
  Volume 45 - N1 - Janeiro-Março   |   29

ABSTRACT 

PURPOSE: To evaluate the inter-device agreement between Placido -based topography (To-
polyzer Vario, WaveLight, Alcon Laboratories, Inc., Ft Worth, Texas, USA) and rotational Scheim-
pflug tomography (Oculyzer II, WaveLight, Alcon Laboratories, Inc., Ft Worth, Texas, USA) for 
measuring anterior corneal surface parameters.

METHODS: Fifty eyes from 50 subjects with no ocular disease were included in this study. The 
main outcome measurements were keratometric readings and anterior surface irregularity metrics 
derived from Fourier analysis (decentration, decentration axis and irregularity). Inter-device cor-
relation and agreement between the two devices were assessed. 

RESULTS: No statistically significant differences were detected among the parameters obtai-
ned by both devices (paired t test; p > 0.05). The 95% LoA between instruments were within the 
clinically relevant margins of discrepancy for the keratometric parameters. Seven (14%) and five 
(10%) eyes presented a difference greater than 0.5 D for the flat meridian (K1) and steep meridian 
(K2) parameters, respectively. Regarding corneal astigmatism, only three eyes (6%) presented a 
difference greater than 0.5 D between both devices. All the parameters selected from the Fourier 
analysis showed a lower level of correlation and a more extensive range of LoA compared to the 
keratometric variables. 

CONCLUSION: Placido topography and Scheimpflug tomography showed good correlation 
and agreement for keratometric measurements, including corneal astigmatism. Based on the data 
derived from the Fourier analysis, the results recommend caution when selecting the data to plan 
the topography-guided customized ablation, especially in primary eyes, which calls for prospecti-
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ve studies, possibly using simulated models.
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RESUMO

OBJETIVO: Avaliar a concordância entre aparelhos de topografia baseada no disco de Plácido (Topolyzer 
Vario, WaveLight, Alcon Laboratories, Inc., Ft Worth, Texas, EUA) e na tomografia de Scheimpflug rotacional 
(Oculyzer II, WaveLight, Alcon Laboratories, Inc., Ft Worth, Texas, EUA) para medir os parâmetros da super-
fície anterior da córnea.

MÉTODOS: Cinquenta olhos de 50 indivíduos sem doença ocular foram incluídos neste estudo. As prin-
cipais medidas de resultado foram as medições queratométricas e parâmetros de irregularidade da superfície 
anterior derivadas da análise de Fourier (descentralização, eixo de descentralização e irregularidade). A cor-
relação entre os dispositivos e a concordância entre os dois dispositivos foram avaliadas.

RESULTADOS: Não foram detectadas diferenças estatisticamente significativas entre os parâmetros ob-
tidos pelos dois aparelhos (teste t pareado; p> 0,05). A LoA de 95% entre os instrumentos estava dentro das 
margens de discrepância clinicamente relevantes para os parâmetros ceratométricos. Sete (14%) e cinco (10%) 
olhos apresentaram diferença maior que 0,5 D para os parâmetros do meridiano plano (K1) e do meridiano 
íngreme (K2), respectivamente. Em relação ao astigmatismo corneano, apenas três olhos (6%) apresentaram 
diferença maior que 0,5 D entre os dois dispositivos. Todos os parâmetros selecionados da análise de Fourier 
apresentaram menor nível de correlação e maior amplitude de LoA em comparação com as variáveis cerato-
métricas.

CONCLUSÃO: A topografia da Plácido e a tomografia de Scheimpflug mostraram boa correlação e con-
cordância para as medidas queratométricas, incluindo astigmatismo corneano. Com base nos dados deriva-
dos da análise de Fourier, os resultados recomendam precaução na seleção dos dados para o planeamento de 
ablações customizadas pela topografia, principalmente em olhos primários, o que requer estudos prospecti-
vos, possivelmente utilizando modelos simulados.

