Romanian Journal of Ophthalmology, Volume 65, Issue 1, January-March 2021. pp:59-63

GENERAL ARTICLE

DO0I:10.22336/rjo.2021.11

Effect of the capsular tension ring on refractive outcome after
phacoemulsification

Saadet Giiltekin Irgat, Fatih Ozcura

Department of Ophthalmology, Kutahya Health Sciences University School of Medicine, Kutahya, Turkey
___________________________________________________________________________________________________|

Correspondence to: Saadet Giiltekin Irgat, MD,

Department of Ophthalmology, Kutahya Health Sciences University School of Medicine, Kutahya, Code: 43270, Turkey,
Phone: +902 742 236 053, Fax: +902 742 652 277, E-mail: saadet_g@yahoo.com

Accepted: February 9th, 2021

Abstract

Purpose: To evaluate how capsular tension rings (CTR) affect refractive outcomes following
cataract extraction by phacoemulsification complicated by zonular instability.

Study design: Retrospective.

Methods: In a retrospective case-control study, the 29 eyes of 29 patients with CTRs were
compared with the 29 eyes of patients without zonular instability following routine
phacoemulsification, with mean arithmetic refractive prediction error (ArRPE) and mean
absolute refractive prediction error (AbRPE) as primary outcome measures.

Results: A comparison of eyes with and without CTRs according to the SRK/ T formula revealed no
statistically significant difference in ArRPE (0.52 vs. 0.45 D, p = 0.570) or AbRPE (0.52 vs. 0.55 D, p
= 0.799). Postoperative hypermetropic shift occurred in most cases in both groups, although the
mean difference between eyes with CTR (22/ 29) and without CTR (25/ 29) was not statistically
significant (p = 0.315).

Conclusion: Implanting CTRs did not consistently affect refractive outcomes versus routine
phacoemulsification. Results suggest that intraocular lens power can be calculated as usual when
CTRs are used.
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Abbreviations: CTR = capsular tension ring, ArRPE = arithmetic refractive prediction errors,
AbRPE = absolute refractive prediction errors, IOL = intraocular lens, WTW = white-to-white, ACD

= anterior chamber depths, AL = axial lengths, RPE = refractive prediction error

Introduction

A well-established tool in the armamentarium of
cataract surgeons, capsular tension rings (CTR), allow
surgeons to approach zonular weakness with
improved safety during complex cataract surgery.
Since Hara et al. first proposed introducing a ring into
the zonular weak capsular sac in 1991 [1], ring
designs of various sizes have been developed for
CTRs.

CTR is implanted primarily during cataract
surgery to stabilize the position of the capsular sac,
facilitate  phacoemulsification, and keep the
intraocular lens (IOL) stable in the postoperative
centralized state.

Any cause of regional weakness or loss may be an
indication for the placement of CTR. The most
common causes of zonular insufficiency are

pseudoexfoliation syndrome, trauma, previous ocular
surgery (after vitrectomy), hypermature cataract and
increased axial length [2-6]. Less common causes
include Marfan’s syndrome, homocystinuria, Weill-
Marchesani syndrome, microspherophakia, retinitis
pigmentosa, and intraocular neoplasms [7-14].

The aim of our study was to determine whether
implanting CTRs in eyes following cataract surgery
affects refractive outcomes and the calculation of
intraocular lens (IOL) power.

Materials and methods

Patients

Patients who underwent phacoemulsification in
our clinic between January 2016 and January 2019
were divided into two groups - 29 who received CTRs
due to zonular instability following
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phacoemulsification (i.e., Group 1) and 29 without
zonular instability and thus without CTRs (i.e., Group
2) - for a total sample of 58 patients. Group 1 was
matched in age and sex with Group 2, the control
group, and all the patients in both groups underwent
cataract surgery performed by the same surgeon. All
patients were informed about the operation, and each
provided a written informed consent to participate in
the study.

To be included in the sample, patients needed to
be 40 to 90 years old and have undergone cataract
surgery. Exclusion criteria were previous ocular or
intraocular surgery, evidence of trauma, acute or
chronic corneal infection, inflammation of the cornea
during slit lamp examination and intraoperative or
postoperative complications. Patients with a history
of any other ocular disease that could affect visual
outcomes (e.g., color vision impairment or chronic
uveitis) or contrast sensitivity (e.g, glaucoma,
maculopathy, or high myopia) were also excluded.

