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Introduction 
Endoscopic endonasal approaches were initially used to 
treat only sellar lesions, particularly pituitary gland 
tumors.[1–6] Surgical approaches to midline pathologies, 
which are the most common among skull base lesions, 
can be applied by neurosurgeons frequently with 
endonasal methods. The development of endoscopic 
endonasal skull base approaches has increased markedly 
over the past 20 years compared to the traditional open 
approaches. However, approaching lesions of the anteri-
or and anterolateral skull base seems to be more chal-
lenging due to the region’s complex anatomy and the 

close relationship of its neurovascular structures.[7–10] 
Over time, the anatomical relationships became more 
understandable, so did endoscopic equipment and tech-
nological developments. The addition of neurophysio-
logical monitoring and neuronavigation systems have 
brought new approaches to various lesions involving the 
central cranial base extending from the crista galli to the 
foramen magnum.[11–13] 

With the expansion of endoscopic endonasal 
approaches (EEA), methods of access to midline patholo-
gies and then to lateral region pathologies were devel-
oped.[14] Endoscopic approaches to the cavernous sinus, 
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Abstract 

Objectives: The aim of our study was to describe a surgical access to pterygopalatine fossa and Vidian canal using an endonasal 
endoscopic approach. We also intend to reveal the anatomical relations of the neurovascular structures in the surgical corridors 
and to determine the relationships between previously defined reference points in order to prevent surgical complications dur-
ing surgical access to these regions.  

Methods: Our study was carried out between October-December 2016 in Cerrahpaşa Faculty of Medicine Microneurosurgery and 
Neuroanatomy Laboratory. A total of 7 silicon dye-injected cadavers (4 males and 3 females) were studied. 3D images were obtained 
by photographing the approaches applied to the pterygopalatine fossa and Vidian canal and related anatomical structures.  

Results: We succeeded in exposing and examining the pterygopalatine fossa and Vidian canal endoscopically in all samples. First, 
the posterior wall of the maxillary sinus was opened to reach the pterygopalatine fossa. The pterygopalatine fossa was divided 
into 3 anatomical compartments. The first layer encountered was the periosteum covering the pterygopalatine fossa. After 
removing the periosteum, the fat layer was revealed. Under the fat layer, the vascular compartment and finally the neural com-
partment were encountered.  

Conclusion: Our study revealed three-dimensional anatomical data related to the surgical margins involved in approaches to 
the pterygopalatine fossa and Vidian canal; and specifically defined various neurovascular structures encountered in these 
approaches. Our study provides information to decrease potential complications that may develop during endonasal endo-
scopic surgery. We conclude that as the anatomy of the pterygopalatine fossa and Vidian canal is known in details, the 
endonasal endoscopic approach is likely to become the standard method to access lesions in these regions.  

Keywords: endonasal endoscopic surgery; pterygopalatine fossa; Vidian canal  
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clivus, odontoid process, pterygopalatine fossa (PPF), 
petrous apex, and middle cranial fossa were described 
previously.[15–17] With these approaches, there is no need 
for brain retraction or neurovascular manipulation, there 
is early revascularization of the lesion, and there is easy 
access to the deeply located supradiaphragmatic, retrosel-
lar and clival sections of the brain, which are usually par-
ticularly difficult to access.[11,13,16] Recent studies have 
observed that low morbidity has been achieved with 
endoscopic approaches in skull base surgeries and with 
minimally invasive methods in pterygopalatine fossa and 
Vidian (pterygoid) canal (VC) access.[4,17] 

The PPF is a difficult area to access surgically because 
it is located in the deep part of the middle cranial fossa 
and has complex neurovascular relationships. The PPF 
contains the maxillary artery and its branches, maxillary 
nerve and its branches, pterygopalatine ganglion (PPG) 
and the Vidian nerve.[18–26] It connects laterally with the 
infratemporal fossa (ITF) via the pterygomaxillary fis-
sure, medially with the nasal cavity via the sphenopalatine 
foramen, and anteriorly with the orbita via the inferior 
orbital fissure.[27] The location and neighborhood of the 
PPF and its close connections with the orbit and nasal 
cavity increase its clinical importance. The spread of 
tumors and inflammatory diseases occurring in the skull 
base to the middle cranial fossa is of great importance due 
to the structures and anatomical localization of the PPF.[8] 

VC is a bony tunnel located in the skull base, anterior 
to the foramen lacerum, above the pterygoid processes of 
the sphenoid bone. This canal links the Vidian artery, 
vein, and nerve to the PPF.[2] The aim of our study was to 
describe the anatomy of the PPF and VC in details and to 
define surgical access to these areas using the endonasal 
endoscopic approach. At the same time, we aimed to 
reveal the anatomical relations of the neurovascular struc-
tures in the surgical corridors and to determine the rela-
tionships between previously defined reference points in 
order to prevent iatrogenic complications during 
endonasal endoscopic access to these regions.  

Materials and Methods 
This study was carried out between October and 
December 2016 in Cerrahpaşa Faculty of Medicine 
Microneurosurgery and Neuroanatomy Laboratory, 
Istanbul. A total of 7 cadaveric heads (4 males and 3 
females) were dissected. Before starting the study, red and 
blue colored silicone was prepared and injected into the 
common carotid artery and internal jugular vein respec-
tively. The injection was given with a 50-cc syringe into 
one side of the main vessels, with the contralateral vessels 
left open. Injection continued until a free flow of mixture 
escaped from the open vessel. The cadavers have not 

undergone any previous craniofacial or endonasal surgery, 
the integrity of the skull base was preserved, had no 
impaired mucosa and bony tissue and were older than 18 
years old. 

The cadaveric heads were first fixed on the table by giv-
ing the head 15 degrees of flexion. After the Medtronic 
high speed drill and aspirator were placed, the procedure 
was initiated. Dissections were performed under a micro-
scope (Zeiss OPMI Pico) at 4¥ and 40¥ magnification using 
a microsurgery kit. A surgical drill (Medtronic Midas Rex 
Legend, Minneapolis, MN, USA) and an angled drill bit 
were used for the drilling process. When choosing AT10 
and ATT12 attachments, 2-5 mm torque tip was preferred. 

PPF and VC were exposed by endoscopic endonasal 
method using transmaxillary approach. The superior con-
cha, the inferior border of the maxillary sinus, and the skin 
and subcutaneous tissue up to the malar eminence were 
passed superiorly, inferiorly and laterally. The nostrils 
were retracted preserving the nasal septum (Figure 1). 
Then, the anterior wall of the maxillary sinus was drilled 
superiorly from the level of the maxillary nerve. The max-
illary sinus mucosa was removed. The medial wall of the 
maxillary sinus was elevated, preserving the inferior con-
cha. The nasal septum was removed. The parts of the con-
chae other than the bone attachment sites were excised to 
increase surgical exploration (Figure 2). The posterior 
wall of the maxillary sinus was removed with the help of a 
drill and the PPF and VC were finally reached. 

The skull base images of the cadavers were pho-
tographed using a macro lens camera (Canon EOS 650 D, 
Tokyo, Japan) and 3D shooting technique with 55-100 
mm lenses. Tripod and sled were used for 3D shooting. 
The photos were converted into optimized anaglyph 3D 
photos in the computer program.  
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Figure 1. Dissection procedure on a cadaveric head. The external nose 
was removed, the bony septum was preserved. IC: inferior concha; IO.N: 
infraorbital nerve; MC: middle concha; NS: nasal septum.

IO.N IO.N
IC

NS

IC

MC MC



Results 
We succeeded in exposing and examining the PPF and 
VC endoscopically in all samples. First, the posterior 
wall of the maxillary sinus was opened to reach the PPF. 
The PPF contained 3 anatomical compartments. The 
first layer encountered was the periosteum covering the 
PPF. After removing the periosteum, the fat layer was 
revealed. Under the fat layer, the vascular compartment 
and finally the neural compartment were encountered. 
In the vascular compartment layer, fat dissection exposed 
the arteries, including the sphenopalatine artery and 
descending palatine artery, which are the distal branches 
of the maxillary artery reaching from the ITF to the PPF 
through the pterygomaxillary fissure. This main branch 
and two terminal branches were different in each cadav-
er. The neural layer was encountered in the posterior 
part of the vascular layer and the PPG was found first in 
this layer. The PPG is associated with many neural 
structures and its relationship with the Vidian nerve 
entering the VC medially was noted (Figure 3). When 
the VC was followed posteriorly from the PPG, the 
lacerum segment of the internal carotid artery (ICA) was 
reached; proceeding backward from this point, it was 
noted as the union of greater and lesser petrosal nerves. 
When the greater petrosal nerve followed backwards, it 
was seen to merge with the geniculate ganglion. 
Continuing inferiorly from the PG, the greater petrosal 
nerve was entering the greater palatine foramen. PPG 
was defined as the anterolateral part of the VC, superior 
to the greater palatine foramen, and posterior to the 
sphenopalatine artery and its branches. The PPF occu-
pied the oral cavity inferiorly, the lateral sphenoid sinus 

supero-medially, the nasal cavity medially, the orbital 
apex supero-laterally, the ITF laterally, the maxillary 
sinus anteriorly, and the pterygoid process posteriorly. 

The most important landmark in the transpterygoid 
approach to the lateral skull base was the petrous seg-
ment of ICA. During drilling of the pterygoid process, 
the structure that would guide the surgery up to the ICA 
petrous segment was the Vidian nerve and the Vidian 
artery passing through the VC (Figure 4). Thus, the 
most important step after opening the PPF was to find 
the Vidian nerve. The VC was found with the “H-shape” 
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Figure 2. Further steps of dissection procedure. Anterior wall of the max-
illary sinus was drilled superiorly from the level of the maxillary nerve. The 
maxillary sinus mucosa was removed. The medial wall of the maxillary 
sinus was lifted, preserving the inferior concha. The nasal septum was 
removed. IC: inferior concha; IO.N: infraorbital nerve; MC: middle con-
cha; PWMS: posterior wall of the maxillary sinus; SO: sphenoid ostium. 

Figure 3. After removing the posterior wall of the maxillary sinus com-
pletely, the pterygopalatine ganglion and palatine nerve was exposed. 
IC: inferior concha; IMA: (internal) maxillary artery MC: middle con-
cha; PN: palatine nerve; SC: superior concha; SPA: sphenopalatine 
artery; SS: sphenoid sinus; VN: Vidian nerve.  

Figure 4. During drilling of the pterygoid process, the structure that guid-
ed the surgery up to the petrous segment of the internal carotid artery is 
the Vidian nerve and the Vidian artery passing through the Vidian canal. 
CDM: clival dura mater; ET: Eustachian tube; ICA: internal carotid artery; 
MPM: medial pterygoid muscle; N.V2: maxillary nerve; OP: orbital perios-
teum; PPG: pterygopalatine ganglion; SPA: sphenopalatine artery; VN: 
vidian nerve.  
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technique used by Kassam et al.[21] by defining the ptery-
goid triangle to locate the canal. At the intersection of 
the “H-shape”, a bony triangle was exposed at the root of 
the pterygoid process, with its apex facing the base of the 
sphenoid sinus. Medially to the pterygoid triangle, the 
Vidian nerve was found in all cadavers and the Vidian 
artery in one cadaver (Figure 5). The areas medial and 
inferior to the VC were drilled posteriorly. It was 
observed that the VC terminated at the junction of the 
petrous and paraclival ICA at the level of the foramen 
lacerum in all cadavers. While the medial pterygoid pro-
cess was drilled along the Vidian nerve trace, the lateral 
pterygoid process was drilled along the maxillary nerve 
trace. The petrous ICA was reached by drilling the 
medial pterygoid process, and the middle cranial fossa 
was reached by drilling the maxillary nerve. 

Discussion 
Technological developments have defined new approach-
es to surgeries using endonasal skull base endoscopy. 
Today the endonasal techniques are used for reaching all 
midline lesions from the frontal sinus to the odontoid pro-
cess.[15,20,21] In addition, close and high-resolution images 
were obtained from different angles despite narrow 
anatomical corridors.[13] From the patient’s perspective, an 
important advantage to endoscopic surgery is the reduced 
manipulation of the brain parenchyma and neurovascular 
structures, which may reduce the causes of morbidity such 
as contusion due to tissue damage, brain edema and bleed-
ing. Thus, faster recovery can be achieved, and hospital 
stay, and health care costs can be reduced.[5,9] Given these 
factors, the field of endoscope-based anatomy becomes an 
important area for research.[28−32] 

The PPF is an important junction between narrow 
anatomical corridors containing complex neurovascular 
structures. Depending on the localization of the lesion, 
the transpterygoid approach can be applied with a com-
bination of transmaxillary, transsphenoidal, transeth-
moidal and transnasal methods.[20] In approaches to this 
region, after reaching the maxillary sinus, if the posteri-
or wall of the maxillary nerve medial to the infraorbital 
nerve is opened, the PPF is reached, and if the lateral 
wall of the maxillary sinus lateral to the infraorbital nerve 
is opened, the ITF is reached. Though few in number, 
endoscopic endonasal approaches to PPF have also been 
reported.[1,15] This region can be accessed by the central 
or transpalatine route with an endonasal approach.[8] 
Although this approach is minimally invasive and has a 
clear field of view, the narrow surgical corridor, the dif-
ficulty of orientation with 30 and 45 degree telescopes, 
and the presence of complex neurovascular structures 

under the adipose tissue are disadvantages of this 
approach. In our study, the fat layer covering the neu-
rovascular structures was carefully dissected; at this 
point, knowing the anatomy and the anomalies and vari-
ations of the region will greatly benefit the surgery.  

Alfieri et al.[1] described three approaches for 
transpterygoid surgery; (1) the medial transpalatine 
approach for reaching the medial PPF; (2) the middle 
meatal transantral approach for reaching the lateral PPF; 
and (3) the transantral approach with inferior turbinec-
tomy for reaching the PPF and ITF. With the transpala-
tine approach, only the medial part of the PPF can be 
partially reached without opening the posterior wall of 
the maxillary sinus, and this approach is not applicable in 
skull base lesions. With the middle meatal transantral 
approach, a wider field of view is provided and it is pos-
sible to reach as far as the lateral infraorbital nerve. 
Among the described methods, the middle meatal 
approach is the most suitable method because it has suf-
ficient field of view in skull base lesions and does not 
require resection of the inferior concha.  

The PPF is a quadrangular pyramidal space extend-
ing from the ITF posteriorly to the nasal cavity anterior-
ly by the sphenopalatine foramen. Its surgical impor-
tance stems from its being an important junction point 
between different skull base regions containing complex 
neurovascular structures. The sphenoid bone body on 
the superior surface, the perpendicular lamina of the 
palatine bone on the medial surface, the posterior wall of 
the maxillary sinus on the anterior surface, the pterygoid 
process root on the posterior surface, and the ITF on the 
lateral surface of the inverted quadrangular pyramid-
shaped structure. The apex of the pterygoid fossa is asso-
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Figure 5. Medially to the pterygoid triangle, the Vidian nerve was found 
in all cadavers and the Vidian artery in one cadaver. N.V2: maxillary nerve; 
PN: palatine nerve; PPG: pterygopalatine ganglion; SPA: sphenopalatine 
artery; VA: vidian artery; VN: vidian nerve.
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ciated with the oral cavity. The central approach to PPF 
with facial incision was described in 1858 and is still 
applied microscopically.[18] However, in this approach, 
the risk of damage to the arteries and nerves of the teeth 
in the oral plexus is high, since the anterior and posteri-
or maxillary walls are opened. 

Since inferior turbinectomy is not performed with 
the middle meatal trans-central approach, phonation dis-
order does not develop.[22] In this method, after excision 
of the uncinate process and enlargement of the maxillary 
ostium, the ethmoid bulla and suprabullar cells are 
removed, the basal lamella is passed, and posterior eth-
moidectomy is performed. The fovea ethmoidalis should 
be identified and preserved and the sphenopalatine 
artery should be controlled. The sphenoid sinus should 
then be exposed. After the maxillary sinus ostium has 
been enlarged, the sinus mucosa must be stripped from 
the posterior wall of the maxillary sinus. The posterior 
wall of the maxillary sinus is removed and the PPF is 
exposed.[30] At this point, care should be taken not to 
injure the greater palatine nerve in the infero-medial 
part of the PPF. After reaching the lateral recess of the 
sphenoid sinus, interventions can be applied to struc-
tures such as the cavernous sinus, Meckel cave, middle 
cranial fossa, petrous apex or infrapetrous according to 
the localization of the lesion (Figure 1).[12,18] A study by 
Prevedello et al.,[29] reported that the pterygoid process 
can be drilled by preserving the Vidian nerve. However, 
Pinherio-Neto et al.[28] reported that the Vidian nerve 
transposition was not sufficient for removal of the ptery-
goid process, and the greater descending palatine artery 
and greater palatine nerve had to be sacrificed. Although 
ipsilateral hard palate anesthesia occurs in the damage of 
these structures, patients can tolerate this situation. In 
addition, the Vidian nerve, located at the junction of the 
medial pterygoid process and the inferior wall of the 
sphenoid sinus, is an important landmark for locating the 
petrous ICA but can be sacrificed if necessary.[18] 
Furthermore, there is no proof that resection of a malig-
nant tumor in the PPF/ITF is more efficient by an exter-
nal approach than an EEA, because en-bloc resection is 
rarely feasible in this area and piecemeal tumor removal 
is not less efficient if resection is complete at the end of 
surgery.[19] 

The VC has a close relationship with the anterior 
genu of the petrous ICA. Vertical part of the cavernous 
segment of the ICA can be reached by drilling the sphe-
noid corpus along the Vidian nerve.[31,32] The Vidian 
nerve joins the deep petrosal nerve from the ICA sympa-
thetic trunk and enters the VC and courses together 
towards the PPG. This nerve, which had not previously 

attracted the attention of neurosurgeons, became one of 
the cornerstones of endoscopic surgery after Kassam.[20] 
Kassam et al.[21] reported the Vidian nerve to be the key 
anatomical point in the transpterygoid approach. In the 
same study, the authors suggested transpterygoid 
approach to be performed by drilling the VC and the 
canal can be found using the “H” shape method. In the 
light of this information, it has been determined that the 
Vidian nerve is an important anatomical structure in 
detecting the lacerum segment of the ICA. The most 
effective method for the preservation of the Vidian nerve 
has been reported as the “clock concept”.[19,21] This 
method was applied by drilling the inferior of the VC 
from medial to lateral. Vidian nerve stimulates lacrima-
tion through its parasympathetic fibers, but it is not the 
only nerve responsible for lacrimation. Dry eye rarely 
develops as a result of damage to the Vidian nerve, but 
when it does develop, dry eye causes complications such 
as keratitis. Overall the Vidian nerve should be protect-
ed if possible. In addition, especially during EEA to 
Meckel’s cave, petrous apex, or middle cranial fossa, the 
Vidian nerve can be sacrificed to avoid damage to impor-
tant neurovascular structures and difficulties in imaging 
deep structures.[31] 

At this point, it should be kept in mind that corneal 
ulcer and ocular complications are inevitable if loss of 
corneal sensation due to ophtalmic nerve damage and 
dry eye due to Vidian nerve damage are seen together.[15] 
The petrous and paraclinoid segments of the ICA are an 
important landmarks for determining the junction of the 
vidian nerve and the ICA. This junction is lateral to the 
region where the petrous ICA passes through the fora-
men lacerum. For this reason, the safe surgical site is 
inferior to the VC.  

