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Abstract

Objectives: To assess the repeatability and reliability of anterior and posterior corneal measurements in keratoconus 
patients who underwent corneal allogenic intrastromal ring segment (CAIRS) implantation using a Scheimpflug-based 
tomography system.
Methods: This prospective observational study included 42 eyes: 20 keratoconic eyes that had undergone CAIRS implan-
tation and 22 healthy controls. All participants were imaged with the Pentacam HR (Oculus Optikgeräte GmbH, Germany). 
Each eye underwent three consecutive scans during a single session. Repeatability was evaluated using within-subject stan-
dard deviation (Sw), repeatability index (RI), and tolerance index (TI), and reliability was assessed using intraclass correlation 
coefficients (ICC). A TI>0.36 was considered indicative of reduced repeatability.
Results:  Anterior corneal curvature parameters (K1 and K2) and pachymetric indices demonstrated excellent reliability 
(ICC>0.90) and acceptable repeatability (TI<0.36). In contrast, CAIRS-implanted eyes exhibited greater variability in 
Kmax, Kmean, anterior elevation, and several posterior corneal metrics, with TI values exceeding 0.36. Despite having 
high ICC values, posterior elevation showed the greatest variability. Pachymetry at the corneal vertex and the thinnest 
corneal thickness remained highly reproducible (TI 0.08 and 0.18, respectively), suggesting strong measurement accuracy.
Conclusion: The implantation of CAIRS alters the shape of the cornea and decreases the repeatability of several tomogra-
phy-derived metrics, especially posterior corneal indices and Kmax. Although overall reliability remains high, clinicians should 
cautiously interpret small postoperative changes in monitoring these parameters. Pachymetric measurements maintain excel-
lent precision and can be reliably used for postoperative follow-up and progression assessment after CAIRS surgery.
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Introduction

Keratoconus is a progressive, non-inflammatory corneal 
ectatic disorder characterized by stromal thinning, conical 
protrusion, and irregular astigmatism, typically beginning in 
adolescence or early adulthood. As the disease progresses, 
there is a notable decline in quality of life and visual impair-
ment. In the early stages, rigid gas-permeable lenses and 
eyeglasses might be enough to correct vision, but in more 
advanced cases, surgery is frequently necessary. Over the 
past two decades, various surgical procedures have been de-
veloped to stabilize and improve the corneal architecture, 
including corneal cross-linking (CXL), intracorneal ring seg-
ment implantation (ICRS), and deep anterior lamellar kera-
toplasty (DALK).

Intrastromal ring segments are implantable arc-shaped 
devices that apply biomechanical force to the ectatic cornea 
in order to flatten and regularize the corneal form. While 
synthetic polymethyl methacrylate (PMMA) rings such as IN-
TACS and Keraring are widely used, they are associated with 
complications such as extrusion, infection, or poor biocom-
patibility in some cases (1,2). Recently, corneal allogenic in-
trastromal ring segments (CAIRS) have emerged as a novel, 
biologically compatible alternative. CAIRS utilize human do-
nor corneal tissue shaped into ring segments and implanted 
intrastromally to achieve similar geometric and biomechan-
ical effects with potentially improved integration and fewer 
complications.

Studies have shown the excellent repeatability of mea-
surements taken with the Pentacam HR (Oculus Optikgera 
̈te GmbH, Wetzlar, Germany) in healthy eyes (3,4). On the 
other hand, decreased repeatability and reliability have been 
reported in patients with moderate to advanced keratoco-
nus, suggesting that as the cornea diverges further from its 
normal anatomical configuration, measurements become in-
creasingly unpredictable (5-10). Moreover, corneal stromal 
interventions, such as ICRS implantation, may further com-
promise the precision of corneal measurement parameters 
(11).

