonasal region and sinusitis has been 
increasing in order to determine the clinical signifi-
cance of anatomic variants to prevent sinus muco-
sal pathologies, but still, it is a matter of discussion.  It 
is argued by several authors that some anatomic 
variants of sinonasal territory can cause sinus drain-
age obstruction, therefore becoming the reason for 
various sinus mucosal infections. Presently the 
modality of choice for the evaluation of nasal struc-
tures, sinuses along with its nearby relations, is com-
puted tomographic imaging. This imaging tech-
nique displays accurate information on both bony 
and soft tissue details along with the extent of 
disease within paranasal sinuses including adjacent 
structures. In contrast to ordinary radiography, CT 
imaging can undoubtedly display the fine bony 
anatomy and variations of the sinuses and OMC 
channels. The research showed that the signifi-
cance of anatomical variants of the sinonasal 
region is still controversial. The majority of authors 
believe that various anatomic variants can cause 
some way for the occurrence of recurrent rhinosi-
nusitis. 

Therefore, it can be summarized that the use of 
computed tomographic scanning is the best 
approach to visualize clinically significant anatomy 
and additionally the disease diagnosis of sinuses 
and nasal areas. Surgeons learn from their mentors 
the important instruction of sinus surgeries to spare 
as much as possible and remove as much as 
required. The choice of investigation for the patients 
who are expected for surgical interventions like FESS 
is computed tomography. It will assist the surgeons 
to visualize the anatomic structural features residing 
within the nasal and paranasal areas. Therefore, it is 
labeled as a ‘‘ROAD MAP OF FESS”. The paranasal 
sinuses are critically important having complex 

anatomical variations, and variable anatomical 
relations, hence CT scan is advisable for all patients 
who are undergoing surgical intervention, to 

prevent dreadful complications.39-40 The detailed 
workup of some previous studies from 2015 to 2023 is 
compiled in Table-1.

Zaidi et al.
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INTRODUCTION
Amyotrophic lateral sclerosis (ALS), also termed Lou 
Gehrig disease, is a progressive degenerative 
disease of the motor neuronal cells of the cerebral 
cortex, brainstem, and spinal cord. The prognosis of 
ALS is overall weak with almost all patients succumb-
ing to respiratory failure eventually1. There are 
variable clinical presentations of ALS including 
upper motor neuron symptoms (UMN), lower motor 
neuron symptoms (LMN), bulbar symptoms, or a 
combination of them all. Repetitive nerve stimula-
tion (RNS) is not a routine study but often comes 
abnormal in patients with ALS1-3. The decrements in 
RNS studies are often present in patients with ALS 
and may have an underlying role in the disease 
progression. It was found in research that decre-
mental responses in the RNS were commonly 
observed in ALS patients4.

Repetitive nerve stimulation (RNS) is a commonly 
used electrodiagnostic technique to diagnose 
neuromuscular junction disorders5. In normal individ-
uals, CMAP amplitude remains stable or increases 
slightly with successive stimuli. In contrast, in patients 
with neuromuscular junction disorders, there is a 
progressive decrement in the amplitude of CMAP, 
reflecting the failure of neuromuscular transmission 
with repetitive stimulation6. There is growing 
evidence that RNS may be a useful tool in the diag-
nosis and monitoring of ALS. Studies have shown that 
up to 80% of ALS patients exhibit abnormal decre-
mental responses to RNS, with the orbicularis oculi 
and trapezius muscles being the most commonly 
affected7,8. The RNS decrement has been suggested 
to be related to the involvement of motor neurons 
and the subsequent loss of neuromuscular junction 
integrity in patients with ALS9. Additionally, it has 
been shown in previous research that the onset of 
ALS didn’t affect decremental responses in RNS10,11.

Furthermore, several studies have investigated the 
relationship between RNS decrements and disease 
severity in ALS. In a study of 31 ALS patients, a signifi-
cant correlation was found between the RNS decre-
ment in the trapezius muscle and the ALS Functional 
Rating Scale-Revised (ALSFRS-R) score, a measure of 
overall disease severity12. Another study found that 
RNS decrements in the orbicularis oculi muscle were 
associated with a more rapid disease progression, 
as measured by the time to reach significant respira-
tory dysfunction13. Despite these findings, the role of 
RNS in the diagnosis and monitoring of ALS remains 
controversial. To further characterize the role of RNS 
in patients with ALS, we conducted a cross-sectional 
study that aimed to measure any associations 
between decrements in RNS and the overall func-
tional status of the enrolled ALS patients.

METHODS
A total of 20 participants diagnosed with ALS were 

enrolled in this cross-sectional study after obtaining 
ethical approval from Liaquat National Hospital. 
Informed consent was obtained from all participants 
before data collection. Participants were identified 
during regular clinical visits and were included in the 
study if they fulfilled the following inclusion criteria: 
(1) any laboratory or clinically (according to El- 
Escorial diagnostic criteria) proven case of ALS, (2) 
age of 18+ years. Participants with comorbid neuro-
muscular junction disorders, myopathies, neuropa-
thies, or variants of ALS like familial ALS, primary later-
al sclerosis, progressive bulbar palsy, progressive 
muscular atrophy, or Hirayama were excluded from 
this study. Individuals under the age of 15 and those 
having familial history were also excluded to avoid 
misclassification with familial motor neuron disease 
resembling ALS.

During repetitive nerve stimulation (RNS), surface 
electrodes were attached to measure compound 
muscle action potential (CMAP) while keeping a 
constant skin temperature of 32 Celsius. Further-
more, RNS was undertaken in the following muscles 
and their associated nerves: deltoid (axillary nerve), 
trapezius (accessory nerve), and orbicularis oculi 
(facial nerve). The RNS was recorded by providing 
10 counts of stimuli (each with a frequency of 3 
Hertz) to the nerve of interest. The decrement in RNS 
was defined as a reduction in the amplitude of the 
CMAP for the 5th response to the 1st stimulus. A 
decrease of ≥10 % was considered statistically signifi-
cant. When the decrease was > 10%, RNS was 
repeated after 10 seconds of isometric exercise with 
evaluation for repair (improvement of the absolute 
size of decrease by ≥2%).

A convenient sampling technique was employed 
for outpatient visits, and a thorough clinical 
interview was done for the diagnosis and duration of 
the illness. All patients underwent nerve conduction 
studies (NCS), electromyography (EMG), and repeti-
tive nerve stimulation (RNS) tests. The participants 
were divided into two major groups: RNS positive 
(with decremental response to RNS) and RNS nega-
tive (no decremental response to RNS). To gauge 
the severity of the disease process and overall quali-
ty of life, ALS functional rating scale (ALSFRS) was 
used. The statistical analysis was done on the SPSS 
version 20 and student t-test was used for compari-
son among groups. An alpha value of 0.05 was 
selected arbitrarily and in accordance, a p-value < 
0.05 was determined statistically significant. 