Conclusion 
Our study elucidates and explains anatomical and surgi-
cal access to the PPF and VC with the EEA. We suggest 
that the three-dimensional anatomical data revealed in 
our study may help understanding of the surgical mar-
gins of the approaches to the PPF and VC and identifi-
cation of the different neurovascular structures. Detailed 
knowledge of these regions has outmost importance to 
prevent iatrogenic complications during endonasal 
endoscopic access to these regions.  
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Introduction 
The pupil regulates the light entering the eye to reduce 
glare, to control retinal illumination, and to achieve ade-
quate depth of field.[1] Scotopic vision is used at light 
brightness below 0.05 Lux, and pure photopic vision is 
used above 40 Lux. The vision between these two ranges 
is defined as mesopic vision.[2] Pupil diameter is an 
important element in the optical quality of the eye. 
Increase in pupil size increases high-order monochro-
matic aberrations, and this results in reduced image qual-
ity. In smaller pupil diameters, diffraction occurs; how-
ever, the depth of focus increases with a decrease in pupil 
size.[3] 

Pupil diameter is a valuable parameter with impor-
tant clinical implications. Its measurement can help 
detecting anomalies and knowledge of its normal range 
is essential for the optical industry.[4] It is considered the 

key factor for optimal optical quality in refractive 
surgery.[5] Several studies have evaluated the relationship 
between ablation site and pupil diameter with a focus on 
night vision problems after refractive surgery.[6,7] 
Scotopic and mesopic visions are the most important fac-
tors causing visual complaints after refractive laser 
surgery.[8] Pupil diameter also plays an important role in 
the design of bifocal or multifocal contact lenses, which 
are designed to get through optimal visual performance 
under various lighting conditions and at all viewing dis-
tances.[4,9] Pupil size is also an important consideration 
for intraocular multifocal or bifocal lenses. Because after 
successful intraocular placement of these lenses, optimal 
visual performance should be achieved at all viewing dis-
tances under varying brightness conditions. 

Therefore, pupil diameter measurement has an 
important place for all ages and type of refractive errors. 

Abstract 

Objectives: In this study, we aimed to investigate the influence of age, gender and refractive status on pupil size under differ-
ent illuminance conditions in presbyopic healthy people.  

Methods: A total of 75 volunteers (49 females and 26 males) were included in the study. The medical records of each participant 
was reviewed. Patients were divided into three groups according to their age and refractive errors. Pupil responses were evaluated 
with the automated pupillometry function of the Sirius Topographer. Relationship between pupil size and age, sex, laterality, dom-
inant eye, refrative errors were analyzed by statistical analyses.  

Results: In the early aged presbyopia group of patients the mean value of the hyperopic group was higher than the other two 
groups in photopic measurements. In scotopic condition, the mean value of the myopic group was found to be higher than the 
emmetropic and hyperopic groups. No difference was observed in the comparison of mesopic measurements in all three groups. 
In the patients with established presbyopia, myopic pupil diameter was higher compared to emmetropic and hyperopic pupils in 
all illuminances. There was a difference only in the scotopic condition when comparing the emmetropic and hyperopic groups. 
Pupil size did not change with age in all three conditions in emmetropic eyes. Pupil diameter decreased in all three conditions 
with age in hyperopics. Photopic and mesopic pupil size increased with age in myopics.  

Conclusion: The results of this study support that the effects of patient age and refractive status on pupil diameter are 
important in optimal lens design.  
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This study aimed to determine the influence of age, gen-
der and refractive status on pupil size under different 
illuminance conditions in presbyopic healthy people 
using the pupillometry software of Sirius Topographer. 

Materials and Methods 
This retrospective study was conducted at the ophthal-
mology department of a tertiary hospital in accordance 
with the ethical standards of the Declaration of Helsinki. 
The records of 75 patients who were admitted to the con-
tact lens department of Beyoğlu Eye Training and 
Research Hospital, Istanbul were retrospectively analyzed 
through the hospital’s electronic database. 

The medical records of each participant were 
reviewed. A comprehensive ophthalmologic examination 
including funduscopic examination, slit lamp biomi-
croscopy and best corrected distance visual acuity (D-
BCVA) testing were also performed. Pupil responses were 
evaluated with the automated pupillometry function of the 
Sirius Topographer (Costruzione Strumenti Oftalmici,  
Firenze, Italy) using Phoenix v2.1 software (Costruzione 
Strumenti Oftalmici, CSO, Firenze, Italy). All measure-
ments were performed on the both eye of the subjects and 
performed by the same experienced clinician who was 
blinded to medical conditions of the patients.  

Sirius Topographer is a placido-based videokerato-
scope with two Scheimpflug cameras, one central and one 
rotating. The device allows both static and dynamic pupil-
lometry, and uses different illumination levels to measure 
pupil size in scotopic (0.04 Lux) mesopic (4 Lux), and pho-
topic (40 Lux) conditions. LED lighting was the only light 
source in the room, and the illumination conditions were 
tested and adjusted using a photometer. During the mea-
surements, the subjects were advised to look straight 
ahead, not at the light source. 

Emmetropia was defined as a mean spherical equiva-
lent equal to and between +0.75 and -0.75 diopter (D). 
Moreover, myopia was defined as a spherical equivalent of 
-0.75 D or worse and hypermetropia was defined as a 
spherical equivalent of +0.75 D or worse. Patients were 
divided into groups according to age and refractive errors. 
Those aged between 43–52 were grouped as early pres-
biopia, and those aged between 52–62 were grouped as 
established presbiopia. Patients with any history of previ-
ous ocular or refractive surgery, ocular or systemic disease, 
or any history of ocular or systemic drugs which might 
affect the pupil size, were excluded from the study. Also, 
smokers and heavy alcohol drinkers (drinking five or more 
drinks on the same occasion on each of five or more days 
in the past 30 days) were excluded. Relationship between 

pupil size and age, sex, laterality, dominant eye, refractive 
errors were analyzed by statistical analysis. 

The results for each parameter was displayed as 
mean±standard deviation (SD). For statistical analysis, the 
chi-square test was employed to compare the frequencies 
and percentages of the groups. The Kolmogorov–
Smirnov test was applied to assess the normal distribution 
of data. To compare pupillometric measurements in each 
group, a paired sample t-test was performed. The 
Wilcoxon signed-rank test was used for variables that did 
not show normal distribution. The Statistical Package for 
the Social Sciences (SPSS) version 20 (IBM Inc., Chicago, 
IL, USA) was used for data analysis, for which values of 
p<0.05 were considered to be statistically significant.  

Results 
A total of 75 volunteers (49 females and 26 males) were 
included to the study. The mean age of the patients was 
51.4±0.88 (range: 40–62 years). No statistically signifi-
cant difference was observed in the comparison of the 
mean age of both genders (p>0.05). 

The mean photopic, mesopic and scotopic pupil 
diameter values in the whole population was 4.20±0.88 
mm (range: 2.14–6.67 mm). The mean photopic pupil 
diameter was 3.22±0.24 mm in males and 3.32±0.31 mm 
in females; the mesopic pupil diameter was 4.20±0.14 mm 
in males, 4.21±0.21 mm in females, and the scotopic pupil 
diameter was 5.13±0.24 mm in males and 5.12±0.22 mm 
in females. There was no statistically significant differ-
ence between the two genders for all three measurements 
(p=0.482, p=0.751 and p=0.971 respectively) (Table 1). 

The mean photopic pupil diameter of the right eye 
was 3.29±0.19 mm, the mean mesopic pupil diameter 
was 4.18±0.21 mm, and the mean scotopic pupil diame-
ter was 5.14±0.16 mm. In the left eye, mean photopic 
pupil diameter was 3.29±0.21 mm, mean mesopic pupil 
diameter was 4.23±0.18 mm, and mean scotopic pupil 
diameter was 5.10±0.14 mm. There was no statistically 
significant differences between the right and left eyes for 
all three measurements (p=0.922, 0.861 and p=0.669, 
respectively) (Table 2). 

In the dominant and non-dominant eye measure-
ments of our study population, the mean photopic pupil 
diameter of the dominant eye was 3.19±0.26 mm, the 
mean mesopic pupil diameter was 4.03±0.19 mm, and 
the mean scotopic pupil diameter was 5.01±0.24 mm. 
The mean photopic pupil diameter of the non-dominant 
eye was 3.22±0.16 mm, the mean mesopic pupil diame-
ter was 4.09±0.21 mm, and the mean scotopic pupil 
diameter was 4.96±0.14 mm. There was no statistically 
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significant differences between the right and left eyes for 
all three measurements (p=0.941, p=0.763 and p=0.682 
respectively) (Table 3). 

There were statistically significant differences in the 
photopic, mesopic and scotopic measurement compar-
isons of the patients within all groups (female, male, 
right, left, dominant, non-dominant) (p≤0.05in all). 

In the group of patients aged 43–52 years (early pres-
byopia) the mean photopic pupil diameter was 3.15±0.22 
mm, the mean mesopic pupil diameter was 4.16±0.18 
mm, and the mean scotopic pupil diameter was 
5.14±0.14 mm; and in the myopic patient group the 
mean photopic pupil diameter was 3.15±0.16 mm, the 
mean mesopic pupil diameter was 4.33±0.29 mm, and 
the mean scotopic pupil diameter was 5.49±0.18 mm; in 

the hyperopic patient group, the mean photopic pupil 
diameter was 3.40±0.20 mm, the mean mesopic pupil 
diameter was 4.31±0.09 mm, and the mean scotopic 
pupil diameter was 5.01±0.14 mm (Table 4). In photopic 
measurements, the mean value of the hyperopic group 
was statistically higher than the other two groups 
(p≤0.05). In scotopic measurements, the mean value of 
the myopic group was significantly higher than that of 
the emmetropic and hyperopic groups (p≤0.05). No sta-
tistically significant difference was observed in the com-
parison of mesopic measurements in all three groups 
(p>0.05). 

In the patients with established presbyopia between the 
ages of 52 and 62, the mean photopic pupil diameter was 
3.22±0.16 mm, the mean mesopic pupil diameter was 
4.05±0.09 mm, and the mean scotopic pupil diameter was 

Table 1  
The mean±SD photopic, mesopic and scotopic pupil diameter values in males and females.

Gender Photopic Mesopic Scotopic  

Male 3.22±0.24 4.20±0.14 5.13±0.24 

Female 3.32±0.31 4.21±0.21 5.12±0.22

Table 2  
The mean±SD photopic, mesopic and scotopic pupil diameter values on different sides.

Side Photopic Mesopic Scotopic  

Right 3.29±0.19 4.18±0.21 5.14±0.16 

Left 3.29±0.21 4.23±0.18 5.10±0.14 

Table 3  
The mean±SD photopic, mesopic and scotopic pupil diameter values in the dominant and non-dominant eye.

Dominance Photopic Mesopic Scotopic  

Dominant 3.19±0.26 4.03±0.19 5.01±0.24 

Non-dominant 3.22±0.16 4.09±0.21 4.96±0.14 

Table 4  
The mean±SD photopic, mesopic and scotopic pupil diameter values in early presbyopia group.

Early presbyopia (age: 43–52years) Photopic Mesopic Scotopic  

Emmetropia 3.15±0.22 4.16±0.18 5.14±0.14 

Myopia mean:-3.00 3.15±0.16 4.33±0.29 5.49±0.18 

Hypermetropia mean:+2.50 3.40±0.20 4.31±0.09 5.01±0.14
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5.09±0.22 mm. In the myopic patient group, the mean 
photopic pupil diameter was 3.92±0.26 mm, the mean 
mesopic pupil diameter was 4.56±0.19 mm, and the mean 
scotopic pupil diameter was 5.42±0.14 mm; and in the 
hypermetropic patient group, the mean photopic pupil 
diameter was 3.20±0.28 mm, the mean mesopic pupil 
diameter was 3.95±0.17 mm, and the mean scotopic pupil 
diameter was 4.79±0.14 mm (Table 5). In all conditions, 
myopic pupil diameter was statistically significantly higher 
compared to emmetropic and hyperopic pupils (p<0.05). 
There was a statistically significant difference only in the 
scotopic condition when comparing the emmetropic and 
hyperopic groups (p<0.05). 

 Pupil size did not change with age in all three condi-
tions in emmetropic eyes. Pupil diameter decreased in all 
three conditions with age in hyperopics. Photopic and 
mesopic pupil diameters increased with age in myopia 
(Figure 1). 

Discussion 
Pupil size has a great influence on visual function, and it 
is mainly dependent on adaptive luminance, which is 
modulated by other external factors.[3] Pupil diameter 
measurement has been the subject of many studies.[2,6] It 
is well known that pupil size decreases with increasing 
luminance. Factors investigated for possible relation-
ships with pupil size are gender, iris color, age, refractive 
error etc.[4,10,11] In the literature, it was emphasized that 
there was no significant difference in pupil size between 
males and female;s and there was no correlation with iris 
color.[10] In our study, we did not find any difference in 
mean pupil diameters between males and females, in 
agreement with the literature. Also, we did not find any 
statistical difference in the comparison of the right and 
left eyes of the patients. In addition, no difference was 
observed in the comparison of the dominant eye and the 
non-dominant eye. It is shown that, the mean pupil 

Figure 1. Change in pupil size with age in all three conditions. 

Table 5  
The mean±SD photopic, mesopic and scotopic pupil diameter values in established presbyopia group.

Established presbyopia (age: 52–62 years) Photopic Mesopic Scotopic  

Emmetropia 3.22±0.16 4.05±0.09 5.09±0.22 

Myopia mean:-3.25 3.92±0.26 4.56±0.19 5.42±0.14 

Hypermetropia mean:+2.25 3.20±0.28 3.95±0.17 4.79±0.14 
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diameter measurement data obtained were not related to 
gender, laterality or dominance. 

In the human eye, the pupil diameter ranges from 
about 2 to 8 mm.[3] Pupil diameter has a great influence on 
the optical transfer function of the eye. It has a direct 
effect on retinal illumination, which affects the depth of 
field and contrast sensitivity.[1] In the first studies on pupil 
size, it was shown that the strongest determinant factor for 
the patient was age. Birren et al.[11] reported a nonlinear 
decrease in pupil size with age; however, the effect of 
changes in illumination level was not investigated in their 
study. Winn et al.[12] measured pupil size under different 
light levels in their study of 91 patients aged 17 to 83 years 
and found that for each brightness level, pupil width 
decreased linearly with age. And, they were the first team 
to take age into account when formulating it. Subsequent 
large population studies confirmed the inverse relation-
ship between age and pupil size under various illumination 
levels.[10,13] However, in our study, pupil diameter did not 
change with age in all three conditions in emmetropic 
eyes. Pupil diameter decreased with age in hyperopia in all 
three conditions. While the photopic and mesopic pupil 
diameters increased with age in myopics, the scotopic 
diameter remained the same. We suspect that the differ-
ent results were due to the comparison of subgroups 
formed according to the refractive errors of the patients in 
our study. It is also possible that the results were different 
because the age group was a presbyopic population. 
Guillon et al.[14] noted age progression as an important 
factor in decreasing pupil diameter. But overall, the dif-
ference was only significant between early presbyopia and 
established presbyopia patients. They noticed that the 
pupil size decreased significantly with increasing age, and 
the effect of age was more pronounced at low brightness. 