Several studies have assessed the visual and topograph-
ic outcomes of CAIRS; data on the repeatability and reli-
ability of anterior and posterior corneal measurements in 
CAIRS-implanted eyes remain unknown. Accurate and re-
producible corneal measurements are critical for both the 
clinical follow-up of ectatic diseases and the objective as-
sessment of surgical efficacy. However, the presence of stro-
mal implants may introduce measurement variability due to 
alterations in corneal thickness, curvature, and elevation. 
Furthermore, there are no studies addressing repeatability 
and reproducibility in CAIRS-implanted eyes. Therefore, the 
present study aims to evaluate the repeatability and reliabili-

ty of anterior and posterior corneal parameters in eyes with 
keratoconus that have undergone CAIRS implantation, using 
a Scheimpflug-based corneal tomography system. 

Method

Study Design and Patient Selection
This prospective, observational study was conducted at the 
Istanbul Swiss Vision Clinic between August 2022 and July 
2023. The study adhered to the tenets of the Declaration of 
Helsinki and was approved by the Institutional Ethics Com-
mittee of İstanbul Medipol University (Date: 11/03/2025, 
No: E-10840098-202.3.02-1941). Written informed consent 
was obtained from all participants prior to their involvement 
in the study. An a priori sample size calculation was per-
formed before study initiation. Based on the expected effect 
size, significance level (p=0.05), and desired statistical power 
of 80%, the required sample size was determined to be ade-
quate for the primary study outcomes.

Two groups were included: keratoconus patients who 
had undergone CAIRS implantation and healthy controls 
seeking refractive surgery. The keratoconus group consist-
ed of 20 eyes that had undergone CAIRS implantation at 
least three months before study inclusion, allowing sufficient 
time for postoperative wound stabilization. Keratoconus di-
agnosis was based on characteristic slit-lamp findings-such as 
stromal thinning, Fleischer ring, and Vogt’s striae-combined 
with tomographic patterns including asymmetric inferior 
steepening, abnormal elevation maps, and reduced central 
or paracentral pachymetry.

The control group who presented to the clinic request-
ing refractive surgery (n=22 healthy control group). These 
subjects had spherical equivalent myopia between -3.00 D 
and -6.00 D, with regular astigmatism up to -1.25 D. All con-
trols exhibited normal corneal topography and tomography, 
as confirmed by a comprehensive ophthalmologic examina-
tion. All subjects in this group underwent a comprehensive 
ophthalmologic examination, including visual acuity testing, 
manifest and cycloplegic refraction, slit-lamp biomicroscopy, 
intraocular pressure measurement, fundus evaluation, and 
corneal imaging with Scheimpflug tomography. Patients in 
whom keratoconus or any other corneal pathology was sus-
pected or detected were excluded.

For both groups, exclusion criteria were as follows: histo-
ry of previous ocular surgery (except CAIRS in the kerato-
conus group), current or recent use (within 3 weeks) of rigid 
gas permeable or scleral contact lenses, presence of active or 
past ocular surface inflammation or infection (e.g., blephari-
tis, conjunctivitis, or keratitis), systemic diseases with known 
ocular involvement (e.g., autoimmune disease, diabetes mel-
litus), and poor compliance or inability to complete repeated 
imaging procedures. Only one eye from each participant was 
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included in the final analysis to avoid inter-eye correlation. 
Only one eye per subject was included; in bilateral cases, an 
eye was randomly selected using a computerized random 
number generator.

Surgical Technique
All surgeries were performed by the same surgeon (A.K.) 
under topical anesthesia (0.5% proparacaine; Alcaine, Alcon 
Laboratories, Inc., Fort Worth, TX). The visual axis was de-
lineated using an ink-stained Sinskey hook beneath a Wave-
Light EX500 biomicroscope (Alcon Laboratories, Inc.), with 
the initial Purkinje reflex serving as a reference point. After 
centralization using the reference point, docking was execut-
ed with an iFS 150 kHz Intralase femtosecond laser platform 
(Abbott Medical Optics Inc., CA), resulting in the formation 
of an intrastromal tunnel. The characteristics of the Istanbul 
nomogram established by our study group were utilized to 
construct the intrastromal circular tunnel (12). The tunnel 
was dissected through the incision site with a blunt-tipped 
semicircular dissector. Allograft rings (KeraNatural; Vision-
Gift) were cut to an arc length of approximately 160 degrees 
using surgical scissors. The rings were then inserted into the 
tunnel using modified forceps and placed according to the 
cone localization. Suturing was not required in any of the 
cases. Topical moxifloxacin 0.5% (Vigamox, Alcon Laborato-
ries) and dexamethasone 0.1% (Dexasine SE, Liba, Istanbul, 
Turkey) eye drops were administered, ending the surgery.

