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Ethambutol (EMB) is an antibiotic belonging to the amino-alcohol group [1]. It is an efficacious 
first line antituberculosis agent [2]. EMB is known to cause changes in the optic nerve that result 
into toxic optic neuropathy (TON) [3]. This was established soon after its discovery in 1960s. In the 
early 1960’s, studies reported EMB induced optic neuropathy in 50% of patients receiving 60–100 
mg/kg/d of EMB [4]. This toxicity is generally described as dose and duration dependent [3], but 
there is no effective dose that is entirely free from the threat of toxicity [5]. The toxicity is observed 
at a dose as low as 12.3 mg/kg [6]. According to World Health Organization (WHO) the initial 
treatment dose should be 15mg/kg daily or 25 mg/kg three times weekly for the first 2 months of 
treatment and a retreatment dose of 25 mg/kg daily. Although the onset of EMB induced toxic optic 
neuropathy symptoms are usually delayed [7], occurring at least 1.5 months after therapy initiation 
[8]. A number of cases of toxicity occurring as early as after less than six days of treatment have been 
reported [9].

Ethambutol induces changes in the optic nerve that result into visual impairment. This is a 
progressive painless condition that is mostly diagnosed when recovery is impossible [10]. Although 
EMB induced changes are often reversible when EMB is discontinued, in some patients recovery 
is incomplete [11,12]. Moreover, permanent visual impairment has also been reported in some 
patients [11]. In Uganda TB burden is still high [13], the use of EMB is frequent but the eye tests 
before and during its use as recommended by WHO are rarely done due to limited resources [14]. 
Therefore, means of protecting the optic nerve against EMB toxicity need to be sought. 

Traditional eye medicines (TEM) are commonly used to treat different eye diseases worldwide 
[15]. Lantana trifoliuma three leafed, scrambling, evergreen shrub (Figure 1), is widely used to treat 
many eye conditions such as blindness, glaucoma, conjunctivitis, and bacterial and viral eye infection 
[16]. It is also used to treat epilepsy, infant cerebral malaria, asthma, sinusitis, menstrual pains, 

Abstract

Introduction: Ethambutol (EMB), an important drug in treatment of multidrug resistant tuberculosis, has 
been associated with severe side effects including visual impairment.

Purpose: To establish the protective potential of Lantana trifolium ethanolic extract against EMB induced 
changes in visual acuity. 

Materials and methods: Experimental design involving 25 male adult Wistar rats of 110-130g average 
weight, divided into five groups each comprising five animals. Group A, the negative control received distilled 
water. Group B, the positive control was treated with EMB 100 mg/kg/day. Test groups C, D, and E were treated 
with 25, 50, and 100 mg/kg/day of Trifolium Extract (TE) respectively, one hour before administering 100 mg/
kg/day of EMB for five weeks. Visual acuity was determined by the mean escape latencies obtained using a 
modified Morris water maze.

Results: Lantana trifolium ethanolic extract had a dose dependent protective potential against EMB induced 
changes in visual acuity. This was shown by the significant increase in the escape latencies of positive control 
group when compared with those of the group A (4.35±0.50), D (4.85±0.65), and E (3.6±0.38). This effect is likely 
due to the ability of Latana trifolium to prevent inflammation and accumulation of anti-oxidants in the optic nerve. 

Conclusion: Lantana trifolium ethanolic extract has a dose dependent protective potential against EMB 
induced changes in visual acuity. Studies to determine the exact phytochemical component and mechanism of 
action responsible for this effect should be conducted.
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mental illiness, sickle cell anaemia, stomach ache and skin conditions 
[17]. Phytochemical composition of Lantana trifolium has not been 
studied extensively. However previous studies have reported that the 
plant contains phenols, phenylpropanoids, flavonoids and terpenoids 
[18]. Previous ethno-medicinal studies about this plant have reported 
that its extract inhibited carrageenan and histamine induced rat paw 
edema [19]. The anti-inflammatory effect of extract is reported to be 
possibly due to histamine reduction [15].Another study reported that 
Lantana trifolium extract has anti-oxidative activity due to the high 
amounts of phenols it contains [20]. This is done through blocking 
the formation of ROS and scavenging them once they have been 
formed by donating electrons to the highly reactive free radicals [21], 
forming stable compounds and thus reducing oxidative stress in the 
optic nerves. This study established if Lantana trifolium ethanolic 
extract could protect against ethambutol induced changes in the 
visual acuity.