Different results have been obtained in studies on the 
effect of refractive error on pupil diameter. Hirsch and 
Weymouth[15] conducted the first study investigating the 
relationship between refractive error and pupillary width, 
and reported that hyperopics had a smaller pupil diameter 
than myopics. Winn et al.[12] reported in their study that 
there was no significant relationship between refractive 
error and pupil size in the population consisting of 
myopia, emmetropia and hyperopia; however, the groups 
were not age matched in this study, with hyperopics being 
an average of 10 years older than myopics and emmetrop-
ics, so the age difference may therefore have been a con-
founding factor. Two studies which are involving a large 
number of refractive surgery candidates reported that pre-
operative refractive status is a determining factor in pupil 
size when measured under mesopic conditions, with 
smaller pupil sizes in hyperopics.[6,16] Yazdani et al.[17] 

reported that the pupil size was larger in myopics than in 
emmetropes in all light conditions. Truong et al.[18] 
emphasized that pupil sizes are affected only in high 
refractive errors. Cakmak et al.[5] found higher values in 
the myopic and astigmatic groups and lower values in the 
hypermetropic group in patients who had a mesopic pupil 
diameter before refractive surgery. In our study, the mean 
value of the hypermetropic group was higher in photopic 
measurements in early presbyopia patients compared to 
the other two groups. In scotopic measurements, the 
mean value of the myopic group was found to be signifi-
cantly higher than the emmetropic and hyperopic groups. 
No difference was observed in the comparison of mesopic 
measurements in all three groups. In the established pres-
byopic group, myopic pupil diameter was found to be 
higher in all lighting conditions compared to emmetropic 
and hypermetropic pupils. There was a statistically signif-
icant difference only in the scotopic condition when com-
paring the emmetropic and hypermetropic groups. 
Guillon et al.[14] also noted in their study that when both 
age and refractive error were taken separately, the largest 
differences in pupil diameter between age groups and 
between refractive conditions were recorded at low lumi-
nance, and the differences diminished as luminosity 
increased. The smallest pupil diameter was measured in 
hyperopia and the largest in myopia. Although refractive 
error was not a significant factor only, the largest differ-
ences in pupil diameter occurred between low-brightness 
myopes and emmetropes.  

There are some limitations in the study. Our study 
was conducted in the population over 40 years of age; 
different results may occur for younger individuals and 
children. There was no advanced myopia or hyperopia in 
our patient groups; results may vary in high myopia and 
hyperopia. The individuals we investigated were com-
pletely healthy; different results may be encountered in 
patients with systemic diseases such as diabetes and 
hypertension, in neuropsychiatric patient groups, or in 
those who use systemic medication. In addition, studies 
on pupil diameter can be performed in patients with var-
ious eye diseases such as dry eye, keratoconus, different 
types of glaucoma, strabismus, nystagmus and ambly-
opia, or in subjects with a history of eye surgery. 

Conclusion 
As the luminance is the most influential factor in deter-
mining pupil diameter, it is not suprising that the small-
est pupil size was measured at high luminance levels. 
Larger values were obtained for myopia and younger 
individuals, and these differences were pronounced the 
most at low brightness levels. Multifocal contact lenses 
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and intraocular multifocal lenses are routinely used in 
myopia, presbyopia, and hyperopia and they must pro-
vide good visual performance in various brightness con-
ditions. Because pupil size plays a crucial role in visual 
performance, the results of this study support that the 
effects of patient age and refractive status on pupil diam-
eter are important in optimal lens design.  
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Introduction 
Acute ischemic stroke (AIS) ranks first among the emer-
gent neurological diseases and stroke is the second most 
common cause of death after acute cardiac diseases 
worldwide.[1] With the aging of the human population, 
the importance of stroke continues to increase day by day 
since it is a significant cause of mortality, morbidity and 
economic burden in advanced age.[2] 

Low HDL cholesterol levels are associated with 
impaired metabolic status and cerebrovascular risk.[3] Uric 
acid is a product of purine metabolism, and high serum 
levels are associated with impaired metabolic states and 
increased cerebrovascular risk.[4] C-reactive protein (CRP) 

is an acute phase protein produced by the activation of 
cytokines secondary to ischemia, infection, trauma and 
other inflammatory conditions.[5] Again, low serum albu-
min levels were found to be associated with poor progno-
sis and mortality.[6,7] The combination of these two 
metabolic parameters was thought to be a good predictor 
of stroke risk.[8] The use of simple parameters measured in 
serum is important in terms of prognosis and evaluation of 
recurrent stroke risk factors of patients, since they are 
both cost-effective and easy to use.[2,9,10] For these reasons, 
we aimed to investigate the relationship between degree of 
the disease and inflammatory markers in stroke patients 
with acute partial anterior circulation infarction.  

Investigation of the relationship between 
inflammatory markers and grade of disease  
in patients with acute ischemic stroke with 
partial anterior circulation infarct  
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Abstract 

Objectives: The aim of this study was to investigate the relationship between National Institutes of Health Stroke Scale scores 
and Glasgow coma scores of patients with partial anterior ischemic stroke and laboratory results, particularly serum CRP, albu-
min, platelet and other complete blood count data, and prognosis.  

Methods: In this retrospective study 226 of patients with partial anterior circulation infarction who were admitted to the Bolu 
Abant İzzet Baysal University Neurology Clinic between January 2021 and 2022 with the diagnosis of acute ischemic stroke and 
hospitalized within the first 24 hours were investigated. The demographic data, stroke etiology and risk factors, National 
Institutes of Health Stroke Scale, Glasgow coma scores, complete blood count, certain inflammatory markers and biochemical 
parameters, length of hospital stay and mortality rates were examined. And the relationship between inflammatory markers and 
grade of disease was evaluated statistically.  

Results: The patients with moderate Glasgow coma score had a lower lymphocyte level, severe patients had higher PCT level 
and moderate patients had higher CRP level among others. Patients with moderate GCS had higher CRP/ALB val ues than those 
with mild. Patients with moderate and moderate-severe National Institutes of Health Stroke Scale had higher RBC and HGB lev-
els than the patients with mild. Moderate-severe patients had lower albumin lev els.  

Conclusion: CRP-albumin ratio, serum platelet and serum albumin levels may have prognostic value in acute partial anteri-
or ischemic stroke patients.  
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Materials and Methods 
Medical files of 226 of patients (105 females, 121 males) 
aged between 41–97 (median: 75, IQR: 65–83) with par-
tial anterior circulation infarction who were admitted to 
the Bolu Abant İzzet Baysal University Neurology Clinic 
between January 2021 and 2022 with the diagnosis of 
acute ischemic stroke and hospitalized within the first 24 
hours were investigated retrospectively. The demograph-
ic data, stroke etiology and risk factors, National Institute 
of Health Stroke Scale (NIHHS), Glasgow coma score 
(GCS), modified ranking scale (mRS) at the time of 
admission to the hospital, complete blood count parame-
ters, CRP, albumin (alb), uric acid, HDL, AST, 
CRP/albumin, HDL/uric acid values, length of hospital 
stay and mortality rates were examined. Patients were 
grouped under 3 categories according to their GCS as 
severe (3–8), moderate (9–12) and mild (13–15). 
According to the GCS; 131 were mild, 81 were moderate, 
and 14 were severe. The patients were further grouped 
under 5 according to their NIHSS as asymptomatic (0), 
mild (1–4), moderate (5–15), moderate-severe (16–20) and 
severe (21–42). According to the NIHSS, 60 were mild, 
141 were moderate, 22 were moderate-severe, and 3 were 
severe. There were no asymptomatic patients. Those who 
had previously been diagnosed with cancer and those with 
other neurological diseases were not included in the study. 

Continuous data were compared using Student’s t-test, 
Mann-Whitney U test or Kruskal-Wallis test and cate-
gorical data were compared using Pearson’s chi-squared 
test or Fisher’s exact test. In order to determine the factors 
affecting mortality and length of stay, multiple logistic 
regression (forward Wald method) and multiple linear 
regression analyses were applied. Parameters with a sim-
ple analysis result of p<0.20 were included in the multiple 
model. Log-transform was applied on length of stay to the 
normality of the residual’s assumption. SPSS (Version 
23.0, IBM Corp., Armonk, NY, USA) was used for the 
analyses. Significance level was determined as p<0.05.  

Results 
Among the other diseases accompanying the stroke, the 
most common comorbid factor was hypertension 
(51.77%) (Table 1).  

The patients with moderate and severe GCS had a 
higher mRS of 3 and above than those with mild 
(p<0.001). The patients with moderate GCS a lower lym-
phocyte (LYM) level, severe patients had higher PCT 
level and moderate patients had higher CRP level among 
others (p=0.049, p=0.029 and p=0.001, respectively). 
Patients with moderate GCS had higher CRP/ALB val-
ues than those with mild (p=0.001). Patients with GCS 

severe stayed in hospital for a shorter time than other 
GCS groups (p<0.001) (Table 2). 

Patients with moderate, moderate-severe and severe 
NIHSS had a higher mRS of 3 and above than mild ones 
(p<0.001). Patients with moderate and moderate-severe 
NIHSS had higher RBC and HGB levels than the 
patients with mild NIHSS (p<0.001 and p=0.008, respec-
tively). Moderate-severe patients had lower albumin lev-
els (p=0.010). It was observed that the AST level was 
higher in patients with moderate than those with mild 
(p=0.022). As the NIHSS scores increased, the patients 
stayed in the hospital longer (p<0.001) (Table 3). 

Mortality rate was lower in patients with mild GCS 
and higher in patients with severe (p<0.001). Mortality 
rate was higher in patients with mRS of 3 and above 
(p=0.016). PLT, MONO, PCT, albumin levels were 
found to be higher and MCV levels were lower in 
patients who died (p=0.003, p= 0.007, p=0.006, p=0.010 
and p=0.047, respectively) (Table 4). 

The mortality risk was found to be 21.05 (95% CI: 
5.4–82.04) times higher in patients with GCS severe 
(p<0.001). It was concluded that a one-unit increase in 
MONO caused a 3.72 (95% CI: 1.1–12.6) fold increase 
in mortality risk (p=0.035). In the mortality estimation 
model, the overall accuracy rate was 91.2%, sensitivity 
20%, specificity 98.1%. The factors affecting the length 
of stay in the hospital were determined as GCS (mild 
group), NIHSS (Moderate and Moderate-Severe), 
LYM, NEU and RDW. The coefficients shared in 
Table 5 was determined for log-transformed hospital-
ization time. After applying the back transformation; it 
was determined that the hospitalization times increased 

Table 1 
Characteristics of the patients.

n % 

Additional disease  

Hypertension 117 51.77 

Diabetes 69.0 30.53 

Hyperlipidemia 18 7.96 

Coronary disease 52 23.01 

MI/stroke 45 19.91 

Atrial fibrilation 71 31.42 

Chronic kidney disease 6 2.65 

Pulmonary hypertension 1 0.44  

Smoking history 31 13.72 

Modified ranking scale score  

<3 78 35 

≥3 148 65
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approximately 24.85% and 97% in NIHSS moderate 
and moderate-severe group, and 25% decreased in GCS 
moderate group, respectively. A 1-unit increase in LYM 
and RDW values resulted in an approximately 25% and 
4.6% decrease in the length of hospital stay, and a 1-unit 
increase in neu value resulted in 9.7% increase in the 
length of hospital stay (Table 5). 

Discussion 
The main target of our study was to determine the rela-
tionship between inflammatory markers and grade of 
disease in patients with acute ischemic stroke with partial 
anterior circulation infarct. According to the results of 
our study, CRP-albumin ratios and HDL-uric acid ratios 
did not have a statistically significant relationship with 

Table 2  
Comparison of data according to Glascow coma score.

Mild (n=131) Moderate (n=81) Severe (n=14) p-value  

Age (year) 76.5 (58.25–80.75) 73 (64–83.5) 75 (66–82) 0.929 

Sex (female) 5 (35.71) 46 (56.79) 54 (41.22) 0.062 

Hypertension 8 (57.14) 38 (46.91) 71 (54.2) 0.539 

Diabetes 5 (35.71) 23 (28.4) 41 (31.3) 0.824 

Hyperlipidemia 1 (7.14) 6 (7.41) 11 (8.4) 0.960 

Coronary disease 3 (21.43) 22 (27.16) 27 (20.61) 0.540 

MI/stroke 2 (14.29) 14 (17.28) 29 (22.14) 0.596 

Atrial fibrilation 3 (21.43) 31 (38.27) 37 (28.24) 0.220 

Chronic kidney disease 1 (7.14) 1 (1.23) 4 (3.05) 0.283† 

Pulmonary hypertension 1 (7.14) 0 (0) 0 (0) - 

Smoking 1 (7.14) 8 (9.88) 22 (16.79) 0.277 

mRS  

<3 73 (55.73)a 5 (6.17)b 0 (0)b <0.001 

≥3 58 (44.27)b 76 (93.83)a 14 (100)a  

WBC 8.74 (6.81–10.9) 8.96 (7.19–11.7) 10.02 (8.83–11.87) 0.158 

RBC* 4.7±0.63 4.47±0.74 4.69±0.69 0.053 

HGB* 13.49±1.73 12.94±2.46 12.9±2.56 0.145 

PLT 229 (192–276) 233 (195.5–284) 266.5 (211.25–398.75) 0.087 

MCV 88.2 (84.8–91.9) 88.2 (84.4–91.3) 86.05 (81.83–90.33) 0.328 

RDW 13.9 (12.9–15.8) 13.8 (12.9–15.7) 13.75 (12.68–17.05) 0.997 

LYM 1.71 (1.25–2.21)a 1.5 (0.94–2.06)b 1.74 (1.1–2.68)a,b 0.049 

MONO 0.59 (0.47–0.84) 0.63 (0.5–0.79) 0.77 (0.53–0.93) 0.313 

NEU 5.81 (3.94–7.8) 6.65 (4.61–8.84) 6.71 (5.27–10.23) 0.109 

BASO 0.05 (0.03–0.07) 0.05 (0.02–0.06) 0.05 (0.03–0.06) 0.532 

EOS 0.11 (0.04–0.21) 0.08 (0.03–0.18) 0.07 (0.05–0.14) 0.244 

PDW 13.7 (11.5–17.2) 12.9 (11.25–16.2) 11.4 (10.83–13.93) 0.134 

MPV 10.2 (9.1–11.1) 10.4 (9.55–11.2) 10.05 (9.47–10.33) 0.487 

PCT 0.22 (0.18–0.27)b 0.25 (0.19–0.3)a,b 0.26 (0.21–0.39)a 0.029 

CRP 4.3 (0.7–11)b 10.3 (2.35–43.7)a 7.6 (0.58–14.5)a,b 0.001 

Albumin 40 (37.2–42.8) 38.8 (34.5–42.6) 40 (32.08–43.63) 0.116 

Uric acid 5.4 (4.5–6.4) 5.3 (4.5–6.75) 6.2 (5.2–7.05) 0.338 

HDL 43 (37–51.4) 43.1 (36.95–49.1) 43.5 (37.68–53.88) 0.919 

AST 21 (17–25) 22 (17–32) 20 (17.5–25.75) 0.341 

CRP/albumin 1.17 (0.16–3)b 2.59 (0.57–11.45)a 2.13 (0.17–3.84)a,b 0.001 

HDL/uric acid 7.95 (6.55–10.7) 8.13 (5.83–10.91) 7.45 (5.66–10.81) 0.824 

Hospital stay 8 (4.5–15.5)a 6 (4–12)a 4 (2–7)b <0.001 

Continuous data were summarized as median (IQR, 25th–75th percentile) and analyzed with Kruskal-Wallis test (post-hoc Dunn test). Qualitative data were summarized 
by frequency and percentage and analyzed using Pearson’s chi-squared test (post-hoc adj. Bonferroni method). *Data were summarized as mean±sd (one-way ANOVA). 
†Fisher’s exact test. a,bAccording to the results of the post-hoc tests, different letters indicate a significant difference between the groups, p<0.05. 
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NIHSS and mortality. However, the CRP-albumin ratio 
had a significant relationship only between the mild and 
moderate GCS groups. It was previously shown that 
CAR ratio may be a predictor of mortality in ischemic 
stroke patients.[11] Although it was mentioned that CAR 
ratio would be a better predictor than only serum albu-

min and serum CRP levels alone. Our study revealed 
that only albumin ratio was correlated with NIHSS and 
thus can be suggested as a better predictor than CAR 
ratio. PCT, which is one of the complete blood count 
parameters, draws attention because it is associated with 
both the NIHSS and the mortality rate. The limitation 

Table 3  
Comparison of data according to National Institute of Health Stroke Scale (NIHHS) stroke score.

