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ABSTRACT (ENGLISH) 

# # 6174356430 : MAJOR HEALTH DEVELOPMENT 
KEYWORD: intraocular pressure, tono-pen, tip cover, latex, polyethylene, ocufilm 
 Pukkapol Suvannachart : Repeatability, reproducibility, agreement, and safety of Tono-Pen tip cover 

for intraocular measurement using latex and polyethylene wrap. Advisor: Asst. Prof. KRIT PONGPIRUL, 
Ph.D. 

  
Background: Tono-Pen® is a regularly used device. A tip cover is needed to prevent damage to the 

transducer tip and patient-to-patient contamination. Ocufilm® (OF), latex disposable tip cover, is costly and able 
to cause allergic reactions.  

Objective: To evaluate repeatability, reproducibility, and agreement of intraocular pressure 
measurement with Tono-Pen® using OF and polyethylene wrap tip cover (PE) in human eyes. 

Materials and Methods: This is a cross-sectional, experimental study. For the right eyes, 4 
measurements using PE were done by two raters (A and B) in random order to assess intra-rater repeatability 
and inter-rater reproducibility. For left eyes, 4 measurements were done by rater A using both PE and OF in 
random order to assess intra-rater repeatability and agreement.  

Results: A total of 128 participants were recruited. The mean difference in mmHg (95% limits of 
agreement, intraclass correlation coefficient) was -0.34 (-3.04 to 2.36, 0.93) for repeatability of PE by rater A in 
the right eyes, -0.33 (-3.01 to 2.36, 0.93) for repeatability of PE by rater A in the left eyes, -0.02 (-2.88 to 2.83, 
0.92) for repeatability of PE by rater B, 0.36 (-3.34 to 4.07, 0.90) for inter-rater reproducibility of PE, -0.42 (-2.75 
to 1.91, 0.95) for repeatability of OF by rater A, and -0.71 (-5.18 to 3.76, 0.83) for agreement between both tip 
covers. The only complication was punctate epithelial erosion. No sight-threatening complications and allergic 
reactions were found. Cost minimization analysis found that PE had approximately 8-time decreased cost 
compare to OF. 

Conclusions: For intraocular pressure measurement with Tono-Pen, PE demonstrated acceptable 
repeatability, reproducibility, and agreement with OF with a good safety profile. 
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CHAPTER 1 

INTRODUCTION 
 

Intraocular pressure (IOP) is a fluid pressure within an eye that results from the 

balance between aqueous humor production and drainage. It is an important factor 

that helps maintain ocular integrity and functions of all ocular structures. It varies 

among individuals and fluctuates throughout the day.1, 2 Position of an individual can 

also alter IOP.3  

IOP measurement, also called tonometry, is a crucial part in ocular 
examination. Before the 19th century, the only method of assessing IOP was to palpate 
the eyeball using the examiner’s finger, also known as digital tonometry. At the 
present, different models of tonometers, which could quantify IOP, were developed 
and routinely used in our practice. The normal value of IOP generally ranges between 
6 and 21 mmHg. Changes in IOP are related to many ocular pathologies, such as ocular 
hypotony, cyclodialysis cleft, retinal detachment, ocular hypertension, glaucoma, and 
so forth. 

The IOP can be measured directly by a manometer, but this method is 
impractical because of its invasiveness. Indirect measurement using different 
techniques, such as applanation and indentation, are generally used in clinics. 
Goldmann applanation tonometer (GAT) is considered the gold standard method. Its 
measurement is based on the Imbert-Fick principle, which states that the pressure 
inside an ideal, thin-walled sphere equals to the force necessary to flatten its surface 
divided by the area of flattening. However, GAT has several limitations. It requires a slit 
lamp biomicroscope and fluorescein dye to perform and needs to be done in an 
upright position. Patient cooperation is also necessary for a successful measurement. 
Patients with irregular corneal surface, such as corneal abrasion and keratitis, cannot 
be measured with this method. 

Tono-Pen® (TP; Reichert, New York, USA) is a handheld applanation tonometer 
with a digital screen that provides comparable measurement of IOP to GAT.4, 5 It has a 
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small contact area on cornea and can be used in any positions. The use of TP requires 
a commercially available and disposable tip cover, known as Ocufilm® (OF, Reichert, 
New York, USA) to prevent cross-contamination. This easy-to-use device can be used 
in novice medical personnel without compromising the result.6 There was good intra-
session repeatability in both glaucoma and healthy patients.7 

The original tip cover is made from natural latex. The prevalence of latex 
allergy in general population worldwide is approximately 4.3%.8 A severe latex allergy 
patient was reported to develop conjunctival injection, eyelid erythema, and eyelid 
edema after IOP measurement with latex tip cover.9 Moreover, the high cost and single 
use of the cover leads to financial burden, especially for developing countries, and 
shortage of supply sometimes happens. Previous study demonstrated that fingertip of 
the surgical glove was used as a tip cover and showed satisfactory repeatability and 
agreement with OF.10 However, the price of surgical glove is significant and latex allergy 
is still possible. 

Plastic wrap for food packaging has a smooth surface and barrier properties 
against moisture, gas, and organisms. This economical and readily available material 
can be attached to the smooth surface without a need for adhesives. The major 
component for each brand is either polyethylene or polyvinyl chloride. Both types of 
plastic are widely used in medical applications, such as catheters and  synthetic 
materials.  