Materials and Methods
Twenty five male adult wistar rats of 110-130g average weight 

were used in this experiment. These were housed in cages at room 
temperature (25°C ± 1), exposed to 12 hours of dark and light cycles. 
The animals were fed on commercial rat pellets and provided with tap 
water ad libitum.

The animal grouping, plant material collection, preparation of the 
extract, administration of ethambutol and Lantana trifolium extract 
were performed as previously described [22]. 

Ethambutol at doses of 100mg/kg/day induces visual impairment 
in different experimental animals.

Dose given = dose (mg/kg) x animal weight (grams) [23].

Concentration (mg/ml) x 1000

Ethical considerations

Directorate of Postgraduate Studies and Research of Kampala 
International University Western Campus approved this study to 
be carried out. All animal studies in this experiment were conducted 
in accordance with the 2010 National Research Council Guide for 
Care and use of Laboratory Animals. The number of animals used 

was minimum and inflicting pain to the animals was minimized by 
sacrificing them under anaesthesia.

Visual acuity testing

A visible platform Morris water maze was used to determine the 
visual acuity (Figure 2). This device is based on the principle that rats 
can instinctively swim and can be trained to escape onto a visible 
platform. The water maze was a circular galvanized tank with white 
walls measuring 1.2 m in diameter and 0.6m in height, divided into 
four equal quadrants. Water at 25°c was used to fill the tank to a depth 
of 30cm. A circular unfixed platform of 10cm in diameter protruding 
1cm above the water surface was used. A bright cloth was used to 
cover the protruding part of the platform to make it highly visible.

All the rats were submitted to pre-training and training session 
before visual acuity testing was done. During the pre-training session 
each rat would be placed into the water maze and then allowed to 
swim, locate and mount the visible platform placed in the center of 
one of the four quadrats. The rats were given one or more trials of 
60 seconds time limit. After succeeding in finding and mounting the 
platform, the rats were trained for 2 days. In the period of training4 
trials were given to each rat on each day. On each trial the platform 
was moved to the center of a different quadrant, and the rats were 
released from different starting points and allowed to find and escape 
onto the platform. After mounting the platform, the rat would be 
left there for 15 seconds after which it would be removed. The rats 
would then be put into a holding cage containing pre-warmed towels 
for 1 minute till the start of the next trial. The rat that would fail to 
find the platform in 60 seconds would be guided to reach it, and 
this trial would be repeated. The time taken for the rat to find and 
mount the platform for each trial was recorded as the escape latency 
(in seconds). Testing was done on day 3during the 1st, 3rd, and 5th 
week of the experiment. Visual acuity was determined using the mean 
escape latencies [24].

Data analysis

Using graph pad prisms V6, mean ± SEM were obtained and 
analysis of variance (ANOVA) was applied to determine group mean 
differences between the control and test groups. A post-HOC Tuckey 
test was used to determine which group means differed, considering a 
p-value of < 0.05 to be statistically significant.

Figure 1: Lantana trifolium Plant. Figure 2: A modified Morris water maze.
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Results
In all the groups the escape latencies obtained during the 

first week were not significantly different (P > 0.05) revealing no 
significant change in the visual acuity? Although the escape latencies 
of all the groups reduced during the 3rd week of the experiment, the 
differences when compared individually with those in the negative 
and positive control groups were found to be statistically insignificant 
(P > 0.05). During the 5th week, the escape latencies of the positive 
control and the group that received EMB+ 25mg/kg Trifolium 
Extract (TE) increased (9.65±1.22) and (9.6±0.90) respectively (Table 
1). This was statistically significant (P<0.05) when compared against 
the negative control group (4.35±0.50). There was a further decrease 
in the escape latencies of remaining groups during the 5th week of the 
study. When compared against the positive control group, analysis 
of variance (ANOVA) showed a significant difference(P<0.05) in 
the escape latencies of the negative control group and the group that 
received EMB+ 50mg/kg TE, but the difference was more significant 
in the group that received EMB+ 100mg/kg TE. 

Discussion
Lantana trifolium had a dose dependent protection against visual 

acuity changes induced by Ethambutol (EMB). This was shown by a 
reduction in the escape latencies using a water maze (Figure 3). There 
was no significant difference in visual acuity in the 1st week in all 

the groups probably due to delayed effects of EMB. During the 3rd 
week, all the groups showed a reduction in the escape latency possibly 
due to delayed effect of EMB and learning. This observation is similar 
to earlier findings [25-27], who reported a significant reduction of 
escape latency in water maze trained rats.