Mild (n=60) Moderate (n=141) Moderate-Severe (n=22) Severe† (n=3) p-value  

Age (year) 74.5 (65.25–81.75) 74 (64.5–82) 81.5 (67–86.25) 59 (47–79) 0.573 

Sex (female) 22 (36.67) 72 (51.06) 11 (50) 0 (0) 0.100 

Hypertension 32 (53.33) 75 (53.19) 10 (45.45) 0 (0) 0.349 

Diabetes 14 (23.33) 49 (34.75) 5 (22.73) 1 (33.33) 0.309 

Hyperlipidemia 4 (6.67) 12 (8.51) 1 (4.55) 1 (33.33) 0.381 

Coronary disease 16 (26.67) 31 (21.99) 5 (22.73) 0 (0) 0.791 

MI/stroke 11 (18.33) 30 (21.28) 4 (18.18) 0 (0) 0.951 

Atrial fibrilation 17 (28.33) 45 (31.91) 9 (40.91) 0 (0) 0.555 

Chronic kidney disease 0 (0) 5 (3.55) 1 (4.55) 0 (0) 0.319 

Pulmonary hypertension 0 (0) 0 (0) 1 (4.55) 0 (0) - 

Smoking 6 (10) 24 (17.02) 1 (4.55) 0 (0) 0.334 

mRS  

<3 51 (85)a 24 (17.02)b 3 (13.64)b 0 (0)b <0.001 

≥3 9 (15)b 117 (82.98)a 19 (86.36)a 3 (100)a  

WBC 8.78 (6.76–10.6) 8.86 (6.93–10.99) 9.74 (7.31–12.07) 9.26 (9.14–14.25) 0.386 

RBC* 4.83 (4.45–5.25)a 4.51 (4.07–5.02)b 4.41 (4.05–4.75)b 5.3±0.64 <0.001 

HGB* 13.8 (12.8–15.08)a 12.8 (11.6–14.6)b 12.65 (11.88–14.2)b 15.27±2.1 0.008 

PLT 238 (196–278.75) 231 (193–284) 234 (206.25–279) 319 (197–544) 0.929 

MCV 88.35 (84.7–91.88) 88.1 (84.5–91.3) 89.4 (84.9–93.65) 86.1 (81.1–88.1) 0.620 

RDW 13.85 (12.9–15.7) 14.1 (12.85–15.8) 14.05 (12.9–15.85) 12.7 (11.5–12.8) 0.850 

LYM 1.86 (1.22–2.45) 1.67 (1.16–2.15) 1.58 (1.05–1.8) 1.43 (1.11–1.66) 0.172 

MONO 0.6 (0.48–0.88) 0.62 (0.49–0.79) 0.58 (0.45–0.82) 0.67 (0.46–0.98) 0.793 

NEU 5.54 (3.9–7.42) 6.05 (4.44–8.5) 7.1 (5.09–10.61) 6.68 (6.24–12.62) 0.153 

BASO 0.05 (0.03–0.08) 0.05 (0.03–0.06) 0.04 (0.02–0.05) 0.05 (0.02–0.06) 0.074 

EOS 0.11 (0.04–0.24) 0.1 (0.04–0.18) 0.06 (0.01–0.15) 0.15 (0.01–0.51) 0.164 

PDW 13.55 (11.33–17.3) 13 (11.35–16.75) 13.65 (10.85–17.68) 11.2 (10.2–11.6) 0.606 

MPV 10.15 (8.45–10.7) 10.3 (9.5–11.2) 10.15 (9.35–10.83) 10.2 (9.7–10.3) 0.216 

PCT 0.22 (0.18–0.28) 0.24 (0.19–0.3) 0.25 (0.19–0.28) 0.33 (0.2–0.53) 0.450 

CRP 4.25 (1–11.23) 5.8 (1.3–17.65) 9.2 (2.75–45.3) 20.8 (1.8–43.5) 0.095 

Albumin 40.2 (38–43)a 39.1 (36–42.7)a 36 (31.5–40.45)b 39 (29–45) 0.010 

Uric acid 5.6 (4.63–6.88) 5.3 (4.5–6.4) 5.7 (4.33–7.53) 6.4 (2.5–7.6) 0.162 

HDL 43 (37.18–52.68) 43 (37–49.95) 42.6 (38.05–48.5) 38.3 (23.6–47.2) 0.966 

AST 19.5 (16–24)b 22 (18–31)a 21.5 (18.5–25.75)a,b 23 (19–37) 0.022 

CRP/albumin 1.07 (0.25–2.94) 1.4 (0.32–4.73) 2.49 (0.7–15.2) 5.33 (0.4–15) 0.072 

HDL/uric acid 7.29 (6.11–10.52) 8.14 (6.43–10.85) 8.09 (5.58–10.95) 7.38 (5.04–9.44) 0.398 

Hospital stay 3 (2–6)a 5 (3–9)b 10 (6–18.25)c 11 (2–0) <0.001 

Continuous data were summarized as median (IQR, 25th–75th percentile) and analyzed with Kruskal-Wallis test (post-hoc Dunn test). Qualitative data were summarized 
by frequency and percentage and analyzed using Fisher’s exact test (post-hoc adj. Bonferroni method). *Data were summarized as mean±sd (one-way ANOVA). 
†Continuous data could not be compared due to insufficient number of observations. a,b,cAccording to the results of the post-hoc tests, different letters indicate a sig-
nificant difference between the groups, p<0.05. 
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Survived (n=206) Dead  (n=20) p-value 

Age (year) 75 (65–83) 75.5 (64.75–82.75) 0.974 

Sex (female) 94 (45.63) 11 (55) 0.423 

Hypertension 109 (52.91) 8 (40) 0.270 

Diabetes 60 (29.13) 9 (45) 0.141 

Hyperlipidemia 18 (8.74) 0 (0) 0.380† 

Coronary disease 47 (22.82) 5 (25) 0.785 

MI/stroke 40 (19.42) 5 (25) 0.560 

Atrial fibrilation 64 (31.07) 7 (35) 0.718 

Chronic kidney disease 5 (2.43) 1 (5) 0.430† 

Pulmonary hypertension 0 (0) 1 (5) - 

Smoking 30 (14.56) 1 (5) 0.324† 

GCS  

Mild 125 (60.68)a 6 (30)b <0.001 

Moderate 74 (35.92)a 7 (35)a  

Severe 7 (3.4)b 7 (35)a  

NIHSS  

Mild 58 (28.16) 2 (10) 0.090** 

Moderate 127 (61.65) 14 (70)  

Moderate-severe 19 (9.22) 3 (15)  

Severe 2 (0.97) 1 (5)  

mRS  

<3 76 (36.89) 2 (10) 0.016 

≥3 130 (63.11) 18 (90)  

WBC 8.83 (6.97–10.95) 9.85 (8.47–18.04) 0.057 

RBC* 4.62±0.69 4.61±0.58 0.942 

HGB* 13.33±2.07 12.49±2.07 0.086 

PLT 228 (192–278) 276.5 (242.25–580) 0.003 

MCV 88.15 (84.78–91.83) 85.6 (79.5–93.6) 0.047 

RDW 13.8 (12.88–15.63) 14.95 (12.83–22.4) 0.268 

LYM 1.63 (1.15–2.15) 1.74 (1.26–3.93) 0.316 

MONO 0.6 (0.47–0.8) 0.8 (0.62–1.58) 0.007 

NEU 5.96 (4.44–8.36) 7.59 (4.59–12.96) 0.180 

BASO 0.05 (0.03–0.06) 0.05 (0.02–0.14) 0.997 

EOS 0.1 (0.04–0.18) 0.07 (0.04–0.59) 0.497 

PDW 13.1 (11.3–17.1) 12.25 (10.93–18.2) 0.132 

MPV 10.2 (9.35–11) 10.2 (9.5–11.9) 0.957 

PCT 0.23 (0.18–0.28) 0.3 (0.21–0.45) 0.006 

CRP 5.4 (1.38–15.63) 11.9 (4.3–110.1) 0.084 

Albumin 40 (36.45–43) 36.25 (32.7–46) 0.010 

Uric acid 5.4 (4.5–6.6) 5.15 (4.43–40) 0.707 

HDL 43 (37–51.4) 41.15 (36.33–63) 0.329 

AST 21.5 (17–26) 21.5 (16.5–124) 0.747 

CRP/albumin 1.3 (0.33–4.27) 3.18 (1.13–32.38) 0.074 

HDL/uric acid 8.03 (6.08–10.72) 7.57 (6.43–17.41) 0.759 

Continuous data were summarized as median (IQR, 25th–75th percentile) and analyzed with Mann-Whitney U test. Qualitative data were summarized by frequency and 
percentage and analyzed using Pearson’s chi-squared test (post-hoc adj. Bonferroni method). *Data were summarized as mean±sd and analyzed by Student’s t-test. 
†Fisher’s exact test.
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of our study was low number of severe cases included to 
our study. We suggest this condition should be evaluat-
ed in more details in studies with higher number of 
severe cases. The decrease in albumin level in some 
chronic diseases and the fact that it is affected by condi-
tions such as malnutrition may limit its use in such 
patients. Due to insufficient data, we could not exclude 
patients with malnutrition in our study. Although, since 
the prognosis of patients with malnutrition would be 
worse after stroke, it may not have adversely affected our 
results.  

The results of study showed that serum CRP-value 
did not correlate with NIHSS. It did only show statisti-
cally significant difference in patients with moderate and 
mild GCS scores, similar to previous studies. In a previ-
ous study, CRP-value at admission was not found to be 
associated with prognosis, while serum CRP-values dur-
ing follow-up were found to be associated with progno-
sis.[12] In another study, it was shown that the serum 
platelet value of the patient may be related to the prog-
nosis in ischemic stroke.[13] In our study, we found that 
mortality rates were correlated with high serum platelet 
levels. Serum MONO and MCV levels were also corre-
lated with mortality. As a result of our findings, we 
thought that CAR, serum albumin, PCT, PLT, MONO 
and MCV levels could be predictors that can be evaluat-
ed while regulating the treatment of patients. We found 
that neutrophil-lymphocyte ratio, HDL-uric acid ratio, 
and lymphocyte-monocyte ratios, which are frequently 

studied in other diseases recently, were not correlated 
with GCS and NIHSS.  

In conclusion, since these parameters are easily acces-
sible and cost-effective, it is important to guide the prog-
nosis and it will be beneficial to studies conducted in 
larger case series.  

Conclusion 
In conclusion, since these parameters are easily accessi-
ble and cost-effective, it is important to guide the prog-
nosis and it will be beneficial to studies conducted in 
larger case series.  
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Multiple regression analyzes for mortality, multiple linear regression analyzes for length of hospital stay (LOS).

Mortality Ln(LOS)  
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Severe - - - - - - 

LYM -0.1 (0.06) -0.11 0.070 

NEU 0.06 (0.01) 0.23 0.000 

MONO 3.72 1.1–12.6 0.035  

RDW - - - -0.05 (0.02) -0.14 0.016 

Model summary Nagelkerke R2= 0.22; Adjusted R2: 0.22;  
ACC: 91.2%, SE: 20%, SP: 98.1% Model: F=11.85, p<0.001 
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Introduction 
Horizontal white-to-white corneal diameter or horizon-
tal visible iris diameter (HVID) can be measured with 
various devices. Different methods ranging from simple 
measurements with a ruler to complex measurements 
with imaging devices led to varying normal values in 
study reports.[1,2] HVID is abnormal in some corneal dis-
eases and glaucoma. Previously, HVID value assisted in 
determining macrocornea, microcornea, and screening 
glaucoma risk factors.[3] However, HVID has become 
essential in ophthalmic clinical practice, as it is critical to 
plan cataract and refractive surgery and calculate the 
power and diameter of phakic intraocular and contact 
lenses.[4,5] Pupil diameter should be checked for each 
patient. Pupil size is crucial because refractive corneal 
surgery, multifocal or toric contact lens wear, and 
intraocular multifocal lens implantation are completely 

personalized treatments.[6] Before refractive surgery, 
most surgeons plan the effective ablation zone consider-
ing the mesopic pupil size. The mesopic pupil size and 
effective optical zone on the cornea are incompatible. 
This incompatibility causes troublesome symptoms such 
as ghost images, blurred vision, and frequently, glare and 
haloes.[7] Previous studies have shown that mesopic pupil 
size is related to the dimensions of other ocular struc-
tures.[8] Mesopic pupil size may also have a relationship 
with corneal diameters.  

Keratoconus is a progressive non-inflammatory prob-
lem diagnosed with corneal ectasia and thinning in the 
central zone.[9] The abnormal corneal structure that devel-
ops from keratectasia leads to irregular astigmatism and 
reduces the quality of vision.[10] Cornea topographic 
indices are critical for assessing the severity and develop-
ment of keratoconus. There is an insidious progression in 

Abstract 

Objectives: Keratoconus is characterized by the abnormal cornea structure and it is manifested by changes in anterior segment 
parameters responsible for ocular high order spherical aberrations. The aim of the study is to investigate cornea horizontal white 
to white diameter and mesopic pupil size in patients with keratoconus.  

Methods: The medical records of each participant were reviewed. The horizontal white to white cornea diameter and the mesopic 
pupil size were measured with the Sirius Topography System in 215 eyes of 123 subjects. Two groups were formed, the first group 
included 113 eyes with keratoconus and the second group is composed of 102 healthy eyes. Differences in sex, age, cornea diam-
eter and mesopic pupil size between two groups were analyzed statistically.  

Results: There were no statistically significant differences in sex and age distribution between the two groups (p>0.05). The aver-
age horizontal corneal diameter was 11.98±0.33 mm in the 1st group and 11.81±0.24 mm in group 2. It was significantly high-
er in patients with keratoconus than in healthy subjects. (p=0.04) The mean mesopic pupil size was 3.64±0.12 mm in group 1 
and it was 3.73±0.14 mm in group 2. The mesopic pupil size was significantly higher in healthy subjects than in patients with 
keratoconus (p=0.03).  

Conclusion: This study showed that while the horizontal white to white diameter of the cornea increases in keratoconus, 
the mesopic pupil size decreases. In clinical practice, these two parameters should be considered in treatment procedures of 
patients with keratoconus.  

Keywords: cornea topography; horizontal cornea diameter; keratoconus; mesopic pupil size  
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keratoconus over time. The corneal topography system 
can easily detect this progression. However, further clini-
cal information is required to validate this progression. For 
example, to the best of our knowledge there is no direct 
study in the literature on the measurement of mesopic 
pupil size in keratoconus patients. Nevertheless, varying 
pupil diameters may increase spherical aberrations in these 
patients.[11] HVID is critical in contact lens examination in 
keratoconus patients, yet there is no direct study on HVID. 

To our knowledge, no study has researched the rela-
tionship between mesopic pupil size and HVID in some 
diseases. Therefore, the aim of the present study was to 
analyze the mesopic pupil size and HVID in patients 
with keratoconus.  

Materials and Methods 
This retrospective study took place at the Ophthalmology 
Department of a third-stage hospital following the ethical 
standards of the Declaration of Helsinki. The records of 
123 subjects admitted to the Ophthalmology Department 
of Beyoğlu Eye Training and Research Hospital were ret-
rospectively analyzed through the hospital’s electronic 
database. 

The medical records of each participant were reviewed. 
A comprehensive ophthalmologic examination included 
funduscopic examination, slit lamp biomicroscopy, and 
distant best corrected visual acuity (D-BCVA) testing were 
performed. Emmetropia was defined as the mean spheri-
cal equivalent between +0.75 and -0.75 diopter (D). For 
HVID and mesopic pupil size measurements, we used the 
Sirius system, a Placido-based videokeratoscope with two 
Scheimpflug cameras, one central and one rotating 
(Costruzione Strumenti Oftalmici, Scandicci, Italy).  

The diagnosis of keratoconus was made clinically and 
considering the topography values. While there were 
newly diagnosed keratoconus patients in group 1 and no 
treatment was applied, there were healthy control subjects 

in group 2 whose age and sex distribution was compatible 
with group 1. Patients with a history of previous ocular or 
refractive surgery, ocular or systemic disease, or a history 
of ocular or systemic drugs that might affect pupil size 
were excluded. In addition, smokers and heavy alcohol 
drinkers (drinking five or more drinks on the same occa-
sion on each of five or more days in the past 30 days) were 
also excluded. 

The parameters of the study were also compared 
between the groups. The Kolmogorov-Smirnov test evalu-
ated the distribution of the data. Chi-square test or paired 
sample t-test compared the data. The results for each 
parameter were in mean±standard deviation (SD). The 
Statistical Package for the Social Sciences version 20 
(SPSS, Chicago, IL, USA) was used for data analysis. A 
value of p<0.05 was considered to be statistically significant.  

Results 
This study investigated the examination records of 215 
eyes of 123 participants. There were 113 eyes in group 1 
and 102 eyes in group 2. The ages were between 17 and 
38, and the mean was 24.33±3.87. No statistically signif-
icant difference were present between the groups in the 
comparison of sex and mean age (p>0.05) (Table 1). 
Group 1 mean HVID was 11.98±0.33 mm, whereas 
group 2 mean HVID was 11.81±0.24 mm (Figure 1). 
The mean HVID was significantly higher in patients 
with keratoconus than in healthy subjects (p=0.04). In 
group 1, the mean mesopic pupil size was 3.64±0.12 mm, 
on the other hand the mean mesopic pupil size was 
3.73±0.14 mm in group 2 (Figure 2). The mean mesopic 
pupil size was significantly higher in healthy subjects 
than in patients with keratoconus (p=0.03).  

Discussion 

HVID is the longest measurement from limbus to the 
opposite limbus in the horizontal plane. In normal pop-
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Table 1  
Demographics and clinical features of the study population.

Characteristic Group 1 (mean±SD) Group 2 (mean±SD)  

Age (years) 23.13±4.27 (17–37) 24.88±5.05 (17–39) 

Sex (% female) %59.2 %56.3 

Manifest spherical equivalent (D) -6.89±1.10 D -0.29±0.51 D 

Cylinder (D) -4.65±0.37 D -0.24±0.18 D 

HVID (mm) 11.98±0.33 (11.54–12.87) 11.81±0.24 (11.26–12.17) 

Mesopic pupil size (mm) 3.64±0.12 (2.54–5.67) 3.73±0.14 (2.68–5.74)



ulation studies, HVID was generally between 11.5 mm 
and 12.5 mm, and approximately 11.80 mm.[2,12] In our 
study, healthy control group subjects were close to these 
results, similar to the literature. Macrocornea is a corneal 
diameter greater than 12.5 mm, on the other hand, the 
definition of microcornea varies in horizontal diameters 
between less than 10.0 mm to 11.0 mm.[13,14] Seitz 

reported that large corneal diameters were present in 
keratoconus, lattice, and granular dystrophies, whereas 
smaller diameters were present in Fuchs` and macular 
corneal dystrophies.[15] Furthermore, different studies 
showed that age, sex, and height might affect this 
value.[2,16,17] In our study, healthy control group subjects 
and keratoconus patients showed a similar distribution in 
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Figure 1. The mean HVID in the groups.
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age and sex. HVID was significantly higher in patients 
with keratoconus, and we were expecting such a result. 
However to the best of our knowledge no such study 
used HVID parameter of corneal topography in kerato-
conus patients before. There are increased in elasticity, 
keratometry values and anterior chamber depth in kera-
toconus compared to normal cornea. Perhaps, the 
increase in HVID may have occurred in parallel with the 
increase in corneal elasticity. HVID is a topographic 
measurement of clinical importance that must be consid-
ered when performing surgery with the indication of 
keratoplasty or when contact lens trials are performed on 
these patients and an appropriate lens prescription is cre-
ated.Also increased HVID in these patients is a parame-
ter that should be considered in the selection of suitable 
contact lenses and in the production of these lenses. 

