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Abstract
● AIM: To compare intraocular pressure (IOP) readings 
obtained with Perkins tonometry, iCare Home, iCare 200, and 
Tonopen to IOP readings obtained with the manometer of a 
perfusion system to assess the accuracy and reproducibility 
of each method of tonometry at set pressures.
● METHODS: The IOP of human cadaveric eyes (n=2) was 
measured using a manometer inserted into the eye through 
the optic nerve. IOP measurements were obtained using a 
Perkins tonometer, iCare Home, iCare 200, and Tonopen. 
These measurements were compared to set point IOP 
measurements of a manometer to determine accuracy and 
reproducibility of each device. 
● RESULTS: Mean IOP readings obtained with the Perkins 
tonometer compared to manometer readings demonstrated 
a difference of -1.0±5.0 mm Hg (P=0.45), indicating a 
lower reading on average than manometery although 
not significant. Mean IOP difference between iCare 200 
and manometer was 5.3±2.2 mm Hg (P<0.0001). Mean 
difference in IOP between iCare Home and manometer 
was 3.5±2.4 mm Hg (P=0.0004). Mean IOP difference 
compared to manometer was 4.6±4.0 mm Hg for the 
Tonopen (P<0.0001). IOP measurements obtained with the 
Perkins tonometer demonstrated a standard deviation of 
5.0 mm Hg while the Tonopen measurements demonstrated 
a 4.0 mm Hg standard deviation. In comparison, iCare 
200 and iCare Home demonstrated 2.2 and 2.4 mm Hg 
standard deviation, respectively.
● CONCLUSION: Applanation tonometry produces 
more accurate IOP readings than rebound tonometry or 

Tonopen, however it demonstrates greater variability than 
the other forms of tonometry. Rebound tonometry is more 
reproducible but tends to over-estimate IOP.
● KEYWORDS: intraocular pressure; ocular tonometry; 
manometry
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INTRODUCTION

G laucoma is a leading cause of blindness worldwide, 
estimated to affect 76 million adults between 

40-80 years of age in 2020[1-2]. The disease is characterized 
by optic nerve cupping with corresponding retinal nerve fiber 
layer thinning and irreversible vision loss. While elevated 
intraocular pressure (IOP) is not included in the definition 
of glaucoma, several major clinical trials have demonstrated 
that lowering IOP can slow and/or prevent the progression of 
glaucoma, making the accurate and reproducible measurement 
of IOP essential for glaucoma providers[3-5]. Multiple methods 
of tonometry exist, each offering certain advantages and 
disadvantages based on patient characteristics[6].
The most commonly used methods of tonometry include 
Goldmann applanation tonometry (GAT), Tonopen, and 
rebound tonometry using the iCare tonometer. GAT is currently 
considered the gold standard for IOP measurements and is 
extensively use in both clinical and research settings[6-7]. The 
Tonopen is also commonly used given its portability, ease of 
use, and ability to measure patients who cannot position in the 
slit lamp[8]. Studies have shown significant variability between 
IOP measurements obtained with GAT and Tonopen[9-11]. 
Rebound tonometry, using the iCare tonometer (iCare, Raleigh, 
NC, USA) is a newer method of tonometry that allows for 
acquisition of IOP readings without topical anesthesia and 
fluorescein instillation. It has proven particularly useful in 
children and allows for self-tonometry at home. 
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It is important to understand the accuracy and reproducibility 
of these various tonometer devices. Several clinical studies 
have been performed comparing IOP readings obtained with 
various methods of tonometry. Most of these papers use GAT 
as the standard against which other methods of tonometry are 
compared[6,9-15]. In this study, we utilize the manometer of a 
perfusion system to set IOP in human cadaveric eyes to allow 
for comparison between different tonometers. Specifically, our 
study sought to compare various tonometers by comparing 
IOP readings obtained with a Perkins applanation tonometer, 
Tonopen, iCare 200, and iCare Home at set manometer 
readings to better understand the accuracy and repeatability 
of these devices. This is the first study to compare multiple 
readings of tonometry in an eye with a set IOP verified by 
intraocular manometry to assess accuracy and reproducibility 
of various methods of tonometry. 
SUBJECTS AND METHODS 
Ethical Approval  Exemption for this preclinical study was in 
place from the Colorado Multiple Institutional Review Board 
(COMIRB) for the use of human material prior to initiation of 
this study and the tenets of the Declaration of Helsinki were 
followed.
Human cadaveric eyes were obtained from the Lions Eye 
Institute for Transplant and Research, Tampa, Florida. Both 
eyes were phakic and each came from a patient who was 39 
years of age. There was no evidence of corneal pathology 
in either eye. The eyes were brought up to physiologic IOP 
with balanced salt solution (BSS) through the optic nerve. 
A 1-millimeter sideport blade was used to make a peripheral 
corneal paracentesis and the eye was filled with viscoelastic 
(Viscoat, Alcon, Fort Worth, Texas, USA). The paracentesis 
was not sealed after filling of the anterior chamber. However, 
throughout data acquisition, the eyes remained formed and no 
reflux of viscoelastic from the eye was noted. The eyes were 
then wrapped in moist gauze and refrigerated for 4h prior to 
the start of the experiment. Pachymetry was then performed on 
each eye using a portable pachymeter (PACHMATE 2, DGH 
Technology, Inc., Exton, PA,USA).
Manometry  A mobile perfusion test station was used as 
the manometer to determine IOP of the cadaveric eyes. The 
manometer set up consisted of a 27-gauge needle inserted 
through the optic nerve of and attached to a syringe. Placement 
of the manometry needle in the vitreous cavity was performed 
as published data shows greater stability in IOP reading with 
this approach compared to intracameral placement of the 
needle[16]. The syringe was attached via tubing to a transducer 
suspended in a transducer stand connected to syringe pump 
which allowed for adjustments in IOP. Both the transducers 
and syringe pump were connected to an external hard drive 
that collected pressure readings through a computer running 

