
According to the manufacturer’s recommendations, the to-

nometer tip should be disinfected by immersion in 3% hy-

drogen peroxide or 10% sodium hypochlorite solution for 

10 minutes, followed by rinsing under running cold water 

for at least 5 minutes and drying with a sterile, single-use 

cloth. Compliance with these instructions ensures a service 

life of 2 years for the tip. However, due to the impractical-

ity of the recommended protocol in busy clinical settings, 

alternative practices such as the use of isopropyl alcohol or 

wiping with hydrogen peroxide without the required soak-

ing time are often employed. Disposable tips, on the other 

Introduction 

Glaucoma is a progressive optic neuropathy for which the 
only modifiable risk factor is elevated intraocular pressure 
(IOP). Although different methods are available for IOP 
measurement, the applanation tonometer developed by 
Hans Goldmann in 1950 still remains the gold standard. 
This technique is based on the Imbert-Fick principle and re-
quires the applanation tonometer’s anterior surface—3.06 
mm in diameter and 7.35 mm² in area—to flatten the cen-
tral cornea. The Goldmann tonometer consists of two main 
parts: a metal arm with numerical scales attached to the 
biomicroscope and a tip made of PMMA (1). 
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ABSTRACT

Background/Aims: Disinfecting the tip of the Goldmann applanation tonometer with 3% hydrogen peroxide or 10% sodium 
hypochlorite for 10 minutes, followed by rinsing for 5 minutes, is not practical in busy clinics. This study aimed to explore a new, more 
practical method for disinfection.

Methods: Ozone (O₃) gas (200 mg/h) and 20-watt, 411 nm blue light were used in the study. A sealed, light- and air-tight box containing 
an ozone generator and blue light source was used. Petri dishes (r = 9 cm) were inoculated with E. coli ATCC 25922 at concentrations 
of 10⁷ CFU/mL and 10⁸ CFU/mL by diluting a 0.5 McFarland suspension 1:10, and applying it evenly with a swab. To observe physical 
effects, 1 cm² polymethyl methacrylate (PMMA) plates were also placed inside the box. Experiments were conducted using two 
bacterial densities (10⁷ and 10⁸ CFU/mL), with three ozone doses (1.335, 2.670, and 5.340 mg/L) and three blue light exposure times 
(8, 16, and 32 minutes). Each test was repeated twice.

Results: With 10⁷ CFU/mL bacteria, 1.335 mg/L ozone and 8 minutes of blue light reduced colonies by 98.2%; after 32 minutes, no 
colonies remained. At 10⁸ CFU/mL, 5.340 mg/L ozone and 32 minutes of light reduced colonies by 98.5%.

Conclusions: The combination of ozone and 411 nm blue light achieved dose-dependent disinfection even at high bacterial concentrations 
(10⁸ CFU/mL). This method appears to be effective under experimental conditions. 
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hand, have not gained widespread use because of their high 
cost.

Disinfection is defined as the process of removing most 
pathogenic microorganisms—excluding spores—from in-
animate objects. The chemical agents used in this process 
are termed disinfectants. Each disinfectant has a distinct an-
timicrobial spectrum, and no single disinfectant is expected 
to be universally effective against all microorganisms (2). 
High-level disinfection refers to the elimination of all mi-
croorganisms except bacterial spores, whereas sterilization 
denotes the complete destruction of all forms of microbial 
life, including bacterial spores. From an infection control 
perspective, medical instruments that come into contact 
with sterile body tissues or the vascular system, such as 
surgical instruments, must undergo sterilization. In con-
trast, semi-critical devices that contact mucous membranes 
but do not penetrate sterile tissues, such as tonometer tips, 
require high-level disinfection to effectively reduce the risk 
of pathogen transmission (3). 

Ozone (O₃) has emerged as an effective agent in bacterial 
disinfection owing to its radical-forming properties and ox-
idative capacity. Being an unstable gas, ozone decompos-
es to release free radicals, which damage cell membranes 
and constitute the basis of its microbicidal activity. Its use 
was first proposed for water disinfection in 1892 and later 
expanded into the food industry and medical disinfection 
(2,4). 

The use of visible light for microbial inactivation is re-
ferred to as photodynamic inactivation. This approach typ-
ically employs an exogenous photosensitizer, which, upon 
excitation, generates reactive oxygen species and exerts an-
timicrobial effects (5). However, recent studies have shown 
that exogenous photosensitizers are not always necessary 
for microbial inactivation and that violet-blue wavelengths 
may themselves possess antimicrobial potential (5,6). 

The aim of this study is to develop a highly effective, clin-
ically applicable, and reliable method for high-level disin-
fection through the combined use of blue light and ozone. 

