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Exophthalmometry is a routine examination procedure for proptosis or ocular
protrusion patients. Hertel exophthalmometer is the most commonly used device, including
in Sanglah General Hospital as tertiary care centre in Bali. The exophthalmometric measures
tend to vary with age, sex, and race. Therefore, many investigators conducted researches to
determine the normal value of exophthalmometry result in their populations, however there is
no prior study on Indonesia population, specifically in Bali. This research is an observational
study with cross sectional approach using data that were collected retrospectively based on
medical record of patients with proptosis condition in ROO division, eye clinic of Sanglah
General Hospital Bali in period between January 2017 to June 2018. Hertel Exophthalmometer
was used to measure eyeball position toward orbital space in normal eyes and proptosis eyes,
especially in axial proptosis type. The subjects were 97 patients with proptosis, which is 51
patients (65 eyes) with axial type. Mean exophthalmometry value on normal eyes (37 eyes) in
this study was 13.86 + 0.51 mm and for the eyes with proptosis condition (65 eyes) the mean
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value 17.32 * 0.37 mm.
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Proptosis is a clinical manifestation of
a pathologic condition that resulting in a shift of
eyeball position to be protruded anteriorly. There
are many conditions that could be primary cause
of proptosis as orbital space is a bony chamber
consist of many organs such as the eyeball,
extraocular muscles, nerve fibers, fat and vascular
structures.! Of all the methods that have been
proposed to evaluate globe position, the Hertel
exophthalmometer is the most widely used tool.?
Despite its low accuracy, this tool is very simple

and wasy to perform, hence widely applied in
clinical practice.

Various literature has shown heterogenicity
in exophthalmometric value across race and
geographical locations. Based on this subject,
establishing a population specific set of normal
value of exophthalmometer examination is critical
for diagnosis, evaluating severity, monitoring
and planning treatment as it could be used to
dissociate patient with proptosis.® This study
reports on the range of exophthalmometric values
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(EV) in normal and proptosis eye of patients in
reconstruction, oculoplasty and oncology (ROO)
division of eye clinic in tertiary care centre, Sanglah
General Hospital Bali with certain correlating
characteristics such as gender, age, visual acuity
and living environment. There is no prior study
on Indonesian population, specifically in Bali, that
reported similar parameters is the main reason for
this study to be implemented. Thus, we will have
baseline data as reference for determining whether
a patient has eyeball protrusion based on a specific
population or what is known as the absolute
exophthalmometric value.

METHODS

The study was conducted in Sanglah
General Hospital Bali on the period between
January 1* 2017 to June 30" 2018. This is an
observational study with cross sectional approach,
using exophthalmometry examination data that
were collected retrospectively from patient’s
medical record in ROO division of Sanglah General
Hospital Bali. The position of the eyeball was
measured using Hertel exophthalmometer (Carl
Zeiss). Measurements were taken in a well-lit
room, with the subject sitting upright. The Hertel’s
exophthalmometer rested on the lateral orbital
rim, while the subjects look forwards. Through
the mirrors and a millimeter scale, position of the
corneal apex relative to the outer orbital margin
was measured and recorded. All collected data
were analyzed using SPSS software ver. 24.0. The
mean and standard deviations were calculated.
Correlations between visual acuity and Hertel’s
value was analyzed using Pearson’s correlation
test, with P <0.05 was considered statistically
significant.

RESULTS

A total of 106 patients with proptosis
came to ROO division of eye clinic in Sanglah
General Hospital January 1% 2017 until June 30"
2018. Among those patients, there were 97 subjects
with 112 proptosis eyes that fulfilled inclusion and
exclusion criteria, consisting of 42 males (43.3%)
and 55 females (56.7%). Subjects were divided
into 5 age group, late childhood (9-11 years old),
adolescence (12-20 years old), early adulthood (21-

35 years old), midlife (36-50 years old).* Mostly
patients, 39 subjects (40.2%) were midlife age
group. As many as 76 out of 97 subjects (78.4%)
live in Bali, with 17 subjects (22.4 %) are Denpasar
residents.