PALAVRAS-CHAVE: Córnea; Doenças da Córnea; Topografia da Córnea

INTRODUCTION

The primary indications for topography-guided abla-
tion treatments are enlargement of the optical zone or irre-
gular astigmatism after other surgical procedures (such as 
penetrating keratoplasty and radial keratotomy) or due to 
corneal pathologies (including keratoconus and ectatic cor-
neal diseases).1-5 Interestingly, recent studies demonstrated 
the effectiveness of this approach for primary laser vision 
correction. Besides refractive error correction, this customi-
zed approach based on the anterior corneal surface helped 
to improve visual symptoms related to visual quality (in-
cluding halos, glare and starbursts) by the reduction of the 
corneal irregularity or high-order aberrations.6-8

Previous studies investigated the reliability and accu-
racy of corneal surface measurements obtained by using 
distinct technologies systems.9-11 In the present study, we 
included a Placido-disc based (Topolyzer Vario, WaveLi-
ght, Alcon Laboratories, Inc., Ft Worth, Texas, USA) and 
a rotational Scheimpflug camera (Oculyzer II, WaveLight, 
Alcon Laboratories, Inc., Ft Worth, Texas, USA) devices. 
The data derived from both systems may be used for cus-
tomized ablation treatments with the EX500 excimer laser 

platform (WaveLight, Alcon Laboratories, Inc., Ft Worth, 
Texas, USA).6-8,12

This study aimed to evaluate the correlation and agre-
ement of anterior corneal surface measurements, such as 
keratometry readings and irregularity indices based on 
Fourier analysis between two anterior segment imaging 
methods, a Scheimpflug rotational camera (Oculyzer II) 
and a Placido-based topographer (Topolyzer Vario).

PATIENTS AND METHODS

This report is a retrospective case series conducted in 
a private clinic (Sara Ribeiro Serviços Médicos Lda.; Fer-
nando Faria Correia, Lda.) and followed the tenets of the 
Declaration of Helsinki. All participants provided written 
informed consent to be part of this study. The present stu-
dy included one eye randomly selected from among 50 
patients examined by an experienced surgeon (FFC) and 
considered good candidates to primary laser vision sur-
gery based on their clinical and complementary exams. All 
patients enrolled had no history of ocular disease, surgery, 
trauma, or general disorders affecting vision, such as ma-
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LoA between instruments were within the clinically 
relevant margins of the discrepancy. Seven (14%) and five 
(10%) eyes had a difference greater than 0.5 D for the K1 
and K2 parameters, respectively. Regarding the corneal as-
tigmatism magnitude (astigmatism), only three eyes (6%) 
presented a difference greater than 0.5 D between both de-
vices. The mean axis (+/- SD) measurements provided by 
the Topolyzer and Oculyzer II were 106.202 +/- 77.463 and 
106.780 +/- 77.581 degrees, respectively. Nine eyes (18%) 
had a greater than 5° difference between the devices. In 
vector terms, the data did not present statistically signifi-
cant differences for the J0 (-0.01 D, 95% confidence interval 
[CI]: -0.04 to 0.01 D) and the J45 (-0.003 D, 95% CI: -0.03 to 
0.03 D) components. Compared to the keratometric data, all 
the selected parameters derived from the Fourier analysis 
(decentration, decentration axis and irregularity) presented 
lower correlation coefficients. Bland-Altman analysis of 
these metrics is presented in Fig. 1 (A to C).

Figure 1 – Bland-Altman plot illustrates the level of agreement between 
Decentration (A), Decentration Axis (B) and Irregularity (C) measurements 
of Topolyzer Vario (WaveLight, Alcon Laboratories, Inc., Ft Worth, Texas, 
USA) and Oculyzer II (WaveLight, Alcon Laboratories, Inc., Ft Worth, Texas, 
USA). The red dashed horizontal lines represent the 95% limits of agree-
ment.

DISCUSSION

In the present study, we focused on the corneal ima-
ging devices from the Wavelight/Alcon company, consis-
ting of a Placido disk and a rotational Scheimpflug camera 
(Topolyzer Vario and Oculyzer II, respectively).  There was 
an overall good agreement between the two technologies, 
especially for keratometric readings. Interestingly, similar 
results were not verified with the irregularity data derived 
from the Fourier analysis (decentration and irregularity va-
riables), which may have an impact on customized ablation 
planning.