RESULTS
After initial screening, a total of 20 patients were 
enrolled in our study who had met the diagnostic 
criteria for ALS. The mean age was 55.85±11.18 years. 
With respect to gender, thirteen (65%) were males and 
seven (35%) were females. The patients belonged to 
the following professions: laborer (n=4; 20%), shop-

keepers (n=4; 20%), homemakers (n=2; 10%), retired 
from work (n=2; 10%), and teacher (n=1; 5%). Among 
participants, four (20%) of them gave a history of 
electric shock exposure. The mean duration of illness 
was 14.00±12.98 months. There was no significant differ-
ence in the means of decremental responses in RNS 

and ALSFRs between patients with a limb (n=7) and 
bulbar onset (n=13) motor neuron diseases. Moreover, 
our study showed no statistically significant association 
between decrements in RNS and scores of ALSFRS 
(p=0.975)(Table 1).

Among the participants, 55% showed RNS decre-
ment, and 45% showed no decrement. There was no 
significant difference in the means of decremental 
responses in RNS and ALSFRs between patients with 
a limb (n=7) and bulbar onset (n=13) motor neuron 
diseases. Moreover, our study showed no statistically 
significant association between decrements in RNS 

and scores of ALSFRs (p=0.975).

The mean differences in different characteristics 
with respect to RNS decrement, including age in 
years, ALSFRS score, and duration of illness are 
presented in Table 2. Student t-test was applied, and 
all p-values were found to be insignificant (p>0.05).

The association of different characteristics with RNS 
decrement, including gender, and region of onset 
are presented in Table 3. The chi-square test was 
applied, and all p-values were found to be insignifi-

cant (p>0.05). This suggests that there is no signifi-
cant association between these factors and RNS 
decrement in ALS patients.

Table 1: Descriptive statistics of the study

Table-2: Mean differences in different characteristics with respect to RNS Decrement

Student t-test is applied. *Significant at p-value <0.05 **Insignificant at p-value >0.05

DISCUSSION
The diseases of the nasal cavity and PNS are among 
the most common pathologies which bump into the 
clinics of the ear, nose, and throat (ENT). Anatomic 
variations of the sinonasal region are also frequently 
observed, and they play a vital role in the dysfunc-
tional drainage of sinus cavities. Computed tomog-
raphy (CT imaging) is important to evaluate various 
pathologies of the nasal cavity and PNS. It allows us 
to assess the fine bony details related to the nasal 
cavity and PNS, anatomical variants, and disease 
progress of the sinonasal region. The CT imaging 

technique is now established as the overall best 
method for the evaluation of patients who are 
suspected of having complex anatomy and any 
aggressive lesion of the sinonasal region.

Sinonasal Framework
For a strong understanding of structural anatomy 
and variations of nasal and PNS regions, it is valuable 
to appreciate the various anatomical characteris-
tics and relationships of these structures to their 
surroundings. The lateral wall of the nasal cavity 
contains several structural characteristics and 

recesses that are critical for the extensive under-
standing of PNS morphology, such as nasal 
turbinates which are three to four bony shelves, and 
the three nasal meatuses which are spaces situated 
below each nasal turbinate. The sphenoid and 
posterior ethmoid sinuses drain into the superior 
meatus. The middle nasal meatus present between 
the superior and inferior recesses receives sinus 
drainage from the frontal, maxillary, and anterior 
ethmoid. 

The lower inferior nasal meatus receives drainage 
from the nasolacrimal duct. The sickle-shaped thin 
bony structure called uncinate process is a part of 
the ethmoid bone, which is sheathed by mucoperi-
osteum, situated medial and lateral to the ethmoid 
infundibulum and middle turbinate respectively. 
There is a pyramidal space called the ethmoid infun-
dibulum, which helps in facilitating the drainage of 
the frontal, anterior ethmoid, and maxillary sinuses. 
The uncinate process (UP) and ethmoid bulla have 
a gap in between called semilunar hiatus, that emp-
ties the ethmoid infundibulum. The osteo-meatal 
complex (OMC) is situated near the middle 
turbinate laterally posses openings of various sinuses 
like maxillary, ethmoid, and frontal. This is a collec-
tion of various anatomical features located within 
the middle nasal meatus like the uncinate process, 
middle meatus itself, infundibulum, frontal, maxillary, 
ethmoid sinuses, and anterior ethmoid air cells along 
with sinus ostia6-9.

Sinonasal Anatomical Variants and Sinusitis
Anatomical variations of sinonasal area were very 
common, and many authors classified these 
variants into four familiar groups: nasal septum varia-
tions for instance deviated nasal septum (DNS), 
middle turbinate variations like concha bullosa (CB), 
uncinate process (UP) and ethmoidal anatomical 
variations. 10-12 The DNS was the most common 
anatomical variant found in patients (48.8%) with 
acute/chronic or recurrent sinusitis. The structures 
like agger-nasi-cells and CB were almost similarly 
frequent (30.7%), and infraorbital cells or Haller cells 
were noticed in 11.5%. The UP anatomical variants 
were noticed in 18.2%, and the large prominent 
ethmoid bulla was seen in 10%10. The significance of 
anatomic structural variations requires attention in 
that way that these variations can impair the normal 
sinus drainage process of the associated sinus, 
which could result in various pathologies like inflam-
matory sinus diseases such as sinusitis. Generally, the 
anatomy varies from individual to individual globally 
and anatomical structural variations are harmless 
and are not diseases however, it may exist as an 
incidental finding in people with sinus infections10-12. 
The mucosa lining of the PNS is prone to infection 
and inflammation. Previously, Hippocrates specified 
that “In a person having a painful spot in the head, 
with intense headaches, pus or fluid running from 

the nose removes the disease" which may be 
described as sinusitis. It is the inflammation/swelling 
of the mucosal coating of paranasal sinuses (PNS), 
and the gaps that secrete mucus which is needed 
for the whole nasal passage to work effectively. This 
inflammatory condition called sinusitis is one of the 
most observed illnesses of the upper respiratory 
tract. The prevalence of sinusitis noticed globally 
says that it affects one in seven adults resulting in 
approximately fifty million individuals being diag-
nosed as patients of sinusitis annually13-15. This disease 
is increasing dramatically in epidemic proportions all 
over the globe. The conditions like chronic sinusitis 
and recurrent sinusitis have been recognized to 
influence adversely health-related quality of life 
within the community16.