For clinical use in ophthalmology, polyethylene has been used in ocular 
surgery for a long time.11 It caused little postoperative reaction after being inserted 
into rabbit eyes.12 Plastic wrap was studied as a barrier in GAT and corneal contact A-
scan ultrasonography.13-15 It was also used safely and effectively as a moisture chamber 
in the treatment of exposure keratopathy.16, 17 Our previous studies on an eye model 
and canine eyes showed good repeatability and agreement between a custom-made 
polyethylene wrap tip cover (PE) and OF without causing any ocular surface 
complications.18, 19 

The purpose of this study is to evaluate repeatability, reproducibility and 
agreement of the IOP measured by TP using OF and PE in human eyes, their safety 
and cost comparison between both tip covers. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 

REVIEW OF RELATED LITERATURES 
 

In order to collect as much evidence as possible, published literatures were 
reviewed in many aspects as follows 

1. Plastic/polyethylene wrap use for intraocular pressure measurement 
2. Plastic/polyethylene wrap use in ophthalmology 
3. Repeatability and reproducibility of Tono-Pen and its agreement with different 

tip covers and other tonometers 
 
➢ Plastic/polyethylene wrap use for intraocular pressure measurement 
▪ Pubmed:  

o The database was searched using the query “(plastic OR polyethylene 
OR cling) AND (wrap OR film) AND (intraocular pressure measurement 
OR tonometry)”.  

o The MeSH term was “(("plastics"[MeSH Terms] OR "plastics"[All Fields] 
OR "plastic"[All Fields]) OR ("polyethene"[All Fields] OR 
"polyethylenes"[MeSH Terms] OR "polyethylenes"[All Fields] OR 
"polyethylene"[All Fields] OR "polyethylene"[MeSH Terms]) OR cling[All 
Fields]) AND (wrap[All Fields] OR film[All Fields]) AND 
(("manometry"[MeSH Terms] OR "manometry"[All Fields] OR 
("intraocular"[All Fields] AND "pressure"[All Fields] AND 
"measurement"[All Fields]) OR "intraocular pressure measurement"[All 
Fields]) OR ("manometry"[MeSH Terms] OR "manometry"[All Fields] OR 
"tonometry"[All Fields]))” 

There were 9 items for the result but only two of them were related to the 
topic. 

▪ Scopus: 
o The search term was “(plastic OR polyethylene OR cling) AND (film OR 

wrap) AND ("intraocular pressure measurement" OR tonometry)” 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

o The syntax was “TITLE-ABS-KEY((plastic OR polyethylene) AND (film OR 
wrap) AND ("intraocular pressure measurement" OR tonometry))” 

There were 3 items found. Only one was related and identical to one of the 
Pubmed result. None of these researches was performed using Tono-Pen® tonometer. 
 
Summary of 2 related literatures 
▪ Disposable film cover for the tip of Goldmann's tonometer14 

Nardi et al proposed the application of a thin, transparent, polyvinyl-chloride 

film on the double prism of Goldmann's tonometer, so as to prevent bacterial and 

viral infection during tonometry. This film, mounted in such a way as to facilitate its 

application, was supplied in disposable sterile packaging. The use of the film did not 

alter the calibration of the instrument and does not substantially modify readings 

thereby obtained. 

▪ Cling film as a barrier against CJD in Goldmann-type applanation 
tonometry13 
Davies LN et al. determined the feasibility of taking intra-ocular pressure (IOP) 

readings with Perkins applanation tonometer’s Tonosafe® probe covered 

with cling film to avoid transmission of Creutzfeldt-Jakob disease (CJD). Data were 

collected on two occasions from the right eyes of 30 healthy subjects. On each 

occasion, a single tonometry measurement was made with and 

without cling film covering.  

Cling film covering brought about a statistically significant IOP bias (-0.8 mmHg 

on first occasion and -1.17 mmHg on second occasion). The 95% limits of agreement, 

between readings made with and without cling film covering, were +/-3.4 mmHg on 

first occasion; +/-2.5 mmHg on second occasion. A statistically significant reduction of 

inter-sessional repeatability was observed for readings taken with cling film (+/-5.2 

mmHg) compared to those made without (+/-3.9 mmHg). 

The author summarized that even if the above findings are found to be 

acceptable, given the known intra‐subject variations of this type of tonometry (±4 

https://www.ncbi.nlm.nih.gov/pubmed/4007507
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mmHg), ethical and legal considerations relating to the barrier properties of cling film 

are likely to prevent its routine use by optometrists. 

 

➢ Plastic/polyethylene wrap use in ophthalmology 
▪ Pubmed: 

o The search term was “(plastic OR polyethylene OR cling) AND (wrap OR 
film) AND (eye OR ophthalmology)”. 

o The MeSH term was “(("plastics"[MeSH Terms] OR "plastics"[All Fields] 
OR "plastic"[All Fields]) OR ("polyethene"[All Fields] OR 
"polyethylenes"[MeSH Terms] OR "polyethylenes"[All Fields] OR 
"polyethylene"[All Fields] OR "polyethylene"[MeSH Terms]) OR cling[All 
Fields]) AND (wrap[All Fields] OR film[All Fields]) AND (("eye"[MeSH 
Terms] OR "eye"[All Fields]) OR ("ophthalmology"[MeSH Terms] OR 
"ophthalmology"[All Fields]))”. 

The search resulted in 376 items. After a screening through their titles and 

abstracts, 4 relevant studies were found regarding the use of plastic wrap in 

ophthalmology.  

▪ Scopus: 
o The searching keyword was ““(plastic OR polyethylene OR cling) AND 

(wrap OR film) AND (eye OR ophthalmology)”. 
o The syntax was TITLE-ABS-KEY ((plastic OR polyethylene OR cling) AND 

(wrap OR film) AND (eye OR ophthalmology))”. 
There were 427 results from the search. After excluding non-relevant works, 6 

studies were left, including all related researches from Pubmed search. 
 