The Topolyzer Vario is the same model that was earlier 
marketed by Oculus GmbH (Keratograph, Oculus GmbH, 
Wetzlar, Germany). A previous study described the accu-
racy of keratometry readings derived from this device.18,19 

This tool was also considered effective for topography-gui-
ded ablations to correct myopia, hyperopia, and mixed as-
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tigmatism.8 The Oculyzer II is also marketed by the same 
company as the Pentacam (Oculus GmbH, Wetzlar, Ger-
many). Previous studies revealed high repeatability and re-
producibility in corneal curvature measurements provided 
by this rotational Scheimpflug camera.9,20,21 

As mentioned in previous studies, corneal imaging de-
vices are essential to select the candidates correctly, as well 
as to choose the surgical technique that is more appropriate 
to each patient.9,10,15-17 With the increasing interest in custo-
mized ablations, the accuracy of preoperative scans has be-
come even more important. Different companies allow the 
integration of data from Placido disk-based topographers, 
Scheimpflug tomographers, and wavefront sensors into 
the excimer laser platform, allowing the customization of 
the ablation to be applied. Concerning topography-guided 
ablations, the visual and refractive outcomes have shown 
superiority compared to conventional ablations in primary 
eyes, especially in terms of visual quality.6 For example, 
Contoura® Vision (WaveLight, Alcon Laboratories, Inc., Ft 
Worth, Texas, USA) is a topography-guided LASIK, whi-
ch had FDA-approval in 2013. It combines the Allegretto 
Wave Eye-Q 400 Hz (WaveLight, Alcon Laboratories, Inc., 
Ft Worth, Texas, USA) or the Wavelight EX500 excimer la-
ser with the Placido disk data-driven by the Topolyzer Va-
rio to create a customized ablation based. In addition, to 
correct the spherocylindrical error, this ablation type also 
reduces the magnitude of corneal irregularity or high-order 
aberrations that is based on the raw corneal data-driven by 
the imaging device. Other studies had also demonstrated 
the usefulness of the topography-guided ablations in thera-
peutic applications, such as in reducing high-order aberra-
tions in patients with corneal ectasia.1,5

As mentioned previously, raw corneal data from both 
devices can be transferred to the excimer laser platform to 
allowed customized ablation. Our study aimed to analyze 
the correlation and agreement between these instruments 
in terms of anterior surface parameters. 

Our results presented a good agreement for mean cor-
neal measurements between both instruments (K1, K2, 
Astigmatism, J0 and J45). It is crucial to mention that the 
presented data might be influenced by the small sample 
size included in this study. Nevertheless, similar results 
were also described in previous studies. For example, 
Delrivo et al reported a good agreement for the corneal 
power and cylinder between a Placido topography (iTrace 
Visual Function Analyzer, Tracey Technologies, Houston, 
TX, USA) and a Scheimpflug tomography (Pentacam HR, 
Oculus Gmbh, Wetzlar, Germany) instruments.22 Wang et 
al demonstrated excellent repeatability and reproducibili-
ty of anterior corneal power measurements by using eight 
different devices, including the Topolyzer and the Penta-
cam.19 In the present study, the corneal asphericity variable 
revealed a lower correlation coefficient compared to other 
keratometry parameters. Regarding the agreement evalua-
tion for this metric between the Topolyzer Vario and the 
Oculyzer II, similar findings were also described by the Sa-
vini et al.23

We also included parameters that provide information 
regarding corneal irregularity or optical quality. Both de-
vices enable two distinct methods to evaluate this featu-
re based on anterior surface curvature data. The Fourier 