Computed Tomography Significance for Anatomical 
Variants Evaluation
With the invention of FESS and CT, significant atten-
tion has been directed toward the anatomy of the 
PNS region. Detailed knowledge of anatomical 
variations in the PNS area is of critical value for 
surgeons executing endoscopic sinus surgery as well 
as for radiologists that are involved in the preopera-
tive work-up of the patients17-19. Harmless anatomical 
variations are considered normal and can be 
present in any individual. The importance of 
anatomical variants can’t be ignored as the 
presence of various anatomical variants produces a 
diversity of relationships to the structure in which 
they lie. The Sino nasal cavities possess a multitude 
collection of anatomic variants, few of which are 
significantly common and observed in most people. 
In 2015 it was revealed that there was no noteworthy 
difference in the prevalence of variable anatomical 
features of PNS or nasal cavity between patients 
with mild sinus disease progress versus moderate to 
severe sinus mucosal disease. However, evaluation 
of diverse anatomical variants in every routine 
CT-PNS obtained for rhinosinusitis is of significant 
worth except surgery is aimed. Importantly, for cases 
who are intending to undergo FESS or other skull 
base surgery, however, the caregivers need to be 
aware of variants, such as onodi cells, supraorbital 
cells, infraorbital Haller cells, and many others. There 
are chances of a higher rate of surgical complica-
tions if variants are overlooked19-26.

In the last few years, the most useful sinus surgical 
technique called functional endoscopic sinus 
surgery (FESS) has developed a gold standard, 
especially in the treatment of recurrent or chronic 
rhinosinusitis. Therapeutic outcomes rely on the 
preoperative evaluation of the patients. The radio-
logic CT scanning of the PNS displays appropriate 
sensitivity and good specificity for the early diagno-
sis of pathologies like rhinosinusitis and the detection 
of anatomical variations of the sinonasal region. 
And the pre-FESS evaluation workup is globally 

recommended to provide detailed visualization of 
normal, variable, and pathological structures of the 
sinonasal region. Surprisingly, one study reported 
that variations are common in chronic rhinosinusitis, 
and which are possibly associated with localized 
chronic rhinosinusitis as compared to diffuse one 
which involves a majority of the sinuses. Further 
stated that the anatomical variations are not associ-
ated with the incidence of polyps. Moreover, com-
puted tomography helps to reflect the disease 
severity, also, to some extent, the symptoms. Combi-
nation of medical history, physical examination, and 
in addition to it CT may increase the accuracy of 
diagnosing various sinus pathologies for instance 
rhinosinusitis27-29. 

With the invention of new surgical modalities like 
FESS and new radiologic investigations like CT scan-
ning, significant consideration has been directed 
toward the morphology of the nasal and PNS area. 
Comprehensive knowledge of anatomical varia-
tions in the PNS area is of crucial value for caregivers 
executing sinus surgery along with radiologists that 
are concerned with the patient's preoperative 
work-up. The diseases of the nasal cavity and PNS 
are among the most common pathologies which 
bump into the clinics of the ear, nose, and throat 
(ENT). Anatomic variations of the sinonasal region 
are also frequently observed, and they play a vital 
role in the dysfunctional drainage of sinus cavities, 
generally resulting in acute sinusitis followed by 
chronic sinusitis30-36. A study concluded that variants 
were highly prevalent on computed tomography of 
nasal and paranasal structures and the frequently 
observed variant was a septal deviation most of the 
patients had more than one variant present, also 
those subjects were more at risk to develop sinusitis37. 

Surprisingly similar studies were observed by another 
author who observed septal deviation as the most 
common anatomical variant and the occurrence of 
multiple anatomical variations in most of the 
patients. Moreover, in contrast to other studies, the 
author reported that the prevalence of anatomical 
variations does not describe the establishment of 
disease progress but may predispose it to operative 
complications. Hence, radiologists play a crucial 
role to identify and detect anatomical variants to 
provide a clear pathway to surgeons and reduce 
the chances of operative complications38. Interest-
ingly, one study stated that nasal and paranasal 
symptoms in SARS-CoV-2 positive subjects are usual-
ly rare when compared to the lower respiratory 
symptoms. But supporting the practice of computed 
tomography for the evaluation of nasal and para-
nasal structures for proper visualization39. The para-
nasal structures are a group of pneumatized spaces 
developed as an extension of the nasal cavities, 
eroding the adjacent bony structures. According to 
the research, some regions present a high risk for 
trauma and significant intraoperative complica-

tions, with the frontal and ethmoid sinuses being 
most frequently affected. Anatomical variations, in 
correlation with their inherent conditions, are added 
to surgical risks so the knowledge of these vital struc-
tures is critical for endoscopic surgeons as well as for 
radiologists contributing to the preoperative evalua-
tion of the patients, to avoid therapeutic letdown 
and complications. The gaining of an excellent 
definition of the sinonasal anatomy for a preopera-
tive evaluation can be done by computed tomog-
raphy which is the gold standard in the study of 
complicated structures, for providing accurate 
information on soft tissues, bony regions, and the 
presence of air cells, thus characterizing a highly 
sensitive method of imaging39-43.

Highlights of Nasal and Paranasal Anatomical Varia-
tions From 2015-2023
Nowadays increasing interest in FESS has put the 
characteristic distinguishable nasal and paranasal 
anatomy in the spotlight. Now in recent years, 
research about the correlation between anatomic 
variations of sinonasal region and sinusitis has been 
increasing in order to determine the clinical signifi-
cance of anatomic variants to prevent sinus muco-
sal pathologies, but still, it is a matter of discussion.  It 
is argued by several authors that some anatomic 
variants of sinonasal territory can cause sinus drain-
age obstruction, therefore becoming the reason for 
various sinus mucosal infections. Presently the 
modality of choice for the evaluation of nasal struc-
tures, sinuses along with its nearby relations, is com-
puted tomographic imaging. This imaging tech-
nique displays accurate information on both bony 
and soft tissue details along with the extent of 
disease within paranasal sinuses including adjacent 
structures. In contrast to ordinary radiography, CT 
imaging can undoubtedly display the fine bony 
anatomy and variations of the sinuses and OMC 
channels. The research showed that the signifi-
cance of anatomical variants of the sinonasal 
region is still controversial. The majority of authors 
believe that various anatomic variants can cause 
some way for the occurrence of recurrent rhinosi-
nusitis. 