Measurement System and Procedure
All participants underwent corneal imaging using the Penta-
cam HR system, a non-contact rotating Scheimpflug camera 
that provides comprehensive anterior segment analysis, in-
cluding pachymetry, corneal curvature, elevation, and den-
sitometry.

All measurements were performed by a single experi-
enced technician (initials: M.A.) to minimize inter-operator 
variability. Imaging sessions were scheduled between 9:00 
a.m. and 12:00 p.m. to reduce the effect of diurnal variation 
in corneal parameters. Prior to each imaging session, partic-
ipants were instructed to blink several times to ensure an 
even tear film distribution and were then positioned at the 
device. Proper alignment along the visual axis was confirmed 
by the system’s automatic alignment function, and the sub-
ject was asked to fixate on the central green target light. 
When focus and alignment were optimal, the acquisition was 
initiated. 

Each eye was scanned three times with a five-minute 
interval between each measurement to assess the repeat-
ability of corneal parameters. Between scans, subjects were 
asked to recline slightly and reposition their heads to restore 
baseline positioning. Care was taken to ensure that the cor-
nea was not exposed to ambient light or airflow that could 

affect tear film quality during the intervals. If necessary, the 
Pentacam device was realigned before each scan.

The Pentacam HR uses a monochromatic blue light-emit-
ting diode with a wavelength of 475 nm and acquires 25 im-
ages within 2 seconds, providing a three-dimensional model 
of the anterior segment. The system automatically assesses 
the quality of each scan and assigns a quality score. Only 
scans rated as “OK” by the system’s quality control algo-
rithm were accepted for analysis. Scans with poor quality 
were repeated until three acceptable measurements were 
obtained. All repeatability analyses were performed using all 
three consecutive scans. For patients with bilateral disease 
or eligibility, data from only one eye (selected at random) 
was included in the statistical evaluation. 

The primary objective of this imaging protocol was to 
evaluate the repeatability and stability of corneal parame-
ters rather than their absolute values. Therefore, all imaging 
steps were standardized to minimize external influences and 
maximize internal consistency across measurements.

Analyzed Parameters
To evaluate the repeatability and reliability of corneal mea-
surements, we analyzed a series of anterior and posterior 
corneal surface parameters derived from three consecutive 
scans obtained during the same visit. From the anterior sur-
face, flat keratometry (K1), steep keratometry (K2), mean 
keratometry (Kmean), maximum keratometry (Kmax), an-
terior corneal astigmatism, anterior elevation (measured at 
the thinnest point), thinnest corneal thickness (TCT), and 
pachymetry at the corneal vertex were included. Posterior 
surface analysis comprised flat (K1b), steep (K2b), and mean 
(Kmeanb) posterior keratometry values, posterior astigma-
tism, and posterior elevation at the thinnest point.

Statistical Analysis
All statistical analyses were performed using SPSS for Win-
dows software (version 22.0, SPSS Inc., Chicago, IL, USA). 
The normality of data distribution was assessed using the 
Kolmogorov–Smirnov test.

This study followed the definitions of intrasession re-
peatability and intersession reproducibility according to the 
British Standards Institute and the International Organiza-
tion for Standardization (13). Repeatability was defined as 
the degree of variation between repeated measurements ob-
tained under the same conditions (e.g., same examiner and 
device). To evaluate the repeatability of anterior segment 
measurements, the following parameters were calculated: 
within-subject standard deviation (Sw) and the repeatability 
index (RI). The Sw quantifies the size of the measurement 
error, while the RI (also known as test–retest variability) 
represents the range within which 95% of the differences 
between two repeated measurements are expected to fall. 
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The RI is calculated as 2.77 × Sw, and lower RI values indi-
cate better repeatability. Repeatability was considered ac-
ceptable when the RI was smaller than the mean value of the 
respective parameter.