Surgical technique

All operations were performed under local
anaesthesia. After anaesthesia, a transparent corneal
incision was made using a 2.2 mm blade, and sodium
hyaluronate was given to the anterior chamber as the
viscoelastic material and iris retractor was inserted to
the patients who were not dilated sufficiently.
Capsulorhexis was performed after sufficient
hydrodissection, cataract  emulsification  was
performed using the stop and chop technique, which
produced the least strain on the capsules and zonules.
Following bimanual irrigation-aspiration, monofocal
acrylic IOL was implanted with viscoelastic material.
CTR was placed with the help of manual forceps at
any stage of the surgery where zonular weakness was
noticed.

For eyes in Group 1, white-to-white (WTW)
corneal diameter was considered in selecting CTRs
(OPHTEC, Groningen, the Netherlands), all of which
consisted of a single-piece polymethyl methacrylate
ring with open rings at each end. Two models of CTRs
were used: Model 275, with uncompressed and
compressed diameters of 12 and 10 mm, respectively,
and Model 276, with uncompressed and compressed
diameters of 13 and 11 mm, also respectively. Model
275 was implanted in eyes with WTW diameters up
to 11.5 mm, whereas Model 276 was implanted in
eyes with WTW diameters exceeding 11.5 mm. In
each eye in Group 2, the IOL was injected into the
capsular bag without the insertion of a CTR.
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Data Collection

The IOL calculation of the cases was performed by
optical biometry instrument (AL_Scan, Nidek Co. Ltd.
Gamagori, Japan) using the SRK-T formula. IOL
calculation was made with the aim of emmetropia.
Preoperative keratometry values, WTW
measurements, anterior chamber depths (ACD), axial
lengths (AL) and refraction measurements were made
in all cases.

Refraction measurements were made 1 month
after the operation. The refractive prediction error
(RPE) was used as a measure of refractive outcome
accuracy and was obtained by subtracting the
predicted refractive error from the postoperative
manifest refraction. Therefore, a positive value
indicated a hyperopic shift from the predicted
refraction. A negative value was evaluated as myopia
shift. The results were evaluated according to 3
criteria: mean ArRPE; mean AbRPE; ranges and
number of eyes within a certain RPE (+ 0.50 D, + 1.00
D and = 2.00 D).

Statistical Analysis
Statistical analysis was conducted using PASW
Statistics (version 15, SPSS Inc.), with the

Kolmogorov-Smirnov test used to confirm the normal
distribution of the data. To compare ages, AL, ACD,
WTW diameter, IOL power and keratometry values
between the groups, an independent t test was
performed. By contrast, the chi-square test was used
to compare the sex and laterality of the groups.
Results were statistically significant when their p
values were less than 0.05.

Results

Each 29 eyes from 29 patients, Group 1 (i.e,
patients with CTRs) and Group 2 (i.e., patients
without CTRs) were sex-matched such that each
group contained 13 women and 16 men. Whereas the
mean age in Group 1 was 72.2 years (range: 38-90
years), the mean age in Group 2 was 70.6 years
(range: 54 to 85 years). In Group 1, the aetiology of
zonular instability was most often idiopathic.

All 58 patients underwent phacoemulsification
using a similar technique performed by the same
surgeon. Decisions to insert CTRs or not were made
intraoperatively, and successful I0L and/ or CTR
implantation was possible in all cases.

Table 1 shows the preoperative patients’
demographic data. There was no statistically
significant difference in the mean age, corneal
power, AL, and ACD (Table 1).

© 2021 The Authors.
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Table 1. Patient demographic data and preoperative ocular dimension

GROUP CTR

Number of subject 29

Number of eyes 29

Age (yrs) 72.72 (38-909)
Female, n (%) 13

Lefte eye, n (%) 11

Mean K (D) 43.78 (40.32-47.67)
Mean AL (mm) 23.57 (22.14-26.26)
Mean HWTW (mm) 11.84 (11.0-12.4)

Mean ACD (mm) 3.07 (1.92-5.21)

CONTROL P value
29

29

70.66 (54-85) p=0,438
13 p=1,0
14

44.15 (40.37-46.94) p=0,382
23.49 (21.90-25.83) p=0,738
11.44 (8.1-12.9)