Therefore, it can be summarized that the use of 
computed tomographic scanning is the best 
approach to visualize clinically significant anatomy 
and additionally the disease diagnosis of sinuses 
and nasal areas. Surgeons learn from their mentors 
the important instruction of sinus surgeries to spare 
as much as possible and remove as much as 
required. The choice of investigation for the patients 
who are expected for surgical interventions like FESS 
is computed tomography. It will assist the surgeons 
to visualize the anatomic structural features residing 
within the nasal and paranasal areas. Therefore, it is 
labeled as a ‘‘ROAD MAP OF FESS”. The paranasal 
sinuses are critically important having complex 

anatomical variations, and variable anatomical 
relations, hence CT scan is advisable for all patients 
who are undergoing surgical intervention, to 

prevent dreadful complications.39-40 The detailed 
workup of some previous studies from 2015 to 2023 is 
compiled in Table-1.

Relationship Between Decremental Response on Repetitive Nerve Stimulation and Amyotrophic Lateral Sclerosis Functional Rating Scale

Quantitative variables (mean + SD)

Mean Age Mean ALSFRS Score Mean Duration

55.85±11.18 36.50±6.86 14.00±12.98

Qualitative variables n(%)

Gender

Male Female

13(65) 7(35)

Occupation

Laborer Shop keeper Housewife Retired Teacher

4(20) 4(20) 2(10) 2(10) 1(5)

Region of onset

Bulbar Upper Limbs Lower Limb

13(65) 5(25) 2(10)

Electric Shock

Yes No

4(20) 16(80)

Repetitive Nerve Stimulation Decrement

Present Absent

11(55) 9(45)

Characteristics
RNS Decrement

p-value
Present Absent

Age in years 57.45±8.91 53.89±13.77 0.493**

ALSFRS score 36.55±7.50 36.44±6.44 0.975**

Duration 13.64±12.80 14.44±13.96 0.894**
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Table-3: Association of gender and region of onset with rns decrement

A chi-square test is applied. *Significant at p-value <0.05 **Insignificant at p-value >0.05

DISCUSSION
ALS is a progressive neurodegenerative disorder that 
primarily affects the upper and lower motor neurons, 
leading to muscle weakness, atrophy, and paralysis.

It has shown that neuromuscular junction (NMJ) also 
gets affected other than UMNs and LMNs in patients 
with ALS. The primary cause behind NMJ pathophys-
iology might be collateral nerve terminal sprouting7. 
The decremental picture in low-frequency RNS 
among patients with ALS (predicted to show NMJ 
involvement) was observed across major nerves 
across the body, like the accessory, axillary, radial, 
median, ulnar, and facial nerves. The accessory 
nerve of the trapezius muscle showed the highest 
positive rate of decremental response to RNS where-
as the facial nerve had the smallest positive rate in 
this regard8,9,11-13. 

In a study, it was observed that RNS decrements 
were significantly greater in the median nerves of 
patients with ALS in comparison to the control 
group. In a further subgroup analysis, the authors 
added that RNS decrement was significantly great-
er in the cervical region‐onset group as compared 
to any other region‐onset groups14,15. Cui et al. 
showed that the decremental pattern in low RNS 
was significantly greater in limb-onset patients com-
pared to bulbar onset patients with ALS16. Our study 
showed that those with a decremental response to 
RNS have the disease onset in limbs more than the 
bulbar region which is similar to the available litera-
ture. Moreover, the magnitude of decremental 
response in RNS was greater among the patients 
with ALS having rapidly progressive disease and 
muscle atrophy when compared with the ones 
having overall slowly progressive symptoms or lesser 
muscle atrophy. Hu et al analyzed that in degener-
ating axons in ALS patients, the more serious the 
axon damage, the more significant the decremen-
tal response in RNS. However, disease progression 
was not affected by the decremental response17.
However, in our study, no significant associations were 

found between low-frequency RNS results and the 
total duration of disease or ALS functional score 
among patients, the reason behind this is that the 
patients enrolled in the study were at different stages 
of their disease18. Another study showed a greater 
decrement in patients with ALS having major charac-
teristics of atrophy and fasciculations when compared 
with other disease manifestations19. It has been stated 
that CMAP decremental responses in RNS were 
commonly found in ALS patients, suggestive of NMJ 
abnormalities20. Overarchingly, decrements in CMAP 
across patients with ALS had been predicted to arise 
from axonal conduction failure, neuronal degenera-
tion, or at the NMJs of regenerating neurons due to 
collateral sprouting. RNS studies are an important tool 
in the diagnosis and differentiation of patients with ALS 
into specific subgroups that might benefit from differ-
ential management. 

This study had certain limitations, the sample size 
being relatively small, which may limit the generaliz-
ability of the findings. Additionally, the study popula-
tion consisted of patients from a specific region 
mostly from Karachi-one of the rural cities of 
Pakistan. This introduces the possibility of geographi-
cal bias, as different populations may have varied 
genetic backgrounds, environmental factors, or 
healthcare access that could influence the study 
results. Acknowledging this limitation is important to 
ensure that readers understand the context and 
generalizability of the findings. Another important 
factor is the technique to perform RNS which may 
produce potential measurement errors or interrater 
reliability issues. This area needs further improve-
ment. Future studies with larger and more diverse 
samples are needed to validate these findings and 
provide a more comprehensive understanding of 
the relationship between RNS decrement and ALS.

CONCLUSION
RNS could be an important tool in characterizing the 
clinical and functional parameters of ALS, even 
though not routinely used in the analysis of patients 

with the disease. Nevertheless, the study did not 
show any statistically significant association 
between a decrease in RNS measurements and the 
overall clinical symptoms and functionality of 
patients with ALS.
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DISCUSSION
The diseases of the nasal cavity and PNS are among 
the most common pathologies which bump into the 
clinics of the ear, nose, and throat (ENT). Anatomic 
variations of the sinonasal region are also frequently 
observed, and they play a vital role in the dysfunc-
tional drainage of sinus cavities. Computed tomog-
raphy (CT imaging) is important to evaluate various 
pathologies of the nasal cavity and PNS. It allows us 
to assess the fine bony details related to the nasal 
cavity and PNS, anatomical variants, and disease 
progress of the sinonasal region. The CT imaging 

technique is now established as the overall best 
method for the evaluation of patients who are 
suspected of having complex anatomy and any 
aggressive lesion of the sinonasal region.

Sinonasal Framework
For a strong understanding of structural anatomy 
and variations of nasal and PNS regions, it is valuable 
to appreciate the various anatomical characteris-
tics and relationships of these structures to their 
surroundings. The lateral wall of the nasal cavity 
contains several structural characteristics and 

recesses that are critical for the extensive under-
standing of PNS morphology, such as nasal 
turbinates which are three to four bony shelves, and 
the three nasal meatuses which are spaces situated 
below each nasal turbinate. The sphenoid and 
posterior ethmoid sinuses drain into the superior 
meatus. The middle nasal meatus present between 
the superior and inferior recesses receives sinus 
drainage from the frontal, maxillary, and anterior 
ethmoid. 