The group differences in the third week were not significant 
(P > 0.05) when compared individually with those in the negative 
and positive control groups. This is possibly because the onset of 
symptoms of EMB induced changes is usually delayed [28]. Previous 
studies observed that structural injury to the optic nerve occurs 
earlier than visual impairment [29]. The increase in escape latencies 
of the positive control and the group that received EMB+ 25mg/kg 
Trifolium Extract (TE) during the fifth week could be due to a decrease 
in visual acuity as a result of EMB induced visual impairment. Similar 
observations have been reported about EMB toxicity [3,30,31], who 
observed that EMB induces changes in the optic nerve that manifest 
as a decrease in visual acuity. There was a further decrease in the 
escape latencies of the group that received EMB+ 50mg/kg TE and 
the group that received EMB+ 100mg/kg TE during the fifth week, 
showing that Lantana trifolium ethanolic extract probably prevented 
EMB induced changes in the visual acuity. 

Since the decrease in visual acuity is in part as a result of 
damage to the central fibers of the optic nerve which are the most 
vulnerable to EMB [32], we stipulate that Lantana trifolium ethanolic 
extract significantly prevented EMB induced decrease in visual 
acuity perhaps by protecting the optic nerve structure against EMB 
toxicity. This observation could be the reason for its tradition use 
in providing relief to some eye conditions with unknown causes of 
loss of visual acuity [33]. In our previous study we observed that 
Lantana trifolium ethanolic extract significantly reduced EMB 
induced axonal demyelination and vacuolation [22]. Thus, Lantana 
trifolium protected the optic nerve structure against EMB toxicity, 
through its anti-oxidative and anti-inflammatory activity reported in 
experimental animals [34]. 

Conclusions and Recommendations
Lantana trifolium ethanolic extract had a dose dependent 

protective potential against ethambutol (EMB) induced changes in 
visual acuity. This effect of Lantana trifolium ethanolic extract could 
be as a result of its ability to protect the optic nerve structure against 
inflammation and anti-oxidant accumulation. We suggest that studies 
using more sensitive tests to measure visual acuity in Wistar rats 
are carried out. Further studies to establish Lantana trifolium exact 
phytochemical component and mechanism of action responsible for 
its protective potential should be conducted.

Figure 3: Bar graph showing the escape latency during week 1, 3, and 
5. Multiple comparisons; against the negative control **P<0.005; against 
positive control; ##P < 0.005; ###P <0.0005. (EMB = Ethambutol; TE = 
trifolium Extract).

Table 1: Mean Escape Latency.

Experimental Groups
Mean time (s) ± SEM

N Week 1 Week 3 Week 5

Negative Control 5 8.55±0.28 6±0.47 4.35±0.50##

Positive Control 5 8.8±2.02 7.9±1.34 9.65±1.22**

EMB + 25mg/kg TE 5 8.65±1.70 7.8±1.15 9.6±0.90**

EMB + 50mg/kg TE 5 8.7±0.91 5.9±0.80 4.85±0.65##

EMB + 100mg/kg TE 5 8.65±0.48 5.75±0.68 3.6±0.38###

N = number of rats in each group; EMB = Ethambutol; TE = Trifolium Extract. Multiple comparisons; against the negative control group **P<0.005; Against positive 
control group, ##P < 0.005, ###P <0.0005.
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loss]. Journal Français D’ophtalmologie. 2014; 37: 415-420. 

11. Osaguona VB, Sharpe JA, Awaji SA, Farb RI, Sundaram ANE. Optic chiasm 
involvement on MRI with ethambutol-induced bitemporal hemianopia. Journal 
of Neuro-Ophthalmology. 2014; 34: 155-158. 

12. Pradhan M, Sharp D, Best S, Vincent A, Vaphiades M. Drug-induced optic 
neuropathy-TB or Not TB. Survey of Ophthalmology. 2010; 55: 378-385. 

13. Kirenga BJ, Ssengooba W, Muwonge C, Nakiyingi L, Kyaligonza S, Kasozi 
S, et al. Tuberculosis risk factors among tuberculosis patients in Kampala, 
Uganda: implications for tuberculosis control. BMC Public Health. 2015; 15: 
13. 

