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ABSTRACT

Background: Bell’s phenomenon, also known as the palpebral oculogyric reflex, is a critical reflex that
protects the cornea. We developed an innovative, simple, and practical grading scale for Bell's phenomenon
that includes the inverse Bell’s phenomenon. Using this scale, we investigated the characteristics of Bell’s
phenomenon among asymptomatic individuals in different age groups and examined the frequency of ocular
surface lesions in asymptomatic and symptomatic participants with different grades.

Methods: In this cross-sectional study, we randomly included 330 eyes of 165 asymptomatic, healthy, White
Turkish individuals who attended the outpatient eye clinic, with a male-to-female ratio of 1:1.4, in the control
group. These were categorized into four age groups: 4 — 20 years, 21 — 40 years, 41 — 60 years, and > 60 years.
Eighty eyes from 40 patients with ocular surface lesions and absence of grade + 2 Bell’s phenomenon were
included in the symptomatic group. Bell’s phenomenon was classified into five grades: grade+2 (strong
positive), grade+ 1 (weak positive), grade 0 (no Bell’s phenomenon, no eye movement), grade —1 (weak
inverse), and grade -2 (strong inverse).

Results: We detected higher frequencies of grade + 2, + 1, and 0 in individuals aged 4 — 40, 41 — 60, and > 60
years, respectively. There was a significant difference between age groups in the frequencies of different grades
(P<0.001). Pairwise analysis revealed a significantly lower frequency of grade +2 in the age group > 60 years
compared with the 4 — 20 and 21 — 40 year groups (both P<0.05). Grade + 2 was the most frequent in both
sexes. We detected grade 0 in 27.1% of men and 22.1% of women in the control group, with no significant
difference in the frequencies of different grades between sexes (P > 0.05). We observed significant differences
between grades with respect to the frequency of ocular surface lesions (P < 0.001). Pairwise analysis revealed
a significantly higher frequency of ocular surface lesions in asymptomatic individuals with grade 0 and all four
other grades (all P<0.001). However, the frequency of ocular surface lesions was comparable between sexes
(P>0.05). Of the 40 symptomatic individuals, 28 (70%), 5 (12.5%), 4 (10%), and 3 (7.5%) had grade 0, + 1,
-1, and -2, respectively. The number of symptomatic patients was higher in grade 0 (n=28) than in other
grades (grade + 1, -1, and —2: n=12 patients), and these individuals had a higher frequency of ocular surface
lesions (n =38 lesions) than others (grade + 1, -1, and -2: 7 lesions).

Conclusions: Using a simple, practical grading scale for Bell’s phenomenon that includes inverse Bell’s
phenomenon, we observed that inverse Bell's phenomenon is a reflex that may be present in healthy
individuals and could have a protective effect on the eye, although not to such a degree as a strong Bell’s
phenomenon. Our observations imply that bilateral conjunctival calcifications/Vogt’s limbal girdle may be
associated with grades 0 and + 1 Bell's phenomenon. Further large-scale studies are needed to determine the
frequency of Bell's phenomenon in the general population using this innovative, simple, practical grading
scale, and to identify the protective or injurious effect of each grade on the ocular surface.
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Ocular surface lesions in clinical grades of Bell's phenomenon

Bell’s phenomenon, also known as the palpebral-oculogyric reflex, is a critical reflex that protects the cornea. Sir
Charles Bell first described it in 1969 [1, 2]. Bell’s phenomenon is the upward and slightly outward movement
of the eyeball during eyelid closure to protect the cornea [3]. Under normal conditions, the tear film [4], eyelids,
blink reflex, complete eyelid closure during sleep, and strong Bell’s phenomenon protect the cornea [5, 6].

The activity of Bell's phenomenon varies with age and reflects the maturation process of the brainstem and
extraocular muscles [7]. In a study conducted on 300 newborn babies, Bell's phenomenon was not detected in
premature newborns but was present in 16.7% of full-term newborns. The incidence of Bell’s phenomenon in
infants increases by the month [7]. In addition to age, Bell’s phenomenon is affected by many conditions, such
as eye surgery, lagophthalmos, and intensive care unit stays [8].