3.14 (2.47-3.83) p=0,580

CTR = Capsular tension ring, K = Keratometry, AL = Axial lengths, WTW = White-to-white, ACD = Anterior chamber depths

Table 2 presents the mean arithmetic refractive
prediction errors (ArRPE) and mean absolute
refractive prediction error (AbRPE) in Group 1 versus
Group 2. No statistically significant difference
between Group 1 and Group 2 emerged in ArRPE
(0.52vs.0.45 D, p =0.570) or AbRPE (0.52 vs. 0.55 D,
p = 0.799). Calculations with the SRK/ T formula also

revealed no statistically significant between-group
difference in mean ArRPE or AbRPE (Table 2).
Postoperative hypermetropic shift occurred in most
cases in both groups, although the mean difference
between eyes in Group 1 (22/ 29) and Group 2 (25/
29) was not statistically significant (p = 0.315).

Table 2. Mean arithmetic and absolute refractive prediction error using SRK/ T comparing CTR and control groups

CTR
Arithmetic RPE
Mean 0.52+0,41
Median 0.40
Range 0,35-1,750
Variance 0,167
Absolute RPE
Mean 0.52+0,41
Median 0.40
Range 0,35-1,750
Variance 0,167
CTR
Arithmetic RPE
Mean 0.52+0,41
Median 0.40
Range 0,35-1,750
Variance 0,167
Absolute RPE
Mean 0.52+0,41
Median 0.40
Range 0,35-1,750
Variance 0,167

CTR = Capsular tension ring, RPE = Refractive prediction errors

Table 3 shows the percentage and number of
eyes within #+ 0.5 D, #+ 1.0 D, and * 2.0 D of the
predicted refraction with the SRK/ T formulas in the
CTR group and the control group. The percentage of

CONTROL

0,45 £0,52
0,44
-0,85-1,710
0,269

P=0.570

0,55+0,41
0,47
0,10-1,710
0,167
CONTROL

P=0.799

0,45+ 0,52
0,44
-0,85-1,710
0,269

P=0.570

0,550,441
0,47
0,10-1,710
0,167

P=0.799

eyes in the + 1.0 D range of the predicted refraction in
both groups was 90%. Three patients in both groups
had a prediction error greater than 1.0 D.

Table 3. Number of eyes within a certain refractive prediction error using SRK/ T

Within + 0.5 D Within + 1D
CTR 17 (%59) 9 (%31)
CONTROL 15 (%52) 11 (%38)
TOTAL 32 20

CTR = Capsular tension ring

© 2021 The Authors.
Romanian Journal of Ophthalmology

Within £ 2 D Myopic shift  Hypermetropic
shift
3 (%10) 7 (24) 22 (76)
3 (%10) 4(14) 25 (86)
6 11 49
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Discussion

Although developed to stabilize the capsular bag,
CTRs are implanted during cataract surgery to not
only stabilize the capsular bag’s position but also ease
phacoemulsification and center the IOL after surgery
in eyes with zonular dehiscence and compromised
capsular bag stability amid zonular weakness. CTRs
can also be implanted to reduce the risk of vitreous
prolapse, capsular rupture and the postoperative
dislocation of the IOL.

This study was performed to clarify whether the
implantation of a CTR during phacoemulsification in
zonular instability affects the refractive outcomes. In
our study, the implantation of a CTR did not induce a
significantly higher hyperopic or myopic shift
compared with results in a control group in which no
CTR was implanted. According to the results of our
study, there was no need to modify the IOL
calculations when CTR implantation was planned.

Sun and Gimbel have developed an in vitro study,
which controls the position of CTR and indicates that
CTR is unlikely to affect the IOL power formula as it
does not change the position of the IOL [15]. Findl et
al. measured the effective lens position using dual-
beam PCI and found the lens-capsule distance was
almost identical in eyes with a silicone IOL with or
without implantation of a CTR [16].

Boomer and Jackson did not find a statistically
significant difference in refraction errors in a
retrospective case-control study in which 19 eyes
underwent CTR compared with 24 eyes without
zonular instability. They reported that there was no
consistent effect of CTR on refractive outcome, and it
was unnecessary to modify the IOL calculations [17].
In this study, Boomer and Jackson had refractive
results in # 1.0 D in all eyes with CTR and 96%
(Holladay 2) and 88% (SRK/ T) in the control group.
Similarly, in our study, 90% of the eyes with CTR and
control group had refractive outcome in 1.0 D. In our
study, 58% of the eyes with CTR and 52% of the
control group had a refractive outcome in + 0.5 D.