14. Mustak H, Rogers G, Cook C. Ethambutol induced toxic optic neuropathy 
in HIV positive patients. International Journal of Ophthalmology. 2013; 6:      
542-545. 

15. Julio LS, Leito SG, Lotti C, Picinelli AL, Rastrelli L, Fernandes PD, et al. 
Flavones and phenylpropanoids from a sedative extract of Lantana trifolia L. 
Phytochemistry. 2010; 71: 294-300. 

16. Nalubega R, Kabasa JD, Olila D, Kateregga J. Antibacterial activity and 
phytochemical screening of eleven plants used as poultry ethnomedicines in 
southern Uganda. Agricultural Journal. 2011; 6: 303-309.

17. de Sena Filho JG, Rabbani ARC, dos Santos Silva TR, da Silva AVC, Souza 
IA, Santos MJBA, et al. Chemical and molecular characterization of fifteen 
species from the Lantana (Verbenaceae) genus. Biochemical Systematics 
and Ecology. 2012; 45: 130-137. 

18. Imbenzi PS, He Y, Yan Z, Osoro EK, Cheplogoi PK. Chemical Constituents 
in Extracts from Leaves of Lantana trifolia and Their In Vitro Anti-oxidative 
Activity. Chinese Herbal Medicines. 2014; 6: 242-246. 

19. Uzctegui B, Vila D, Surez-Roca H, Quintero L, Ortega J, Gonzlez B. Anti-
inflammatory, antinociceptive, and antipyretic effects of Lantana trifolia 
Linnaeus in experimental animals. Investigacion Clinica. 2004; 45: 317-322.

20. Salabarría IS, Díaz ABV, Morera TG, Turro DG, Pérez THG. Estudio 
fitoquímico y de actividad alelopática del extracto de n-hexano del follaje de 
Lantana trifolia L. (Spanish). Revista CENIC Ciencias Quimicas. 2009; 40: 
33-37. 

21. Perumal PC, Sophia D, Raj CA, Ragavendran P, Starlin T, Gopalakrishnan 
VK. In vitro antioxidant activities and HPTLC analysis of ethanolic extract 
of Cayratia trifolia (L.). Asian Pacific Journal of Tropical Disease. 2012; 2: 
952-956. 

22. Owembabazi E, Izo NH, Fernandez EMD, Isaac E, Monima LA, Ahimbisibwe 
J, et al. Neuroprotective Potential of Lantana Trifolium Ethanolic Extract 
against Ethambutol Induced Histological Changes in the Optic Nerve. 
Anatomy Journal of Africa. 2017; 6: 1071-1079.

23. Izo NH, Claude K, Samuel O. Anticonvulsant and toxicity effects of ethanolic 
extract of Thevetia Peruviana ( Pers .) leaves. International Journal of 
Ethnopharmacology. 2016; 2: 7-13.

24. Prusky GT, West PWR, Douglas RM. Reduced visual acuity impairs place 
but not cued learning in the Morris water task. Behavioural Brain Research. 
2000; 116: 135-140. 

25. Baldi E, Efoudebe M, Lorenzini CA, Bucherelli C. Spatial navigation in 
the Morris water maze: Working and long lasting reference memories. 
Neuroscience Letters. 2005; 378: 176-180. 

26. Gulinello M, Gertner M, Mendoza G, Schoenfeld BP, Oddo S, LaFerla F, 
et al. Validation of a 2-day water maze protocol in mice. Behavioural Brain 
Research. 2009; 196: 220-227.

27. Dhingra D, Kumar V. Memory-enhancing activity of palmatine in mice using 
elevated plus maze and Morris water maze. Advances in Pharmacological 
Sciences. 2012; 7.

28. Garg R, Kumar Verma S. Isoniazid-and ethambutol-induced psychosis. 
Annals of Thoracic Medicine, 2008; 3: 149. 

29. Han J, Byun MK, Lee J, Han SY, Lee JB, Han S-H. Longitudinal analysis 
of retinal nerve fiber layer and ganglion cell-inner plexiform layer thickness 
in ethambutol-induced optic neuropathy. Graefe’s Archive for Clinical and 
Experimental Ophthalmology [Albrecht von Graefes Archiv Fur Klinische Und 
Experimentelle Ophthalmologie]. 2015; 253: 2293-2299. 

30. Heng JE, Vorwerk CK, Lessell E, Zurakowski D, Levin LA, Dreyer EB. 
Ethambutol is toxic to retinal ganglion cells via an excitotoxic pathway. 
Investigative Ophthalmology and Visual Science. 1999; 40: 190-196.