software to acquire steady state pressure measurements. The 
system was primed with BSS prior to measurements to remove 
all air bubbles. We then ensured each eye achieved steady state 
IOP maintaining the designated IOP reading for 30-60s prior 
to tonometry data acquisition. All measurements were obtained 
with the same set-up allowing for direct comparison between 
the different tonometers.
Tonometry  Tonometry was performed using multiple 
methods, including: 1) applanation tonometry with a Perkins 
tonometer, 2) indentation/applanation tonometry using a 
Tonopen AVIA (Reichert, Dewpew, NY, USA), 3) rebound 
tonometry using an iCare 200, and 4) rebound tonometry 
using an iCare Home. Central corneal thickness (CCT) of 
each eye was measured. Two measurements of CCT were 
performed for each eye: The first eye measured 681 and 
697 microns and the second eye measured 643 and 647 
microns. The protocol for reading was as follows: eyes 
were brought to a desired IOP range with BSS infusion and 
confirmed with manometer readings that remained stable 
over approximately 30-60s. Due to the need for BSS infusion 
to achieve a desired IOP and because of the sensitivity 
of the manometer, each IOP set point was measured in 
hundredths of an mmHg, care was taken to ensure that the 
IOP reading was steady prior to obtaining measurements. 
IOP readings were obtained between 6 and 32 mm Hg 
to mimic a physiologic range of IOP plus 10 mm Hg
above normal. The IOP set point ranged from 1) 6-9 mm Hg, 
2) 10-12 mm Hg, 3) 16-18 mm Hg, 4) 19-22 mm Hg,
5) 27-32 mm Hg. One investigator performed IOP reading 
using each tonometer device consecutively and called out the 
readings while the second investigator recorded the pressure 
measurement from the manometer to ensure stable IOP and 
transcribed the dictated readings from the first investigator. 
The measurements for each device were immediately repeated 
at every set IOP point and recorded. This was repeated for 
a second cadaveric eye so that two IOP measurements were 
obtained from each eye in this fashion.
Statistical Analysis  Mean differences between the gold 
standard manometer and each of the four tonometers, and 
their respective standard deviations (SD) were calculated. 
Linear regression analysis with general estimating equations to 
account for the fact that multiple measurements were obtained 
from each eye were used for statistical comparisons. Sub-
analyses of eyes with IOP readings between 10-30 mm Hg 
and 10-21 mm Hg were performed to evaluate the tonometers’ 
performance at the most clinically relevant IOP ranges. Actual 
mean differences and mean absolute differences, defined as the 
absolute value of difference between the two measurements, 
were calculated between manometry and tonometry data. In 
addition, IOP readings obtained with each tonometer were 
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plotted against their respective manometer readings. A trend 
line with a slope of one was incorporated, which equals 
complete agreement between manometry and tonometry 
readings. To measure repeatability, the actual mean differences 
and mean absolute differences between the two readings sets, 
and Pearson’s correlation coefficients were also obtained 
between the two reading sets for each tonometer.
RESULTS 
The mean (±SD) pressure difference between Perkins tonometry, 
iCare 200, iCare Home, and Tonopen compared to manometer 
readings are demonstrated in Table 1 for all 26 measurements. 
In addition, sub-analyses of clinically relevant IOPs were 
analyzed for IOP readings between 10-30 mm Hg (12 
measurements) and 10-21 mm Hg (8 measurements), data 
shown in Table 2. 
Perkins tonometry readings demonstrated the greatest 
variability while both forms of rebound tonometry had 
much lower variability. Tonopen readings also demonstrated 
considerable variability between manometry measurement 
differences. Regarding repeatability, Pearson’s correlation 
coefficient was 1 for both iCare 200 and iCare Home. Both 