Pupil size is a valuable parameter with critical clinical 
implications.[18] Its measurement can help detect anoma-
lies. Moreover, knowledge of its normal range is essen-
tial to the optical industry. Different normal values have 
been reported in various studies.[19,20] Because, mesopic 
pupil diameter is evaluated in a wide range from simple 
measurements with a ruler to complex measurements 
with devices using advanced imaging methods. Sanchis-
Gimeno et al.[16] found the mesopic pupil diameter to be 
3.6±0.4 mm ranged between 3 and 4.7 mm with radio-
logical and anatomical measurements in their study on 
healthy large population individuals with a mean age of 
29.2. Guillon et al.[21] found that the mesopic pupil diam-
eter to be 3.82 mm on average in a healthy young popu-
lation without refractive defects in their study using a 
dynamic pupillometer. In our study, the mean mesopic 
pupil diameter of the healthy control group was 3.74 
mm. Mesopic pupil diameter values are generally affect-
ed by variables such as age, sex, refraction and device 
used for measurement.[22–24] Although the pupil diameter 
measurement results are contradictory in sex compar-
isons, values are generally close to each other.[25,26] 
Mesopic pupil diameter decreases with age.[27,28] We con-
sidered these two variables significant and selected the 
healthy control group as compatible with the kerato-
conus group in age and sex. To the best of our knowl-
edge, there are no publications in the literature on 
mesopic pupil diameter measurements in keratoconus 
patients. The mesopic pupil diameter was significantly 
smaller in eyes with keratoconus compared to the 
healthy control group. High myopia and astigmatism 
values stand out in the eyes with keratoconus. In the lit-
erature, the mesopic pupil diameter tends to increase in 
myopic and astigmatic refraction defects.[22,29,30] It is curi-

ous to find that the mean mesopic pupil diameter 
decreases in the eyes with keratoconus while the pupil 
diameters increase in myopia and astigmatism. Spherical 
aberrations can become more complicated with 
increased pupil diameter and changes in anterior seg-
ment parameters. In their study, Hondur et al.[31] pri-
marily revealed a greater pupillary offset in the eyes with 
keratoconus than the healthy controls, which was most-
ly in the superior direction (the positive y-offset). 
Mihaltz et al.[32] found that the pupillary offset due to 
mild to moderate keratoconus was evaluated with total 
ocular aberrometry, and a shift in the line of sight (LoS) 
was observed, which was interpreted as a compensating 
mechanism for increased corneal higher-order aberra-
tions. Perhaps the reduction of the pupil diameter as a 
compensation mechanism may prevent spherical and 
chromatic aberrations in keratoconus patients. 

Various comparative studies utilized different devices 
to measure anterior segment parameters.[33] In general, 
cornea topography devices have a very valuable place since 
they are easy to use and have good reproducibility in 
cornea and anterior segment measurements. The Sirius 
device we use has both two scheimpflug cameras and orb-
scan topography. Thanks to the versatile operation of the 
device and the intelligent mapping system, the margin of 
error in the measurements have been minimized. 
Furthermore, the reliability of the measurements has been 
increased by successfully combining the anatomical and 
clinical parameters in the device. HVID was generally 
higher in keratoconus patients in our study, while mesopic 
pupil diameter tended to decrease. HVID is a significant 
parameter for selecting appropriate contact lenses in ker-
atoconus patients.[34] In addition, it is a measurement that 
should be considered while preparing the donor cornea in 
patients who need keratoplasty.[35] Mesopic pupil diameter 
is also a parameter worthy of attention in using contact 
lenses and implantation of intraocular toric lens in these 
patients.[36] 

One of the limitations of the study is its retrospective 
design. Since retrospective research may include several 
biases, such as information bias and selection bias, there 
may be some minor errors. Another limitation was the rel-
atively small sample size. These results cannot be general-
ized to thousands of patients with keratoconus. Finally, 
because we conducted the study using patient records, we 
could not identify all predictive indices for keratoconus. 
Although this study employed two basic parameters, other 
parameters used in the keratoconus grading examination 
can be beneficial. 
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Conclusion 
The present study has revealed the quantitative anatomy 
of the HVID and mesopic pupil diameter of patients 
with keratoconus and healthy emmetropic subjects. The 
results of the study showed that the HIVD is greater and 
the mesopic pupil size is smaller in patients with kera-
tokonus. To our knowledge, this is the first study that 
analyzes the mesopic pupil size and HVID in kerato-
conus subjects.  
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Introduction 
Tarsal coalition (TC) is defined as an abnormal union of 
two or more bones of the hindfoot or midfoot and is 
thought to be the result of the failure of segmentation of 
primitive mesenchyme. These unions can be osseous (syn-
ostosis), cartilaginous (synchondrosis), or fibrous (syn-
desmosis).[1-4] 

Although it is difficult to determine the prevalence of 
TC due to asymptomatic cases, previous studies have 
reported a prevalence of 1–13%.[3,5–7] The most common 
TCs are talocalcaneal and calcaneonavicular and the 
prevalence of bilateral occurrence of TC is 50–60%.[2,4,8] 

TC can restrict normal subtalar motion (eversion, 
inversion, and anterior gliding) and cause pain, tender-
ness, peroneal tendon spasm, tarsal tunnel syndrome and 
flat foot deformity. TC can be asymptomatic and detect-
ed incidentally in these cases.[2,9]  

Radiographs are used as the first-line imaging exam-
ination in diagnosis of TC. Computed tomography (CT) 
and magnetic resonance imaging (MRI) provide impor-
tant information in understanding the anatomical fea-
tures of the TC. MRI makes it possible to identify bone 
marrow edema which is common in the coalition 
region.[10]  

We aim to determine the anatomical features of TC in 
patients undergoing ankle MRI and to report its prevalence 
in the Turkish population by examining a large series.  

Materials and Methods 
We retrospectively evaluated 1075 ankle MRIs, per-
formed between January and December 2021.  The MRI 
examinations were performed for various reasons such as 
tendinopaty, pain, osteochondral lesion, ligament or ten-
don rupture). Patients younger than 18 years, or with a 
history of trauma and surgery, or with mass lesions, or 
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Abstract 

Objectives: Tarsal coalition describes a complete or partial union of two or more tarsal bones. We aimed to determine the 
anatomical features of tarsal coalition in patients undergoing ankle magnetic resonance imaging (MRI) and to report tarsal coali-
tion prevalence in the Turkish population.  

Methods: A total of 1075 ankle MRI were evaluated and patients with tarsal coalition were included to the study. Statistical analy-
ses were performed to check whether there is a correlation between the presence of the tarsal coalition and age, gender and side 
(right/left) and to identify the talar beak sign accompanying the coalition and the presence of edema or cyst in the bones.  

Results: We detected tarsal coalition in 18 patients (a total of 21 ankles) (1.68%). Out of these, seven were females (1.32%) 
and eleven were males (2.04%). The mean age was 37.22±14.23 years. Three (0.28%) patients had bilateral coalition. Eight 
patients (0.56%) had tarsal coalition on the right ankle and 13 patients (1.12%) had on the left. We detected osseous talocal-
caneal coalition in 3 patients, non-osseous talocalcaneal coalition in 6 patients, non-osseous calcaneonavicular coalition in 10 
patients and non-osseous cuboid navicular coalition in 2 patients. Talar beak was found in 11 (52.38%) patients, edema or cysts 
in the bones forming the coalition were found in 11 (52.38%) patients.  

Conclusion: The prevalence of the tarsal coalition was determined to be 1.68 % in a Turkish population and was more com-
mon among men. Calcaneonavicular coalition followed by talocalcaneal coalition are the most common types.  
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with images that could not be evaluated due to operational 
artifacts or poor imaging quality were excluded from the 
study. Thus, a total of 1068 patients who met the criteria 
were included in the study. In the study group, 21 ankle 
MRI scans of 18 patients showed osseous/non-osseous 
TC. 

The MRI images of patients were obtained with a 1.5 
T MR scanner (Signa Explorer, GE Medical System, 
Milwaukee, WI, USA) equipped with an extremity coil. 
A standardized ankle MRI examination protocol was 
applied for each patient. The presence and characteris-
tics of the TC were evaluated using all sequences in all 
three planes. The sequences included in the examination 
and their parameters are given in Table 1. The images 

were analyzed on the hospital picture archiving and 
communications system.  

The diagnostic criteria for TC in this study were as 
follows: the presence of a bone bridge, narrowing of the 
joint surface, irregular cortical bone surface and the pres-
ence of subchondral bone edema or cyst formation adja-
cent to the affected joint. 

Anatomical types of TC were classified according to 
the united tarsal bone as talocalcaneal (Figure 1), calca-
neonavicular (Figure 2), and cuboideonavicular (Figure 
3). The superior projection of the distal part of the talus 
was defined as the talar beak (Figure 2). The presence of 
cyst or edema was noted in both bones in the coalition 
(Figures 2 and 3).  
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Table 1  
Sequences of MRI examination of the ankle joint.

Pulse sequence TR/TE (ms) Matrix Field of view (cm) Slice thickness (mm)  

Sagittal T1-weighted FSE 720/10.69 320¥256 17¥17 3 

Sagittal FS proton-density weighted FSE 2467/32.06  320¥256 17¥17 3 

Coronal FS T2-weighted FSE 4479/89.73 320¥256 18¥18 3 

Axial T1-weighted FSE 506/11.2 320¥224 17¥17 3 

Axial FS proton-density weighted FSE 3131/42.85 320¥256 17¥17 3 

cm: centimeter; FS:  fat-suppressed; FSE: fast spin echo; mm: millimeter; ms: millisecond; TE: echo time, TR: repetition time.  

Figure 1. (a) Sagittal T1-weighted and (b) T2-weighted fat-suppressed images through the talocalcaneal joint show bone marrow signal (black arrow) 
continue across the fused articulation (osseous coalition) in the ankle MR images.  

a b



Data was analyzed using IBM SPSS Statistics 
Standard Concurrent User v. 26 (IBM Corp., Armonk, 
NY, USA). Kolmogorov-Smirnov test was used for the 

distribution and homogeneity analyses of the data. In 
addition to obtaining descriptive statistics, independent 
t-test analysis was applied to evaluate the mean differ-
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Figure 2. (a) Sagittal T1-weighted and (b) T2-weighted fat-suppressed images demonstrate the narrowing of the joint and irregularity of the bone mar-
gins in the calcaneonavicular joint. The sagittal T1-weighted image also shows the talar beak (white arrow) and accompanying medullary edema or 
cyst (curved white arrow).  

a b

Figure 3. (a) Sagittal T1-weighted and (b) T2-weighted fat-suppressed images demonstrate the narrowing of the joint and irregularity of the bone mar-
gins in the cuboideonavicular joint (black arrow), and accompanying medullary edema/cyst (white arrow) on the bony surfaces.  

a b



ences between groups. Mann-Whitney U test was also 
conducted to differentiate inhomogeneous groups and 
Kruskall-Wallis test was used to compare three or more 
groups. A p-value of <0.05 was considered as statistically 
significant.  

Results 
A total of 1075 patients were included to this study. Of 
the 1068 patients without TC, 529 were females and 539 
were males; 511 of the patients were evaluated for right 
ankle and 557 for left ankle. Osseous, non-osseous TC 
was detected in 18 patients (21 ankles) (1.68%). The 
mean age of the patients with the TC was 37.22±14.23 
years. There was no significant difference between the 
male and female patients in terms of the mean age 
(p>0.05). Table 2 presents the data on the mean age 
according to gender. 

TC was detected in 7 of female patients (1.32%) and 
11 of male patients (2.04%). There was a bilateral TC in 
three cases (0.28%); 2 males and 1 female. The TC was 
found in the right ankle in 8 patients (0.56%) and the left 
ankle in 13 (1.12%). Table 3 shows the distribution of 
the osseous, non-osseous TC prevalence according to 
gender and side. 

Osseous talocalcaneal coalition was detected in 3 
ankles (14.2%), non-osseous talocalcaneal coalition in 6 
ankles (28.5%), non-osseous calcaneonavicular coalition 
in 10 ankles (47.6%) of 8 patients, and non-osseous 
cuboidonavicular coalition in 2 ankles (9.5%). The dis-
tribution of these coalitions did not show correlation 
with age (p>0.05). The distribution of coalition types by 
gender is given in Figure 4. 

In patients with bilateral ankle MRI, talocalcaneal 
and calcaneonavicular coalition was detected in both 
ankles. Among the patients with bilateral ankle MRI, 

only one female patient had different coalition types in 
their right and left ankles (non-osseous talocalcaneal 
coalition on the left, osseous talocalcaneal coalition on 
the right), and two male patients had the same type of 
coalition (non-osseous calcaneonavicular) in each of the 
ankle MRIs. When the pathologies accompanying the 
TC were analyzed; talar beak was found in 11 (52.38%) 
patients, edema or cysts in the both bones forming the 
coalition were found in 11 (52.38%) patients. Patients 
who had edema or cysts in the coalition were over 40 
years of age. In 3 patients, talar beak and cysts or edema 
on the bone faces adjacent to the talar coalition were 
found together. 

There was no correlation between pathologies 
accompanying the TC and gender (p>0.05). The his-
togram of the pathologies accompanying the TC accord-
ing to age is given in Figure 5. 

Discussion 

TC is defined as the absence of segmentation between two 
or more bones of the foot during embryological develop-
ment due to failure of the joint cleft to develop.[1–6] 
Although the coalition may affect any tarsal joint, the cal-
caneonavicular joint is most commonly affected followed 
by the talocalcaneal joint; together these two coalitions 
account for 90% of all TC cases.[9] 
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Table 2 
Mean age according to gender.

Sex n Min-max Mean±SD p-value 

Female 7 23–51 38.57±11.68 0.13 

Male 11 18–58 36.36±16.44  

SD: standard deviation.

Table 3  
Distribution of osseous/non-osseous tarsal coalition prevalence according to gender and side.

Patients without osseous/non-osseous tarsal coalition 1068  

Patients with osseous/non-osseous tarsal coalition 18 1.68%  

Bilateral/female 1 0.18%  

Bilateral/male 2 0.37%  

Right/male 4 0.74%
Right: 8 0.56%

 

Right/female 2 0.37%  

Left/male 7 1.29%
Left: 13 1.12% 

Left/female 5 0.94%



CT and MR imaging allow differentiation of osseous 
from non-osseous coalitions and reveal the extent of 
joint involvement as well as secondary degenerative 
changes. On MR images, bone marrow edema, abnormal 
articular orientation and joint space narrowing were fre-
quently identified adjacent to the abnormal joint.[10]  

Kim et al.[11] reported the prevalence of TC as 1% in 
their study including 733 patients, while Nalaboff and 
Schweitzer[6] reported the prevalence of TC as 11.5% in 
their MRI-based study including 574 patients. In our 
study, the prevalence was 1.68%.  

Cilengir et al[12] reported non-osseous TC in 57 
(87.6%) of 65 patients with TC. Cheng et al.[13] reported 
the rate of non-osseous TC as 89 % in their MRI-based 
study including 57 patients. In our study, the rate of non-
osseous TC, which was 85.8%, was greater than the rate 
of osseous TC. Our findings were consistent with previ-
ous studies. This shows that the frequency of the osseous 
TC was lower than that of non-osseous TC. 

Varner et al.[14] evaluated 32 ankles of the 27 patients 
with TC and reported 18 subtalar coalition, 14 calca-
neonavicular coalition and 1 naviculocuneiform coali-
tion. Nalaboff and Schweitzer[6] reported subtalar coali-
tion in 18 (25.7%) patients and calcaneonavicular coali-

tion in 50 (71.4%) patients of 70 patients with TC. In 
our study, the most common TC was calcaneonavicular, 
followed by talocalcaneal coalition. Naviculocuboid 
coalition was the least common TC.  

Some clinical studies have shown that TC is more 
common in males.[11,15,16] In our study, we found the inci-
dence rate of TC as 2.4 % in males, which is similar to 
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Figure 4. Distribution of coalition types by gender. 
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the other studies. We also found that TC was more com-
mon in the left ankle in both genders.  

Rühli et al.[17] found a bilateral TC in 2 of 7 calca-
neonavicular TCs. Mendeszoon et al.[16] reported a bilat-
eral incidence of 10% for talocalcaneal coalition and 
21% for calcaneonavicular coalition. We found three 
patients (2 males, 1 female) with bilateral TC (0.28%). 
This low rate can be explained by the low number of 
bilateral examinations in our retrospective study. We 
found talocalcaneal and calcaneonavicular coalition in 
our all bilateral patients. In our only female patient, this 
talocalcaneal coalition was osseous in one ankle and non-
osseous in the other.  

The term “talar beak” refers to a flaring of the supe-
rior aspect of the talar head. This is an indirect sign of 
TC and is thought to occur as a result of impaired sub-
talar joint motion, causing the navicular bone to override 
the talus.[10] The talar beak sign may be seen in either cal-
caneonavicular or talocalcaneal coalition and is more 
common in talocalcaneal coalition.[2] The sensitivity and 
specificity of the talar beak sign for detecting talocal-
caneal coalition are 48% and 91%, respectively.[8] 

Nalaboff and Schweitzer[6] found the talar beak sign 
in 25 (50%) patients with calcaneonavicular coalition 
and 5 (27%) patients with subtalar coalition in their 
study of 70 patients with TC. Consistent with the afore-
mentioned study, we found talar beak sign in 11 patients 
with TC, 5 with calcaneonavicular coalition and 6 with 
talocalcaneal coalition.  

Lim et al.[4] found bone marrow edema in both bones 
in 37 (86%) of 43 ankles with MR imaging. We found 
medullary edema or cyst in both bones in 11 of 18 
patients with TC. These patients were over 40 years of 
age. The non-osseous TC creates abnormal mechanical 
stress across the affected joint, causing bone marrow 
edema on the bony surfaces adjacent to the joint.[10] 

Our study has some limitations. Our study was retro-
spective and consisted of symptomatic patients. The 
number of study population is small. Most of our 
patients’ examinations were unilateral, which made it 
difficult to determine the bilateral prevalence. We did 
not access the clinical examination findings of the 
patients. Therefore, we could not evaluate the clinical 
impact of subchondral bone edema or cyst formation 
adjacent to the TC.  