31. Kandel H, Adhikari P, Shrestha GS, Ruokonen E-L, Shah DN. Visual 
function in patients on ethambutol therapy for tuberculosis. Journal of Ocular 
Pharmacology and Therapeutics : The Official Journal of the Association for 
Ocular Pharmacology and Therapeutics. 2012; 28: 174-178. 

32. Tawse KL, Hedges III TR, Gobuty M, Mendoza-Santiesteban C. Optical 
coherence tomography shows retinal abnormalities associated with optic 
nerve disease. Br J Ophthalmol, 2014; 98: 30-33. 

33. Eldaly MA, Salama MM, Abu Eleinen KG, Ghalwash D, Youssef M, El-Shiaty 
AF. Blindness and visual impairment among Egyptian glaucoma patients. 
Journal of Ophthalmology. 2014: 3. 

34. Silva GN, Martins FR, Matheus ME, Leitão SG, Fernandes PD. Investigation 
of anti-inflammatory and antinociceptive activities of Lantana trifolia. Journal 
of Ethnopharmacology, 2005; 100: 254-259.

https://aac.asm.org/content/39/3/694
https://aac.asm.org/content/39/3/694
https://aac.asm.org/content/39/3/694
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2014.144
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2014.144
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2014.144
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2014.144
https://link.springer.com/article/10.1007%2Fs10792-009-9293-z
https://link.springer.com/article/10.1007%2Fs10792-009-9293-z
https://www.redjournal.org/article/S0360-3016(11)03604-2/fulltext
https://www.redjournal.org/article/S0360-3016(11)03604-2/fulltext
https://www.redjournal.org/article/S0360-3016(11)03604-2/fulltext
https://www.redjournal.org/article/S0360-3016(11)03604-2/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/23560784
https://www.ncbi.nlm.nih.gov/pubmed/23560784
https://www.ncbi.nlm.nih.gov/pubmed/23560784
https://www.ncbi.nlm.nih.gov/pubmed/23560784
https://www.ncbi.nlm.nih.gov/pubmed/23560784
https://www.jocn-journal.com/article/S0967-5868(12)00458-4/fulltext
https://www.jocn-journal.com/article/S0967-5868(12)00458-4/fulltext
https://www.jocn-journal.com/article/S0967-5868(12)00458-4/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/23921312
https://www.ncbi.nlm.nih.gov/pubmed/23921312
https://www.ncbi.nlm.nih.gov/pubmed/23921312
http://www.ingentaconnect.com/content/iuatld/ijtld/2016/00000020/00000002/art00023
http://www.ingentaconnect.com/content/iuatld/ijtld/2016/00000020/00000002/art00023
http://www.ingentaconnect.com/content/iuatld/ijtld/2016/00000020/00000002/art00023
https://www.sciencedirect.com/science/article/pii/S0181551214000539?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0181551214000539?via%3Dihub
https://journals.lww.com/jneuro-ophthalmology/Fulltext/2014/06000/Optic_Chiasm_Involvement_on_MRI_With.11.aspx
https://journals.lww.com/jneuro-ophthalmology/Fulltext/2014/06000/Optic_Chiasm_Involvement_on_MRI_With.11.aspx
https://journals.lww.com/jneuro-ophthalmology/Fulltext/2014/06000/Optic_Chiasm_Involvement_on_MRI_With.11.aspx
https://www.surveyophthalmol.com/article/S0039-6257(09)00269-0/fulltext
https://www.surveyophthalmol.com/article/S0039-6257(09)00269-0/fulltext
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1376-3
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1376-3
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1376-3
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1376-3
http://www.ijo.cn/gjyken/ch/reader/view_abstract.aspx?file_no=20130425&flag=1
http://www.ijo.cn/gjyken/ch/reader/view_abstract.aspx?file_no=20130425&flag=1
http://www.ijo.cn/gjyken/ch/reader/view_abstract.aspx?file_no=20130425&flag=1
https://www.sciencedirect.com/science/article/abs/pii/S0031942209004336
https://www.sciencedirect.com/science/article/abs/pii/S0031942209004336
https://www.sciencedirect.com/science/article/abs/pii/S0031942209004336
https://www.medwelljournals.com/abstract/?doi=aj.2011.303.309
https://www.medwelljournals.com/abstract/?doi=aj.2011.303.309
https://www.medwelljournals.com/abstract/?doi=aj.2011.303.309