There are many types of ocular surface lesions. Pingueculum, conjunctival calcification, Vogt’s limbal girdle,
furrow degeneration, and Salzmann’s nodular degeneration are conditions that usually occur in older individuals
[9-12]. Corneal and conjunctival calcifications can be idiopathic or associated with chronic renal failure and
hyperparathyroidism [13]. The conjunctival flora is also influenced by the presence of corneal lesions [14, 15].

In our corneal department, we have noted that many patients with absence of Bell's phenomenon or with
an inverse Bell’s phenomenon had corneal or conjunctival degeneration. Therefore, we developed a simple and
practical grading scale for Bell's phenomenon that includes the inverse Bell's phenomenon. Using this scale, we
investigated the frequency of Bell’s phenomenon according to age and sex groups and its relationship with the
presence of ocular surface lesions in asymptomatic and symptomatic individuals.

In this cross-sectional study, we examined all individuals who presented to the cornea unit at Istanbul Medeniyet
University Goztepe Training and Research Hospital, Istanbul, Turkey, from 2022 to 2023. Ethical approval for
this study was obtained from the Ethics Committee of Istanbul Medeniyet University Goztepe Training and
Research Hospital clinical research on April 13, 2022 (decision number: 2023/0094). The study participants
provided informed consent for participation and publication of their data.

Individuals with corneal lesions and a weak Bell's phenomenon were systematically enrolled into the patient
group during the study period. We excluded those with a history of ocular surgeries, those treated in an intensive
care unit, individuals with a history of trauma or coexisting eyelid problems such as entropion or ectropion,
patients with neurological or psychiatric diseases, and those with chronic use of eye drops. The control group
consisted of healthy individuals without ocular or eyelid problems or systemic diseases who underwent a similar
evaluation for the grading of Bell’s phenomenon.

In the control group, 330 eyes of 165 asymptomatic White Turkish individuals who attended the outpatient
eye clinic were randomly selected. They were classified into four age groups: 4 — 20 years, 21 — 40 years, 41 — 60
years, and > 60 years. In the patient group, 80 eyes of 40 individuals with ocular surface lesions and absence of
a strong Bell’s phenomenon (grade +2) were included. The shape and location of punctate epitheliopathy in
patients with corneal lesions were evaluated using fluorescein staining under slit-lamp biomicroscopy (Photo
Slit Lamp at 16 x magnification; Topcon SL-D701, Tokyo, Japan) examination.

Study participants underwent comprehensive ophthalmological examinations, including measurement of
best-corrected distance visual acuity using a Snellen chart (Auto Chart Projector ACP 1800, Chongging Vision
Star Optical Co., Ltd., China), intraocular pressure measurement using the Goldmann applanation tonometer
(AT900, Haag-Streit, Koeniz, Switzerland), and both undilated and dilated slit-lamp biomicroscopy (Photo Slit
Lamp at 16 x magnification; Topcon SL-D701, Tokyo, Japan).

Bell’s phenomenon was evaluated by forcefully holding the upper eyelid in place while the participant
attempted to close the eye tightly [16]. To standardize the classification, Bell’s phenomenon was evaluated
using a similar technique by a single examiner who opened the upper eyelid approximately 6 mm (about half
the corneal diameter). This amount of upper eyelid opening is essential to a standardized classification of Bell’s
phenomenon, as upper eyelid flexibility has interindividual variability [17, 18]. In grading, the examiner noted
the maximum level to which the eyeball moved during active eye closure. The lower eyelid was not touched
during the grading. While assessing Bell's phenomenon, the examiner must perceive that the patient is applying
force to close the eyelids; otherwise, the patient’s upward and downward gaze would be misclassified. After
bilateral evaluation of Bell's phenomenon, controlling unilateral Bell's phenomenon will reduce the possibility
of misclassification.
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Figure 1. Classification of Bell’s phenomenon.

Table 1. A practical grading scale for Bell’s phenomenon

Grade Definition Characteristics

+2 Strong positive Bell’s phenomenon Eye' rlnovement is upward, the cornefi is enti'rely under the upper eyelid, and only the sclera
is visible 6 mm above the lower eyelid margin.

‘1 Weak positive Bell's phenomenon Eye 'movem‘ent is upward, but the cornea or lower limbus is visible 6 mm above the lower
eyelid margin.