To enable comparison across parameters with different 
units of measurement (e.g., diopters, micrometers), a toler-
ance index (TI) was calculated using the formula:TI=log (rP/rC) 
where rP is the RI in the pathological (keratoconus) group, 
and rC is the RI in the control group. The TI is a scale-inde-
pendent measure that reflects whether the repeatability of 
a given parameter significantly differs between two groups. 
Based on the sample size in this study, a TI value > 0.36 was 
considered to indicate a statistically significant difference 
in repeatability at the 5% level (P<0.05), corresponding to 
non-overlapping confidence intervals.

Reliability was defined as the consistency of repeated 
measurements and assessed using the intraclass correlation 
coefficient (ICC). ICC is a variance-based measure that ex-
presses the proportion of total variability attributed to dif-
ferences between subjects, relative to the total variability 
(within and between subjects). ICC values approaching 1.0 
indicate minimal within-subject variability and excellent reli-
ability. According to commonly accepted criteria, ICC values 
<0.50 indicate poor reliability; values between 0.50 and 0.75 
suggest moderate reliability; values between 0.75 and 0.90 
indicate good reliability; and values > 0.90 are considered to 
reflect excellent reliability.

Results

A total of 42 eyes were included in the analysis: 20 eyes in 
the CAIRS group and 22 eyes in the healthy control group. 
The demographic characteristics of the participants are 
summarized in Table 1. The two groups were comparable in 

age, whereas sex distribution differed significantly between 
groups. Six eyes in the CAIRS group had a history of prior 
corneal cross-linking. Figure 1 shows representative preop-
erative and postoperative anterior segment optical coher-
ence tomography (AS-OCT) images. 

Repeatability and Reliability of Anterior Corneal 
Parameters
The anterior keratometric values (K1 and K2) exhibited ex-
cellent reliability in both groups (ICC>0.90 for all), as shown 
in Table 2. Repeatability was acceptable for these parame-
ters, with TI values were below 0.36, indicating no statisti-
cally significant decrease in repeatability in the CAIRS group 
compared with controls. In contrast, Kmean and Kmax ex-
hibited reduced repeatability (TI of 0.43 and 0.42, respective-
ly) exceeding the predefined significance threshold. Although 
ICC values for these parameters remained high (>0.90), the 
wider repeatability interval suggests increased variability in 
CAIRS-implanted corneas relative to controls.

Anterior elevation measurements showed the lowest re-
peatability among anterior surface measurements, indicated by 
a TI of 0.69. Despite a high ICC in healthy eyes, CAIRS eyes 
showed greater measurement variability, presumably related to 
altered stromal curvature and postoperative surface irregularity.

The TCT and pachymetry at the corneal vertex exhibited 
excellent reliability (ICC > 0.98) and tight repeatability lim-
its, with TI values of 0.08 and 0.18, respectively. These find-
ings indicate that central pachymetry measurements remain 
highly stable and demonstrate excellent repeatability.

Repeatability and Reliability of Posterior Corneal 
Parameters
Posterior keratometry values (K1b, K2b, Kmeanb) demon-
strated excellent reliability across all groups (ICC > 0.95), 

Table 1. Patients’ demographics and clinical infromation

CAIRS (n=20) Healthy Control (n=22) Total (n=42) p

Sex (M/F) 13/7 4/18 17/25 P<0.05

Age 25.5±6.32 25.5±4.14 25.5±5.16 0.324

History of CXL treatment 6/20 - - -

Figure 1. Preoperative and postoperative anterior segment optical coherence tomography (AS-OCT) 
images illustrating corneal changes following CAIRS implantation.
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as summarized in Table 3. However, repeatability appeared 
to be reduced in CAIRS-implanted eyes, and TI values for 
posterior keratometry remained above the critical thresh-
old, suggesting increased variability that reached statistical 
significance (TI>0.36 for all parameters).