Summary of all 6 related literatures 
▪ Prevention of exposure keratopathy in intensive care unit 20 

 Shan et al compared the efficacy  for preventing exposure keratopathy of three 

forms of eye care (artificial tear, moist chamber and polyethylene covers) for intensive 

care patients. Eighty-four patients in Intensive Care Unit (ICU) were randomized to three 
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treatment groups. Patients of artificial tear group received two drops of 

carboxymethylcellulose drops to each eye every 2 hours. The moist chambers and 

the polyethylene were changed every 12 hours or as needed if they became unclean 

or torn. The corneal fluorescein stains were performed daily. No of 28 patients (0%) in 

the polyethylene group and one of the 27 patients (3.70%) in the moist chamber group 

had exposure keratopathy, compared to 8 of the 29 patients (27.59%) in the artificial 

tear group. There were statistical significance between the artificial tear group and the 

moist chamber group (P=0.02), and the artificial tear group and the polyethylene group 

(P=0.003). The authors summarized that polyethylene covers are more effective and 

more time-saving in reducing the incidence of corneal damage in intensive care 

patients. 

 

▪ A randomized controlled study of the efficacy of Hypromellose and Lacri-
Lube combination versus polyethylene/Cling wrap to prevent corneal 
epithelial breakdown in the semiconscious intensive care patient 17 

 Koroloff et al compared the efficacy of two forms of eye care (hypromellose 

and Lacri-Lube combination vs polyethylene/Cling wrap covers) for intensive care 

patients. One hundred ten patients with a reduced or absent blink reflex were 

followed. All patients received standard eye cleansing every 2 h. In addition to this, 

group one ( n=60) received a treatment combining hypromellose drops and Lacri-Lube 

(HL) to each eye every 2 h. Group two ( n=50) had polyethylene covers only placed 

over the eye to create a moisture chamber. No patients had corneal ulceration in 

the polyethylene cover group, but 4 patients had corneal ulceration in the HL group. 

The author concluded that Polyethylene covers are as effective as HL in reducing the 

incidence of corneal damage in intensive care patients. 

 

▪ Cling film as a barrier against CJD in Goldmann-type applanation 
tonometry 13 
The details of the study were described above. 
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▪ Cling film as a barrier against CJD in corneal contact A-scan 
ultrasonography 15 
Rani et al determined the validity of covering a corneal contact transducer 

probe with cling film as protection against the transmission of Creutzfeldt-Jakob 
disease (CJD). The anterior chamber depth, lens thickness and vitreous chamber depth 
of the right eyes of 10 subjects was recorded, under cycloplegia, with and 
without cling film covering over the transducer probe of a Storz Omega Compu-scan 
Biometric Ruler. Measurements were repeated on two occasions. Cling film covering 
did not influence bias or repeatability. Although the 95% limits of agreement between 
measurements made with and without cling film covering tended to exceed the intra-
sessional repeatability, they did not exceed the intersessional repeatability of 
measurements taken without cling film. The results support the use of cling film as a 
disposable covering for corneal contact A-scan ultrasonography to avoid the risk of 
spreading CJD from one subject to another. 

▪ New models for training ocular surgery 21 

 Joko et al described simple training methods for ophthalmic surgery easily. 
They developed two different types of model eye. One is a model eye for the practice 
of continuous curvilinear capsulorrhexis (CCC), and another is an artificial eye for 
vitreous surgery. Mock anterior lens capsule is made of a template ruler (round type), 
a plastic sheet and aluminum foil. The template ruler is put on the sheet covered with 
aluminum foil. A simulated anterior capsule is aluminum foil under the circle (12 mm 
in diameter) of template ruler. Another model eye is created with a small cylindrical 
case (25 mm in diameter and height). Its opening is covered with food packaging wrap. 
Then, vinyl tape, which had a central circler opening approximately 12.0 mm in 
diameter, is laid on the wrapping. Simulated cornea is the central circler food packaging 
wrap. Mock sclera is made of vinyl tape. These models are used to practice some of 
eye surgery. These artificial eyes could be created shortly with readily available 
materials. These models can offer practice and repetition for beginner surgeons to 
learn the specific surgical procedures. 
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▪ Comparing the effectiveness of polyethylene covers (Gladwrap™) with 
lanolin (Duratears®) eye ointment to prevent corneal abrasions in 
critically ill patients: A randomized controlled study 22 
So et al conducted a randomized controlled study. One hundred and twenty 

ventilated patients admitted to the intensive care unit (ICU) were randomly assigned 

to receive either polyethylene covers or lanolin eye ointment to prevent corneal 

abrasions. A total of 116 patients were included in the final analysis. Of the 

seven patients (6.0%) that had a positive fluorescein test, four (6.8%) were in 

the polyethylene covers group (n=59) and three (5.3%) were in 

the lanolin eye ointment group (n=57). This was not statistically significant (p=0.519). 

With the implementation of a standardized eye care protocol, polyethylene cover is 

found to be equally effective in preventing corneal abrasions when compared with 

lanolin eye ointment. 

 

➢ Repeatability and reproducibility of Tono-Pen and its agreement with 
different tip covers and other tonometers 
- Pubmed: 

o The search term was “(repeatability OR reproducibility OR agreement 
OR comparison) AND (tono-pen OR tonopen)”. 

o The MeSH term was “(repeatability[All Fields] OR reproducibility[All 
Fields] OR agreement[All Fields] OR comparison[All Fields]) AND (tono-
pen[All Fields] OR tonopen[All Fields])” 

This search yielded 202 items.  
- Scopus: 

o The syntax, which aimed to exclude those in Pubmed, was “TITLE-ABS-
KEY((repeatability OR reproducibility OR agreement OR comparison) 
AND (tono-pen OR tonopen)) AND NOT INDEX(medline)” 

33 additional articles were found. According to the statistical method planned 
to use in the study, searching was mainly focused on the studies using Bland-Altman 
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analyses. The related articles were summarized in the tables below. No reproducibility 
study was found. 
 