0 No Bell’s phenomenon There is no eye movement, and the pupil or cornea is visible in the lower eyelid margin.

1 Weak inverse Bell’s phenomenon Eye n'lovement is downward, but the cornea or upper limbus is visible in the lower eyelid
margln.

5y Strong inverse Bell’s phenomenon Eye movement is downward, the cornea is entirely under the lower eyelid, and only the

sclera is visible in the lower eyelid margin.

In this study, Bell's phenomenon was classified according to the lower lid margin level and the direction
and extent of eye movement. Bell's phenomenon was graded as positive if there was upward eye movement,
negative if there was downward eye movement, and zero if there was no eye movement. Grade +2 indicated
the presence of Bell's phenomenon with upward and strong eye movement. Grade + 1 indicated the presence
of Bell’s phenomenon with upward but weak eye movement. Grade 0 indicated no eye movement and absence
of Bell’s phenomenon. The inverse Bell’s phenomenon is characterized by downward eye movement. Grade
-1 represented weak inverse, and grade -2 indicated a strong inverse Bell's phenomenon (Figure 1) (Table 1).

Data were analyzed using Statistical Software version 19.7.2 (MedCalc Software Ltd., Ostend, Belgium)
[19]. Categorical variables are presented as frequencies and percentages. The Kruskal — Wallis test followed
by pairwise post hoc analysis using the Dunn — Bonferroni method was used for comparisons between age
groups. The Mann — Whitney U test was used for comparisons between sexes. A P-value < 0.0S was considered
to indicate statistical significance.

In the examination of 165 asymptomatic healthy individuals (95 female [57.6%], 70 male [42.4%]), no ocular
surface lesions were observed in 121 (73.3%), bilateral conjunctival calcifications/Vogt’s limbal girdle were
observed in 20 (12.1%), bilateral pinguecula in 20 (12.1%), and bilateral central horizontal oval punctate
epitheliopathy in 4 (2.4%).

The frequency of each grade of Bell's phenomenon among asymptomatic individuals was documented
according to age group (Table 2). Grade +2 Bell’s phenomenon was more frequent in individuals aged 4 — 40
years, grade + 1 was more frequent in individuals aged 41 — 60 years, and grade 0 was more frequent in individuals
aged > 60 years (Table 2). There was a statistically significant difference between age groups with respect to
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Table 2. Frequency of grades of Bell’s phenomenon among age and sex groups in 165 asymptomatic participants

4-20y 22(13.3) 10(6.1) 2(1.2) 1(0.6) 4(2.4) 39(23.6)
21-40y 14 (8.5) 6(3.6) 2(1.2) 0(0.0) 2(1.2) 24 (14.5)
41-60y 15(9.1) 20(12.1) 16 (9.7) 1(0.6) 3(1.8) 55(33.3)
>60y 7(4.2) 13(7.9) 20 (12.1) 1(0.6) 6(3.6) 47 (28.5)
Total 58(35.2) 49 (29.7) 40 (24.2) 3(1.8) 15(9.1) 165 (100.0)
Men 23 (13.9) 21(12.7) 19 (11.5) 1(0.6) 6(3.6) 70 (42.4)
‘Women 35(21.2) 28 (17.0) 21(12.7) 2(1.2) 9(5.5) 95 (57.6)

Abbreviations: y, years; n, number of individuals; %, percentage. Note: Percentages were calculated based on the frequency per
165 healthy participants in the control group.

Table 3. Frequency of ocular surface lesions in each grade of Bell’s phenomenon among age and sex groups in 165 asymptomatic
participants

4-20y 0/22 0/10 0/2 0/1 0/4 0/39
21-40y 1/14 1/6 0/2 0/0 0/2 2/24
41-60y |2/15 4/20 13/16 0/1 1/3 20/55
>60y 0/7 4/13 15/20 0/1 3/6 22/47
Total 3(5.2)/58 9(18.4) / 49 28(70.0) / 40 0(0.0)/3 4(26.7) /15 44 (26.7) / 165
Men 1(4.3)/23 4(19.0) /21 13 (68.4) / 19 0(0.0)/1 2(33.3)/6 20 (28.6) / 70
Women 2(5.7) /35 5(17.9) /28 15(71.4) /21 0(0.0)/2 2(22.2)/9 24(25.3) /95

Abbreviations: y, years; n, number of individuals; %, percentage.