The lower inferior nasal meatus receives drainage 
from the nasolacrimal duct. The sickle-shaped thin 
bony structure called uncinate process is a part of 
the ethmoid bone, which is sheathed by mucoperi-
osteum, situated medial and lateral to the ethmoid 
infundibulum and middle turbinate respectively. 
There is a pyramidal space called the ethmoid infun-
dibulum, which helps in facilitating the drainage of 
the frontal, anterior ethmoid, and maxillary sinuses. 
The uncinate process (UP) and ethmoid bulla have 
a gap in between called semilunar hiatus, that emp-
ties the ethmoid infundibulum. The osteo-meatal 
complex (OMC) is situated near the middle 
turbinate laterally posses openings of various sinuses 
like maxillary, ethmoid, and frontal. This is a collec-
tion of various anatomical features located within 
the middle nasal meatus like the uncinate process, 
middle meatus itself, infundibulum, frontal, maxillary, 
ethmoid sinuses, and anterior ethmoid air cells along 
with sinus ostia6-9.

Sinonasal Anatomical Variants and Sinusitis
Anatomical variations of sinonasal area were very 
common, and many authors classified these 
variants into four familiar groups: nasal septum varia-
tions for instance deviated nasal septum (DNS), 
middle turbinate variations like concha bullosa (CB), 
uncinate process (UP) and ethmoidal anatomical 
variations. 10-12 The DNS was the most common 
anatomical variant found in patients (48.8%) with 
acute/chronic or recurrent sinusitis. The structures 
like agger-nasi-cells and CB were almost similarly 
frequent (30.7%), and infraorbital cells or Haller cells 
were noticed in 11.5%. The UP anatomical variants 
were noticed in 18.2%, and the large prominent 
ethmoid bulla was seen in 10%10. The significance of 
anatomic structural variations requires attention in 
that way that these variations can impair the normal 
sinus drainage process of the associated sinus, 
which could result in various pathologies like inflam-
matory sinus diseases such as sinusitis. Generally, the 
anatomy varies from individual to individual globally 
and anatomical structural variations are harmless 
and are not diseases however, it may exist as an 
incidental finding in people with sinus infections10-12. 
The mucosa lining of the PNS is prone to infection 
and inflammation. Previously, Hippocrates specified 
that “In a person having a painful spot in the head, 
with intense headaches, pus or fluid running from 

the nose removes the disease" which may be 
described as sinusitis. It is the inflammation/swelling 
of the mucosal coating of paranasal sinuses (PNS), 
and the gaps that secrete mucus which is needed 
for the whole nasal passage to work effectively. This 
inflammatory condition called sinusitis is one of the 
most observed illnesses of the upper respiratory 
tract. The prevalence of sinusitis noticed globally 
says that it affects one in seven adults resulting in 
approximately fifty million individuals being diag-
nosed as patients of sinusitis annually13-15. This disease 
is increasing dramatically in epidemic proportions all 
over the globe. The conditions like chronic sinusitis 
and recurrent sinusitis have been recognized to 
influence adversely health-related quality of life 
within the community16.

Computed Tomography Significance for Anatomical 
Variants Evaluation
With the invention of FESS and CT, significant atten-
tion has been directed toward the anatomy of the 
PNS region. Detailed knowledge of anatomical 
variations in the PNS area is of critical value for 
surgeons executing endoscopic sinus surgery as well 
as for radiologists that are involved in the preopera-
tive work-up of the patients17-19. Harmless anatomical 
variations are considered normal and can be 
present in any individual. The importance of 
anatomical variants can’t be ignored as the 
presence of various anatomical variants produces a 
diversity of relationships to the structure in which 
they lie. The Sino nasal cavities possess a multitude 
collection of anatomic variants, few of which are 
significantly common and observed in most people. 
In 2015 it was revealed that there was no noteworthy 
difference in the prevalence of variable anatomical 
features of PNS or nasal cavity between patients 
with mild sinus disease progress versus moderate to 
severe sinus mucosal disease. However, evaluation 
of diverse anatomical variants in every routine 
CT-PNS obtained for rhinosinusitis is of significant 
worth except surgery is aimed. Importantly, for cases 
who are intending to undergo FESS or other skull 
base surgery, however, the caregivers need to be 
aware of variants, such as onodi cells, supraorbital 
cells, infraorbital Haller cells, and many others. There 
are chances of a higher rate of surgical complica-
tions if variants are overlooked19-26.

In the last few years, the most useful sinus surgical 
technique called functional endoscopic sinus 
surgery (FESS) has developed a gold standard, 
especially in the treatment of recurrent or chronic 
rhinosinusitis. Therapeutic outcomes rely on the 
preoperative evaluation of the patients. The radio-
logic CT scanning of the PNS displays appropriate 
sensitivity and good specificity for the early diagno-
sis of pathologies like rhinosinusitis and the detection 
of anatomical variations of the sinonasal region. 
And the pre-FESS evaluation workup is globally 

recommended to provide detailed visualization of 
normal, variable, and pathological structures of the 
sinonasal region. Surprisingly, one study reported 
that variations are common in chronic rhinosinusitis, 
and which are possibly associated with localized 
chronic rhinosinusitis as compared to diffuse one 
which involves a majority of the sinuses. Further 
stated that the anatomical variations are not associ-
ated with the incidence of polyps. Moreover, com-
puted tomography helps to reflect the disease 
severity, also, to some extent, the symptoms. Combi-
nation of medical history, physical examination, and 
in addition to it CT may increase the accuracy of 
diagnosing various sinus pathologies for instance 
rhinosinusitis27-29. 

With the invention of new surgical modalities like 
FESS and new radiologic investigations like CT scan-
ning, significant consideration has been directed 
toward the morphology of the nasal and PNS area. 
Comprehensive knowledge of anatomical varia-
tions in the PNS area is of crucial value for caregivers 
executing sinus surgery along with radiologists that 
are concerned with the patient's preoperative 
work-up. The diseases of the nasal cavity and PNS 
are among the most common pathologies which 
bump into the clinics of the ear, nose, and throat 
(ENT). Anatomic variations of the sinonasal region 
are also frequently observed, and they play a vital 
role in the dysfunctional drainage of sinus cavities, 
generally resulting in acute sinusitis followed by 
chronic sinusitis30-36. A study concluded that variants 
were highly prevalent on computed tomography of 
nasal and paranasal structures and the frequently 
observed variant was a septal deviation most of the 
patients had more than one variant present, also 
those subjects were more at risk to develop sinusitis37. 