the Perkins tonometer and Tonopen demonstrated high 
repeatability as well, but slightly lower Pearson’s correlation 
coefficient of 0.96 and 0.94, respectively. Perkins tonometer 
demonstrated much lower mean differences from manometer 
IOP reading than either form of rebound tonometer or Tonopen 
(Table 1, Figures 1, 2). Absolute differences between the 
manometer were similar for all tonometers when including 
all IOPs (Table 1 and Figure 1) but were smallest for Perkins 
tonometer for clinically relevant IOP ranges (Table 2). 
DISCUSSION
Both the mean difference and mean absolute difference 
between manometer and tonometer were lowest for the 
Perkins tonometer followed by the iCare Home, Tonopen, and 
iCare 200. At a physiologic IOP range of 10-21 mm Hg, both 
the mean difference and mean absolute difference between 
manometer and tonometer readings were lowest for the Perkins 
followed by the iCare Home, Tonopen, and then iCare 200.
While the Perkins tonometer obtained readings that were 
most consistent with manometry, the readings demonstrated 
the greatest variability compared to all other methods of 
tonometry. Both forms of rebound tonometry and the Tonopen 

Table 1 Measurement differences between each tonometer and manometer readings at IOP range of 10-50 mm Hg

Measurements Perkins iCare 200 iCare Home Tonopen
Difference from manometer

Mean±SD -1.0±5.0 5.3±2.2 3.5±2.4 4.6±4.0
Median -0.2 5.5 3.2 5.2
P 0.45 <0.0001 0.0004 <0.0001

Absolute difference from manometer
Mean±SD 4.0±3.1 5.3±2.2 3.7±2.2 5.4±2.8
Median 3.4 5.5 3.2 5.4
P <0.0001 <0.0001 <0.0001 <0.0001

IOP: Intraocular pressure.

Table 2 Measurement differences between each tonometer and manometer readings at different clinically relevant IOP ranges

Measurements Perkins iCare 200 iCare Home Tonopen
IOP 10-30 mm Hg

Difference from manometer
Mean±SD 1.1±2.7 5.8±2.2 3.6±2.4 4.2±2.1
Median 0.8 5.3 3.2 4.8

Absolute difference from manometer
Mean±SD 2.2±1.8 5.8±2.2 3.6±2.4 4.2±2.1
Median 1.8 5.3 3.2 4.8

IOP 10-21 mm Hg
Difference from manometer

Mean±SD -0.4±1.5 6.3±2.1 4.5±2.5 5.4±1.3
Median 0.2 5.6 4.5 5.3

Absolute difference from manometer
Mean±SD 1.2±0.9 6.3±2.1 4.5±2.5 5.4±1.3
Median 0.9 5.6 4.5 5.3

IOP: Intraocular pressure.

IOP readings with tonometry versus manometry
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showed much lower variability. Of the four tonometers 
tested, the greatest repeatability was demonstrated with the 
iCare 200 and the iCare Home. Both the Perkins tonometer 
and Tonopen demonstrated high repeatability as well, but 
slightly lower compared to both iCare platforms. Comparing 
absolute differences, all four methods of tonometry obtained 
IOP readings that were significantly different compared to 
manometer but Perkins and iCare Home performed slightly 
better than the iCare200 and Tonopen. 
Tonometry is an essential clinical tool necessary for the 
successful diagnosis and treatment of glaucoma. The current 
gold standard for tonometry remains Goldmann applanation 
tonometry. Both GAT and Perkins tonometry are methods 
of applanation tonometry with studies demonstrating good 
agreement between IOP readings obtained with GAT and 
Perkins tonometry[11]. Disadvantages of GAT include effect 
of CCT on accuracy of measurement, need for topical 