Table  1 Agreement studies of Tono-Pen®. 

Agreement studies of Tono-Pen® 

Authors Sample Tono-Pen® 
model 

Mean 
intraocular 
pressure 
(mmHg) 

Comparison Mean 
difference 
(mmHg) 

Limits of 
agreement 
(mmHg) 

Range of 
limits of 

agreement 
(mmHg) 

Intraclass 
correlation 
coefficient 

Mendez-
Hernandez 
23 

Childhood 
glaucoma 

XL - TP-Perkins 6.7 - - 0.453 

Rateb24 Keratoconus - 14.29 GAT-TP 
TP-Icare 

0.39 
1.88 

- 
- 

- 
- 

- 
- 

Lee25 Primary 
angle 
closure 
glaucoma 
(before and 
after 
treatment) 

XL Before 
43.6 
After 
15.4  

GAT-TP 
 
 
 
 
Icare-TP 

Before 
6.8 
After 
-0.5 
 
Before 
7.0 
After 
0.2  

-5.87 to 
19.42 
  
-4.16 to 
3.07 
-3.34 to 
17.40   
-3.50 to 
3.91 

25.29 
  
  
7.23 
 
20.74 
 
7.42 

- 
 
 
- 
 
- 
 
- 

Dey26 Healthy - 14.09  GAT-TP -0.4 -4.6 to 3.9 8.5 - 

Arribas-
Pardo27 

Keratoconus 
after corneal 
ring 
segments 

- 15.0 GAT-TP -0.7 -7.0 to 5.2 12.2 - 

Ohana28 Patients 
after 
posterior 
lamellar 
corneal 
transplant 

XL 13.31 TP-GAT -0.68 -4.99 to 
3.62 

8.61 - 

Kato29 Healthy 
elderly 

XL 13.7 GAT-TP 
 
Icare-TP 

0.27 
 
-2.19 

-7.90 to 
8.44 

16.34 
 
15.03 

-  
 
- 
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Icare Pro-TP 
 
NCT-TP 

 
-1.14 
 
-0.10 

-9.71 to 
5.32 
-9.71 to 
5.32 
-7.57 to 
7.37 

 
16.47 
 
14.94 

 
- 
 
-  

Berk5 Volunteers AVIA 16.33 GAT-TP -1.63 -7.54 to 
4.29 

11.83 - 

Galgauskas 
30 

Young 
healthy 
patients 

XL 16.32 GAT-TP -0.750 -3.13 to 
1.75 

4.88 - 

Grewal31 Post 
vitreoretinal 
surgery 

- 16.9 ± 6.2 GAT-TP 
 
TP-Icare 

-0.64 
 
0.74 

-1.62 to 
0.35 
-0.35 to 
1.83 

1.97 
 
2.15 

- 
 
- 

Gupta32 Glaucoma 
with topical 
drugs 

AVIA 17.68 GAT-TP  
(at 10am)  

-1.7 -5.5 to 2.1 7.6 - 

Yilmaz33 Normal XL 16.1 TP-GAT 
NCT-TP 

0.7 
-0.025 

-4.3 to 5.6 
-5.8 to 5.8 

9.9 
11.6 

- 

Razeghineja
d34 

Group1 = 
Medically 
controlled 
phakic 
glaucoma  
Group2 = 
normal 
children 

XL Group1 = 
22.4  
 
Group2 = 
15.6  

TP-GAT Group1 = 
5.2 
  
Group2 = 
0.7 

-15.8 to 
26.2 
 
-3.7 to 5.1 

42.0 
  
 
8.8 

- 
 
- 

Nakamura3 Healthy XL Sitting=15.9
7 
Supine=16.
73 

Icare Pro-TP 
(Sitting) 
Icare Pro-TP 
(Supine) 
TP-Kowa HAT 
(Sitting) 
TP-Kowa HAT 
(Supine)  

-0.43 
 
-0.88 
 
0.86 
 
1.01 

-6.21 to 
5.34 
-5.66 to 
3.91 
-4.01 to 
6.47 
-3.35 to 
5.38 

11.5 
 
9.57 
 
10.48 
 
8.73 

- 
 
- 
 
- 
 
- 

Schweier35 Healthy 
caucasian 

AVIA Sitting= 
14.8 

TP-GAT 
(sitting) 