Table 4. Bell’s phenomenon classification and location of 45 ocular surface lesions in40 symptomatic patients

Bilateral inferior corneal punctate epitheliopathy 0 12 0 0
Bilateral central corneal punctate epitheliopathy 3 0 1 0
Bilateral superior corneal punctate epitheliopathy 0 0 0 3
Bilateral inferior pannus and corneal scarring 0 9 0 0
Inferior band keratopathy 0 2 0 0
Bilateral pinguecula 0 10 0 0
Conjunctival calcification or Vogt’s limbal girdle 0 N 0 0
Total number of patients 3 le.sions in$ 38 l.esions in28 |1 le.sion in4 3 le.sions in3
patients patients patients patients

Note: Grade, grading of Bell’s phenomenon as detailed in Table 1. Note: Using the Kruskal - Wallis test, we observed a statistically
significant difference between grades of Bell's phenomenon with respect to frequency of ocular surface lesions (P <0.001). The
post hoc Dunn - Bonferroni test revealed a significant difference in frequencies of ocular surface lesions between grade 0 and all
other grades (P <0.001).

grade frequency (P <0.001). Pairwise analysis revealed a significantly higher frequency of grade + 2 in the 4 — 20
year age group (P=0.012) and the 21 — 40 year group (P=0.014) than in individuals aged > 60 years. Half of the
individuals with grade 0 Bell’s phenomenon were aged > 60 years (Table 2).

Grade 0 Bell’s phenomenon was detected in 21 of 95 female (22.1%) and 19 of 70 male patients (27.1%).
Grade +2 was the most frequent grading in both sexes, being more common in women (n=35) than in men
(n=23) (Table 2). However, the frequencies of grades were comparable between the two sexes (P=0.652).

Concerning the frequencies of observed ocular surface lesions among age groups, of 39 asymptomatic
individuals in the 4 — 20 year group, only 2 (5.1%) had grade 0 Bell’s phenomenon (Table 2), with no lesions
observed in individuals with any grade of Bell's phenomenon in this age group (Table 3). Of 24 asymptomatic
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Figure 2. (A, B) Slit-lamp photographs of a symptomatic patient with grade 0 Bell’s phenomenon show bilateral inferior limbal
pannus and exposure keratopathy.

Figure 3. Slit-lamp photograph of a symptomatic patient with grade 0 Bell’s phenomenon shows that the lower half of the
conjunctiva is affected more than the upper half.

individuals in the 21 — 40 year group, only 2 (8.3%) had grade 0 Bell's phenomenon (Table 2), and bilateral
conjunctival calcifications/Vogt’s limbal girdle were observed in 2 individuals with grades+2 and+1 Bell’s
phenomenon (Table 3). Of S5 asymptomatic individuals in the 41 — 60 year group, 16 (29.1%) had grade 0
and 20 (36.4%) had grade+ 1 Bell’s phenomenon (Table 2). In this age group, conjunctival calcifications/
Vogt’s limbal girdle were detected in 11 individuals and bilateral pinguecula were detected in 9 (Table 3).
Among 47 asymptomatic individuals in the > 60 year group, grade 0 was detected in 20 (42.6%) (Table 2). In
this age group, bilateral conjunctival calcifications/Vogt’s limbal girdle were observed in S individuals, bilateral
pinguecula were observed in 11 individuals, and bilateral central horizontal oval punctate epitheliopathy was
found in 6 individuals (Table 3).

We observed a statistically significant difference between grades of Bell's phenomenon with respect to
frequency of observed ocular surface lesions (P<0.001). Pairwise analysis revealed a significantly higher
frequency of ocular surface lesions in grade 0 versus each of the other four grades (all P<0.001). However,
there was no statistically significant difference in the frequency of ocular surface lesions between the two sexes
(P=0.636).

Of 69 asymptomatic participants aged > 40 years who had grades 0 and + 1 Bell's phenomenon (Table 2), 18
had bilateral conjunctival calcifications/Vogt’s limbal girdle and 18 had bilateral pinguecula (Table 3). Bilateral
central horizontal epitheliopathy was observed in 6 of 15 individuals with ocular surface lesions in the > 60 year
group who had grade 0 Bell’s phenomenon (Table 3), while this was not observed in the other age groups. No
corneal epithelial lesions were observed in individuals with grades ~1 and -2 in the > 60 year group (Table 3).
This may indicate that inverse Bell's phenomenon is more protective than grade 0.