Conclusion 
The prevalence of the TC was found to be 1.68 % in a 
Turkish population and it was more common among 

men. Calcaneonavicular coalition followed by talocal-
caneal coalition are the most common types of TC.  
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Introduction 
Transposition of great arteries (TGA) is the most com-
mon cyanotic congenital heart disease. It constitutes 5% 
of all congenital heart diseases.[1] In this disease, the heart 
is characterized by ventriculoarterial discordance, atri-
oventricular concordence. The pulmonary artery (PA) 
arises from the left ventricle (LV), while the aorta arises 
from the right ventricle (RV).[2] If there is no other 
accompanying cardiac lesion, this disease is called TGA 
with intact ventricular septum (TGA-IVS). TGA is 
called as complex TGA in the presence of accompanying 
cardiac anomalies. These lesions are ventricular septal 
defect (VSD) (45%), left ventricular outflow tract 

(LVOT) stenosis (25%), and aortic coarctation (5%). In 
general, there is no familial transmission in TGA. It has 
not been found to be associated with syndromes and 
chromosomal anomalies. It is seen two times more in 
males than in females.[3,4] 

In TGA, the atria and ventricles have typical struc-
tural features and the conduction system is normally dis-
tributed. There is a fibrous continuity between the 
mitral and pulmonary valves. Coronary arteries usually 
arise from the aortic sinus, which faces the pulmonary 
trunk. Most commonly, the left anterior descending 
coronary artery (LAD) and circumflex artery (Cx) arise 
as a single root, while the right coronary artery (RCA) 

Abstract 

Objectives: Transposition of great arteries is the most common cyanotic congenital heart disease. It is characterized by ven-
triculoarterial discordance and atrioventricular concordance. The aim of the present study was to review the anatomical and 
embryological basis of this anomaly and to discuss the surgical outcomes of arterial switch operations.  

Methods: The study included a total of 61 patients who underwent arterial switch operation. Demographic, anatomical, opera-
tive data, duration of stay in intensive care unit, need of postoperative extra corporeal membrane oxigenator, need of delayed ster-
nal closure and mortality rate were retrieved from the institutional databases and medical records.  

Results: The median age of the patients was 22.9±61.26 (1–455) days, and their weights ranged between 3391.97±686.6 
(1900–5500) grams. Transposition of great arteries accompanied intact ventricular septum in 39 patients (63.9%) and ventricu-
lar septal defect in 22 patients (36.1%). Coronary arteries were abnormal in 11 patients (18%). Mortality was observed in 7 
patients (11.5%) and was seen 5.71±2.98 (1–10) days after surgery. The incidence of coronary anomaly in patients with mor-
tality was 28.6%. The most common coronary anomaly in patients with coronary anomaly with mortality is the anomaly in which 
the circumflex artery originates from the right coronary artery.  

Conclusion: Arterial switch operations provide anatomical and complete correction in transposition of great arteries. It can 
be performed with appropriate timing, good preoperative, peroperative and postoperative management with low mortality. 
Coronary artery anomaly is not a contraindication for arterial switch operations, and with the detailed and careful evaluation 
of the appropriate coronary artery anatomy, transpositions with coronary anomalies are often uneventful.  
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arises as a separate root. In some patients, LAD, Cx and 
RCA emerge as a single root. There is also a variation in 
which LAD and Cx emerge as two separate ostiums on a 
single root. Apart from this, there is rarely a variation 
where the left main coronary artery (LMCA) or LAD is 
intramural between the pulmonary and aortic root.[5–12] 

Embryological theories in the formation of TGA can 
be summarized as below:[5–7] 
• Flat truncoconal septation hypothesis, which blames 

abnormal septation of the aorta and PA, 
• The hypothesis of an abnormal fibrous skeletal con-

tinuum in which the pulmonary-mitral fibrous con-
tinuum occurs instead of the normal aortic-mitral 
fibrous continuum. 

• The hypothesis of abnormal embryonic hemodynam-
ics due to obstructive and different flow patterns, 

• Reverse truncal ridge hypothesis, which points to the 
reverse development of regions under the semilunar 
valves.  
Due to this anomaly, the mixing is insufficient and 

this parallel circulation creates deep hypoxia. This 
results in hypoxia, acidosis, and death. In selected cen-
ters, short-term survival is above 95% with fast-acting 
preoperative management, timely surgery, and close 
postoperative monitoring.[2–4]  

Arterial switch operation (ASO) was first described 
by Adib Jatene in 1976.[13] ASO is performed in the 
neonatal period and is the first-choice surgery in case of 
anatomical suitability. Atrial switch or two-stage ASO 
can be performed at later ages. Despite the medical and 
surgical advances in the diagnosis of TGA and low mor-
tality rates, these patients should be followed up preop-
eratively, intraoperatively and postoperatively in a multi-
disciplinary manner, especially from the antenatal peri-
od. The aim of the present study was to review the 
anatomical and embryological basis of this anomaly and 
to discuss the surgical outcomes of arterial switch opera-
tions.  

Materials and Methods 
This retrospective study was conducted at a paediatric 
heart center between February 2019-March 2022. The 
study included a total of 61 patients who underwent ASO.  

Data including age, sex, type of TGA, surgical tech-
nique, presence of coronary anomaly, duration of car-
diopulmonary bypass (CPB) and cross-clamp (CC) time, 
duration of stay in the pediatric cardiovascular surgery 
(CVS) intensive care unit (ICU), duration of stay in the 
neonatal ICU, need of postoperative extra corporeal 

membrane oxigenator (ECMO) and duration of ECMO 
support, need of periton dialysis, need of continuous renal 
replacement therapy (CRRT), need of delayed sternal clo-
sure and duration of sternal closure and mortality rate 
were all retrieved from the institutional databases and 
medical records. 

All TGA patients who underwent ASO by the same 
surgical team were included in the study. Aortabicaval 
cannulation was performed in all patients. The patients 
were cooled to 28°C and after the patients were taken to 
CPB, the patent ductus arteriosus (PDA) was ligated and 
divided after transfixation sutures. DelNido cardioplegia 
and topical cooling were used for myocardial protection 
after CC was placed, and antegrade cardioplegia was 
repeated every 60 minutes. Coronary arteries were moved 
to the neoaorta by direct anastomosis or Trap-door tech-
nique. Which technique to use was decided after intraop-
erative evaluation of the aortic and pulmonary annulus. 
After translocation of the coronary arteries to the neoaor-
ta, the Lecompte maneuver was performed and the 
neoaortic anastomosis was completed. Neopulmonary 
anastomosis was completed using fresh pericardium. 

Interquartile range (IQR) was used to express contin-
uous data, whereas frequency and percentages were used 
to represent categorical variables. A p-value of less than 
0.05 was considered statistically significant for all statisti-
cal analyses, which were carried out using the SPSS for 
Windows version 25.0 program (SPSS Inc., Chicago, IL, 
USA).  

Results 
The median age of the patients was 22.9±61.26 (1–455) 
days, and their weights ranged between 3391.97±686.6 
(1900–5500) grams. 56 patients (91.8%) were in the 
neonatal period. The diagnosis was TGA-IVS in 39 
patients (63.9%), and TGA with VSD (TGA-VSD) in 22 
patients (36.1%). Diagnosis was made by transthoracic 
echocardiography (ECHO) in all cases. 22 patients 
(36.1%) had fetal ECHO during the antenatal period. 
Balloon atrial septostomy (BAS) was performed in the 
catheter laboratory in 42 patients (68.9%) with restric-
tive atrial septal defect (ASD). ASO was applied to all 
patients. Coronary artery anatomy was normal in 50 
cases (82%). Coronary arteries were abnormal in 11 
patients (18%). Cx was originating from the RCA in 4 
cases (36.4%), and a single coronary root was present in 
4 cases (36.4%). In 2 cases, LAD was dislocated from the 
RCA and Cx was dislocated from its normal position 
(18.2%) and in 1 patient, the coronary arteries were dou-
ble looping (9.1%). 
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All patients were operated under CPB. Mean CPB 
time was 135.44±29 (78–247) minutes, CC time was 
87.95±18.8 (52–136) minutes. Inotropic support was 
started in all patients after CPB. Depending on the 
hemodynamic status of the patients, the sternum was 
closed or left open, and they were followed up in the 
pediatric CVS ICU. Delayed sternal closure was per-
formed to 40 patients. (65.6%) In these patients, the 
sternum was closed at the bedside in ICU on the appro-
priate day according to the hemodynamic status of the 
patient. Mean sternal closure time was 3.58±3.22 (1–16) 
days. Patients who continued to have hemodynamic 
instability and could not wean from CPB or needed CPB 
again after leaving were transferred to ICU under 
ECMO support. In patients who could leave ECMO 
according to hemodynamic status, weaning was per-
formed at the bedside in ICU. The patients who needed 
ECMO were 7 (11.5%), 3 (4.9%) patients who could 
leave ECMO, mean time to leave ECMO was 9±5 (4–14) 
days. Peritoneal dialysis was performed in 7 patients 
(11.5%) and CRRT in 2 patients (3.3%). 

Mortality was observed in 7 patients (11.5%). 
Mortality was seen 5.71±2.98 (1–10) days after surgery. 
The incidence of coronary anomaly in patients with mor-
tality was 28.6%. The most common coronary anomaly in 
patients with coronary anomaly with mortality was the 
anomaly in which the Cx originates from the RCA. 

The patients were followed up in the pediatric CVS 
ICU after ASO. The patients were taken to the neonatal 
ICU after the need for inotropes was over. The extuba-
tion and enteral feeding processes of the patients were 
performed in the neonatal ICU. The hospitalization 
period in the pediatric CVS ICU was 7.92±8.73 (1–62) 
days, and the hospitalization period in the neonatal ICU 
was 24.62±20.8 (0–90) days. 

Discussion 

TGA was first described by Mathew Bailie in 1797 in the 
second edition of the book “The Morbid Anatomy of 
some of the Most important Parts of the Body”, but the 
term transposition was first used by Farre in 1814.[8] In 
this congenital cardiac malformation, there is atrioven-
tricular concordance and ventriculoarterial discordance, 
that is, the morphological right atrium (RA) connects to 
the morphological RV, but this ventricle connects to the 
aorta instead of the PA, unlike the usual situation. 
Likewise, the morphological left atrium (LA) connects to 
the morphological LV, while the morphological LV 
connects to the PA. 

TGA is the most common cyanotic congenital heart 
disease. It constitutes 5% of all congenital heart dis-
eases.[1] TGA occurs in 20–30 of 100,000 live births.[9] It 
is seen two times more in male than in female.[3,4] This 
disease is accompanied by non-cardiac anomalies in 10% 
of cases.[10] 

In 50% of cases, only ventriculoarterial discordance, 
atrioventricular concordance is found. This situation is 
called Simple TGA. In case of VSD, LVOT stenosis, arch 
anomalies or systemic venous return anomalies, it is called 
Complex TGA. VSD is relatively common, but its loca-
tion and size are variable. There may be varying degrees 
of malalignment between the outlet and the trabecular 
septum. Anterior and right deviation of the outlet septum 
can cause pulmonary overriding and subaortic stenosis. 
Aortic hypoplasia, coarctation, or aortic interruption may 
be seen in these cases. If the outlet septum shows posteri-
or and left malalignment, this results in subpulmonary 
stenosis.[11] LVOT stenosis occurs in approximately 25% 
of cases and is more common in VSD-TGA patients. In 
our series, the number of patients with TGA-IVS was 39 
(63.9%), while the number of patients with TGA-VSD 
was 22 (36.1%). The incidence of coronary anomaly in 
transposition of the great arteries is not to be underesti-
mated. While the incidence of coronary anomalies in our 
series was 18%, the most common coronary anomalies 
were Cx originating from RCA and coronary arteries 
originating as a single coronary root. 

Contrary to what it should be, the systemic and pul-
monary circulation in these patients progress in parallel, 
not in series. While oxygenated blood circulates between 
the left chambers of the lung and heart, systemic blood 
circulation is provided by another closed circulation 
starting from the right chambers of the heart and ending 
in the right chambers of the heart. In this case, life 
becomes possible only with a connection between these 
two circulations.[12] 

Central cyanosis and deep hypoxia are seen due to 
parallel circulation in this pathology. The degree of 
hypoxia determines the amount of mixture between cir-
culation. In cases where the ventricular septum is intact 
and the ASD is restrictive, hypoxia and cyanosis begin 
from the first hours of life. Hypoxia is exacerbated in the 
presence of accompanying LVOT stenosis or pulmonary 
stenosis. Conversely, if adequate mixing is achieved in 
the presence of a large VSD, cyanosis may be over-
looked, and even heart failure due to increased ventricu-
lar load may occur.[13] 

The exact etiology of this disease is unknown. 
Gestational diabetes, maternal exposure to rodenticides 
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and herbicides and maternal antiepileptic use are blamed 
in the etiology.[14] Although different mutations are 
prominent in this pathology, no clearly related gene has 
been detected. Although chest radiography and electro-
cardiography are helpful in diagnosis, they do not have 
specific findings. In TGA, the superior mediastinum is 
narrowed on chest radiography and there is a character-
istic egg-shaped heart. Increased pulmonary vascularity 
with cardiomegaly can be seen in VSD-TGA. In the cur-
rent era, TGA is diagnosed with transthoracic ECHO 
with ventriculoarterial discordance. Parasternal long axis 
and also the subcostal-parasternal apical chamber views 
of two-dimensional (2D) ECHO demonstrates PA orig-
inating from the LV coursing posteriorly and the aorta 
from RV in the same plane coursing anteriorly. Aorta is 
identified as the great vessel from which the coronary 
arteries are seen originating, PA is identified as the great 
vessel that bifurcates. Right anterior aorta and central 
position of pulmonary valve are seen. Important anatom-
ical and presurgical details should be determined with 
ECHO including VSD, LVOT obstruction, morpholo-
gy and the size of semilunar valves, the origins of coro-
nary arteries and their branching.  

Coronary anomalies are so common in TGA. 
According to Leiden cenvention and Yacoub and Radley-
Smith classification, Type A (normal) coronary distribu-
tion is most common. Type B, single coronary ostium 
from a posterior facing sinus; type C, separate close ori-
gins of the left and right coronary arteries from a posteri-
or facing sinuses (often with intramural course); type D, 
Cx from RCA; type E, Cx from right posterior sinus and 
LAD and RCA from the left posterior facing sinus are the 
other defined types. In our series the most common coro-
nary anomalies are Cx arising from RCA and single coro-
nary ostium with total 72.8%. 

Prenatal diagnosis of TGA with fetal ECHO is 
increasing nowadays and leads counseling families of the 
diseases, delivery planning and to provide appropriate 
postpartum management. Fetal four-chamber view is 
normal but typical features include the aorta anterior to 
the PA and parallel outflow tracts at the outflow tract 
position. Restriction of ductus arteriosus and foramen 
ovale are two important point which may be predictive of 
severe hypoxemia after delivery.[15] In our series 37.7% of 
patients had antenatal diagnosis of TGA.  

The main goal in this pathology is to provide an ade-
quate mixture in the affected newborn. An adequate 
ASD or VSD can provide adequate mixing in the 
neonate and saves the patient time until corrective 
surgery. Patients who do not have a sufficiently large 

ASD or VSD need different interventions before surgi-
cal correction. Intravenous infusion of prostaglandin E1 
(PGE1) is necessary to maintain patency of the ductus 
arteriosus. In this way, pulmonary blood flow increases 
and pulmonary venous return and left atrial pressure 
increase. This creates a left-right shunt at the atrial level. 
Side effects of PGE1 are apnea, bradycardia, systemic 
hypotension, fluid-electrolyte imbalances, fever and 
flushing in the acute period. Its late side effects are dose-
independent cortical hyperosteosis.[16] 

Although PGE1 increases mixing between circula-
tions, it is often not sufficient and additional interference 
is needed. BAS also known as the Raskind procedure, has 
an important place in the presurgical follow-up of these 
patients. The purpose of this procedure is to increase 
interatrial mixing by widening the patent foramen ovale 
or restrictive ASD. This increases oxygen saturation. 
The Raskind procedure was applied in 42 of our patients. 
(63.8%) Thirty of these patients (%71.43) had nonre-
strictive ASD and increased saturation. This saves time 
for surgery.  

In addition to these interventions, medical support is 
often needed to stabilize the clinical situation. 
Mechanical ventilation and oxygen are required to 
resolve resistant hypoxia. However, oxygen supplemen-
tation accelerates ductal closure and reduces mixing. It 
triggers intercirculatory shunts by increasing alveolar 
tension in high-pressure ventilations. Sodium bicarbon-
ate is important in the treatment of metabolic acidosis, 
and inotropic agents and diuretics can be added to the 
treatment when heart failure develops. 

Accompanying lesions determine the surgical treat-
ment of TGA. Many methods have been tried in the his-
tory of TGA treatment. In 1950, Blalock-Hanlon aimed 
to increase the mixing at the atrial level with atrial sep-
tectomy. Today, this procedure has been replaced by 
BAS. In our clinic BAS is the first choice in these patients 
with insufficient mixing.  

Other surgeries performed in TGA pathology are 
atrial baffle surgeries described by Mustard and 
Senning.[17] This operation is basically physiological cor-
rection operations. Since the ventricle providing the sys-
temic circulation is the RV, it is not an anatomical cor-
rection. In these operations, systemic and pulmonary 
venous return is directed to the associated ventricles via 
the atrial baffle. While fresh pericardium is used for baf-
fle in Mustard operation, baffle is provided with right 
atrial flap in Senning operation. In this way, oxygenated 
blood enters the systemic circulation through the pul-
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monary vein-RA-RV and aorta. Complications of these 
procedures are superior vena cava obstruction, baffle 
leak, atrial and ventricular arrhythmias, tricuspid valve 
insufficiency, RV failure.[17,18] Today, these operations 
have been replaced by ASO. In this study, we preferred 
to implement ECMO support with single stage ASO or 
two stage ASO in delayed patients.  