Materials and Methods

In this study, O₃ (ozone) gas (200 mg/h), which generates 
oxygen free radicals, and 20-watt 411 nm/s blue light were 
used. A light- and air-tight chamber containing an ozone 

generator and blue light source was employed (Figure 1). 
Experiment was conducted in a closed system made of 
stainless-steel which is ozone-resistant material. Addition-
ally, sealed joints were used to prevent gas escape. The 
ozone concentration was measured using a theoretical cal-
culation. Since the experimental system was airtight, ozone 
concentration was assumed to remain constant throughout 
the experiment.  Escherichia coli ATCC 25922 isolates 
grown on sheep blood BBL™ Columbia Agar (Becton 
Dickinson, USA) were used. Escherichia coli ATCC 25922 
was selected as the test microorganism in the present study 
because it is a reliable, well-characterized model organism 
that is widely used as a reference/test strain for evaluating 
disinfectant efficacy (7). A working suspension of 10⁸ CFU/
mL was prepared at 0.5 McFarland turbidity, followed by 
a 1/10 dilution to obtain a suspension containing 10⁷ CFU/
mL. To observe the physical effects, 1 cm² polymethyl 
methacrylate (PMMA) plates were also placed inside the 
chamber.

The experiment was conducted with two bacterial con-
centrations (10⁷ CFU/mL and 10⁸ CFU/mL). Three groups 
were established based on ozone doses (1.335; 2.670; 
5.340 mg/L) and blue light exposure times (8, 16, 32 min-
utes), each applied in duplicate. The ozone doses were 
determined based on the production capacity of the ozone 
generator, the fixed internal volume of the sealed exper-
imental chamber, and previously reported antimicrobial 
ozone concentrations shown to be effective against bacteria 
including E.coli (8). Similarly, the blue light exposure du-
rations were chosen based on previously published studies 
demonstrating bactericidal effects of violet/blue light (9). 
The exposure times were structured to evaluate a potential 
dose–response relationship by doubling the exposure du-
ration at each step. Additionally, control and sham groups 
were included, plated, and incubated. From the prepared 
suspensions, one sheep blood agar plate was inoculated as 
a growth control. The sterile inner surface of eight 9 cm-di-
ameter Petri dishes was inoculated with bacterial suspen-
sion using sterile cotton swabs to ensure uniform coverage.

Of these Petri dishes, three were exposed to O₃ and 411 
nm blue light inside the ozone generator chamber, which 
blocked external light and air. One Petri dish was used as 
a control and left outside without ozone exposure. The Pe-
tri dish used as the control was maintained at 35 ± 2 °C 
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under dark conditions.  The remaining three Petri dishes 
were removed at 8, 16, and 32 minutes, respectively, and 
their inoculated surfaces were swabbed with sterile swabs 
moistened in sterile physiological saline. These swabs were 
then streaked onto the surface of sheep blood agar plates to 
ensure full coverage. This procedure was repeated twice. 
Figure 2 summarizes the methodology of the experiment. 

The inoculated sheep blood agar plates were incubated at 
35 ± 2 °C under 5% CO₂ for 24 hours. The effectiveness of 
the procedure on colony counts was evaluated semi-quanti-
tatively by comparing the colony growth on control plates 
with those exposed and unexposed to ozone (Figure 3). In 
the present study, the elimination of all microorganisms ex-
cept bacterial spores, corresponding to high-level disinfec-
tion, was defined as the criterion for success.

Figure 1. (a) The ozone generator and blue light apparatus placed inside the experimental chamber; (b) Experimental setup 
showing the PMMA plates and the Petri dish lid inoculated with bacterial suspension.

Figure 2. Summary of the methodology of the experiment. 
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Results

In the experiment performed with a bacterial concentration 
of 10⁷ CFU/mL, a 98.2% reduction in colony count was 
observed under exposure to 1.335 mg/L ozone gas and 8 
minutes of 411 nm/s blue light. Complete (100%) reduction 
was achieved under conditions of 2.670 mg/L ozone gas 
with 16 minutes of blue light exposure, as well as 5.340 
mg/L ozone gas with 32 minutes of blue light exposure.

In the experiment conducted with a bacterial concentra-
tion of 10⁸ CFU/mL, colony reduction was 55% follow-
ing exposure to 1.335 mg/L ozone gas and 8 minutes of 
blue light. The reduction rate increased to 87% under 2.670 
mg/L ozone gas and 16 minutes of blue light, and reached 
98.7% under 5.340 mg/L ozone gas and 32 minutes of blue 
light.

The experimental results are summarized in Tables 1 and 2.