0.5 
 
2.3 

-4.1 to 5.1 
 
-3.4 to 8.0 

9.2 
 
11.4 

- 
 
- 
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Reclining= 
17 

TP-GAT 
(reclining) 
TP Reclining – 
TP sitting 

 
1.8 

 
-2.8 to 6.3 

 
9.1 

 
- 

Moon36 Vitrectomize
d eyes 

XL 18.1 GAT-TP 0.2 -3.6 to 4.0 7.6 - 

Nakamura37 Healthy XL Supine= 
16.7  

Icare-TP 
 
Diaton-TP 
 
TP-HAT 

1.47 
 
-1.93 
 
0.02 

-5.42 to 
8.36 
-11.52 to 
7.67 
-7.05 to 
7.10 

13.78 
 
19.19 
 
14.15 

- 
 
- 
 
- 

Sayawat10 Healhy XL 15.0 Ocufilm-glove -0.21  -2.43 to 
2.02 

4.45 - 

Bhartiya38 Glaucoma 
 
Healthy 

AVIA 30.94 
 
15.05 

TP-GAT 
TP-NCT 
TP-GAT 
TP-NCT 

- 
- 
- 
- 

-7.7 to 8.7 
-9.6 to 8.7 
-5.1 to 4.8 
-5 to 6.2 

16.4 
18.3 
9.9 
11.2 

- 
- 
- 
-  

Carrim39 Glaucoma, 
glaucoma 
suspect, 
ocular 
hypertensio
n 

XL 18.8 TP-GAT 0.54 -9.6 to 10.6 20.2 - 

Salvetat40 Primary 
open angle 
glaucoma 

- 20.3 TP-GAT 0.5 -6 to 7 13 - 

Nakamura41 Control, 
glaucoma/oc
ular 
hypertensio
n 

XL 15.5 Icare-TP 0.00 ±4.78 9.56 - 

Tonnu42 Glaucoma/ 
ocular 
hypertensio
n 

XL   GAT-TP 0.6 ±6.5 13 - 

Abbreviations: TP, Tono-Pen®; GAT, Goldmann applanation tonometer; NCT, non-contact tonometer; HAT, handheld applanation 
tonometer 
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Table  2 Repeatability among the studies of Tono-Pen®. 

 

Repeatability studies of Tono-Pen® 

Authors Sample Tono-Pen® 
model 

Mean intraocular 
pressure (mmHg) 

Mean 
difference 
(mmHg) 

Limits of 
agreement 
(mmHg) 

Range of limits 
of agreement 

(mmHg) 

Intraclass 
correlation 
coefficient 

Nakamura3 Healthy XL Sitting= 15.97 
Supine=16.73 

- - - 0.845 
0.819 

Schweier35 Healthy 
caucasian 

AVIA Sitting= 14.8 
Reclining=17 

0.1 
0.0 

-3.3 to 3.5 
-2.7 to 2.7 

6.8 
5.4 

- 
- 

Nakamura37 Healthy XL Supine 16.7 - - - 0.821 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3 

RESEARCH METHODOLOGY 
 

Research question 
 Can polyethylene wrap be used as a tip cover of Tono-pen® for intraocular 
pressure measurement? 
 

Objectives 

Primary objective 

• To evaluate repeatability (intra-rater), reproducibility (inter-rater) and 
agreement (with OF) of PE. 

Secondary objectives 

• To evaluate safety of PE and OF 

• To compare cost between PE and OF. 
 

Conceptual framework  

Figure  1 Conceptual framework 

 

Tono-Pen® AVIA Intraocular 

pressure 

Instrument calibration 

Rater 

Latex Polyethylene wrap • Intra-rater repeatability 

• Inter-rater repeatability 
Agreement 

Tip cover  
(type and characteristics of materials, 

thickness, correlation, etc.) 
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Keywords 

 Glaucoma, intraocular pressure, Tono-pen 
 

Operational definition 

One measurement with Tono-pen AVIA®: consists of 10 consecutive 
applications of the instrument’s tip to the central cornea after topical anesthesia 
instillation. The average value of intraocular pressure is then shown in the digital screen 
of the instrument (Appendix 1).  

Intraocular pressure: the eye pressure. The value used in the study is the 
average number that appears on the screen of the instrument with the statistical 
confidence indicator of 95. If the number is less than 95, repeat measurement will be 
performed (Appendix 1). 

Complications from the measurement is defined as having epithelial defect, 
corneal infiltration, and any signs of allergic reactions, including conjunctival injection, 
conjunctival edema, eyelid erythema and eyelid edema. 

 

Research design 
 Cross-sectional experimental study 
 

Population and samples 

Target population 
 Ophthalmic patients and healthy volunteers 
Study population 
  Ophthalmic patients and healthy volunteers at outpatient department, King 

Chulalongkorn Memorial Hospital 
 

Inclusion criteria 

• Age more than 18 years old 
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Exclusion criteria 

• History of plastic or latex allergy 

• History of ocular surgery, except small incision cataract surgery 

• Any corneal pathologies, such as abrasion, infiltration, and scar in either eye 
 

Sample size calculation 

 Sample size was calculated according to the type and statistical analysis 
methods used in the study. The calculation for minimum sample size of intraclass 
correlation was shown below.43 

𝑛 = 1 +
2(𝑍𝛼+𝑍𝛽)

2
 𝑘

(ln 𝐶0)2(𝑘−1)
 ,                                          (1) 

   where       𝐶0 =  
1+𝑘𝜃0

1+𝑘𝜃1
 

          𝜃0 =  
𝑅0

1−𝑅0
  ; 𝜃1 =  

𝑅1

1−𝑅1
 . 

 
As two measurements were used in this study for each method or person (k=2) with 
pre-specifying an acceptable reliability and an expected reliability of 0.5 and 0.7 
respectively (and power was set to be at least 80% while the value of alpha was set 
to be 0.05), the minimum sample size required was approximately 63 eyes. 
 For Bland and Altman analysis, the sample size was calculated based on the 
confidence interval (CI) of the 95% limits of agreement (LOA).44 The standard error of 
the 95% LOA is approximately root (3s2/n). The CI is the estimate of the limit, plus or 
minus 1.96 standard errors.  

95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 = +/−1.96√3𝑠2/𝑛 
where  s = standard deviation of the differences between measurements by the two 
methods 
 n = sample size 

95%𝐶𝐼 = +/−1.96√3/𝑛 𝑠 

𝑛 =
(1.96)2 ∗ 3𝑠

95%𝐶𝐼2
 

  

 Acceptable 95% CI in this study was defined as plus or minus 0.3s 
𝑛 =

(1.96)2 ∗ 3s2

0.32 ∗ s2
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𝑛 =
(1.96)2 ∗ 3

0.32
  

𝑛 = 128. 
 
As a result, the sample size for our study was at least 128 volunteers (128 eyes for 
repeatability study and 128 eyes for method comparison study.  
 