ASO was accepted as the most appropriate treatment 
option in TGA patients after the first successful repair by 
Jatene et al.[13] In IVS-TGA patients, surgery should be 
performed within the first 2 weeks. Because in these 
patients, the pulmonary pressure returns to normal with-
in 2–3 weeks, and accordingly, the LV pressure decreas-
es in cases that exceed two weeks. Two-stage arterial 
switch surgery is performed in patients who have under-
gone the neonatal period for various reasons. In cases 
longer than 3 weeks, if the IVS is deviated to the left on 
ECHO, the ratio of left ventricular systolic pressure to 
right ventricular systemic pressure is below 70%, and the 
LV posterior wall thickness is less than 4 mm, arterial 
switch surgery should be performed with a two-stage 
approach.[19] In the first stage, banding and systemic-pul-
monary arterial shunt are applied to the PA. 

In ECHO after this operation, the IVS is curved to 
the right and the LV has a spherical structure, synergis-
tic contraction with the IVS, the LV and RV systolic 
pressures are close to each other (left ventricular systolic 
pressure / right ventricular systolic pressure > 70%), and 
In case of detection of posterior wall thickness, LV vol-
ume and muscle mass which is appropriate to the 
patient’s age, arterial switch surgery can be performed by 
proceeding to the second stage.[20,21] 

The incidence of coronary anomaly in TGA patients 
is between 30–45%. In our series, this rate was found to 
be 18%. Coronary translocation is the most critical part 
of Jatene surgery. A possible malposition results in 
myocardial ischemia due to coronary perfusion deterio-
ration. This may cause death due to myocardial 
ischemia. In our series, the incidence of coronary 
anomaly in patients with mortality was 28.6%. The most 
common coronary anomaly in patients with coronary 
anomaly with mortality was the anomaly in which the Cx 
originates from the RCA. 

While preparing the coronary arteries, the coronary 
arteries should be freed by very careful dissection. In 
some cases, thin conal branches may be sacrificed during 
this preparation. The sinuses in the PA to which the 
coronary arteries will be transferred can be prepared by 
removing the piece or using the linear incision technique 

(trap-door). In some cases, coronary artery transfer after 
neoaortic anastomosis reduces distortion. We did not 
use this method in any of our patients. 

The most common reason for reoperation in arterial 
switch surgery is neo-pulmonary artery stenosis. The 
risk factors for PA stenosis are age, previous pulmonary 
banding operation, the patch material and shape used in 
the reconstruction, and the surgical technique applied. 
Neo-PA stenosis is not associated with complex cardiac 
and coronary anomalies. It is directly related to the sur-
gical technique and patch material used.[22] 

Treatment alternatives in complex transpositions 
depend on the type and severity of pulmonary stenosis, 
and the size and location of the VSD. In patients with 
severe pulmonary stenosis and small VSD, cyanosis is 
serious from the neonatal period and palliative opera-
tions are preferred instead of corrective operations. (BAS 
and/or systemic-pulmonary shunt operations). More 
balanced combinations can be expected for corrective 
operations. The classical corrective procedure applied in 
these patients is the Rastelli Procedure, which directs the 
left ventricular flow to the aorta through an intraventric-
ular tunnel and ensures the continuity of the right ven-
tricular outflow tract with a valved conduit. To prevent 
tunnel-related subaortic stenosis, the VSD should be 
wide and associated with both major vessels. The most 
important late complication in this procedure is stenosis 
developing in the conduit and the need for conduit 
replacement.[23] 

To avoid repetitive operations for conduit replace-
ment, the REV procedure for the right ventricular out-
flow tract without the use of a conduit was described by 
Lecompte.[24] In this procedure, an intraventricular tun-
nel is created to divert left ventricular flow to the aorta 
after infundibular resection to widen the VSD. 
Afterwards, the Lecompte maneuver is performed and 
the PA is directly connected to the RV by widening it 
with a patch.[23] 

The logic of the Nikadioh procedure is to eliminate 
the shortcomings of the Rastelli procedure. The Rastelli 
procedure has disadvantages such as requiring septal 
resection during the expansion of the VSD for the intra-
ventricular tunnel, risk of developing subaortic stenosis 
or stenosis in the tunnel due to tunnel malposition, and 
reduction of the RV cavity. In the aortic translocation 
type repair, that is, the Nikadioh procedure, a path free 
of stenosis is created between the LV and the neoaorta, 
reducing the need for septal resection and wide right 
ventriculotomy required in the Rastelli operation. 
Although this technique seems effective, limited experi-
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ence in the literature limits its use. Long-term complica-
tions of this technique include neo-aortic regurgitation, 
coronary obstructions, and pulmonary regurgitation.[23] 

The life expectancy of newborns with transposition is 
mostly less than 1 year and the mortality rate in the first 
year is 89.3%.[25] These rates have been reversed with 
new surgical methods and developments in intensive 
care. Survival over a 15-year period is around 90%. In 
addition, reintervention rates in a 10-year period are 6% 
and event-free survival is 88%.[24,25] 

Conclusion 
In conclusion, ASO, which provides anatomical and 
complete correction in TGA, can be performed with 
appropriate timing, good preoperative, per operative and 
postoperative management with low mortality and mor-
bidity. When appropriate left ventricular functions are 
examined in detail in the light of the literature, ASO 
surgery can be performed even outside the neonatal peri-
od, and full correction is successfully performed with the 
help of close postoperative follow-up and left ventricular 
support devices when necessary. Coronary artery 
anomaly is not a contraindication for ASO, and with the 
detailed and careful evaluation of the appropriate coro-
nary artery anatomy, transpositions with coronary 
anomalies are often uneventful.  
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Introduction 
Traditional anatomy education primarily relies on pre-
sentation materials, atlases, models, digital resources, 
and wet and dry plastinated cadavers.[1,2] The correct 
placement of anatomical structures is crucial for the suc-
cess of health professionals in their practice.[3] Three-
dimensional direct manipulation of the human body by 
touch is of great importance in anatomy education, and 
cadaver dissection is still considered the most appropri-
ate source to achieve this goal.[4,5] However, there are 
many obstacles to use cadavers in anatomy education, 
including social, ethnic, religious, cultural, and donor 
laws and the high cost of cadaver acquisition and man-
agement for worldwide anatomy education.[6,7] Students 
need to take the anatomical structures, rotate, and exam-
ine them from every angle, such as the contribution of 
direct manipulation.[8] It is known that direct manipula-

tion makes great contributions to students’ practical 
knowledge.[9] 

In addition to traditional methods (dissection and 
plastination), a modern three-dimensional (3D) printing 
system technique has recently been added to the anato-
my curriculum.[8,10,11] This new tool looks promising and 
could supplement and replace more traditional methods 
of anatomy education. Studies evaluating the impact of 
different pedagogies in anatomical education highlight 
the potential role of new methods (such as the use of 3D 
printed material) in anatomical education. 3D-printed 
examples can be a valuable, helpful tool, especially in 
contexts where human dissection is hampered by lack of 
facilities, human material, and problematic cultural 
and/or religious backgrounds.[10,12] 

In the last decade, 3D printing has become more acces-
sible and affordable, with systems and materials that can be 
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used at home. 3D printing is a technology that reduces 
production to individual dimensions without the need for 
supply systems based on a computer-generated model.[13] 
In the computer controlled 3D printing process, the phys-
ical material is created layer by layer until it is virtually 
identical to the designed one.[14] Compared with other tis-
sue engineering methods and rapid tissue prototyping 
methods, 3D printing has several advantages, including 
high precision, fast production, low cost and good integra-
tion.[15] 3D modeling can help medical professionals or 
students better understand complex structures.[16] The 
most common materials used in 3D printers are durable 
nylon, aluminum, gypsum, textile raw materials, polylactic 
acid, and resin.[17] Among these materials, photosensitive 
resin provides the opportunity to produce higher quality, 
more complex structures that are closer to reality and 
smoother without showing its own raw material texture.[18] 

This study aimed to examine the usability of tissues 
printed with a 3D resin printer in anatomy education to 
increase direct manipulation in applied training.  

Materials and Methods 
The study involved a total of 84 participants, all 2nd-year 
medical students. This prospective, double-blinded, and 
parallel-group study was performed in line with the 
Helsinki Declaration with permission from the ethical 
committee of Bolu Abant İzzet Baysal University. The 
inclusion criteria were to enroll in the anatomy course in 
both periods and participate in the cadaveric and model 

practical lectures. Exclusion criteria were if the candidate 
had upper extremity traumatic injury in the last three 
months, a sensory deficit in either of the hands or scar tis-
sue on their fingertips.  

Participants were randomly assigned into two, 3D 
print (n=42) and plastic model (n=42) groups, with strati-
fied randomization based on Purdue spatial visualization 
test. Rotation (PSVT-R) scores, laterality scores, sex, and 
age of the participants were recorded. Sample size calcu-
lation was performed with G*Power software based on 
previous research, which yielded an estimated effect size 
of 0.701 and it was found that 33 participants were 
required for each group to achieve 80% power with a 
p<0.05 significance level.[19]  

For 3D printing, the department’s Elegoo Saturn 8k 
3D resin printer (Elegoo Inc, HK, China) and Elegoo 8K 
grey resin were used, with a 2.5-second exposure time 
and 0.05mm slice layer height. The printable sacrum 
model was based on a human sacrum, and the interior 
wall was hollowed and sliced for printing using Chitubox 
basic software (Chitubox Inc, Guangdong, China). The 
hollow part of the model was filled with fast-cure resin 
until the model weight matched the original sacrum 
(Figure 1). After printing, the model was washed with 
95% isopropyl alcohol and cured for 30 minutes under 
direct ultraviolet light. 

Both groups received a 30-minute theoretical lecture 
on the anatomy and clinical implications of the sacrum. 
After the lecture, participants were instructed to examine 
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Figure 1. (a) Preparation of the model in the slicing program for printing; (b) Detailed bone texture of the printed model; (c) Curing process of the 
model with rotating ultraviolet light device; (d) 3D printer and completed model of the sacrum.

a c d

b



and identify structures on the original sacrum for 10 min-
utes with direct manipulation. Then, they received either 
a 3D or plastic model of the sacrum according to their 
group allocations and were instructed to examine and 
compare the models to the original. 

The outcome assessments included a 10-question mul-
tiple-choice quiz to assess participants’ post-exposure 
knowledge of anatomical structures after the practical lec-
ture. Participants were also asked to compare the models to 
the original with a Visual Analog Scale (VAS) questionnaire 
consisting of 4 questions about the model’s weight, anatom-
ical accuracy, level of detail, and texture quality. After com-
pleting assessments, blinded participants were asked to 
identify both models as 3D printed and plastic models. 

Purdue spatial visualization test-Rotation was used to 
assess three-dimensional perception of participants in this 
study. The test was developed by Guay in 1977 and 
revised by Yoon in 2011 and consists of 30 items. The par-
ticipants were asked to solve each multiple-choice ques-
tion (MCQ) rotation according to the given rotations. 
Low scores indicate lower spatial perception capabilities. 
Subjects completed the task in approximately 15 min.[20] 

The hand laterality task was used to assess participants’ 
mental motor imaginary capabilities, which is required for 
imaging three-dimensional objects. The test consists of 4 
images of both hands and six difficulty levels. Levels con-
sist of a 60-degree rotation for each set of images. A total 

score of 48 indicates perfect laterality. Subjects completed 
the task in approximately 10 min.[21] 

The printed model’s weight, anatomical accuracy, 
level of detail, and texture were assessed with VAS. 
Participants were instructed that 0 indicates no similarity 
to 10 indicates identical to the original model and asked to 
mark on a 10 cm straight line. 

After completing previous assessments, participants 
received both 3D printed and plastic models and were 
asked to identify each model on a 3-point Likert scale as 
0-cannot decide, 1-plastic, 2-3D printed. 

The chi-square test was used to compare the distribu-
tion of sex and the participants’ discernment capabilities of 
models. The Shapiro-Wilk test was used to test for the 
normal distribution of continuous variables. Normal dis-
tribution was observed for age, quiz, PSVR-T, and later-
ality scores. The independent t-test was used to analyze 
the differences between the groups. A p-value of less than 
0.05 was considered statistically significant. The chi-
square test was used to analyze sex distribution between 
groups. All statistical analyses were performed using the 
SPSS statistical package for Windows, version 24 (IBM 
Inc., Armonk, NY, USA).  

Results 
Eighty-four participants who met the inclusion criteria 
were included in this study (Figure 2). In the 3D print 
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Excluded (n=33) 
•   Not meeting inclusion criteria (n=27) 
•   Declined to participate (n=6)

Allocation

Randomized (n=84)

3D Print Group (n=42) Plastic Model group (n=42)

Figure 2. Flowchart of the study. 

Intervention

Assessments completed (n=42) Assessments completed (n=42)

Analysis

Analysed (n=42) Analysed (n=42)

Assessed for eligibility (n=117)



group, the mean age was 19.90±1.33 years, the lateraliza-
tion score was 34.61±7.69 points, and the PSVT-R score 
was 24.28±3.95 points. In the plastic model group, the 
mean age was 19.90±1.33 years, the lateralization score 
was 35.04±10.15 points, and the PSVRT score was 
23.26±3.65 points. There were 4 (9.5%) males and 38 
(90.5%) females in the 3D print group and 5 (11.9%) men 
and 37 (88.1%) women in the plastic model group. There 
was no difference between the groups in terms of age, lat-
eralization scores, sex, and PSVRT scores (p<0.05) (Table 
1). Participants’ model assessment VAS scores and quiz 
scores showed a normal distribution (p>0.05). 

Independent sample t-test results showed that there 
was no difference between the quiz scores of 3D print 
(6.28±2.03) and plastic model groups (6.76±2.22) 
(p=0.310) (Table 2). 3D Printed model’s weight, level of 
detail, and texture quality VAS scores showed signifi-
cantly higher scores than the plastic model (p<0.001). 
However, there was no significant difference between 
the groups regarding anatomical accuracy scores 
(p=0.142) (Table 2). 

Discussion 

In this study it was found that, 3D resin-printed models 
are superior to plastic models and resin-printed models 
can replicate details and textures better than plastic mod-
els. This outcome shows a high potential for creating 
accurate anatomical models for anatomy education with 
3d resin printing.  

Anatomy education requires mental imaging and spa-
tial skills.[22] Sex-based allocation was necessary due to 
reported differences in the spatial abilities of male and 
female participants.[23] Studies investigating the efficien-
cy of 3D-printed models showed an increase in favor of 
3D-printed groups’ written tests and quiz scores. In this 
study, a pre-test quiz was used to assess participants’ 
anatomic knowledge after the lecture. This ensured that 
the initial anatomy knowledge of the groups was similar 
and prevented both the heterogonous distribution of 
reluctant/enthusiastic participants and sex distribution. 

3D printing is a cheaper option compared to both 
cadaveric and plastic model-based education.[10] Kim et. 
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Table 2  
Independent t-test result of mean differences between groups.

3D Print (n=42) Plastic model (n=42)  

X±SD X±SD t p-value 

Quiz 6.28±2.03 6.76±2.22 -1.022 0.310 

Weight 8.28±1.87 5.60±2.16 6.049 <0.001 

Anatomical accuracy 7.85±2.21 7.50±3.07 1.483 0.142 

Level of detail 8.14±1.49 5.51±1.53 7.948 <0.001 

Texture quality 8.71±1.24 4.08±2.33 11.359 <0.001 

t: independent samples t-test, p<0.05.

Table 1  
Baseline characteristics of the participants.

3D Print (n=42) Plastic model (n=42)  

X±SD X±SD t p-value 

Age (years) 19.90±1.33 19.38±01.41 1.743 0.085 

Lateralization 34.61±7.69 35.04±10.15 -0.218 0.828 

PSVT:R 24.28±3.95 23.26±3.65 1.232 0.221 

n % n % χχ2 p-value 

Sex Female 38 90.5 37 88.1
0.124 0.724

 

Male 4 9.5 5 11.9 

PSVT:R: purdue spatial visualization test rotations; t: independent samples t-test, p<0.05; χχ²: Chi-square test.



al.[6] reported that next-generation printers with higher 
precision capabilities increased the printed models’ level 
of detail and accuracy. Fasel et al.[24] verified the accura-
cy of models and showed that scans could be adapted to 
3D-printed models. In order to achieve a real-life tex-
ture, studies tried various methods, such as covering 
printed tissue with a silicon-based coating.[25] The main 
concern of 3D-printed models is their accuracy and 
resemblance to the original tissue.[6] A 3D upper extrem-
ity model study pointed to the same limitations and 
implied that with technological advancements a printed 
model’s texture could become identical to the original.[26] 
In this study, we found that the resin printed model’s 
texture closely resembled the original one. In addition, 
the resin model’s fine slice height resulted in a smooth 
transition which was a main concern for previous studies 
which used a PLA printer that produces rough textures. 
Moreover, the level of detail of the 3D printed models 
was found to be superior compared to the plastic model 
which uses a mould to mass produce models.  

Young et al.[27] reported that increased cognitive load 
might impact the effectiveness of educational material. 
The complexity of the pelvis region is higher and 
increases the cognitive load on students that examine 
models. Another study focusing on 3D printed organs 
showed that the pelvis is a more complex region than the 
heart and recommends higher resolution prints for com-
plex areas.[6] Studies investigating 3D prints on anatomy 
education report its benefits, however these studies also 
remark on the low detail level of 3D printers.[6,28,29] 

Printed and plastic models’ resemblance to the original 
is vital. Level of detail is a crucial parameter when com-
paring plastic and printed models since the moulding 
procedure prevents the production of fine details due to 
the high risk of tearing during mould release. 