Proptosis patients in this study were
predominantly axial type 51 subjects (65 eyes)

Table 1. Study subject characteristics

Characteristics Result
Sex (%)

Male 42 (43.3%)
Female 55 (56.7%)
Age group (years old)

09 - 11 2 (2.1%)
12-20 7 (7.2%)
21-35 17 (17.5%)
36-50 39 (40.2%)
51-80 32 (33%)
Bali domicile (%)

Denpasar 17 (22.4%)
Badung 11 (14.5%)
Gianyar 9 (11.8%)
Karangasem 9 (11.8%)
Tabanan 8 (10.5%)
Singaraja 8 (10.5%)
Jembrana 7(9.2%)
Bangli 4 (5.3%)
Klungkung 3 (3.9%)
Visual acuity (logMar)

>0.1 32 (28.6%)
<0.1dan>0.5 39 (34.8%)
<0.5dan>0.9 6 (5.4%)
<09dan>1.3 1 (0.9%)
<13dan>1.6 2 (1.8%)
<1.6dan>3.0 12 (10.7%)
3.0 20 (17.9%)

Table 2. Proptosis type

Type Number of subjects
Axial 51 (52.6%)
Non-axial 46 (47.4%)

Table 3. Exophthalmometry mean value

Exophthalmometric value Result (mean + SD)

13.86 £ 0.51
17.32+£0.37

Normal
Proptosis
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rather than non-axial type as presented in table
2. Exophthalmometric value was measured on
those eye with axial type proptosis. Mean value on
normal eyes (37 eyes) in this study were 3,86 £ 0.51
mm (mean + SD). Minimum and maximum value
in exophthalmometry examination were 8 and 19
mm respectively. On the other hand, the eyes with
proptosis condition (65 eyes) in this study showed
mean exophthalmometric value were 17,32 + 0.37
mm as shown in table 3. There was no statistically
significant correlation between exophthalmometric
value and visual acuity.

DISCUSSION

Proptosis is defined as clinical
manifestation that often occurs in various diseases
in the structures inside or around orbital space,
and in some systemic diseases.'** This symptom
mostly means that there is orbital volume increase.
Primary cause of proptosis eyes could be benign or
malignant lesion, and the focus mostly come from
bone, vascular structures, nerve fiber, muscle or
connective tissue.>’*

Proptosis, especially the axial type, can
be measured using hertel exophthalmometer
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to determine exophthalmometry value.
Exophthalmometry is simple and routine clinical
examination to measure eyeball position to
orbital space quantitatively. Measurements were
taken in a well-lit room, with the subject sitting
upright. The Hertel’s exophthalmometer rested
on the lateral orbital rim, while the subjects look
forwards. Through the mirrors and a millimeter
scale, position of the corneal apex relative to the
outer orbital margin was measured and recorded.
The result of exophthalmometry examination that
exceed 20 mm (absolute EV) or difference of 2-3
mm or more between both eyes (relative EV)
indicating a proptosis regardless of the normal
value.*'?

Absolute exophthalmometric value (EV)
means reference to measurements of the general
population; relative EV refers to value with
reference to contralateral eye; while comparative
EV means compare with the earlier measurements.
Which is the aim of this study is to have an
exophthalmometric value in our specific population
or an absolute EV.'*!" The absolute EV is useful
in diagnosing bilateral proptosis, relative EV
measures the asymmetry of protrusion between
to eyes, hence useful in diagnosing unilateral

Table 4. Correlation of exophthalmometric value and visual acuity

Exophthalmometric Visual
value acuity
Exophthalmometric value Pearson Correlation Sig. (2-tailed)N 1 0.193
65 0.124
65
Visual acuity Pearson Correlation Sig. (2-tailed)N 0.193 1
0.124 65
65

Table 5. Comparison of mean exphthalmometric value (EV) in several different studies

Study Location EV (mm)