Research protocol 

The institutional review board of the Faculty of medicine, Chulalongkorn 
University, Bangkok, Thailand, approved the study protocol. This cross-sectional 
experimental study adhered to the tenets of the Declaration of Helsinki. This trial was 
registered to Thai Clinical Trial Registry (TCTR) prior to the onset of participant 
recruitment. The TCTR identification number is TCTR20190108001. Informed consent 
was obtained from all eligible participants. 
 

Tono-Pen® measurement 

 Tono-Pen AVIA® was used in this study. Although regular calibration is not 
necessary, it was performed once at the beginning of the day (Appendix 2). A drop of 
0.5% tetracaine was instilled to both eyes to achieve adequate anaesthesia. Ten gentle 
applanations at the central cornea were performed for each measurement to obtain 
an average IOP and a statistical confidence indicator. An IOP with a statistical 
confidence indicator of 95 was considered reliable and used in the analysis. Repeated 
measurements were performed if needed. 
 

Polyethylene wrap tip cover 

Polyethylene wrap used in this study (Cleanwrap®, Seoul, Korea) was identical 
to that of our previous studies. The thickness of the film was 10 micrometers. It was 
sent for cytotoxic testing at the National Metal and Materials Technology Center (MTEC) 
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, which 
tests the viability of mouse fibroblast after 24-hour exposure to the material. The test 
demonstrated no cytotoxic potential with 100% viability of the cells (report no. 
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MTEC1200/62) (Appendix 3). The materials, before and after use, were sent for surface 
analysis using confocal microscopy at Metallurgy and Materials Science Research 
Institute, Chulalongkorn University and showed acceptably smooth surface without 
any full-thickness pores on the surface (Appendix 4). 

PE was prepared by cutting the polyethylene wrap to a size of 5 by 5 
centimetres. A cover holder was created by cutting the paper ring, which was derived 
from the original tip cover package, in half widthwise. Both materials were put in a 
sterilization pouch. The package was sent for ethylene oxide sterilization. In order to 
use, the wrap was placed over the instrument’s tip and the holder was then advanced 
and secured in place (Figure 2). 

 

Figure  2 Tono-Pen® tip covers. A; Ocufilm®, B; Polyethylene wrap tip cover. 

 

Measurement protocol 

The right eye of each volunteer was used to assess intra-rater repeatability and 
inter-rater reproducibility of PE. Four measurements were performed on the right eye 
by 2 raters, two times each. The raters were an ophthalmologist (rater A) and a general 
practitioner (rater B).  

The left eye of each volunteer was used to study agreement between latex 
and polyethylene wrap tip covers and intra-rater repeatability of both types. Four 
measurements, two times for each type (PE and OF), were done by rater A. To balance 
the effect of decreasing IOP after repeated measurements, the order of tip covers, and 
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raters were randomized using the second generator in www.randomization.com. To 
reproduce the sequences, the seed numbers were set at 17031 and 14043 
respectively. 

For the safety assessment, ocular surface examination with fluorescein staining 
under cobalt blue light was performed after each measurement to detect 
complications that occurred during the procedure. Any new pathologies compared to 
the baseline examination, including punctate epithelial erosion, corneal epithelial 
defect, conjunctival injection, conjunctival papillary reaction, and chemosis, were 
noted. Investigator’s contact was given to participants in case they developed any 
complications within the first 24 hours after the examination. The overall study flow 
diagram was demonstrated in Figure 3. 
  

 

Figure  3 The overall study flow. 
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Statistical analyses 

All statistical analyses and graphs were generated using MedCalc for Windows, 
version 19.2 (MedCalc Software, Ostend, Belgium). The unit of analysis was the eye. 
Baseline characteristics and complications were reported using descriptive statistics as 
appropriate. Bland-Altman plot was used to demonstrate mean differences (MD), 95% 
LOA and their 95% CI for intra-rater repeatability of OF and PE.44 Bland-Altman plot 
with multiple measurements per subject was used for inter-rater reproducibility and 
agreement studies.45 Intraclass correlation coefficient (ICC) estimates and their 95% CI 
were calculated based on a mean rating (k=2), absolute agreement, single measures, 
with two-way mixed effects model for all intra-rater repeatability studies, and two-way 
random effects model for inter-rater reproducibility and agreement studies. ICC 
estimates were interpreted using Koo and Li classification.46 Cost minimization analysis 
was performed by comparing the cost of preparing and administering each tip cover. 

 

Ethical considerations 

1. Respect for Persons – Participant will be informed and ask to sign consent 
before the enrollment. Participant has a right to withdraw from study at any time. The 
research proposal must be approved by the institutional review board of 
Chulalongkorn University.  

2. Beneficence - All information will be kept safely and de-identified before 
analysis. Results of the study will be presented in general, not as individual data. 

3. Justice - All participants will be equally selected and treated. 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 4 

RESULTS 
 

A total of 128 participants (256 eyes) were recruited in the study with female 
predominance (78.1%). The mean age ± standard deviation was 46.0 ± 16.6 years (range 
18-83). Nine of the right eyes and 4 of the left eyes were pseudophakic status (Table 
3). 
 