Surprisingly similar studies were observed by another 
author who observed septal deviation as the most 
common anatomical variant and the occurrence of 
multiple anatomical variations in most of the 
patients. Moreover, in contrast to other studies, the 
author reported that the prevalence of anatomical 
variations does not describe the establishment of 
disease progress but may predispose it to operative 
complications. Hence, radiologists play a crucial 
role to identify and detect anatomical variants to 
provide a clear pathway to surgeons and reduce 
the chances of operative complications38. Interest-
ingly, one study stated that nasal and paranasal 
symptoms in SARS-CoV-2 positive subjects are usual-
ly rare when compared to the lower respiratory 
symptoms. But supporting the practice of computed 
tomography for the evaluation of nasal and para-
nasal structures for proper visualization39. The para-
nasal structures are a group of pneumatized spaces 
developed as an extension of the nasal cavities, 
eroding the adjacent bony structures. According to 
the research, some regions present a high risk for 
trauma and significant intraoperative complica-

tions, with the frontal and ethmoid sinuses being 
most frequently affected. Anatomical variations, in 
correlation with their inherent conditions, are added 
to surgical risks so the knowledge of these vital struc-
tures is critical for endoscopic surgeons as well as for 
radiologists contributing to the preoperative evalua-
tion of the patients, to avoid therapeutic letdown 
and complications. The gaining of an excellent 
definition of the sinonasal anatomy for a preopera-
tive evaluation can be done by computed tomog-
raphy which is the gold standard in the study of 
complicated structures, for providing accurate 
information on soft tissues, bony regions, and the 
presence of air cells, thus characterizing a highly 
sensitive method of imaging39-43.

Highlights of Nasal and Paranasal Anatomical Varia-
tions From 2015-2023
Nowadays increasing interest in FESS has put the 
characteristic distinguishable nasal and paranasal 
anatomy in the spotlight. Now in recent years, 
research about the correlation between anatomic 
variations of sinonasal region and sinusitis has been 
increasing in order to determine the clinical signifi-
cance of anatomic variants to prevent sinus muco-
sal pathologies, but still, it is a matter of discussion.  It 
is argued by several authors that some anatomic 
variants of sinonasal territory can cause sinus drain-
age obstruction, therefore becoming the reason for 
various sinus mucosal infections. Presently the 
modality of choice for the evaluation of nasal struc-
tures, sinuses along with its nearby relations, is com-
puted tomographic imaging. This imaging tech-
nique displays accurate information on both bony 
and soft tissue details along with the extent of 
disease within paranasal sinuses including adjacent 
structures. In contrast to ordinary radiography, CT 
imaging can undoubtedly display the fine bony 
anatomy and variations of the sinuses and OMC 
channels. The research showed that the signifi-
cance of anatomical variants of the sinonasal 
region is still controversial. The majority of authors 
believe that various anatomic variants can cause 
some way for the occurrence of recurrent rhinosi-
nusitis. 

Therefore, it can be summarized that the use of 
computed tomographic scanning is the best 
approach to visualize clinically significant anatomy 
and additionally the disease diagnosis of sinuses 
and nasal areas. Surgeons learn from their mentors 
the important instruction of sinus surgeries to spare 
as much as possible and remove as much as 
required. The choice of investigation for the patients 
who are expected for surgical interventions like FESS 
is computed tomography. It will assist the surgeons 
to visualize the anatomic structural features residing 
within the nasal and paranasal areas. Therefore, it is 
labeled as a ‘‘ROAD MAP OF FESS”. The paranasal 
sinuses are critically important having complex 

anatomical variations, and variable anatomical 
relations, hence CT scan is advisable for all patients 
who are undergoing surgical intervention, to 

prevent dreadful complications.39-40 The detailed 
workup of some previous studies from 2015 to 2023 is 
compiled in Table-1.

Zaidi et al.

Characteristics n(%)
RNS Decrement

p-value
Present Absent

Gender
Male 13(65) 8(72.7) 5(55.6)

0.642**
Female 7(35) 3(27.3) 4(44.4)

Region of onset
Bulbar 13(65) 6(54.5) 7(77.8)

0.642**Upper Limbs 5(25) 3(27.3) 2(22.2)

Lower Limb 2(10) 2(18.2) 0(0)
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DISCUSSION
ALS is a progressive neurodegenerative disorder that 
primarily affects the upper and lower motor neurons, 
leading to muscle weakness, atrophy, and paralysis.

It has shown that neuromuscular junction (NMJ) also 
gets affected other than UMNs and LMNs in patients 
with ALS. The primary cause behind NMJ pathophys-
iology might be collateral nerve terminal sprouting7. 
The decremental picture in low-frequency RNS 
among patients with ALS (predicted to show NMJ 
involvement) was observed across major nerves 
across the body, like the accessory, axillary, radial, 
median, ulnar, and facial nerves. The accessory 
nerve of the trapezius muscle showed the highest 
positive rate of decremental response to RNS where-
as the facial nerve had the smallest positive rate in 
this regard8,9,11-13. 

In a study, it was observed that RNS decrements 
were significantly greater in the median nerves of 
patients with ALS in comparison to the control 
group. In a further subgroup analysis, the authors 
added that RNS decrement was significantly great-
er in the cervical region‐onset group as compared 
to any other region‐onset groups14,15. Cui et al. 
showed that the decremental pattern in low RNS 
was significantly greater in limb-onset patients com-
pared to bulbar onset patients with ALS16. Our study 
showed that those with a decremental response to 
RNS have the disease onset in limbs more than the 
bulbar region which is similar to the available litera-
ture. Moreover, the magnitude of decremental 
response in RNS was greater among the patients 
with ALS having rapidly progressive disease and 
muscle atrophy when compared with the ones 
having overall slowly progressive symptoms or lesser 
muscle atrophy. Hu et al analyzed that in degener-
ating axons in ALS patients, the more serious the 
axon damage, the more significant the decremen-
tal response in RNS. However, disease progression 
was not affected by the decremental response17.
However, in our study, no significant associations were 

found between low-frequency RNS results and the 
total duration of disease or ALS functional score 
among patients, the reason behind this is that the 
patients enrolled in the study were at different stages 
of their disease18. Another study showed a greater 
decrement in patients with ALS having major charac-
teristics of atrophy and fasciculations when compared 
with other disease manifestations19. It has been stated 
that CMAP decremental responses in RNS were 
commonly found in ALS patients, suggestive of NMJ 
abnormalities20. Overarchingly, decrements in CMAP 
across patients with ALS had been predicted to arise 
from axonal conduction failure, neuronal degenera-
tion, or at the NMJs of regenerating neurons due to 
collateral sprouting. RNS studies are an important tool 
in the diagnosis and differentiation of patients with ALS 
into specific subgroups that might benefit from differ-
ential management. 