Figure 3. Colony counts on sheep blood agar plates (BBL™ Columbia Agar, Becton Dickinson, USA) obtained from Petri dishes 
inoculated with 10⁷ CFU/mL (a) and 10⁸ CFU/mL (e) suspensions after 24 hours of incubation at 35 ± 2 °C in 5% CO₂. Bacterial 
suspensions with densities of 10⁷ CFU/mL and 10⁸ CFU/mL were exposed to 1.335 mg/L ozone with 8 min of blue light (b and f), 
2.670 mg/L ozone with 16 min of blue light (c and g), and 5.340 mg/L ozone with 32 min of blue light (d and h).
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Discussion

Intraocular pressure measurement is an indispensable part 
of ophthalmological examination. The Goldmann appla-
nation tonometer, considered the gold standard method, 
requires corneal contact during application and thus may 
serve as a potential vector for ocular surface infections. 
It has been demonstrated that epidemic keratoconjuncti-
vitis (EKC), particularly associated with adenovirus, can 
be transmitted via inadequately disinfected tonometer tips 
(10).  Keratitis, a more severe ocular surface infection with 
potential impact on visual prognosis, is most common-
ly caused by bacterial pathogens, especially in eyes with 
compromised corneal epithelial integrity (11).  The U.S. 
Centers for Disease Control and Prevention (CDC) classi-
fies tonometer tips as semicritical devices due to their con-
tact with mucous membranes and therefore recommends 
high-level disinfection (12). 

Various disinfection methods are employed in clinical 
practice for tonometer tips. The manufacturer recommends 
immersion in 3% hydrogen peroxide or 10% sodium hypo-
chlorite solution for 10 minutes, followed by rinsing under 

running cold water for at least 5 minutes and drying with a 
sterile single-use cloth. However, in busy clinical settings, 
this procedure is often impractical; consequently, alter-
native methods such as soaking in sodium hypochlorite 
solution or wiping with hydrogen peroxide are commonly 
used. Numerous studies in the literature have evaluated the 
efficacy of disinfection methods against different viral and 
bacterial pathogens. A recent review including 19 studies 
emphasized that no single disinfection method—such as 
UV irradiation, hydrogen peroxide, benzalkonium chlo-
ride, glutaraldehyde, ethyl alcohol, or povidone-iodine—
demonstrated clear superiority over others (13). 

Ozone gas and blue light have recently attracted increasing 
interest as modern disinfection methods. Ozone provides 
effective microbial inactivation through its strong oxidative 
properties, disrupting pathogen cell walls. For this reason, 
it has been utilized in the disinfection of operating rooms, 
surgical instruments, and ventilation systems. In contrast, 
blue light induces the production of reactive oxygen spe-
cies by exciting intracellular porphyrins, leading to struc-
tural damage in microorganisms. Both methods are advan-

Table 1. Mean colony counts in the sample prepared at a concentration of 10⁷ CFU/mL.

Ozone doses 
(mg/L) 

Exposure time to 20 W 411 nm/s 
blue light (min)

Number of colonies on the 
plate

 Colony reduction rate 
(%)

0 0 58 0

1.335 8 1 98.2

2.670 16 0 100

5.340 32 0 100

Table 2. Mean colony counts in the sample prepared at a concentration of 108 CFU/mL.

Ozone doses 
(mg/L)

Exposure time to 20 W 411 
nm/s blue light (min)

Number of colonies on the 
plate

Colony reduction rate 
(%) 

0 0 200 0

1.335 8 90 55

2.670 16 26 87

5.340 32 3 98.5
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tageous in that they leave no chemical residues and do not 
promote resistance development (14,15). 

In our study, the combined use of ozone and 411 nm blue 
light demonstrated dose-dependent disinfection efficacy, 
even in the presence of high bacterial loads (10⁸ CFU/
mL). The method’s repeatability, cost-effectiveness, and 
sustainability further highlight its potential applicability. 
However, while the procedure was effective and reliable, 
achieving over 90% efficacy at high bacterial concentra-
tions required longer exposure durations. This prolongation 
of application time, similar to conventional methods, may 
limit its practicality in high-throughput clinical environ-
ments. Additional experimental studies employing higher 
ozone concentrations and shorter treatment durations may 
be promising for optimizing the application time.

One of the limitations of this study is that only E. coli 
ATCC 25922 was used as the test pathogen. Further inves-
tigations involving bacterial and viral pathogens common-
ly associated with ocular surface infections would provide 
a more comprehensive evaluation of the method’s efficacy. 
The presence of challenges such as the requirement for cell 
culture, particularly in studies involving viruses, makes 
research on ocular pathogens difficult. Additionally, future 
studies incorporating Gram-positive bacteria commonly 
found in the ocular surface flora may provide more clini-
cally relevant and translational insights.  Another limita-
tion is that although no macroscopic physical changes were 
observed, advanced analysis with atomic force microscopy 
would be necessary to detect potential microstructural al-
terations on PMMA surfaces. The absence of a real-time 
sensor in the experimental setup for measuring ozone con-
centration constituted another limitation of this study, as it 
hindered the precise determination of the exact ozone con-
centration as well as the accurate assessment of ozone leak-
age. The lack of comparison with widely used disinfection 
methods, such as 70% isopropyl alcohol wipes—which 
are reported as the predominant practice among American 
Glaucoma Society members—constitutes another limita-
tion of this study (16). 