Normal Proptosis
Bilen et al (2007) Turkey 13.44+2.6 -
Jarusaitiene et al (2014) Lithuania, Europe 1491 £1.68 -
Karti et al (2015) Turkey 15.7£2.6 -
Ramli et al (2015) Malaysia 145+£2.2 20.5+3.9
Wu et al (2015) China 15.0+£2.0 -
Choi and Lee (2017) South Korea 14.81+2.26 17.96 +2.65
This study Bali, Indonesia 13.86 +0.51 17.32 £0.37




YULIAWATI et al., Biomed. & Pharmacol. J, Vol. 14(2), 749-753 (2021) 752

proptosis.'? The findings of our study are useful in
providing information to support further research
in orbital conditions, particularly for population
of Bali, Indonesia, as this study can provide local
reference values of hertel exophthalmometry
examination to assess disease severity and
monitoring disease progression in future research.
Study that was done by Bilen et al
presented mean EV of normal eyes of male subjects
in Turkish population was 3,44 + 2,6 mm, with
the minimum and maximum value were 8 and 20
mm respectively. While Jarusaitiene et al study on
certain population, children and adult, in Lithuania
showed mean EV of 14,91 + 1,68 mm. Karti et al
made another study on adult group age of Turkish
population and the result is different significantly
with EV of 5,7 + 2,6 mm.!*13
A study conducted at the Eyes Clinic of
University of Malaya Medical Center (Malaysia)
by Ramli et al revealed that the mean Hertel
measurement in normal eyes was 14.5 £ 2.2 mm,
while in the proptosis group it was 20.5 + 3.9 mm.
Research by Wu et al on normal eyes of the Chinese
population, obtained the mean value of Hertel
measurement on the right eye was 15.0 + 2.0 mm
and the left eye was 15.0 = 1.9 mm. A study of 69
eyes with thyroid-associated orbitopathy at Hallyn
University Sacred Heart Hospital (Korea) by Choi
and Lee, found a mean of 17.96 + 2.65 mm, while
the mean of normal eyes was 14.81 +2.26 mm.'¢'®
Cheung et al were using different
approach for their study. They divided the
examination result based on subject’s gender for
normal EV measurement.' According to the resut
of our study, the mean EV as the result of hertel
exophthalmometer examination is 13,86 0,51 on
normal eyes and 17,32 + 0,37 on proptosis eyes.
The statistic number didn’t differ significantly on
both normal and proptosis eyes with some studies.
While this could be contributed by several factors,
but population seemed to influence the result as
shown in the study by Ramli et al in Malaysian
population which consist of various ethnicity
presenting bigger EV mean in proptosis eyes.
Several limitations were identified in our
study. First, the number of subject is too small
means bigger bias to the result statistically. It
would be relevant to conduct another study with
bigger population to establish better set of normal
EV. Second, the results of exophthalmometry

counducted on the same individual but were
performed by different examiners, which may
also cause bias. Future studies are preferable to
be carried out prospectively, with a large sample
size, and the examination carried out by the same
person/observer.

CONCLUSION

Knowledge on normal exophthalmometric
value has important implications on the diagnosis
and management of ocular and orbital disease of
various etiologies. While the normal value could
be used as the standard of examination in certain
population, the EV of proptosis eyes could give
better understanding of ocular and orbital disorder
that could lead to proptosis condition.

Conflict of Interest

All authors declared that they have no
conflict of interest.
Funding Source

This research did not receive specific grant
from any funding organization.

REFERENCES

1. Sharma, B., Sharma, A., Thatte, S. Etiological
Prevalence of Proptosis: A Prospective Study.
Journal of Medical Science and Clinical
Research; 6(08):482-8 (2018).

2. Kashkouli, MB., Beigi, B., Noorani, MM.,
Nojoomi, M. Hertel exophthalmometry:
Reliability and Interobserver Variation. Orbit
The International Journal on Orbital Disorders,
Oculoplastic and Lacrimal Surgery; ;22(4):239—
245 (2009)

3. Campi, 1., Vannucchi, GM., Minetti, AM.,
Dazzi, D., Avignone, S., Covelli, D., et al. A
Quantitative Method for Assessing the Degree
of Axial Proptosis in Relation to Orbital
Tissue Involvement in Graves’ Orbitopathy.
Ophthalmology; 120:1092-8 (2013)