Posterior astigmatism demonstrated moderate-to-good 
reliability (ICC=0.856 in CAIRS eyes) with a TI of 0.81, sug-
gesting a significant decrease in repeatability compared with 
controls. This indicates that posterior astigmatic readings are 
more prone to fluctuation in eyes having stromal implants.

Posterior elevation showed the highest measurement 
variability of all parameters studied. The TI value (0.66) ex-
ceeded the significance threshold, showing substantially re-
duced repeatability in the CAIRS group. Although ICC values 
remained high (>0.94), the increased Sw and RI values high-

light the sensitivity of posterior elevation measurements to 
structural alterations induced by CAIRS implantation.

Discussion

Accurate and repeatable corneal measurements are crucial 
for monitoring keratoconus progression and guiding treat-
ment decisions, particularly in eyes that have undergone sur-
gical interventions such as CAIRS implantation. This study 
assessed the repeatability of anterior and posterior segment 
characteristics in CAIRS-implanted keratoconus eyes and 
used the TI to allow scale-independent parameter compari-
son. Our findings highlight that while most anterior kerato-
metric and pachymetric measurements showed acceptable 
repeatability in both groups, several posterior corneal pa-
rameters and sensitive indices, such as Kmax and elevation 

Table 2. Repeatability and reliablity of anterior cornea topographic parameters

Parameters Mean ± SD Sw RI TI ICC

K1 (D)
CAIRS
Healthy 
Total

43.49±3.21
43.42±1.18
43.45±2.38

0.23 
0.14 
0.18 

0.66 
0.39 
0.52 

0.22

0.984
0.957
0.980

K2 (D)
CAIRS
Healthy 
Total

46.52±3.21
45.18±1.52
45.81±2.53

2.37
1.79
2.07

6.59
4.98
5.74

0.12

0.975
0.925
0.967

Kmean (D)
CAIRS 
Healthy 
Total

44.93±3.18
44.27±1.18
44.58±2.35

0.24
0.09
0.16

0.68
0.25
0.46

0.43

0.986
0.985
0.986

Kmax (D)
CAIRS
Healthy 
Total

52.43±5.66
45.84±1.44
48.98±5.19

0.77
0.29
0.52

2.13
0.80
1.44

0.42
0.923
0.958
0.948

Astigmatism (front) (D)
CAIRS
Healthy 
Total

3.03±1.40
1.76±1.33
2.36±1.49

0.33
0.24
0.29

0.91
0.68
0.79

0.12

0.946
0.931
0.949

Elevation (front) (D)
CAIRS
Healthy 
Total

2.92±11.5
4.48±3.4
3.76±8.20

2.91
0.58
1.69

8.06
1.62
4.69

0.69

0.869
0.961
0.876

TCT (µm)
CAIRS
Healthy 
Total

475.9±46.5
514.9±30.2
496.8±42.9

5.03
4.17
4.58

13.9
11.5
12.7

0.08

0.989
0.981
0.989

Pachymetry (vertex) (µm)
CAIRS
Healthy 
Total

486.9±48.9
518.5±31.1
503.9±42.9

2.82
2.32
2.57

7.83
5.09
6.46

0.18

0.994
0.994
0.995

SD: Standard deviation; Sw: Within-subject standard deviation; Ri: Repeatability index; ICC: Intraclass correlation coefficient; Ti: Tolerance index 
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maps, exhibited reduced measurement stability in the CAIRS 
group.