analysis reconstructs wavefront data by decomposing the 
image into spatial frequency components that can be used 
to represent the irregular and regular astigmatism compo-
nents simultaneously.14,24,25 Otherwise, the Zernike analysis 
can be used to calculate higher-order wavefront aberrations 
by a mathematical sequence of polynomials that are ortho-
gonal on the unit disk.24,25 Different studies have reported 
controversy about the advantages of each method for re-
presenting corneal data, with no technique being conside-
red the gold standard.24,25 For the present study, we selected 
the data provided by the Fourier analysis, since it simpli-
fies the description of the corneal surface irregularity. From 
this display, we excluded the spherical equivalent and 
the regular astigmatic values, since they correlate and are 
proportional to the keratometric spherocylindrical compo-
nent.14 The remaining metrics of the Fourier analysis have 
no keratometric equivalent and represent the irregular cor-
neal astigmatism. Thus, these variables represent the data 
that are used by the excimer laser platform to design the to-
pography-guided ablations to address the corneal surface 
irregularity. The Decentration metric represents the corneal 
tilt regarding the optical axis, similar to the comatic aberra-
tion from the Zernike polynomials. The Irregularity para-
meter characterizes the optical defects that degrade retinal 
image quality. We included these parameters in this study 
since both devices enable these data and interfere with the 
high-order aberration ablation profile.5,8 Besides presenting 
a moderate correlation coefficients, the Decentration and 
Irregularity variables showed a wide range of LoA. Thus, 
we recommended precaution when selecting the raw cor-
neal data from distinct technologies to customize the laser 
excimer ablation, especially in primary eyes. The presented 
results may derive from the small sample data, which can 
lead to lower correlation values that may not be clinically 
meaningful. Other reason that justify this finding is the in-
clusion of primary eyes with a minimal amount of corneal 
high-order aberrations that might induce a minimal effect 
on visual quality. This analysis should be performed in 
future studies including irregular corneas. The study also 
used devices with different measurement principles. The 
Topolyzer Vario is based on the tear film reflection of the 
Placido disk.9 Thus, fluctuations in the tear film can inter-
fere with the irregular astigmatism magnitude presented. 
Previous studies reported dynamic variations in corneal hi-
gh-order aberrations after blinking, even in clinically heal-
thy subjects.26 Other factors may influence the quality of the 
Placido-disc exam, such as longer acquisition time, small 
palpebral opening, and shadows of the nose or the brow.9,15 
On the other hand, the Oculyzer II depends on elevation 
data derived from light scattering. The optical distortion 
correction related to Scheimpflug imaging may contribute 
to the reported findings.9,27

There are some limitations to the present study. The re-
sults are based on a relatively small number of eyes. Besides, 
the present study is limited to healthy subjects with normal 
corneas and proper fixation. From a practical point of view, 
despite both devices presented no statistically significant 
inter-device differences, our results still suggest awareness 
in selecting the preoperative corneal raw data for planning 
the topography-guided excimer ablation, once the analy-
sis of the Fourier analysis parameters revealed a moderate 
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correlation index and a wide range of LoA. In primary eyes 
undergoing customized laser vision correction, inadequate 
programming of the ablation may induce unexpected pos-
toperative refractive errors due to misleading scans. In this 
regard, the refractive surgeon must become adapted to the 
available technology, to optimize visual and refractive re-
sults, as well as the surgical nomograms.28 Further studies 
aiming to evaluate the impact of customized ablation based 
on distinct technologies should be designed.

ETHICAL DISCLOSURES 

Conflicts of interest: Dr Ambrósio is consultant for Al-
con, Zeiss and Oculus; Dr Faria-Correia is consultant for 
Alcon; Dr Lopes receives research funds from Oculus.

Financing Support: This work has not received any 
contribution, grant or scholarship

Confidentiality of Data: The authors declare that they 
have followed the protocols of their work center on the pu-
blication of data from patients.

Protection of Human and Animal Subjects: The au-
thors declare that the procedures were followed according 
to the regulations established by the Clinical Research and 
Ethics Committee and to the 2013 Helsinki Declaration of 
the World Medical Association.

Provenance and Peer Review: Not commissioned; ex-
ternally peer reviewed.

RESPONSABILIDADES ÉTICAS

Conflitos de Interesse: Dr Ambrósio é consultor da Al-
con, Zeiss e Oculus; Dr Faria-Correia é consultor da Alcon; 
Dr Lopes recebe financiamento de investigação da Oculus.

Fontes de Financiamento: Não existiram fontes exter-
nas de financiamento para a realização deste artigo.

Confidencialidade dos Dados: Os autores declaram ter 
seguido os protocolos da sua instituição acerca da publica-
ção dos dados de doentes. 

Proteção de Pessoas e Animais: Os autores declaram 
que os procedimentos seguidos estavam de acordo com 
os regulamentos estabelecidos pelos responsáveis da Co-
missão de Investigação Clínica e Ética e de acordo com a 
Declaração de Helsínquia de 2013 da Associação Médica 
Mundial.

Proveniência e Revisão por Pares: Não comissionado; 
revisão externa por pares.