4. Armstrong, T. 2008. The Twelve Stages of the
Human Life Cycle, [cited 2018 Sep.23]. Available
from: URL: http:// www.institute4learning.com/
resources/articles/the-12-stages-of-life/

5. Dsouza, S., Kandula, P., Kamath, G., Kamath,
M. Clinical Profile of Unilateral Proptosis in
a Tertiary Care Centre. Hindawi Journal of
Ophthalmology; 2017:1-4 (2017)

6. Kaup, S. and Venkategowda, HT. Clinical
Analysis of Proptosis in a Tertiary Care Hospital
of South India. International Journal of Health



753

10.

I1.

12.

YULIAWATI et al., Biomed. & Pharmacol. J, Vol. 14(2), 749-753 (2021)

& Allied Sciences; 6:149-54 (2017)

Nambiar, KR., Ajith, PS., Arjunan, A. Case
Report: Unilateral Proptosis as the Initial
Manifestation of Malignancy. Journal of the
Egyptian National Cancer Institute; 29:159-61
(2017)

AlBesher, M., AlGhazal, F., AlMunjem, M.,
AlBesher, M., AlMubark, A., AlEthan, E. Case
Report: Unilateral Proptosis as First Presentation
of Thyroid Disease in Young Female Patient.
Journal of Pharmaceutical Sciences and
Research; 8(12):1343-4 (2016)

Bowling, B. 2016. Kanski’s Clinical
Ophthalmology: a Systemic Approach. Eight
Edition. New York: Elsevier. p.78-117
American Academy of Ophthalmology Staff.
Orbit, Eyelids, and Lacrimal System. San
Fransisco: American Academy of Ophthalmology,
p.45-46 (2019)

Cheung, JIC., Chang, DL., Chan, JC., Choy,
BNK., Shih, KC., Wong, JKW., Ng, ALK.,
Shum, JWH., Ni, MY., Lai, JSM., Leung, GM.,
Wong, IYH. Exophthalmometry Values in the
Hong Kong Chinese Adult Population from a
Population-based Study. Medicine; 98:47:1-7
(2019)

Kashkouli MB., Nojomi, M., Parvaresh, MM.,
Sanjari, MS., Modarres, M., Noorani, MM.
Normal Values of Hertel Exophthalmometry in
Children, Teenagers, and Adults from Tehran,
Iran. Optometry and Vision Science; 85:1012-7
(2008).

13.

14.

15.

16.

17.

18.

Bilen, H., Gullulu, G., Akcay, G.
Exophthalmometric Values in a Normal Turkish
Population Living in the Northeastern Part of
Turkey. Mary Ann Liebert, Inc; 17(6):525-8
(2007)

Jarusaitiene, D., Lisicova, J., Krucaite, A.,
Jankauskiene., J. Exopthalmometry Value
Distribution in Healthy Lithuanian Children and
Adolescents. Saudi Journal of Ophthalmology,
30: 92-7 (2015)

Karti, O., Selver, OB., Karahan, E., Zengin,
MO., Uyar, M. The Effect of Age, Gender,
Refractive Status and Axial Length on the
Measurements of Hertel Exophthalmometry. The
Open Ophthalmology Journal; 9:113-5

Ramli, N., Kala, S., Samsudin, S., Rahmat,
K., Abidin, ZZ. Proptosis- Correction and
Agreement between Hertel Exophthalmometry
and Computed Tomography. The International
Journal on Orbital Disorders, Oculoplastic and
Lacrimal Surgery; 34(5):257-62 (2015)

Wu, D., Liu, X., Wu, D., Di, X., Guan, H.,
Shan, Z., Teng, W. Normal Values of Hertel
Exophthalmometry in a Chinese Han Population
from Shenyang, Northeast China. Scientific
Reports; 5(8526):1-6 (2016)

Choi, KJ. and Lee, MJ. Comparison of
Exophthalmos Measurements: Hertel
Exopthalmometer Versus Orbital Parameters in
2-dimensional Computed Tomography. Can J
Ophthalmol; 53(4):384-90 (2017).