In the present study, anterior K1, K2, and anterior astig-
matism had TI values ≤ 0.36 and, showed high measurement 
repeatability. However, while all anterior segment param-
eters demonstrated excellent reliability, the TI values for 
Kmean, Kmax, and anterior elevation were above the cut-
off value of 0.36. Repeatability is affected not only by the 
intrinsic measurement variability of the device but also by 
the characteristics of the study population. The frequently 
used threshold of 1.0 diopter (D) in Kmax to define ker-
atoconus progression—commonly applied as an inclusion 
criterion in cross-linking trials—was derived from a repeat-
ability limit of 0.8 D reported by McAlinden et al. in a large 
cohort of healthy eyes examined with the Pentacam (14). In 
accordance with this, our study found a repeatability index 
(RI) of 0.80 D in the healthy control group. However, in the 
CAIRS group, the RI increased markedly to 2.13 D, exceed-
ing the accepted TI threshold (>0.36). In a previous study, 
Montiel et al. investigated the intraobserver repeatability 
of a Scheimpflug camera in measuring corneal parameters 
in naive keratoconus eyes and eyes with ICRS implantation. 
They reported that the RI of anterior Kmax was 1.05 D, K1 
was 0.54 D, K2 was 0.71 D, and anterior elevation was 6.19 
μm (11). In the present study, all parameters demonstrat-
ed lower repeatability than those reported by Montiel et al. 

ICRS implantation is a localized stromal intervention, typical-
ly inducing limited biomechanical and structural alterations. 
In contrast, CAIRS implantation involves inserting an entire 
corneal graft devoid of epithelium and endothelium into the 
stromal pocket. This procedure likely induces more exten-
sive structural remodeling of the host cornea compared to 
ICRS. Such additional alterations in stromal architecture may 
increase measurement variability, which could explain the 
higher-than-expected repeatability index observed in kerato-
conus patients who had undergone CAIRS implantation. On 
the other hand, Kmax values were automatically generated 
by the Pentacam HR software. Manual adjustment or relo-
cation toward the central corneal zone was not performed. 
Therefore, localized effects related to CAIRS implantation 
may have contributed to increased Kmax variability. Consid-
ering all these factors, future longitudinal studies are war-
ranted to establish clinically validated progression thresholds 
specifically in post-CAIRS eyes.

Corneal thickness measurements are critical for both 
longitudinal monitoring and determining eligibility for sur-
gical interventions such as corneal cross-linking and ICRS 
implantation. In the present study, TCT and vertex pachym-
etry demonstrated excellent reliability (ICC > 0.90 in both 
groups). Previous studies have suggested that a reduction in 
corneal thickness of 2–5% or more than 30 μm may indicate 
keratoconus progression (15-17). In the CAIRS-implanted 

Table 3. Repeatability and reliablity of posterior cornea topographic parameters

Parameters Mean ± SD Sw RI TI ICC

K1b (D)
CAIRS 
Healthy 
Total

-6.45±0.37
-6.16±0.25
-6.29±0.34

0.23
0.03
0.13

0.65
0.03
0.36

1.33

0.985
0.984
0.987

K2b (D)
CAIRS
Healthy 
Total

-7.43±0.93
-6.64±0.27
-7.02±0.77

0.16
0.02
0.09

0.45
0.05
0.68

0.95

0.951
0.992
0.966

Kmeanb (D)
CAIRS
Healthy 
Total

-6.88±0.47
-6.39±0.24
-6.62±0.44

0.22
0.006
0.11

0.62
0.01
0.30

1.79

0.988
0.997
0.992

Astigmatism (back) (µm)
CAIRS
Healthy 
Total

0.98±0.87
0.48±0.20
0.72±0.66

0.23
0.03
0.13

0.65
0.10
0.36

0.81

0.856
0.973
0.877

Elevation (back) (µm)
CAIRS
Healthy 
Total

44.85±41.61
8.98±5.53
25.60±33.5

6.97
1.52
4.12

19.3
4.22
11.41

0.66
0.965
0.945
0.974

SD: Standard deviation; Sw: Within-subject standard deviation; Ri: Repeatability index; ICC: Intraclass correlation coefficient; Ti: Tolerance index



Tunç et al., Repeatability of Corneal Tomography After CAIRS194

group, the RI values for TCT and vertex pachymetry were 
13.9 μm and 7.83 μm, respectively, with TI values below the 
established cut-off (TI<0.36). These findings indicate that, 
even after CAIRS implantation, TCT and vertex pachyme-
try can be measured with high precision, supporting their 
continued use for keratoconus progression monitoring and 
for biometric calculations, including intraocular lens power 
determination.