anesthetic and need for patient cooperation[8]. The Tonopen 
measures IOP through a combination of applanation and 
indentation tonometry[17]. While there are multiple sources 
of error with the use of a Tonopen, advantages include the 
ability of the device to read IOP in eyes with corneal pathology 
and the portable nature of the device[8,17-19]. Several studies 
comparing IOP measurements between GAT and Tonopen 
demonstrate a significant difference between readings, with 
some studies demonstrating that the Tonopen overestimates 
IOP[12,17] and others demonstrating an underestimation of 
IOP[19]. Rebound tonometry is the newest form of tonometry 
and has become increasingly popular due to the ease of use 
and lack of need for topical anesthetic. Unlike applanation 
and Tonopen devices, rebound tonometry does not require 
the use of a topical anesthetic and allows for supine IOP 
measurement and at-home readings. One disadvantage of 
rebound tonometry is the tendency to over-estimate pressure 

Figure 1 Actual and absolute difference between tonometer and manometer readings A: Difference between other tonometer readings and 
manometer by type of tonometer; B: Absolute difference between other tonometer readings and manometer by type of tonometer.

Figure 2 Plots of each tonometer with corresponding manometer IOP readings. 
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in eyes with thick CCT or with corneal scarring compared to 
GAT[12]. Studies comparing IOP measurements with GAT and 
rebound also show variability between the two, again with 
some studies demonstrating an overestimation of IOP with 
rebound tonometry[20] and others demonstrating a lower IOP 
measurement with rebound tonometry[21].
Previous studies comparing IOP readings obtained with various 
devices demonstrated variable results. While several studies 
have shown a close correlation between GAT readings and 
those obtained with Tonopen[15] and rebound tonometry[16,22], 
others show significant variability between these devices[21,23]. 
Most of these studies comparing GAT with rebound tonometry 
demonstrate that rebound tonometry overestimates IOP to a 
similar amount obtained in our study. Even the studies that 
demonstrate good agreement between rebound tonometry, 
GAT and Tonopen note that greater variability exists at higher 
IOP and with variations in CCT[15-16,21]. Several studies have 
demonstrated a clear correlation between CCT and alterations 
in IOP readings with all forms of tonometry[24-29]. Tonnu 
et al[27] compared the effect of CCT on multiple methods 
of tonometry and noted that all methods of tonometry are 
significantly affected by CCT, however the effect is least with 
GAT. Some of the variability between tonometers in our study 
may be secondary to the increased CCT in the cadaveric eyes 
used during the study. However, it is worth nothing that in 
this study all tonometry measurements were performed in the 
same two eyes. Furthermore, readings from each IOP range 
were obtained in the same eye at the same set point range. As 
such, any effect from CCT was equal across all methods of 
tonometry. Still, the findings of this current study may not be 
generalizable to all CCTs. This highlights a limitation to our 
study which is the small sample size. However, it should be 
noted that several readings were obtained in each cadaveric 
eye which allowed for statistical analysis of the data.
In conclusion, this study uses cadaveric eyes to confirm 
that applanation tonometry is the most accurate method of 
tonometry, despite having a greater degree of variability. It also 
confirms that rebound tonometry tends to over-estimate IOP 
more than Perkins tonometer when compared to manometry 
readings. iCare Home performed well in comparison to iCare 
200 and Tonopen and both methods of rebound tonometry 
showed good reproducibility compared to the other forms of 
tonometry.
ACKNOWLEDGEMENTS
Conflicts of Interest: Ertel MK, None; Seibold LK, None; 
Patnaik JL, None; Kahook MY, None.
REFERENCES

1 Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global 

prevalence of glaucoma and projections of glaucoma burden through 

2040. Ophthalmology 2014;121(11):2081-2090.

2 Bourne RR, Taylor HR, Flaxman SR, Keeffe J, Leasher J, Naidoo K, 

Pesudovs K, White RA, Wong TY, Resnikoff S, Jonas JB; Vision Loss 

Expert Group of the Global Burden of Disease Study. Number of 

people blind or visually impaired by glaucoma worldwide and in world 

regions 1990-2010: a meta-analysis. PLoS One 2016;11(10):e0162229.