Table  3 Baseline characteristics of participants. 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the right eyes, the MD (95% CI) was -0.34 (-0.58 to -0.10) for intra-rater 

repeatability of PE of rater A. The 95% LOA (95% CI) were -3.04 (-3.46 to -2.63) to 2.36 

(1.94 to 2.77) (Figure 4). ICC value (95% CI) was 0.93 (0.90 to 0.95). For rater B, the MD 

(95% CI) was -0.02 (-0.28 to 0.23). The 95% LOA (95% CI) were -2.88 (-3.31 to -2.44) to 

2.83 (2.39 to 3.26) (Figure 5). ICC value (95% CI) was 0.92 (0.89 to 0.94). For inter-rater 

 Participants (n=128) 
Age (years)  
Mean (standard deviation) 46.0 (16.6) 
Minimum 18 
Maximum 83 
Gender   
Male 28 (21.9%) 
Female 100 (78.1%) 
Lens status   
     Right eye  
Phakic  119 (93.0%) 
Pseudophakic  9 (7.0%) 
     Left eye  
Phakic  124 (96.9%) 
Pseudophakic  4 (3.1%) 
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reproducibility, the MD between rater A and rater B was 0.36 (0.09 to 0.64). The 95% 

LOA were -3.34 (-3.84 to -2.93) to 4.07 (3.66 to 4.56) (Figure 6). The ICC value (95% CI) 

was 0.90 (0.85 to 0.93). 

 

Figure  4 Intra-rater repeatability of rater A. A; The scatter plot. B; Bland-Altman plot. 
 

Figure  5 Intra-rater repeatability of rater B. A; The scatter plot. B; Bland-Altman plot. 
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Figure  6 Inter-rater reproducibility of polyethylene wrap tip cover. 

 

In the left eyes, the MD (95% CI) was -0.42 (-0.63 to -0.21) for repeatability of 

OF. The 95% LOA (95% CI) were -2.75 (-3.11 to -2.39) to 1.91 (1.55 to 2.26) (Figure 7). 

ICC value (95% CI) was 0.95 (0.92 to 0.97). For repeatability of PE, the MD (95% CI) was 

-0.33 (-0.57 to -0.09). The 95% LOA (95% CI) were -3.01 (-3.42 to -2.60) to 2.36 (1.95 to 

2.77) (Figure 8). ICC value (95% CI) was 0.93 (0.90 to 0.95). For agreement between OF 

and PE, the MD was -0.71 (-1.07, -0.35). The 95% LOA were -5.18 (-5.83 to -4.63) to 3.76 

(3.21 to 4.40) (Figure 9). ICC value (95% CI) was 0.83 (0.75 to 0.89). All analyses were 

summarized in Table 4. 
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Figure  7 Intra-rater repeatability of Ocufilm® (OF). A; Scatter plot. B; Bland-Altman plot. 
 

Figure  8 Intra-rater repeatability of polyethylene wrap tip cover (PE). A; Scatter plot. B; Bland-
Altman plot. 
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Figure  9 Agreement between Ocufilm® and polyethylene wrap tip cover. 
Table  4 Summary of Bland-Altman analyses and intraclass correlation coefficients. 

Analysis Mean difference 

(95% CI) mmHg 

95% limits of agreement ICC 

Lower (95% CI) Upper (95% CI) (95% CI) 

Intra-rater repeatability 

(rater A) 

-0.34 (-0.58, -0.10) -3.04 (-3.46, -2.63) 2.36 (1.94, 2.77) 0.93 (0.90, 0.95) 

Intra-rater repeatability 

(rater B) 

-0.02 (-0.28 to 0.23) -2.88 (-3.31, -2.44) 2.83 (2.39, 3.26) 0.92 (0.89, 0.94) 

Inter-rater 

reproducibility 

0.36 (0.09, 0.64) -3.34 (-3.84, -2.93) 4.07 (3.66, 4.56) 0.90 (0.85, 0.93) 

Intra-rater repeatability 

of OF 

-0.42 (-0.63, -0.21) -2.75 (-3.11, -2.39) 1.91 (1.55, 2.26) 0.95 (0.92, 0.97) 

Intra-rater repeatability 

of PE 

-0.33 (-0.57, -0.09) -3.01 (-3.42, -2.60) 2.36 (1.95, 2.77) 0.93 (0.90, 0.95) 

Agreement between OF 

and PE 

-0.71 (-1.07, -0.35) -5.18 (-5.83, -4.63) 3.76 (3.21, 4.40) 0.83 (0.75, 0.89) 

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; OF, Ocufilm®; PE, polyethylene wrap tip cover 
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 6 

The only complication found in the study was punctate epithelial erosion (PEE). 

For PE, 7 (5.5%) of the right eyes, 4 of which were from rater A, and 1 (0.8%) of the left 

eyes developed PEE after all measurements. For OF, 3 of the left eyes were found to 

have PEE. Two participants developed PEE in both eyes. None of the patients reported 

any post-measurement complications within the first 24 hours. No vision threatening 

complications, such as corneal epithelial defect and keratitis, and any allergic reactions 

were documented. 

 Table 5 showed the detail of cost for the production of PE. For cost 

minimization analysis, the average cost of OF was about 0.8 USD. The average cost of 

one PE was 0.1 USD. The cost difference between OF and PE tip cover was 0.7 USD. 

All cost were calculated from local purchase with local currency (Thai Baht). The 

exchange rate at the time of this experiment was about 32 Baht per 1 USD. 

 Table  5 Production cost of polyethylene wrap tip cover. 

Items Cost (Baht per unit) 

Polyethylene wrap cost 0.05 

Cover holder cost* - 

Packaging and gas sterilization cost 2 

Labour cost  1 

Total production cost 3.05 

*Derived from Ocufilm package 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 5 

DISCUSSION 
 

TP is a portable instrument which was well-correlated with a manometer in 

human autopsy eyes.47, 48 The disposable latex tip cover allows its use in contagious 

diseases by preventing contamination from patient to patient. However, OF can cause 

allergic reaction9 and its high cost may lead to financial burden and insufficient stock. 

An optional tip cover would resolve these problems. Consequently, we proposed the 

use of polyethylene wrap as an alternative material. 