This study had certain limitations, the sample size 
being relatively small, which may limit the generaliz-
ability of the findings. Additionally, the study popula-
tion consisted of patients from a specific region 
mostly from Karachi-one of the rural cities of 
Pakistan. This introduces the possibility of geographi-
cal bias, as different populations may have varied 
genetic backgrounds, environmental factors, or 
healthcare access that could influence the study 
results. Acknowledging this limitation is important to 
ensure that readers understand the context and 
generalizability of the findings. Another important 
factor is the technique to perform RNS which may 
produce potential measurement errors or interrater 
reliability issues. This area needs further improve-
ment. Future studies with larger and more diverse 
samples are needed to validate these findings and 
provide a more comprehensive understanding of 
the relationship between RNS decrement and ALS.

CONCLUSION
RNS could be an important tool in characterizing the 
clinical and functional parameters of ALS, even 
though not routinely used in the analysis of patients 

with the disease. Nevertheless, the study did not 
show any statistically significant association 
between a decrease in RNS measurements and the 
overall clinical symptoms and functionality of 
patients with ALS.
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DISCUSSION
The diseases of the nasal cavity and PNS are among 
the most common pathologies which bump into the 
clinics of the ear, nose, and throat (ENT). Anatomic 
variations of the sinonasal region are also frequently 
observed, and they play a vital role in the dysfunc-
tional drainage of sinus cavities. Computed tomog-
raphy (CT imaging) is important to evaluate various 
pathologies of the nasal cavity and PNS. It allows us 
to assess the fine bony details related to the nasal 
cavity and PNS, anatomical variants, and disease 
progress of the sinonasal region. The CT imaging 

technique is now established as the overall best 
method for the evaluation of patients who are 
suspected of having complex anatomy and any 
aggressive lesion of the sinonasal region.

Sinonasal Framework
For a strong understanding of structural anatomy 
and variations of nasal and PNS regions, it is valuable 
to appreciate the various anatomical characteris-
tics and relationships of these structures to their 
surroundings. The lateral wall of the nasal cavity 
contains several structural characteristics and 

recesses that are critical for the extensive under-
standing of PNS morphology, such as nasal 
turbinates which are three to four bony shelves, and 
the three nasal meatuses which are spaces situated 
below each nasal turbinate. The sphenoid and 
posterior ethmoid sinuses drain into the superior 
meatus. The middle nasal meatus present between 
the superior and inferior recesses receives sinus 
drainage from the frontal, maxillary, and anterior 
ethmoid. 

The lower inferior nasal meatus receives drainage 
from the nasolacrimal duct. The sickle-shaped thin 
bony structure called uncinate process is a part of 
the ethmoid bone, which is sheathed by mucoperi-
osteum, situated medial and lateral to the ethmoid 
infundibulum and middle turbinate respectively. 
There is a pyramidal space called the ethmoid infun-
dibulum, which helps in facilitating the drainage of 
the frontal, anterior ethmoid, and maxillary sinuses. 
The uncinate process (UP) and ethmoid bulla have 
a gap in between called semilunar hiatus, that emp-
ties the ethmoid infundibulum. The osteo-meatal 
complex (OMC) is situated near the middle 
turbinate laterally posses openings of various sinuses 
like maxillary, ethmoid, and frontal. This is a collec-
tion of various anatomical features located within 
the middle nasal meatus like the uncinate process, 
middle meatus itself, infundibulum, frontal, maxillary, 
ethmoid sinuses, and anterior ethmoid air cells along 
with sinus ostia6-9.

Sinonasal Anatomical Variants and Sinusitis
Anatomical variations of sinonasal area were very 
common, and many authors classified these 
variants into four familiar groups: nasal septum varia-
tions for instance deviated nasal septum (DNS), 
middle turbinate variations like concha bullosa (CB), 
uncinate process (UP) and ethmoidal anatomical 
variations. 10-12 The DNS was the most common 
anatomical variant found in patients (48.8%) with 
acute/chronic or recurrent sinusitis. The structures 
like agger-nasi-cells and CB were almost similarly 
frequent (30.7%), and infraorbital cells or Haller cells 
were noticed in 11.5%. The UP anatomical variants 
were noticed in 18.2%, and the large prominent 
ethmoid bulla was seen in 10%10. The significance of 
anatomic structural variations requires attention in 
that way that these variations can impair the normal 
sinus drainage process of the associated sinus, 
which could result in various pathologies like inflam-
matory sinus diseases such as sinusitis. Generally, the 
anatomy varies from individual to individual globally 
and anatomical structural variations are harmless 
and are not diseases however, it may exist as an 
incidental finding in people with sinus infections10-12. 
The mucosa lining of the PNS is prone to infection 
and inflammation. Previously, Hippocrates specified 
that “In a person having a painful spot in the head, 
with intense headaches, pus or fluid running from 

the nose removes the disease" which may be 
described as sinusitis. It is the inflammation/swelling 
of the mucosal coating of paranasal sinuses (PNS), 
and the gaps that secrete mucus which is needed 
for the whole nasal passage to work effectively. This 
inflammatory condition called sinusitis is one of the 
most observed illnesses of the upper respiratory 
tract. The prevalence of sinusitis noticed globally 
says that it affects one in seven adults resulting in 
approximately fifty million individuals being diag-
nosed as patients of sinusitis annually13-15. This disease 
is increasing dramatically in epidemic proportions all 
over the globe. The conditions like chronic sinusitis 
and recurrent sinusitis have been recognized to 
influence adversely health-related quality of life 
within the community16.