3 Kass MA, Heuer DK, Higginbotham EJ, Johnson CA, Keltner JL, 

Miller JP, Parrish RK 2nd, Wilson MR, Gordon MO. The Ocular 

Hypertension Treatment Study: a randomized trial determines that 

topical ocular hypotensive medication delays or prevents the onset of 

primary open-angle glaucoma. Arch Ophthalmol 2002;120(6):701-713; 

discussion 829-830. 

4 Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, Hussein 

M; Early Manifest Glaucoma Trial Group. Reduction of intraocular 

pressure and glaucoma progression: results from the Early Manifest 

Glaucoma Trial. Arch Ophthalmol 2002;120(10):1268-1279.

5 Collaborative Normal-Tension Glaucoma Study Group. Comparison 

of glaucomatous progression between untreated patients with normal-

tension glaucoma and patients with therapeutically reduced intraocular 

pressures. Am J Ophthalmol 1998;126(4):487-497.

6 Aziz K, Friedman DS. Tonometers-which one should I use? Eye (Lond) 

2018;32(5):931-937.

7 Kass MA. Standardizing the measurement of intraocular pressure for 

clinical research. Guidelines from the Eye Care Technology Forum. 

Ophthalmology 1996;103(1):183-185. 

8 American Academy of Ophthalmology. Basic and Clinical 

Science Course Section 10: Glaucoma. American Academy of 

Ophthalmology, 2016. 

9 Stamper RL. A history of intraocular pressure and its measurement. 

Optom Vis Sci 2011;88(1):E16-E28.

10 Blumberg MJ, Varikuti VNV, Weiner A. Real-world comparison 

between the Tonopen and Goldmann applanation tonometry in a 

university glaucoma clinic. Int Ophthalmol 2021;41(5):1815-1825.

11 Ye Y, Yang Y, Fan Y, Lan M, Yu K, Yu M. Comparison of 

biomechanically corrected intraocular pressure obtained by corvis 

ST and goldmann applanation tonometry in patients with open-angle 

glaucoma and ocular hypertension. J Glaucoma 2019;28(10):922-928.

12 Salvetat ML, Zeppieri M, Tosoni C, Brusini P. Comparisons between 

Pascal dynamic contour tonometry, the TonoPen, and Goldmann 

applanation tonometry in patients with glaucoma. Acta Ophthalmol 

Scand 2007;85(3):272-279.

13 Ohana O, Varssano D, Shemesh G. Comparison of intraocular pressure 

measurements using Goldmann tonometer, I-care pro, Tonopen XL, 

and Schiotz tonometer in patients after Descemet stripping endothelial 

keratoplasty. Indian J Ophthalmol 2017;65(7):579-583.

14 Badakere SV, Chary R, Choudhari NS, Rao HL, Garudadri C, Senthil 

S. Agreement of intraocular pressure measurement of Icare ic200 with 

Goldmann applanation tonometer in adult eyes with normal cornea. 

Ophthalmol Glaucoma 2021;4(3):238-243. 

15 Karmiris E, Tsiripidis K, Gartaganis PS, Totou S, Vasilopoulou MG, 

Patelis A, Giannakis I, Chalkiadaki E. Comparison of intraocular 

IOP readings with tonometry versus manometry



2027

Int J Ophthalmol,    Vol. 15,   No. 12,  Dec.18,  2022        www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

pressure obtained by Goldmann applanation tonometer, Corvis 

ST and an airpuff tonometer in healthy adults. Eur J Ophthalmol 

2021:11206721211069227.

16 Ebner M, Mariacher S, Januschowski K, Boden K, Seuthe AM, 

Szurman P, Boden KT. Comparison of intraocular pressure during 

the application of a liquid patient interface (FEMTO LDV Z8) for 

femtosecond laser-assisted cataract surgery using two different vacuum 

levels. Br J Ophthalmol 2017;101(8):1138-1142.

17 Mackay RS, MARGE. Fast, automatic ocular pressure measurement 

based on an exact theory. Ire Trans Biomed Electron 1960;ME-7:61-7.

18 Yildiz A, Yasar T. Comparison of Goldmann applanation, non-contact, 

dynamic contour and tonopen tonometry measurements in healthy 

and glaucomatous eyes, and effect of central corneal thickness on the 

measurement results. Med Glas (Zenica) 2018;15(2):152-157.