Among the 40 symptomatic individuals in the patient group, grades 0,+1, -1, and -2 Bell's phenomenon
were detected in 28 (70%), 5 (12.5%), 4 (10%), and 3 (7.5%) patients (Table 4). As listed in Table 4, among
28 symptomatic patients with grade 0 Bell's phenomenon, 38 ocular surface lesions were detected. Because
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some patients had two distinct, simultaneous, bilateral lesions, the number of observed lesions was more than
28. While corneal punctate epitheliopathy was observed in the superior corneal and limbal regions in 3 patients
with grade -2 Bell’s phenomenon, the same was observed in the central or inferior corneal and limbal regions
in individuals with grades + 1, 0, and -1 Bell’s phenomenon (Table 4). In the patient group, no individuals had
a strong grade + 2 Bell’s phenomenon. In this group, the observed lesions were bilateral, horizontal, oval, and
within the interpalpebral fissure area. In symptomatic patients, grade 0 Bell’s phenomenon (n=28) was more
frequent than the other grades (grade + 1, -1, and —2: 12 patients), with a higher frequency of ocular surface
lesions (n =38 lesions) than in the other grades (grade+ 1, -1, and -2: 7 lesions) (Table 4). Three patients with
grade -2 Bell's phenomenon had bilateral superior corneal punctate epitheliopathy (Table 4), and the superior
limbal palisades of Vogt were more prominent.

Figures 2 and 3 display slit-lamp photographs of 2 patients with ocular surface lesions in the absence of Bell’s
phenomenon (grade 0). In Figure 2, slit-lamp photographs of a 38-year-old symptomatic patient with grade 0
Bell’s phenomenon show bilateral inferior limbal exposure keratopathy and pannus sparing the upper half of the
cornea. In Figure 3, a slit-lamp photograph of an 85-year-old patient with grade 0 Bell’s phenomenon shows that
the lower half of the conjunctiva is affected more than the upper half.

Using a simple, practical grading scale for Bell’s phenomenon, we observed no sex predominance in either the
frequency of each grade or the frequency of ocular surface lesions observed in each grade in healthy individuals.
However, we observed a significant difference between age groups with respect to the frequency of different
grades. Because grade 0 was the most frequent among symptomatic patients, and ocular surface lesions were most
frequent in patients with this grade, grade 0 may be the least protective compared with grades + 1, -1, and -2.

Bell's phenomenon is a critical reflex that protects the cornea [20]. It is characterized by upward and
outward movement of the eyeball [21]. Inverse Bell's phenomenon has been reported as a finding coincident
with corneal degeneration [22], a transient phenomenon after surgery [23-28] or trauma [29], or a finding
associated with underlying neurodegenerative disorders [30]. Our participants with inverse Bell’s phenomenon
in both the asymptomatic and symptomatic groups had no history of trauma or surgery or any underlying
systemic comorbidities.

Superficial corneal lesions are often associated with chronic ocular inflammatory conditions [31] and are
usually present within the interpalpebral fissure area [31, 32]. In the etiopathogenesis of superficial corneal

Table 5. Summary of inverse Bell’s phenomenon cases [22-30] retrieved in a PubMed literature review

The cause of inverse Bell’s
Author (Year) Patients phenomenon Transient / Permanent

Fi t of 10 patients with S ior Sal dul
Nissirios et al. (2013) [22] 1ve out O pa 1ents wi uperlor alzmann nodular Permanent.

Salzmann nodular degeneration. | degeneration was detected.

Levator resection for congenital | Transient Bell's phenomenon

Goel etal. (2017) [23 T t of 32 patients.
oeletal. ( ) [23] wo out of o2 patients ptosis. lasted for 1 — 2 weeks.
Na and Yang (2009) [24] Two patients: a 22-year-old LeV§tor resection for congenital | Transient Bell's phenomenon
woman and a 19-year-old man. | ptosis. lasted for 1 — 2 weeks.
Thi tients: a 12-year-old
fee patienis: a ~yearo Levator resection for

Betharia (2006) [25] man, a 16-year-old girl, and a
22-year-old man.

blepharoptosis. Transient Bell's phenomenon.