Computed Tomography Significance for Anatomical 
Variants Evaluation
With the invention of FESS and CT, significant atten-
tion has been directed toward the anatomy of the 
PNS region. Detailed knowledge of anatomical 
variations in the PNS area is of critical value for 
surgeons executing endoscopic sinus surgery as well 
as for radiologists that are involved in the preopera-
tive work-up of the patients17-19. Harmless anatomical 
variations are considered normal and can be 
present in any individual. The importance of 
anatomical variants can’t be ignored as the 
presence of various anatomical variants produces a 
diversity of relationships to the structure in which 
they lie. The Sino nasal cavities possess a multitude 
collection of anatomic variants, few of which are 
significantly common and observed in most people. 
In 2015 it was revealed that there was no noteworthy 
difference in the prevalence of variable anatomical 
features of PNS or nasal cavity between patients 
with mild sinus disease progress versus moderate to 
severe sinus mucosal disease. However, evaluation 
of diverse anatomical variants in every routine 
CT-PNS obtained for rhinosinusitis is of significant 
worth except surgery is aimed. Importantly, for cases 
who are intending to undergo FESS or other skull 
base surgery, however, the caregivers need to be 
aware of variants, such as onodi cells, supraorbital 
cells, infraorbital Haller cells, and many others. There 
are chances of a higher rate of surgical complica-
tions if variants are overlooked19-26.

In the last few years, the most useful sinus surgical 
technique called functional endoscopic sinus 
surgery (FESS) has developed a gold standard, 
especially in the treatment of recurrent or chronic 
rhinosinusitis. Therapeutic outcomes rely on the 
preoperative evaluation of the patients. The radio-
logic CT scanning of the PNS displays appropriate 
sensitivity and good specificity for the early diagno-
sis of pathologies like rhinosinusitis and the detection 
of anatomical variations of the sinonasal region. 
And the pre-FESS evaluation workup is globally 

recommended to provide detailed visualization of 
normal, variable, and pathological structures of the 
sinonasal region. Surprisingly, one study reported 
that variations are common in chronic rhinosinusitis, 
and which are possibly associated with localized 
chronic rhinosinusitis as compared to diffuse one 
which involves a majority of the sinuses. Further 
stated that the anatomical variations are not associ-
ated with the incidence of polyps. Moreover, com-
puted tomography helps to reflect the disease 
severity, also, to some extent, the symptoms. Combi-
nation of medical history, physical examination, and 
in addition to it CT may increase the accuracy of 
diagnosing various sinus pathologies for instance 
rhinosinusitis27-29. 

With the invention of new surgical modalities like 
FESS and new radiologic investigations like CT scan-
ning, significant consideration has been directed 
toward the morphology of the nasal and PNS area. 
Comprehensive knowledge of anatomical varia-
tions in the PNS area is of crucial value for caregivers 
executing sinus surgery along with radiologists that 
are concerned with the patient's preoperative 
work-up. The diseases of the nasal cavity and PNS 
are among the most common pathologies which 
bump into the clinics of the ear, nose, and throat 
(ENT). Anatomic variations of the sinonasal region 
are also frequently observed, and they play a vital 
role in the dysfunctional drainage of sinus cavities, 
generally resulting in acute sinusitis followed by 
chronic sinusitis30-36. A study concluded that variants 
were highly prevalent on computed tomography of 
nasal and paranasal structures and the frequently 
observed variant was a septal deviation most of the 
patients had more than one variant present, also 
those subjects were more at risk to develop sinusitis37. 

Surprisingly similar studies were observed by another 
author who observed septal deviation as the most 
common anatomical variant and the occurrence of 
multiple anatomical variations in most of the 
patients. Moreover, in contrast to other studies, the 
author reported that the prevalence of anatomical 
variations does not describe the establishment of 
disease progress but may predispose it to operative 
complications. Hence, radiologists play a crucial 
role to identify and detect anatomical variants to 
provide a clear pathway to surgeons and reduce 
the chances of operative complications38. Interest-
ingly, one study stated that nasal and paranasal 
symptoms in SARS-CoV-2 positive subjects are usual-
ly rare when compared to the lower respiratory 
symptoms. But supporting the practice of computed 
tomography for the evaluation of nasal and para-
nasal structures for proper visualization39. The para-
nasal structures are a group of pneumatized spaces 
developed as an extension of the nasal cavities, 
eroding the adjacent bony structures. According to 
the research, some regions present a high risk for 
trauma and significant intraoperative complica-

tions, with the frontal and ethmoid sinuses being 
most frequently affected. Anatomical variations, in 
correlation with their inherent conditions, are added 
to surgical risks so the knowledge of these vital struc-
tures is critical for endoscopic surgeons as well as for 
radiologists contributing to the preoperative evalua-
tion of the patients, to avoid therapeutic letdown 
and complications. The gaining of an excellent 
definition of the sinonasal anatomy for a preopera-
tive evaluation can be done by computed tomog-
raphy which is the gold standard in the study of 
complicated structures, for providing accurate 
information on soft tissues, bony regions, and the 
presence of air cells, thus characterizing a highly 
sensitive method of imaging39-43.

Highlights of Nasal and Paranasal Anatomical Varia-
tions From 2015-2023
Nowadays increasing interest in FESS has put the 
characteristic distinguishable nasal and paranasal 
anatomy in the spotlight. Now in recent years, 
research about the correlation between anatomic 
variations of sinonasal region and sinusitis has been 
increasing in order to determine the clinical signifi-
cance of anatomic variants to prevent sinus muco-
sal pathologies, but still, it is a matter of discussion.  It 
is argued by several authors that some anatomic 
variants of sinonasal territory can cause sinus drain-
age obstruction, therefore becoming the reason for 
various sinus mucosal infections. Presently the 
modality of choice for the evaluation of nasal struc-
tures, sinuses along with its nearby relations, is com-
puted tomographic imaging. This imaging tech-
nique displays accurate information on both bony 
and soft tissue details along with the extent of 
disease within paranasal sinuses including adjacent 
structures. In contrast to ordinary radiography, CT 
imaging can undoubtedly display the fine bony 
anatomy and variations of the sinuses and OMC 
channels. The research showed that the signifi-
cance of anatomical variants of the sinonasal 
region is still controversial. The majority of authors 
believe that various anatomic variants can cause 
some way for the occurrence of recurrent rhinosi-
nusitis. 

Therefore, it can be summarized that the use of 
computed tomographic scanning is the best 
approach to visualize clinically significant anatomy 
and additionally the disease diagnosis of sinuses 
and nasal areas. Surgeons learn from their mentors 
the important instruction of sinus surgeries to spare 
as much as possible and remove as much as 
required. The choice of investigation for the patients 
who are expected for surgical interventions like FESS 
is computed tomography. It will assist the surgeons 
to visualize the anatomic structural features residing 
within the nasal and paranasal areas. Therefore, it is 
labeled as a ‘‘ROAD MAP OF FESS”. The paranasal 
sinuses are critically important having complex 

anatomical variations, and variable anatomical 
relations, hence CT scan is advisable for all patients 
who are undergoing surgical intervention, to 

prevent dreadful complications.39-40 The detailed 
workup of some previous studies from 2015 to 2023 is 
compiled in Table-1.
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