19 Azuara-Blanco A, Bhojani TK, Sarhan AR, Pillai CT, Dua HS. Tono-

Pen determination of intraocular pressure in patients with band 

keratopathy or glued cornea. Br J Ophthalmol 1998;82(6):634-636.

20 Gao F, Liu X, Zhao Q, Pan YZ. Comparison of the iCare rebound 

tonometer and the goldmann applanation tonometer. Exp Ther Med 

2017;13(5):1912-1916.

21 Arora R, Bellamy H, Austin M. Applanation tonometry: a comparison 

of the Perkins handheld and Goldmann slit lamp-mounted methods. 

Clin Ophthalmol 2014;8:605-610.

22 Termühlen J, Mihailovic N, Alnawaiseh M, Dietlein TS, Rosentreter A. 

Accuracy of measurements with the iCare HOME rebound tonometer. 

J Glaucoma 2016;25(6):533-538.

23 Liu J, De Francesco T, Schlenker M, Ahmed I. Icare home tonometer: 

a review of characteristics and clinical utility. Clin Ophthalmol 

2020;14:4031-4045.

24 Sugihara K, Tanito M. Different effects of aging on intraocular 

pressures measured by three different tonometers. J Clin Med 

2021;10(18):4202.

25 Esporcatte BL, Lopes FS, Fonseca Netto C, Rebouças-Santos V, 

Dias DT, Marujo FI, Rolim-de-Moura C. Rebound tonometry 

versus Goldmann tonometry in school children: feasibility and 

agreement of intraocular pressure measurements. Arq Bras Oftalmol 

2015;78(6):359-362.

26 Flemmons MS, Hsiao YC, Dzau J, Asrani S, Jones S, Freedman 

SF. Icare rebound tonometry in children with known and suspected 

glaucoma. J AAPOS 2011;15(2):153-157. 

27 Tonnu PA, Ho T, Newson T, El Sheikh A, Sharma K, White E, Bunce 

C, Garway-Heath D. The influence of central corneal thickness and 

age on intraocular pressure measured by pneumotonometry, non-

contact tonometry, the Tono-Pen XL, and Goldmann applanation 

tonometry. Br J Ophthalmol 2005;89(7):851-854.

28 Zakrzewska A, Wiącek MP, Machalińska A. Impact of corneal 

parameters on intraocular pressure measurements in different 

tonometry methods. Int J Ophthalmol 2019;12(12):1853-1858.

29 Yeh SJ, Chen KH, Kuang TM, Liu CJ, Chen MJ. Comparison of the 

iCare, Tono-Pen, non-contact airpuff, and Goldmann applanation 

tonometers in eyes with corneal edema after penetrating keratoplasty. 

J Chin Med Assoc 2021;84(3):320-325. 