REFERENCES

1. Kanellopoulos AJ, Asimellis G. Keratoconus mana-
gement: long-term stability of topography-guided 
normalization combined with high-fluence CXL 
stabilization (the Athens Protocol). J Refract Surg. 
2014;30:88-93. doi: 10.3928/1081597X-20140120-03.

2. Kanellopoulos AJ, Binder PS. Management of corneal 
ectasia after LASIK with combined, same-day, topo-
graphy-guided partial transepithelial PRK and colla-

gen cross-linking: the athens protocol. J Refract Surg. 
2011;27:323-31. doi: 10.3928/1081597X-20101105-01.

3. Koller T, Iseli HP, Donitzky C, Ing D, Papadopou-
los N, Seiler T. Topography-guided surface abla-
tion for forme fruste keratoconus. Ophthalmology. 
2006;113:2198-202. doi: 10.1016/j.ophtha.2006.06.032.

4. Stojanovic A, Zhang J, Chen X, Nitter TA, Chen S, 
Wang Q. Topography-guided transepithelial surface 
ablation followed by corneal collagen cross-linking 
performed in a single combined procedure for the 
treatment of keratoconus and pellucid marginal 
degeneration. J Refract Surg. 2010;26:145-52. doi: 
10.3928/1081597X-20100121-10.

5. Holland S, Lin DT, Tan JC. Topography-guided 
laser refractive surgery. Curr Opin Ophthalmol. 
2013;24:302-9. doi: 10.1097/ICU.0b013e3283622a59.

6. Stulting RD, Fant BS, Group TCS, et al. Results of to-
pography-guided laser in situ keratomileusis custom 
ablation treatment with a refractive excimer laser. 
J Cataract Refract Surg. 2016;42:11-8. doi: 10.1016/j.
jcrs.2015.08.016.

7. Faria-Correia F, Ribeiro S, Monteiro T, Lopes BT, 
Salomao MQ, Ambrosio R, Jr. Topography-Guided 
Custom Photorefractive Keratectomy for Myopia in 
Primary Eyes With the WaveLight EX500 Platform. J 
Refract Surg. 2018;34:541-6. doi: 10.3928/1081597X-
20180705-03.

8. Cummings AB, Mascharka N. Outcomes after topo-
graphy-based LASIK and LASEK with the waveli-
ght oculyzer and topolyzer platforms. J Refract Surg. 
2010;26:478-85. doi: 10.3928/1081597X-20090814-05.

9. Ambrosio R, Jr., Belin MW. Imaging of the cornea: to-
pography vs tomography. J Refract Surg. 2010;26:847-
9. doi: 10.3928/1081597X-20101006-01.

10. Ambrosio R, Jr., Valbon BF, Faria-Correia F, Ramos 
I, Luz A. Scheimpflug imaging for laser refractive 
surgery. Curr Opin Ophthalmol. 2013;24:310-20. doi: 
10.1097/ICU.0b013e3283622a94.

11. Salomao MQ, Esposito A, Dupps WJ, Jr. Advances in 
anterior segment imaging and analysis. Curr Opin 
Ophthalmol. 2009;20:324-32.

12. Cummings A, Durrie D, Gordon M, Williams R, 
Gow JA, Maus M. Prospective Evaluation of Outco-
mes in Patients Undergoing Treatment for Myopia 
Using the WaveLight Refractive Suite. J Refract Surg. 
2017;33:322-8. doi: 10.3928/1081597X-20160926-01.

13. Thibos LN, Wheeler W, Horner D. Power vectors: an 
application of Fourier analysis to the description and 
statistical analysis of refractive error. Optom Vis Sci. 
1997;74:367-75.

14. Hjortdal JO, Erdmann L, Bek T. Fourier analysis of 
video-keratographic data. A tool for separation of 
spherical, regular astigmatic and irregular astigmatic 
corneal power components. Ophthalmic Physiol Opt. 
1995;15:171-85.

15. Ambrosio R, Jr., Klyce SD, Wilson SE. Corneal topo-
graphic and pachymetric screening of keratorefractive 
patients. J Refract Surg. 2003;19:24-9.

16. Ambrosio R, Jr., Nogueira LP, Caldas DL, Fontes BM, 
Luz A, Cazal JO,  et al. Evaluation of corneal shape 
and biomechanics before LASIK. Int Ophthalmol Clin. 