In conclusion, the novel disinfection method described 
in present study appears to be effective and cost-efficient 
under experimental conditions. However, further exper-
imental and clinical studies involving a broader range of 
pathogens are required to validate its efficacy and safety. 

Additionally, optimization studies are necessary before this 
method can be considered suitable for routine use in clini-
cal practice.

References
1. 	 GOLDMANN H, SCHMIDT T. Uber Applanationstonometrie 

[Applanation tonometry]. Ophthalmologica. 1957;134(4):221-
242.

2. 	 Bharti B, Li H, Ren Z, Zhu R, Zhu Z. Recent advances in ster-
ilization and disinfection technology: A review. Chemosphere. 
2022;308(Pt 3):136404.

3. 	 Rutala WA, Boyce JM, Weber DJ. Disinfection, steriliza-
tion and antisepsis: An overview. Am J Infect Control. 
2023;51(11S):A3-A12.

4. 	 Weavers, L.K., Wickramanayake, G.B., 2001. Disinfection and 
sterilization using ozone. In: Block, S.S. (Ed.), Disinfection, 
Sterilization and Preservation, fifth ed. Lippincott Williams & 
Wilkins, Philadelphia, pp. 205–214.

5. 	 Tomb RM, White TA, Coia JE, Anderson JG, MacGregor SJ, 
Maclean M. Review of the Comparative Susceptibility of Micro-
bial Species to Photoinactivation Using 380-480 nm Violet-Blue 
Light. Photochem Photobiol. 2018;94(3):445-458.

6. 	 Guffey JS, Wilborn J. In vitro bactericidal effects of 405-nm and 
470-nm blue light. Photomed Laser Surg. 2006;24(6):684-688.

7. 	 BELTRAME, C. A., MARTELO, E. B., MESQUITA, R. D. A., 
ROTTAVA, I., BARBOSA, J., STEFFENS, C., TONIAZZO, G., 
VALDUGA, E., & CANSIAN, R. L.. Effectiveness of sanitizing 
agents in inactivating Escherichia coli (ATCC 25922) in food 
cutting board surfaces. Removal E. coli using different sanitizers. 
Italian Journal of Food Science, 2016;28(1), 148-154.

8. 	 Li CS, Wang YC. Surface germicidal effects of ozone for micro-
organisms. AIHA J (Fairfax, Va). 2003;64(4):533-537.

9. 	 Halstead FD, Thwaite JE, Burt R, et al. Antibacterial Activity 
of Blue Light against Nosocomial Wound Pathogens Growing 
Planktonically and as Mature Biofilms. Appl Environ Microbiol. 
2016;82(13):4006-4016.

10. 	Viney KA, Kehoe PJ, Doyle B, et al. An outbreak of epidemic 
keratoconjunctivitis in a regional ophthalmology clinic in New 
South Wales. Epidemiol Infect. 2008;136(9):1197-1206.

11. 	Piña-Delgado C, Bolaños-Rivero M, Guedes Guedes II, Sigue-
ro-Martín L, de Miguel-Martínez I. Etiology of infectious kerati-
tis. Arch Soc Esp Oftalmol (Engl Ed). 2025;100(4):185-190.

12. 	Rutala WA, Weber DJ; Healthcare Infection Control Practices 
Advisory Committee. Guidelines for Disinfection and Steril-
ization in Healthcare Facilities, 2008. www.cdc.gov/hicpac/pdf/
guidelines/dis infection_Nov_2008.pdf.

13. 	Ragan A, Cote SL, Huang JT. Disinfection of the Goldman ap-
planation tonometer: a systematic review. Can J Ophthalmol. 
2018;53(3):252-259.



31TJ-CEO 2026; 21: 25-31	 Ciftci et al.

14. 	Amodeo D, Manzi P, De Palma I, et al. Efficacy of Violet-Blue 
(405 nm) LED Lamps for Disinfection of High-Environmen-
tal-Contact Surfaces in Healthcare Facilities: Leading to the In-
activation of Microorganisms and Reduction of MRSA Contam-
ination. Pathogens.

15. 	Piletić K, Linšak DT, Kovač B, et al. Ozone disinfection efficien-
cy against airborne microorganisms in hospital environment: a 
case study. Arh Hig Rada Toksikol. 2022;73(4):270-276.

16. Junk AK, Chang TC, Vanner E, Chen T. Current Trends in 
Tonometry and Tonometer Tip Disinfection. J Glaucoma. 
2020;29(7):507-512.


	Button 1062: 
	Button 1061: 
	Button 1063: 
	Button 1064: 
	Button 1065: 
	Button 1066: 
	Button 1067: 