Postoperative changes in refractive outcomes are
known to relate to IOL decentration and tilt. In
response, CTR implantation can avert the contracture
of the capsular bag and thus prevent IOL decentration
[4]. Among authors who have sought to determine the
effect of CTRs on refraction outcomes, Schild et al.
demonstrated that, following CTR placement, the CTR
and the IOL remained in the capsular bag when the
CTR was positioned between the I0OL haptics and the
ciliary body [18]. In our study, comparing refractive
outcomes in myopic eyes with and without CTRs
following phacoemulsification, no statistically
significant difference arose in AbRPE between Groups
1 and 2 [19]. Our results also showed, as did Boomer

62

Irgat et al.

and Jackson’s, that IOL power can be calculated as
usual even when CTRs are used.

In our study, no statistically significant difference
surfaced between the groups in rates of postoperative
hyperopic and myopic shifts. However, statistically
significant hypermetropic shift was observed in both
groups. At the same time, though Group 1 contained a
greater number of such shifts, the between-group
difference was not statistically significant, nor was the
between-group difference in AbRPE. Thus, our results
support the findings of the four studies cited above.

In another work, examining 52 patients who had
undergone cataract surgery, Park et al. compared 26
eyes with CTRs and 26 without the rings. Co-
implanting CTRs and IOLs induced more hyperopic
refractive outcomes than implanting IOLs alone.
However, because the effect of CTRs may be
inconsistent across different IOL designs and
materials, the calculated IOL power should be
reviewed [20].

From another angle, Baranwal et al. performed
ultrabiomicroscopy to determine the shift in IOL in
eyes with CTRs versus the ones without them [21].
Among their results, ultrabiomicroscopy revealed a
posterior shift of I0Ls after CTRs were used, which
later  required  postoperative  hypermetropic
correction. Thus, they suggested that the posterior
shift of IOLs following the use of CTRs should be
considered and that I0Ls should be +1.0 to 2.0 D more
than what was calculated preoperatively.

The limitations of our study were its
retrospective approach and lack of
ultrabiomicroscopy to measure effective I0L-capsule
distance and effective IOL position. No difference in
refraction was observed in eyes that received CTRs,
which might have caused the change in IOL.

Conclusion

Our results suggest that CTRs are not only tools to
stabilize the zonular apparatus and capsular bag
during complicated cataract surgeries but also
devices able to deliver more accurate refractive
outcomes in eyes. If improving fracture outcomes is a
goal of the cataract surgeon, then CTRs should be
considered, even in cases of mild zonular instability.
Despite arguments that CTRs should not be placed
because improper placement can further deteriorate
capsules and zonules, in the hands of a skilled,
experienced surgeon, CTRs can be safely implanted
with relative ease.

Conflict of Interest
The authors declare no conflict of interest.

© 2021 The Authors.
Romanian Journal of Ophthalmology



Irgat et al.

Informed Consent and Human and Animal Rights
statements

Informed consent has been obtained from all
individuals included in this study.

Authorization for the use of human subjects

Ethical approval: The research related to human
use complies with all the relevant national
regulations, institutional policies, is in accordance
with the tenets of the Helsinki Declaration, and has
been approved by the Ethics Committee of Kutahya
Health Sciences University School of Medicine,
Kutahya, Turkey.

Acknowledgements
None.

Sources of Funding
None.

Disclosures
None.

References

1. HaraT, Hara T, Yamada Y. “Equator ring” for maintenance of
the completely circular contour of the capsular bag equator
after cataract removal. Ophthalmic Surg. 1991; 22:358-359.

2.  Cionni RJ], Osher RH. Management of profound zonular
dialysis or weakness with a new endocapsular ring designed
for scleral fixation. ] Cataract Refract Surg. 1998; 24:1299-
306.

3. Cionni R], Osher RH, Marques DMV, Marques FF, Snyder ME,
Shapiro S. Modified capsular tension ring for patients with
con-genital loss of zonular support. ] Cataract Refract Surg.
2003; 29:1668-1673.

4. Jacob S, Agarwal A, Argawal A, Agarwal S, Patel N, Lal V.
Efficacy of a capsular tension ring for phacoemulsification in
eyes with zonular dialysis. ] Cataract Refract Surg. 2003;
29:315-321.