In the present study, posterior corneal parameters 
demonstrated excellent reliability (ICC > 0.90) in both the 
healthy control and CAIRS-implanted groups. However, none 
of the posterior parameters met the accepted TI cut-off val-
ue of 0.36, indicating that despite good overall reproducibil-
ity, the measurement variability was higher than the desired 
threshold for precise clinical monitoring. In a previous study 
conducted in normal eyes, the repeatability index was similar 
to that observed in the healthy control group of our study, 
supporting the validity of our baseline measurements (18). 
Although posterior corneal surface changes are not typical-
ly included in the definition of keratoconus progression for 
cross-linking eligibility, several studies have reported that in 
progressive keratoconus, alterations in the posterior corneal 
curvature and elevation can precede detectable changes in 
the anterior surface (19). The Global Consensus on Kerato-
conus Diagnosis and Management has also emphasized the 
diagnostic and prognostic value of posterior corneal assess-
ment, highlighting its importance in both initial evaluation 
and follow-up (14). In our study, posterior parameters con-
sistently demonstrated worse TI values than anterior param-
eters, particularly in the CAIRS-implanted group. This sug-
gests that CAIRS implantation may disproportionately affect 
the stability of posterior corneal measurements, potentially 
due to altered posterior corneal biomechanics, changes in 
hydration patterns, or interface irregularities created by the 
surgical pocket. Such increased variability could reduce the 
reliability of posterior metrics for detecting subtle progres-
sion or for use in long-term follow-up, especially when pre-
cision is required for surgical decision-making or refractive 
planning.

This study suggests valuable insights but has several lim-
itations that should be considered. Firstly, the single-center 
nature of this study and its relatively small sample size (20 
CAIRS eyes and 22 controls) may limit the generalizability of 
our findings across broader populations and different clini-
cal settings. Furthermore, a proportion of the CAIRS eyes 
had previously undergone CXL treatment, which may have 
affected corneal biomechanics and, consequently, measure-
ment repeatability. Owing to the limited sample size, sub-
group analyses could not be performed and warrant further 
investigation in future studies. Secondly, as a prospective 
observational study, it could not control for all potential 

confounding variables and did not assess inter-visit repro-
ducibility or long-term stability of measurements beyond the 
initial three-month post-operative period. A significant lim-
itation is the reduced measurement repeatability observed 
for several critical corneal parameters in CAIRS-implant-
ed eyes, particularly Kmax, Kmean, anterior elevation, and 
posterior corneal curvature and elevation values. Despite 
often demonstrating strong ICC, their TI values frequently 
exceeded acceptable thresholds. This discrepancy indicates 
that while these measurements may be statistically reliable 
in terms of rank order, their precision for individual patient 
monitoring and detecting subtle changes is compromised. 
This reduced precision is likely due to the structural alter-
ations, potential biomechanical changes, and interface irreg-
ularities introduced by the allogenic ring segments within 
the corneal stroma. Thirdly, our findings are specific to the 
Pentacam HR system. Repeatability and reliability may differ 
when using other corneal tomography or topography devic-
es with varying measurement principles. Lastly, repeatability 
may vary according to keratoconus severity, and previous 
studies have demonstrated reduced measurement precision 
in more advanced disease stages (8,20). Due to the limited 
sample size, subgroup analysis according to severity was not 
feasible and should be explored in larger future studies.

Conclusion

In summary, while CAIRS implantation offers a promising 
therapeutic option for keratoconus, clinicians should exer-
cise caution when interpreting changes in sensitive parame-
ters such as Kmax, Kmean, anterior elevation, and particu-
larly posterior corneal measurements in these eyes, as their 
inherent measurement variability post-procedure may mask 
or falsely indicate subtle clinical changes. This study under-
scores the importance of understanding device-specific mea-
surement limitations in altered corneas to ensure precise 
follow-up and optimized patient care.
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