Frontalis sling-suspension ptosis | Transient Bell’s phenomenon

Pandey et al. (2019) [26 A9- -old girl.
andey etal. (2019) [26] 9-year-old gir surgery. lasted for 3 weeks.
Transient Bell's phenomenon
hitol 1. (201 A 24-year-ol . llowi i .
Shitole et al. (2015) [27] 4-year-old man Following ptosis surgery. lasted for 4 weeks.
Morawala. (2019) [28] A27-year-old woman. Leva.tor resection for congenital | Transient Bell’s phenomenon
ptosis. lasted for 1 week.
Liakopoulos et al. (2021) [29] | A 6-year-old girl. Upper eyelid trauma. Late onset Bell's phenomenon.
T t of 24 patients with
Esteban etal. (1978) [30] o out of 2% patients wi Amyotrophic lateral sclerosis. Not mentioned.

amyotrophic lateral sclerosis.
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lesions in advanced age, many conditions, such as incomplete lid closure, lack of blinking, lid anomalies,
ectropion/entropion, delayed tear clearance, and sunken upper eyelids may play a role [33, 34]. The ocular
surface is preserved in individuals with intact Bell's phenomenon [35]. We observed that the frequency of
superficial corneal lesions increased in individual without a strong Bell’s phenomenon. We hypothesized that
weak Bell’s phenomenon is one of many causes of superficial corneal lesions. We classified Bell’s phenomenon
by taking facial photographs of all patients with exposure keratopathy [36] who presented to our department
within a 1-year period. Most patients with bilateral horizontal corneal lesions did not have a strong Bell’s
phenomenon. Therefore, we developed a practical grading scale that includes the inverse Bell's phenomenon
and used it for grading of Bell's phenomenon in study participants.

The frequency of different grades of Bell's phenomenon varied significantly with age. We observed that
grade 0 was more common in the group aged>60 years. The inverse Bell's phenomenon was observed in
18 (11%) of our healthy asymptomatic participants. The inverse Bell’s phenomenon in normal individuals
may have a protective effect on the ocular surface compared to grade 0, as we observed a significantly higher
frequency of ocular surface lesions in grade 0 compared with grades —1 and 2. Therefore, we hypothesized that
the impairment of upward eye movement due to trauma or surgery elicits a downward eye movement to protect
the cornea. There are several reports in the literature on inverse Bell's phenomenon, in which the eye moves
downward [22-30]. Most studies reported inverse Bell's phenomenon as a complication after surgery or trauma
[23-29]. A few authors, such as Gupta et al. [37], have characterized inverse Bell’s phenomenon as a protective
reflex.

Searching PubMed without time or language restrictions, we retrieved 18 reported cases of inverse Bell’s
phenomenon [22-30], 11 of which were transient cases that developed after ptosis surgery or trauma [23-29]
(Table S). Nissirios et al. [22] observed inverse Bell's phenomenon in S of 10 patients with Salzmann nodular
degeneration; however, they did not classify these as Bell's phenomenon. Interestingly, the lesion location
was superior in those with inverse Bell's phenomenon [22], as we observed in our patients with grade -2.
Goel et al. [23] detected transient inverse Bell’s phenomenon after levator resection in 2 of 32 patients with
congenital ptosis. Na and Yang [24] reported 2 patients with transient inverse Bell’s phenomenon within 2
weeks after levator resection. Betharia et al. [25] reported 3 patients with transient inverse Bell’s phenomenon
after levator resection. Pandey et al. [26] detected transient inverse Bell’s phenomenon in a 9-year-old girl after
ptosis surgery using frontalis sling suspension. Shitole et al. [27] detected an inverse Bell’s phenomenon in a
24-year-old man after ptosis surgery. Morawala et al. [28] detected a transient inverse Bell’'s phenomenon in a
patient with congenital ptosis after levator resection. Liakopoulos et al. [29] reported late-onset inverse Bell’s
phenomenon after trauma in a 6-year-old girl. Esteban et al. [30] evaluated Bell’s phenomenon in 24 patients
with amyotrophic lateral sclerosis in three groups: attenuated, abolished, and reversed Bell’s phenomenon. They
observed inverse Bell’s phenomenon in 2 patients. Chung et al. [38] reported absence of Bell’s phenomenon in
14 of 104 patients with thyroid eye disease. Eshraghi et al. [8] observed weakening of Bell’s phenomenon in 30
patients after inferior and medial orbital wall decompression for thyroid-associated ophthalmopathy. Hartford
etal. [39] reported absence of Bell’s phenomenon in 20 of 65 patients admitted to an intensive care unit. Honda
etal. [40] observed that 53 patients with muscular dystrophy had weak Bell’s phenomenon.