	_Hlk115082756
	OLE_LINK1
	_Hlk497904036
	_Hlk114756307
	_Hlk117670700
	_Hlk115083645
	_Hlk117673454
	_Hlk497904036
	_Hlk117841388
	_Hlk117841396
	_Hlk117841413
	_Hlk117841424
	OLE_LINK4
	OLE_LINK7
	_Hlk117952730
	_Hlk106996696
	_Hlk106988881
	_Hlk106988992
	_Hlk106989092
	_Hlk106918494
	_Hlk106268029
	_Hlk117953266
	_Hlk81170060
	_Hlk81169870
	_Hlk117953277
	_Hlk81248098
	_Hlk81246917
	_Hlk81248119
	_Hlk117953114
	OLE_LINK1
	_Hlk106989626
	_Hlk106572569
	_Hlk106572645
	_Hlk117953251
	_Hlk81248376
	_Hlk106920693
	_Hlk104990238
	_Hlk104850315
	_Hlk106918711
	_Hlk106268878
	_Hlk105887086
	_Hlk104891911
	_Hlk106970854
	_Hlk104885021
	_Hlk105945683
	_Hlk106443089
	_Hlk106990659
	_Hlk106990840
	_Hlk117953772
	_Hlk106990275
	_Hlk106991325
	_Hlk95992132
	OLE_LINK1
	_Hlk117520566
	OLE_LINK22
	OLE_LINK21
	OLE_LINK3
	_Hlk497904036
	_Hlk94204193
	_Hlk117785002
	_Hlk111485577
	_Hlk111486093
	_Hlk111486210
	_Hlk111486591
	_Hlk111486697
	_Hlk117785495
	_Hlk117785616
	_Hlk111489196
	_Hlk96638136
	_Hlk111485786
	_Hlk94021249
	_Hlk94022047
	_Hlk94021849
	_Hlk111499516
	_Hlk111500502
	_Hlk94027715
	_Hlk111309438
	_Hlk95235111
	_Hlk111501162
	_Hlk111501191
	_Hlk111501243
	_Hlk117520207
	_Hlk57123154
	_Hlk118365586
	OLE_LINK119
	OLE_LINK120
	_Hlk65099799
	_Hlk101094788
	_Hlk114619492
	_Hlk57983524
	_Hlk58153083
	_Hlk57127679
	_Hlk58152231
	_Hlk58159856
	_Hlk101530337
	_Hlk101537090
	_Hlk114481494
	_Hlk114481861
	_Hlk57127829
	_Hlk57185514
	_Hlk57188412
	_Hlk101091883
	_Hlk117518375
	_Hlk108183234
	_Hlk485406648
	_Hlk116390231
	_Hlk108183234
	_Hlk532978267
	OLE_LINK1
	OLE_LINK13
	_Hlk16518107
	_Hlk790823
	_Hlk89787106
	OLE_LINK9
	OLE_LINK64
	OLE_LINK71
	OLE_LINK39
	OLE_LINK67
	OLE_LINK68
	OLE_LINK70
	OLE_LINK69
	OLE_LINK60
	_Hlk108183234
	OLE_LINK101
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK21
	OLE_LINK11
	OLE_LINK22
	OLE_LINK23
	OLE_LINK1
	OLE_LINK2
	OLE_LINK7
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	_Hlk117520658
	OLE_LINK1
	OLE_LINK9
	OLE_LINK6
	OLE_LINK8
	OLE_LINK3
	_Hlk109331956
	OLE_LINK4
	OLE_LINK5
	OLE_LINK236
	OLE_LINK235
	OLE_LINK241
	OLE_LINK242
	OLE_LINK199
	OLE_LINK200
	OLE_LINK204
	_Hlk114822055
	OLE_LINK1
	_Hlk114822065
	OLE_LINK3
	OLE_LINK4
	_Hlk108183234
	OLE_LINK2
	OLE_LINK5
	OLE_LINK6
	_Hlk6432014
	_Hlk117520111
	_Hlk117262171
	_Hlk117262234
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_Hlk118296833
	Clinical utility of cytokine analysis in the diagnosis and efficacy monitoring of vitreoretinal lymphoma
	Hao Kang, Yong Tao

	Anti-inflammatory effects of α-humulene and β-caryophyllene on pterygium fibroblasts
	Magda Massae Hata Viveiros1, Márcia Guimarães Silva2, José Galberto Martins da Costa3, Anselmo Gomes de Oliveira4, Carolina Rubio5, Carlos Roberto Padovani6, Cláudia Aparecida Rainho6, Silvana Artioli Schellini1

	Establishment of blood glucose control model in diabetic mice
	Cai-Hua Rao1, Lun Liu1, Jian Gao1, Zi-Hao Du2, Chen Gao3

	Various phenotypes of autosomal dominant cone-rod dystrophy with cone-rod homeobox mutation in two Chinese families
	Hui Cui1, Xin Jin1, Qing-Hua Yang1, Ling-Hui Qu2, Bao-Ke Hou1, Zhao-Hui Li1, Hou-Bin Huang1,3

	Clinical efficacy of 0.05% cyclosporine nano-emulsion in the treatment of dry eye syndrome associated with meibomian gland dysfunction
	Yeon Ji Jo1, Ji Eun Lee2, Jong Soo Lee1

	Topographic tear film trend and new parameters for non-invasive break up time test
	Yakup Acet 

	Effect of the position of the corneal lamella on the frequency of its detachment
	Pavel Studeny1,2, Magdalena Netukova1, Martina Nemcokova 1, Yun-Min Klimesova 1, Deli  Krizova1

	Efficacy of scleral-fixated 3-looped haptics intraocular lens implantation for surgical management of microspherophakia
	Xue-Wen Yu1,2, Xian Ge1,3, Wei-Jie Chen1, Shuang Ni1, Xue-Qi Lin1, Si-Ting Sheng1, Dan Chen1, Wen Xu1

	Deep sclerectomy-trabeculectomy with mitomycin C in treating glaucoma: postoperative long-term results
	Chung Shen Chean, Li Jiang, Gayathri Kanchana Niroshani Pati Arambage, Punithawathy Ranjit