Anterior Surface Measurements Correlation and Agreement Between Rotational Scheimpflug and Placido Disc-based Devices in Primary Eyes



  Volume 45 - N1 - Janeiro-Março   |   35

2011;51:11-38. doi: 10.1097/IIO.0b013e31820f1d2d.
17. Ambrosio R, Jr., Randleman JB. Screening for ecta-

sia risk: what are we screening for and how should 
we screen for it? J Refract Surg. 2013;29:230-2. doi: 
10.3928/1081597X-20130318-01.

18. Gonen T, Cosar CB, Sener B, Keskinbora KH. Com-
parison of keratometric data obtained by automa-
ted keratometer, Dicon CT 200, Allegro Topolyzer, 
and Pentacam. J Refract Surg. 2012;28:557-61. doi: 
10.3928/1081597X-20120723-04.

19. Wang Q, Savini G, Hoffer KJ, Xu Z, Feng Y, Wen D, 
et al. A comprehensive assessment of the precision 
and agreement of anterior corneal power measure-
ments obtained using 8 different devices. PLoS One. 
2012;7:e45607. doi: 10.1371/journal.pone.0045607.

20. Kanellopoulos AJ, Asimellis G. Correlation between 
central corneal thickness, anterior chamber depth, 
and corneal keratometry as measured by Oculyzer II 
and WaveLight OB820 in preoperative cataract sur-
gery patients. J Refract Surg. 2012;28:895-900. doi: 
10.3928/1081597X-20121005-07.

21. Chen D, Lam AK. Reliability and repeatability of the 
Pentacam on corneal curvatures. Clin Exp Optom.. 
2009;92:110-8.

22. Delrivo M, Ruiseñor Vázquez PR, Galletti JD, Garibot-
to M, Fuentes Bonthoux F, Pförtner T, et al. Agreement 
between placido topography and Scheimpflug tomo-
graphy for corneal astigmatism assessment. J Refract 
Surg. 2014;30:49-53. doi: 10.3928/1081597x-20131217-
06. 

23. Savini G, Schiano-Lomoriello D, Hoffer KJ. Repeatabi-
lity of automatic measurements by a new anterior seg-
ment optical coherence tomographer combined with 
Placido topography and agreement with 2 Scheimp-
flug cameras. J Cataract Refract Surg. 2018;44:471-8. 
doi: 10.1016/j.jcrs.2018.02.015.

24. Wang L, Chernyak D, Yeh D, Koch DD. Fitting beha-
viors of Fourier transform and Zernike polynomials. J 
Cataract Refract Surg. 2007;33:999-1004.

25. Yoon G, Pantanelli S, MacRae S. Comparison of Zerni-
ke and Fourier wavefront reconstruction algorithms in 
representing corneal aberration of normal and abnor-
mal eyes. J Refract Surg 2008;24:582-90.

26. Liu Z, Pflugfelder SC. Corneal surface regularity and 
the effect of artificial tears in aqueous tear deficiency. 
Ophthalmology. 1999;106:939-43.

27. Rosales P, De Castro A, Jimenez-Alfaro I, Marcos S. 
Intraocular lens alignment from purkinje and Scheim-
pflug imaging. Clin Exp Optom. 2010;93:400-8. doi: 
10.1111/j.1444-0938.2010.00514.x.

28. Seven I, Lloyd JS, Dupps WJ. Differences in Simula-
ted Refractive Outcomes of Photorefractive Keratec-
tomy (PRK) and Laser In-Situ Keratomileusis (LASIK) 
for Myopia in Same-Eye Virtual Trials. Int J Environ 
Res Public Health. 2020;17:287. doi: 10.3390/ijer-
ph17010287.

Anterior Surface Measurements Correlation and Agreement Between Rotational Scheimpflug and Placido Disc-based Devices in Primary Eyes

Corresponding Author/
Autor Correspondente:

Fernando Faria Correia
Avenida do Bessa
Edifício Boapor II, 216, 7º Frente
4100-012 Porto, Portugal
f.faria.correia@gmail.com

ORCID: 0000-0002-8824-7862

https://orcid.org/0000-0002-8824-7862