Studies investigating the effectiveness of 3D printed 
models on anatomy education report promising results. 
A study comparing cadaveric and 3D printed model’s 
post-test results showed that the 3D print group scores 
higher marks.[6] A randomized controlled study compar-
ing cadaveric, 3D printed and atlas found similar results 
in favor of the 3D printed model group.[28] Another study 
using color coded 3D printed models also reports high 
scores in favor of the printed model group.[26] Studies 
investigating the effect of 3D printed models based on 
students learning reported that 3D printing does not 
cause disadvantages for students’ learning activities and 
has a positive effect on junior students who do not want 
to make contact with cadaveric materials and avoid direct 
manipulation.[30–32] Similar to the previous studies, we 
found that the resin printed model scores higher marks 
and can be used in anatomy education. Post-test scores 

were not collected from participants due to the design 
limitation of the study. Although previous studies 
showed that 3D models do not cause a disadvantage in 
anatomy learning, it was unclear whether resin models 
are free from the same problems. 

3D printing is a cheap, accurate, feasible, and innova-
tive way of providing anatomy teaching materials. The 
findings of this study show that resin printed models com-
pared to plastic models, are more realistic and similar to 
originals. 3D printing is a relatively new area for anatomy 
education and this study showed that resin printing is a 
better solution compared to plastic models. The use of 3D 
prints can enhance anatomy education by providing a flex-
ible tool. As students become more proficient in under-
standing normal anatomy, they can gradually be intro-
duced to models that include pathological conditions. 
However, printing time is a downside of resin printing 
which can take 4-6 hours to print a single model. The cost 
of printing varies depending on the model’s size, the 
resin’s cost, and the inner area’s hollowing. As a result, 
almost all bones, except cranial bones, can be printed using 
a small amount of resin. In this study, the cost of the 
sacrum was 4.7 USD, including the support for the mod-
els. This is cheaper than commercial sacrum models, typ-
ically costing 29 to 75 USD per model. 
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Introduction 
The iliocapsularis muscle, also known as the 
iliotrochantericus, when present, has been reported to 
act as a hip flexor, located deep to rectus femoris and ili-
acus positioned over the anterior medial hip capsule. 
The iliocapsularis muscle has been described as having a 
proximal attachment from inferior to anterior superior 
iliac spine (ASIS) and anteromedial hip capsule with a 
common distal attachment accompanying the iliopsoas 
at the lesser trochanter.[1–3] Prevalence of this muscle has 
been reported in humans to range from 71–100%. 
Plante et al.[4] dissected 14 hips, 10 of which an iliocap-
sularis muscle was found present deep to the iliacus. 
Elvan et al.[5] discovered that 92% of 21 fetuses dissected 
contained an iliocapsularis muscle, and further consid-
ered this a common muscle. The iliacus and iliocapsu-
laris muscles were described as having a distinct fascial 
layer separating the two muscles, as seen in 34 out of 39 
hips, while in contrast, the other 5 hips did not show a 
clear fascial separation between the two muscles.[2,5] 

The understanding of iliocapsularis muscle as an 
individual muscle has been challenged by D’Costa (2008) 
and Sato (2016). Sato et al.[6] showed that iliocapsularis 
muscle may actually be a deep slip of the iliacus if there 
was not a layer of investing fascia to distinctly separate 

the muscle from the iliacus. The innervation of iliocap-
sularis muscle has been demonstrated in macaques as 
coming from a branch of the femoral nerve entering 
from the upper surface of this muscle after piercing the 
iliacus.[7] Similarly, in human fetuses, the innervation to 
iliocapsularis muscle was also described as a thin nerve 
branch from the femoral nerve, piercing through iliacus 
and superficially innervating iliocapsularis muscle.[5] 

The iliocapsularis muscle has been shown to be pre-
sent in embryological development by Elvan et al.[5] 
beginning as early as 26 weeks’ gestation lateral to the 
iliopsoas and deep to the rectus femoris. The most com-
mon proximal attachments of the muscle were observed 
just below the common tendon attachment for rectus 
femoris or on the anteromedial part of the hip joint cap-
sule. Innervation of the iliocapsularis muscle was found 
to be from a small branch of the femoral nerve.  

The conflicting information and ambiguity regarding 
the iliocapsularis muscle created a drive for further 
exploration in order to understand the iliocapsularis 
muscle’s function and possible implications in hip 
pathology. The aim of this study was to gather clinically 
significant information on the variations of the iliocap-
sularis muscle. Knowledge of hip anatomic variations 
was crucial to understanding hip pathology, determining 
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differential diagnoses, and to more accurately develop a 
plan of care in symptomatic hips.  

Case Report 
During routine dissection of 29 hips of human adult 
cadavers in the anatomy laboratory, five iliocapsularis 
muscles were found. Three of the iliocapsularis muscles 
matched previous descriptions in the literature, with 
only one displaying innervation provided by a primary 
branch of the femoral nerve that passed through the 
belly of the iliacus, and the other two of the muscles were 
variations of iliocapsularis muscle.[1] Each variant iliocap-
sularis muscle was found to lie in a fascial compartment 
that was separate and distinct from the iliacus. In the 
present study, all of the iliocapsularis muscles had the 
commonality of being positioned directly beneath the 
iliopsoas immediately anterior to the femoral-acetabular 

joint. However, the two variations exhibited differences 
in their attachments as well as differences in their posi-
tion along the hip joint. Although there was great ambi-
guity regarding the prevalence, function, and clinical sig-
nificance of the iliocapsularis muscle; the authors are not 
aware of any human variations that match the variant 
iliocapsularis muscles described in the current cases.  

Case 1 
The iliocapsularis muscle in case one was identified in its 
own fascial compartment of the left hip, deep to the ilia-
cus muscle. The proximal attachment arose from the 
ilium between the ASIS and anterior inferior iliac spine 
(AIIS). The muscle belly blended into the iliacus muscle, 
and the distal attachment inserted into the lesser 
trochanter along with the iliopsoas tendon. In this case, 
the muscle displayed a unique twist that resulted in a rib-
bon-like appearance of the muscle belly as it traversed 
toward its distal attachment. Along its course, deep fibers 
from the iliocapsularis muscle blended with the anterior 
hip capsule (Figure 1).  

Case 2  
The iliocapsularis muscle in case two was also located in 
its own fascial compartment of the right hip, deep to the 
iliacus muscle. The proximal attachment arose from a 
point on the iliac fossa just medial to ASIS. The muscle 
fibers blended with the anterior aspect of the hip capsule. 
After crossing the joint capsule, the belly of the iliocap-
sularis muscle bifurcated into medial and lateral bands. 
The lateral band blended into the vastus intermedius 
muscle while the medial band joined the common iliop-
soas tendon inserting into the lesser tubercle (Figure 2). 

Discussion 
The varying descriptions of the iliocapsularis muscle in 
humans, and questionable function may contribute to 
the general ambiguity of this muscle. One purpose of 
this study was to determine if this muscle is indeed con-
sistent in humans. To determine prevalence, this would 
require a working definition of what classifies the ilio-
capsularis as a muscle. As a guideline, the authors have 
defined iliocapsularis muscle as completely separated 
from iliopsoas by a fascial layer, had an origin on the iliac 
fossa or medial to AIIS, inserts into the lesser trochanter 
and intertrochanteric line, and was seen to be innervated 
by a first order nerve off of the femoral nerve.[8] Unlike 
previous claims that this muscle was constant in all 
humans,[1] the prevalence of iliocapsularis muscle in this 
study was found to be 17.2%, concluding that this mus-
cle was not constant in all humans. With only five ilio-
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Figure 1. Photograph of anterior aspect of the left hip and thigh 
demonstrating unique twist of iliocapsularis muscle belly, as discussed 
in case 1.  



capsularis muscles present in this study, and two of them 
being variations from what is described as typical, the 
authors speculate that the actual prevalence of iliocapsu-
laris muscle was much lower than previously reported. 
Elvan et. al. described five iliocapsularis muscles that did 
not have a clear fascial layer separating the iliocapsularis 
muscle from the iliacus.[5] Taking into account the work 
of Sato and the definition of the iliocapsularis muscle, 
then Elvan’s 92% prevalence rate would be decreased to 
87% in human fetuses.[5,6] 

The innervation of the iliocapsularis muscle has pre-
viously been described in human fetuses and 
macaques;[5,7] but rarely, if ever, in adult cadavers. Of the 
five muscles found during this study, one presents as a 
typically defined iliocapsularis muscle with innervation 
by a branch of the femoral nerve after piercing through 
the iliacus. This innervation course was similar to what is 

described in macaques by Satoh and in human fetuses by 
Elvan.[5,7] The research was not clear if the innervation 
provides a motor component to iliocapsularis muscle or 
was purely sensory. Regardless, proposed functions of 
the iliocapsularis muscle would lend to the assumption 
that there was an important motor component to the 
innervation to the iliocapsularis muscle. 

Limitations in the current study were that cadavers 
were used, and in vivo function of this muscle could not 
be completed. For this purpose, future research will 
include diagnostic ultrasound imaging and EMG to con-
firm the hypothesized studies. Another limitation of this 
study in addressing prevalence was the lack of identifying 
innervation. We only discovered innervation in one out 
of five iliocapsularis muscles in this present study, how-
ever, more careful dissection techniques should be 
implemented in further studies to clearly define iliocap-
sularis muscle as a distinct and separate muscle with 
intact innervation.  

Functions of the iliocapsularis muscle were largely 
unknown.[9] The authors discussed how the anatomy of 
the muscle might influence the function. The iliocapsu-
laris muscle’s direct attachment to the anterior hip cap-
sule, as described in this report as well as previous 
reports, implied that the muscle plays a role in pulling 
the capsule away from the hip joint during hip flexion. 
This would aid in preventing anterior synovial impinge-
ment during hip flexion exceeding 90 degrees.[3,10] In the 
absence of iliocapsularis muscle, increased incidence of 
synovial hip impingement was likely, and must be con-
sidered during the differential diagnosis of hip patholo-
gy. Iliocapsularis muscle has also been postulated to aid 
in hip stability.[1,2,10] The iliocapsularis muscle is com-
monly presented as hypertrophied in dysplastic hips, 
leading to assumptions that it actively contributed to 
anterior hip stabilization versus passive form closure that 
has been seen in a non-pathologic hip joint.[1] 
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Figure 2. Photograph of anterior aspect of the right hip and thigh 
demonstrating variant bifurcation with medial and lateral bands, as 
discussed in case 2.   
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Introduction 
External occipital protuberance (EOP) is a normal 
anatomical structure located on the posterior surface of 
the occipital bone, and the highest point of this structure 
is called inion. It is the insertion site of the ligamentum 
nuchae and trapezius muscle. Prominence of EOP has 
been used in the determination of sex in forensic investi-
gations, and it is often more prominent in males than 
females. Based on its shape, Broca et al. classified EOP 
into six anatomical types using radiographs of dry skulls, 
which was later simplified by Gülekon and Turgut[1] into 
three subtypes: Type I, smooth; Type II, crest form; 
Type III, spine form. 

While the EOP is widely reported in anthropological 
literature, there is a dearth of information regarding it 
within medical publications. Recently, this anatomical 
structure has been mired in controversy. The term 
enthesis describes the site of insertion of a tendon, liga-
ment, fascia or articular capsule into bone. An entheso-
phyte is a bony projection arising at an enthesis. 
Exaggerated bony outgrowth of the external occipital 
protuberance is called Occipital spur or Inion hook. 
They are seen rarely in radiographic findings in young 
adults, as these bony adaptations are assumed to develop 
slowly over time.[2] However, in recent years, the pres-
ence of an enlarged external occipital protuberance 
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(EEOP) has been observed frequently in radiographs of 
relatively young patients.[3]  

There are studies being conducted to investigate 
whether EEOP is linked to excessive use of smartphones 
and associated posture-related health issues in young 
adults. This article presents an incidental finding of this 
exaggerated anomaly in an orthodontic patient using 
cone-beam computed tomography.  

Case Report 
A 20-year-old male patient reported with the chief com-
plaint of malalignment and irregularity of his upper 
anterior teeth. On clinical and oral examination, he had 
an anterior crossbite, bilateral class III molar relation-
ship, constricted maxillary arch and class III skeletal pat-
tern. Interestingly, the patient was unaware of the 
absence of the maxillary canines from the dental arch. 
Patient’s medical history showed no systemic diseases. 
Routine records were taken to assist in diagnosis and 
treatment planning, which included intra-oral and extra-
oral photographs, plaster study models, cephalometric 
and panoramic radiographs. 

The patient was referred for a cone-beam computed 
tomography (CBCT) scan to determine the position of 
the impacted maxillary canines and evaluate possible 
root resorption of the adjacent teeth. The scan was car-
ried out on a CBCT (CS 9000 3D Imaging system 
Kodak, Rochester, NY, USA) and data processing was 
done using 3D imaging software version 11.95 (Dolphin 
imaging and management solutions, Chatsworth, CA, 
USA). The resultant images identified the exact position 
of the impacted canines in the maxilla and confirmed 
that there was no root resorption of the maxillary lateral 
incisors or the maxillary first bicuspids (Figure 1). 

An incidental finding on the CBCT was the existence 
of a focal spine-like hyperostosis which was seen in the 
occipital protuberance extending in a craniocaudal direc-
tion (Figure 2). The measurements of the spur done on 
the CBCT at the level of EOP showed the spur width at 
the base was 13.2 mm and 3.5 mm at the apex (Figure 3). 
The length of the spur was 17.4 mm, measured at the 
base of EOP to the apex of the spur. The distance of the 
spur from the base of the skull was 6.5 mm (Figure 2). 
This incidental CBCT finding was confirmed to be an 
occipital spur (Type III spine form). 

Clinical examination showed a palpable bone 
swelling without any tenderness, infection or discharge. 
Though asymptomatic, the patient gave a history of mild 
discomfort while sleeping on a hard pillow. 
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Figure 1. Three-dimensional reconstruction in coronal view shows the 
exact position of the impacted canines in the maxilla. 

Figure 2. Three-dimensional reconstruction in lateral view shows a focal 
spine-like hyperostosis in the occipital protuberance extending in a cran-
iocaudal direction. The length of the spur is 17.4 mm, measured at the 
base of external occipital protuberance to the apex of the spur. The dis-
tance of the spur from the base of the skull is 6.5 mm.



He was managed conservatively and advised to use a 
soft pillow. He was referred for an opinion from an 
orthopaedic surgeon should any symptoms get aggravat-
ed in future. He is currently undergoing orthodontic 
treatment for malalignment of teeth and class III skeletal 
malocclusion.  

Discussion 
The diagnostic value of CBCT has risen in regular 
orthodontic practice, with benefits which cannot be 
achieved with conventional 2D radiographs. Based on 
these advantages, CBCT has been utilized in orthodon-
tics, and several pathological findings and abnormalities 
in the oral and maxillofacial region have been incidental-
ly reported on CBCT scans.[4,5] 

In the present case report of a 20-year-old male patient 
seeking orthodontic treatment for malalignment of teeth, 
the occipital spur was an incidental finding in the CBCT. 
It was missed in the diagnostic cephalometric records, 
since the suboccipital area is routinely cropped out of the 
field of view in conventional lateral cephalograms. Hence, 
incidental findings detected in CBCT images can con-
tribute significantly to the identification of subclinical 
pathologic abnormalities. It is of major importance that 
the ALARA principle (radiation dose “as low as reasonably 
achievable”) is respected. In such cases, however, the ben-
efits outweigh the expected risk from radiation. 

Previous studies have quantified occipital spurs con-
ventionally using either dry skulls,[6] two-dimensional 
radiographs,[7] ultrasonography[8] or CT studies.[9] The dis-
advantage of studies on dry skulls is that the dimensional 

changes due to the effects of prolonged cadaver preserva-
tion have not been researched extensively. Two-dimen-
sional radiographs cannot ensure the same degree of accu-
racy that are obtained through three-dimensional recon-
struction in CBCT.[10] Helical CT studies have a much 
higher risk from radiation compared with CBCT,[11] which 
has the specific advantage of choosing the field of view 
according to convenience and requirement.  

In this case report, the patient primarily sought treat-
ment for malocclusion and had no history of pain, with 
only mild discomfort while using a hard pillow in spite of 
the increased size of the occipital spur. In the normal 
course of events, the possibility of detecting and identify-
ing the lesion would have been low, putting the patient at 
risk of injury from trauma to the occipital spur. The inci-
dental discovery of the occipital spur in the CBCT and its 
immediate identification by the clinician enabled the 
patient to be apprised of the condition. The patient was 
advised to take necessary caution in case of accidents or 
trauma to the back of the head, and referred to an 
orthopaedic surgeon should his symptoms get aggravated 
in future. Though occipital spurs are usually asymptomat-
ic, awareness of this uncommon presentation can expedite 
emergency medical care and management in a cost-effec-
tive manner in the event of any pain or trauma leading to 
fracture or avulsion of the spur fragment.[12] In such a sce-
nario, the readily available CBCT data will prove to be 
indispensable to the surgeon for planning and executing 
surgery. This is the first such report of its kind, which 
measures the size of occipital spur using cone-beam com-
puted tomography and 3D imaging software. This imag-
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Figure 3. Three-dimensional reconstruc-
tion in posteroanterior view shows the 
width of the spur at the base is 13.2 mm 
and 3.5 mm at the apex, measured at the 
level of external occipital protuberance.



ing modality is more sensitive than conventional radiogra-
phy for precise linear and volumetric measurements, and 
the depiction of changes in bone spur. Knowledge of these 
bony spurs is of untold value to clinicians and radiologists 
for diagnostic purposes. Anatomists and anthropologists 
will benefit greatly from being able to study the variants in 
vivo, in addition to studies on dry skulls or preserved 
cadavers. Also, sports physicians cognizant of such an 
anomaly will be better able to provide adequate protection 
to the athletes in their care.  
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