	Evaluation of the learning curve of laser peripheral iridectomy: the 20th case reaches the turning point
	Yao Liu1, Yu-Ying Zhou2, Cheng-Guo Zuo1, Yun-Ru Liao1, Jia-Wei Ren1, Hui-Shan Lin1, Xin-Bo Gao1, Ming-Kai Lin1

	Post-operative visual outcomes based on morphological staging of idiopathic epiretinal membranes on OCT 
	Sehrish Nizar Ali Momin, Roha Ahmad Choudhary, M. A. Rehman Siddiqui, Shiraz Hashmi, Abdul Sami Memon, Haroon Tayyab

	Long-term clinical effects of intravitreal injections of conbercept for the treatment of choroidal neovascularization in patients with pathological myopia
	Si Zhang, Zi-Fang He, Fei-Fei Chen, Wen-Wen Zhang, Ya-Jun Liu, Hui Chen, Zheng-Gao Xie

	Clinical feature and predictive factor analysis for spontaneous regression of retinopathy of prematurity in a Chinese population
	Yi-An Li, Xiao-Hong Zhou, Xiao-Jing Cai, Chen-Hao Yang

	Simultaneous screening and classification of diabetic retinopathy and age-related macular degeneration based on fundus photos—a prospective analysis of the RetCAD system
	Christos Skevas1, Hanah Weindler1, Max Levering1, Jonne Engelberts2, Mark van Grinsven2, Toam Katz1

	Lag time, high-risk histopathological features, metastasis, and survival interrelation in retinoblastoma: a perspective from lower-middle income country
	Purjanto Tepo Utomo1, Datu Respatika1, Bambang Ardianto2, Hanggoro Tri Rinonce3, Didik Setyo Heriyanto3, Banu Aji Dibyasakti1, Irene Titin Darajati1, Indra Tri Mahayana1, Agus Supartoto1

	Fenofibrate for the prevention of progression of non-proliferative diabetic retinopathy: review, consensus recommendations and guidance for clinical practice
	Nor Fariza Ngah1,2, Nor Asiah Muhamad3, Roslin Azni Abdul Aziz2, Shelina Oli Mohamed2, Nor Azita Ahmad Tarmizi4, Azian Adnan5, Zalifah Zakiah Asnir6, Zanariah Hussein7, Hui Foo Siew5, Masni Mohamed7, Noor Aliza Lodz8, Vijayamala Valayatham6

	Nanopore techniques as a potent tool in the diagnosis and treatment of endophthalmitis: a literature review
	Zi-Yue Li1, Ke-Yi-Zhi Xu2, Wei Jin1

	A simple technique for suprachoroidal space injection of triamcinolone acetonide in treatment of macular edema
	Dan-Dan Zhang1,2, Dan-Yang Che1,2, Dong-Qing Zhu1,2

	Comparison of intraocular pressure readings with Perkins, Tonopen, iCare 200, and iCare Home to manometry in cadaveric eyes 
	Monica K Ertel, Leonard K Seibold, Jennifer L Patnaik, Malik Y Kahook

	Removal of subfoveal perfluorocarbon droplet combined with internal limiting membrane peeling to flatten the macular
	Dan Li, Qing Ye, Chao Li

	Severe phimosis-like epiretinal membrane proliferation following internal limiting membrane peeling for macular hole
	Hasan Mohidat1, Omar S El-Mulki2, Abdelwahab Aleshawi1

	Toxicity to the macula after using small doses cefuroxime for phacoemulsification and vitrectomy combined surgery
	Li-Li Jing1,2,3, Ting Ruan1,2,3, Dong-Fang Li1,2,3, Jun Li1,2,3

	Differentiation of premacular hemorrhages with niveau formation 
	Yorihisa Kitagawa, Hiroyuki Shimada, Akiyuki Kawamura, Hiroyuki Kaneko, Koji Tanaka, Hiroyuki Nakashizuka

	Rapid enlargement of choroidal osteoma in an adult patient
	Xiao-Yan Zhang1, Xiao-Feng Hao1, Hong Zhang1, Chao Wang2, Bin Luo3, Yi-Xin Qi1, Zhi-Peng Cai1, Li-Ke Xie1

	Optic perineuritis as an initial presentation of ocular toxoplasmosis: a case report
	Seung Ah Chung1, Chungwoon Kim1, Jong Yoon Lim2, Yoo-Ri Chung1