The incidence of superficial corneal lesions increases with age [41, 42]. We observed a higher frequency of
superficial corneal and conjunctival lesions in those with grade 0 Bell's phenomenon. Superficial corneal lesions
were less frequent in those with inverse Bell’s phenomenon. Although some corneal lesions were detected in
patients with inverse Bell’s phenomenon, the frequency of corneal lesions and the severity of symptoms were
higher in those with grade 0. Therefore, downward eye movement may protect the eyes with inverse Bell’s
phenomenon. Lesions in grades 0, + 1, and —1 were mainly in the central and inferior horizontal regions. Lesions
in grade —2 were mainly in the superior corneal and limbal regions. Grades +2,+ 1, and 0 Bell's phenomenon
were more common in those under 40 years of age, in those 41 — 60 years of age, and in those > 60 years of age,
respectively. This suggests weakening of Bell's phenomenon with age. The Bell's phenomenon examination
revealed that young participants had more vigorous eye movement.

We developed a simple, practical grading scale that includes grades -1 and -2 for weak and strong inverse
Bell's phenomenon, respectively, and we graded Bell's phenomenon in asymptomatic and symptomatic
participants with and without ocular surface lesions. In previous research, Bell's phenomenon was assessed using
different methods. Takahashi et al. [3] measured the upward range of motion of the inferior corneal limbus
after inferior rectus surgery in 12 patients with thyroid-associated inferior rectus myopathy. They demonstrated
that Bell’s phenomenon weakened on the operated side. Eshraghi et al. [8] measured the distance between
the lower eyelid margin and the corneal limbus to evaluate Bell's phenomenon in 30 patients with orbital wall
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decompression after thyroid-associated ophthalmopathy [8]. This distance measurement method is not very
practical, and it cannot evaluate inverse Bell’s phenomenon. Mustafa classified Bell’s phenomenon in newborns
but did not include inverse Bell’s phenomenon in the classification [7].

Bell’s phenomenon should be assessed in the presence of horizontal ocular surface lesions or if lesions
are recurrent. When planning eyelid surgery, the Bell's phenomenon grade should be considered. It is wise
to determine whether the eyelids completely close while the patient sleeps, because in those with Bell’s
phenomenon weaker than grade +2, incomplete eyelid closure may cause chronic recurrent corneal lesions.
Regardless of the grade of Bell’s phenomenon, corneal symptoms are mild in patients whose eyelids fully close
while sleeping. Patients with open eyelids should be conservatively managed by closing the eyelids using tape
[43, 44], rather than using medical therapy, because of the risk of bacterial contamination of eye drops with
prolonged use [4S5, 46].

We developed a simple, practical grading scale for Bell's phenomenon and observed a frequent presentation
of ocular surface lesions in individuals with grade 0. The corresponding grades of inverse Bell’s phenomenon
may have protective roles similar to those of grades+2 and + 1. Limitations of this study included its cross-
sectional design and unequal numbers of participants in the symptomatic and asymptomatic groups. Further
large-scale prospective cohort studies are necessary to establish a causal association between our grades of Bell’s
phenomenon and the presence or absence of ocular surface lesions.

Using a simple, practical grading scale for Bell’s phenomenon that includes inverse Bell’s phenomenon, we
observed that inverse Bell’s phenomenon is a reflex that may be present in healthy individuals and could have
a protective effect on the eye, although not to such a degree as a strong Bell’s phenomenon. Our observations
imply that bilateral conjunctival calcifications/Vogt’s limbal girdle may be associated with grades 0 and +1
Bell’'s phenomenon. Further large-scale studies are needed to determine the frequency of Bell's phenomenon
in the general population using this innovative, simple, practical grading scale, and to identify the protective or
injurious effect of each grade on the ocular surface.
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