In the present study we have demonstrated that PE could be used as an 

alternative to OF for TP tip cover. Both PE and OF had comparable intra-rater  

repeatability and inter-rater reproducibility with good agreement. According to 

published literature, test-retest variability of OF was 0.1 mmHg, 95% LOA was -3.3 to 

3.5 mmHg, and ICC range from 0.82 to 0.85. In our study, the intra-rater repeatability 

of OF was -0.42 mmHg but the LOA was narrower (-2.75 to 1.91 mmHg) with excellent 

ICC (0.95) (Table 4). The intra-rater repeatability of PE by both rater A (right eye = -0.34 

mmHg, left eye = -0.33 mmHg) and rater B (right eye = -0.02 mmHg) were acceptable. 

The LOA of rater A (right eye = -3.04 to 2.36 mmHg, left eye = -3.01 to 2.36 mmHg) 

and rater B (right eye = -2.88 to 2.83 mmHg) were acceptable. Both raters produced 

very similar LOA which might indicate that IOP measurement with PE was independent 

of examiner experience. All ICC were classified as good to excellent. These results were 

similar to our previous studies that used PE in an eye model (intra-rater repeatability 

= -0.25 mmHg, 95% LOA = -4.55 to 4.05 mmHg)18 and canine eyes (intra-rater 

repeatability = 0.27 mmHg, 95% LOA = -2.74 to 3.27 mmHg).19 

The inter-rater reproducibility of PE (0.36 mmHg) and LOA (-3.34 to 4.07 mmHg) 

was acceptable (Table 4) and comparable to our previous study in canine eyes (inter-

rater reproducibility = -0.39 mmHg, 95% LOA = -4.79 to 4.01 mmHg). 19  
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PE and OF are different in many aspects, including materials and thickness. The 

thickness of PE is 10 microns. OF is grossly thicker, but its actual thickness is not 

available from the manufacturer. However, our study found an acceptable agreement 

between both tip covers, although PE produced slightly higher readings. In addition, 

the ICC showed moderate to good agreement. Similar results were found in our 

previous studies on eye model (MD = 0.29, 95% LOA = -5.68 to 6.26) 18 and canine eye 

(MD = 0.13, 95% LOA = -3.92 to 4.18). 19 Thus, PE and OF could be used as TP tip cover 

interchangeably. 

It is interesting that TP itself has a relatively wide range of 95% LOA as 

previously mentioned, and the range is even larger when it is compared to other 

tonometers. Compared to GAT, the current gold standard, TP demonstrated varying 

results in different populations, with MD varying from -0.27 to 1.63 mmHg and the 

range of 95% LOA from 4.88 to 16.34 mmHg in normal subjects.3, 5, 26, 29, 33, 35  For 

glaucoma patients, especially uncontrolled individuals with elevated IOP, MD  could 

be as high as 6.8 (range of 95% LOA = 25.9 mmHg).25 A systematic review denoted that 

only 48% of the results from TP were within 2 mmHg from GAT value.49 This high 

variation could partly be explained by the dynamic change of IOP under several factors 

e.g., time of measurement, repeated measurements, area of cornea contact, patient’s 

stress and unintentional Valsalva maneuver, and examiner’s experience. Another 

reason is that TP measures an instantaneous IOP with a very short contact time 

resulting in a greater variation of IOP especially in a wider ocular pulse pressure 

patient.47 

In terms of safety, sight threatening complications and allergic reaction were 

not found in this study for both OF and PE. There were only a few participants who 

developed PEE, which is a common and self-limited condition that can occur after IOP 

measurement, in both PE and OF groups. Since the proportion of PEE between both 

raters were comparable and only 2 participants developed PEE in 2 eyes, examiner 

factors and participant factors were unlikely related. This might be explained by the 
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mechanical damage from multiple measurements. Furthermore, the contact area of 

TP was small (2.36 mm2) compared to GAT (7.35 mm2), and the contact time was very 

short. None of the patients with PEE required revisiting or further treatment. Thus, PE 

was safe for IOP measurement. 

PE has many advantages. it is a generally available material. PE tip cover can 

be easily prepared in any hospital with a significant cost reduction compared to the 

commercial product. The cost minimization analysis found an approximately 8-time 

cost reduction. Another advantage of using PE over OF is that it can be gas sterilized. 

Consequently, PE can be used in post-operative patients where sterility is of concern. 

The sterilization process with ethylene oxide is commonly used and has high efficiency 

in eradicating microorganisms without deleterious effects on the plastic material.50 In 

addition, compared to OF, PE can be used safely in patients with latex allergy. This 

method may also be suitable for a situation of high demand of use due to a concern 

of cross contamination like the recent outbreak of coronavirus disease 2019 (COVID-

19). 

There were several limitations of this study. Firstly, most of the participants had 

IOP within normal range. TP was known to have decreased accuracy at an extreme 

IOP.51 This should be considered prior to the application of PE to our clinical practice. 

Secondly, as TP has high variation, it would be better to compare the performance of 

both covers against another reliable instrument with less variability, such as GAT and 

manometer. Furthermore, central corneal thickness (CCT) was not measured in our 

study because we made a comparison within the same eye of an individual. However, 

the difference in CCT might affect the accuracy of the measurement.52  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 6 

CONCLUSION AND RECOMMENDATION 
 

Polyethylene wrap tip cover was safe to use and demonstrated acceptable 

intra-rater repeatability, inter-rater reproducibility, and agreement with the latex tip 

cover for intraocular pressure measurement with Tono-Pen®. 
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Appendix 3 Cytotoxic testing result of polyethylene wrap tip cover 
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Appendix 4 Analysis of polyethylene tip cover using confocal microscopy 
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