https://www.sciencedirect.com/science/article/pii/S0305197812001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0305197812001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0305197812001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0305197812001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1674638414600356?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1674638414600356?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1674638414600356?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/15602898
https://www.ncbi.nlm.nih.gov/pubmed/15602898
https://www.ncbi.nlm.nih.gov/pubmed/15602898
https://revista.cnic.edu.cu/revistaCQ/articulos/estudio-fitoqu%C3%ADmico-y-de-actividad-alelop%C3%A1tica-del-extracto-de-n-hexano-del-follaje-de
https://revista.cnic.edu.cu/revistaCQ/articulos/estudio-fitoqu%C3%ADmico-y-de-actividad-alelop%C3%A1tica-del-extracto-de-n-hexano-del-follaje-de
https://revista.cnic.edu.cu/revistaCQ/articulos/estudio-fitoqu%C3%ADmico-y-de-actividad-alelop%C3%A1tica-del-extracto-de-n-hexano-del-follaje-de
https://revista.cnic.edu.cu/revistaCQ/articulos/estudio-fitoqu%C3%ADmico-y-de-actividad-alelop%C3%A1tica-del-extracto-de-n-hexano-del-follaje-de
https://www.sciencedirect.com/science/article/pii/S2222180812602990?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2222180812602990?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2222180812602990?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2222180812602990?via%3Dihub
https://www.ajol.info/index.php/aja/article/view/163515
https://www.ajol.info/index.php/aja/article/view/163515
https://www.ajol.info/index.php/aja/article/view/163515
https://www.ajol.info/index.php/aja/article/view/163515
https://premierpublishers.org/ije/110520168606?view=print
https://premierpublishers.org/ije/110520168606?view=print
https://premierpublishers.org/ije/110520168606?view=print
https://www.sciencedirect.com/science/article/pii/S0166432800002679?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0166432800002679?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0166432800002679?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304394004015538
https://www.sciencedirect.com/science/article/abs/pii/S0304394004015538
https://www.sciencedirect.com/science/article/abs/pii/S0304394004015538
https://www.sciencedirect.com/science/article/pii/S0166432808005044?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0166432808005044?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0166432808005044?via%3Dihub
https://www.hindawi.com/journals/aps/2012/357368/
https://www.hindawi.com/journals/aps/2012/357368/
https://www.hindawi.com/journals/aps/2012/357368/
http://www.thoracicmedicine.org/article.asp?issn=1817-1737;year=2008;volume=3;issue=4;spage=149;epage=151;aulast=Prasad
http://www.thoracicmedicine.org/article.asp?issn=1817-1737;year=2008;volume=3;issue=4;spage=149;epage=151;aulast=Prasad
https://link.springer.com/article/10.1007%2Fs00417-015-3150-8
https://link.springer.com/article/10.1007%2Fs00417-015-3150-8
https://link.springer.com/article/10.1007%2Fs00417-015-3150-8
https://link.springer.com/article/10.1007%2Fs00417-015-3150-8
https://link.springer.com/article/10.1007%2Fs00417-015-3150-8
https://www.ncbi.nlm.nih.gov/pubmed/9888443
https://www.ncbi.nlm.nih.gov/pubmed/9888443
https://www.ncbi.nlm.nih.gov/pubmed/9888443
https://www.liebertpub.com/doi/10.1089/jop.2011.0095
https://www.liebertpub.com/doi/10.1089/jop.2011.0095
https://www.liebertpub.com/doi/10.1089/jop.2011.0095
https://www.liebertpub.com/doi/10.1089/jop.2011.0095
https://bjo.bmj.com/content/98/Suppl_2/ii30
https://bjo.bmj.com/content/98/Suppl_2/ii30
https://bjo.bmj.com/content/98/Suppl_2/ii30
https://www.hindawi.com/journals/joph/2014/437548/
https://www.hindawi.com/journals/joph/2014/437548/
https://www.hindawi.com/journals/joph/2014/437548/
https://www.sciencedirect.com/science/article/pii/S0378874105002229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874105002229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378874105002229?via%3Dihub

	Title
	Abstract
	Introduction
	Materials and Methods
	Ethical considerations
	Visual acuity testing
	Data analysis

	Results
	Discussion
	Conclusions and Recommendations
	Acknowledgments
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3