5.  Menapace R, Findl O, Georgopoulos M, Rainer G, Vass C,
Schmetterer K. The capsular tension ring: designs,
applications, and techniques. ] Cataract Refract Surg. 2000;
26:898-912.

6. Tribus C, Alge CS, Haritoglou C, Lackerbauer C, Kampik A,
Mueller A, Priglinger SG. Indications and clinical outcome of
capsular tension ring (CTR) implantation: a review of 9528
cataract surgeries. Clin Ophthalmol. 2007; 1:65-69.

7. Groessl SA, Anderson CJ. Capsular tension ring in a patient
with Weill-Marchesani syndrome. ] Cataract Refract Surg.
1998; 24:1164-1165.

8. Dietlein TS, Jacobi PC, Konen W, Krieglstein GK.
Complications of endo capsular tension ring implantation
in a child with Marfan’s syndrome. ] Cataract Refract Surg.
2000; 26:937-940.

9. Bayyoud T, Bartz-Schmidt KU, Yoeruek E. Long-term clinical
results after cataractsurgerywithandwithoutcapsulartension
ring in patients with retinitis pigmentosa: a retrospective
study. BM] Open. 2013 Apr 26; 3(4).pii:e002616.

10. Mizuno H, Yamada J, Nishiura M et al. Capsular tension ring
use in a patient with congenital coloboma of the lens. ]
CataractRefractSurg.2004;30:503-506.

© 2021 The Authors.
Romanian Journal of Ophthalmology

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Romanian Journal of Ophthalmology 2021; 65(1): 59-63

Konradsen T, Kugelberg M, Zetterstrom C. Visual outcomes
and complications in surgery for ectopia lentils in children. |
Cataract Refract Surg. 2007; 33:819-824.

Vasavada V, Vasavada VA, Hoffman RO et al. Intraoperative
performance and postoperative outcomes of endocapsular
ring implantation in pediatric eyes. ] Cataract Refract Surg.
2008; 34:1499-1508.

Das P, Ram ], Brar GS, Dogra MR. Results of intraocular lens
implantation with capsular tension ring in subluxated
crystalline or cataractous lenses in children. Indian ]
Ophthalmol. 2009; 57:431-436.

Guo S, Wagner R, Forbes B et al. Capsular tension ring in the
management of occult lens zonular dehiscence in infantile
glaucoma. ] Pediatr Ophthalmol Strabismus. 2010 Jul 22; 47
Online:e1-3.

Sun R, Gimbel HV. In vitro evaluation of the efficacy of the
capsular tension ring for managing zonular dialysis in
cataract surgery. Ophthalmic Surg. 1998; 29:502-505.

Findl O, Drexler W, Menapace R, Bobr B, Bittermann S, Vass
C, Rainer G, Hitzenberger CK, Fercher AF. Accurate
determination of effective lens position and lens-capsule
distance with 4 intra-ocular lenses. ] Cataract Refract Surg.
1998; 24:1094-1098.

Boomer JA, Jackson DW. Effect of the Morcher capsular
tension ring on refractive outcome. J Cataract Refract Surg.
2006; 32:1180-1183.

Boomer JA, Jackson DW. Anatomic evaluation of the Morcher
capsular tension ring by ultrasound biomicroscopy. ]
Cataract Refract Surg. 2006; 32:846-848.

Schild AM, Rosentreter A, Hellmich M et al. Effect of a capsular
tensionring on refractive outcomes in eyes with high myopia.
] Cataract RefractSurg. 2010; 36:2087-2093.

Park HJ, Lee H, Kim do W, Kim EK, Seo KY, Kim TI. Effect of
Colmplantation of a Capsular Tension Ring on Clinical
Outcomes after Cataract Surgery with Monofocal Intraocular
Lens. Yonsei Med J. 2016 Sep; 57:1236-1242.

Baranwal VK, Kumar S, Mishra A, Dutta K. A study to evaluate
whether CTR increases refractive unpredictability between p
redicted and actual I0L position.

Med ] Armed Forces India. 2014 Jan; 70:36-38.

63


https://www.ncbi.nlm.nih.gov/pubmed/?term=Baranwal%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24623945
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24623945
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24623945
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dutta%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=24623945
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3946515/

