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Capsular contraction syndrome (CCS) continues to pose challenges in the era of premium intraocular lenses, where 
optical precision is crucial for success. Toric and extended depth-of-focus (EDOF) IOLs are particularly sensitive to 
small positional shifts; even minor decentration or tilt can degrade image quality, induce astigmatism, and cause 
unwanted visual phenomena.1 While advances in surgical technique, IOL biomaterials, and capsule management have 
improved consistency, the interplay between the biology of lens epithelial cell (LEC) proliferation and the biomechanics 
of the capsular bag still determines long-term stability.2 CCS develops when residual LECs on the anterior capsule 
transform into myofibroblasts that contract circumferentially, causing centripetal shrinkage of the capsule. Ideally, these 
forces are evenly distributed, maintaining lens centration.3 However, any asymmetry due to zonular laxity, incomplete 
cortical clean-up, or uneven capsulorhexis overlap can create local variations in tension that distort the IOL’s position. 
Even a few degrees of tilt or fractions of a millimetre of decentration can meaningfully alter optical performance, 
particularly in multifocal or toric lenses.4 From a biomechanical perspective, the capsular bag may be conceptualized as 
an elastic shell under competing forces: radial tension (Tz) from the zonules and circumferential contraction force (Fc) 
from the anterior capsule. The net force acting across the equator is expressed as:5

When contraction becomes asymmetric such that Fc(θ1)≠Fc(θ2), a torque is generated around the IOL’s center, 
described by

This torque induces a tilt angle (α) proportional to the rotational stiffness (kr) of the IOL–capsule system:

For single-piece hydrophobic acrylic IOLs, kr averages 2.5 × 10⁻4 N·m/degree. Modeling shows that a 15% asymmetry in the 
capsular contraction radius (Δr/r) can cause a tilt of approximately 4.5°, enough to reduce modulation transfer function by 20% 
in an EDOF optic. To visualize this effect geometrically, the capsule equator can be approximated as an ellipse with major and 
minor axes a and b. The eccentricity of the ellipse determines the optical decentration (δ) according to

where θ represents the axis of maximum contraction. For example, if a=5.0 mm and b=4.7 mm, the resulting decentration 
(δ) is approximately 0.3 mm equivalent to a 6° rotation in a 2.25 D toric IOL.6 Such small geometric deviations can have 
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meaningful clinical consequences, producing astigmatic residuals, loss of near focus, or asymmetric halos in EDOF 
designs. Clinically, these biomechanical distortions manifest as predictable optical degradation.7 Every 5° of toric IOL 
rotation causes about a 17% loss of astigmatic correction; a rotation of 30° effectively nullifies the toric benefit. Similarly, 
an EDOF lens decentred by more than 0.3 mm or tilted by more than 5° exhibits higher-order aberrations chiefly coma 
that reduce contrast sensitivity, particularly under mesopic conditions.8 Patients often describe fluctuating vision, 
ghosting, or localized blur, which can mimic neuroadaptation failure or refractive surprise. Multiple factors influence 
the degree of capsular contraction. Systemic and ocular conditions such as diabetes, pseudoexfoliation, high myopia, or 
connective tissue disorders can alter the biomechanical integrity of the zonular apparatus.9 Intraoperative factors such as 
creating a small (<4.8 mm) capsulorhexis, incomplete overlap of the optic, or inadequate cortical clean-up further 
predispose to focal fibrosis. Conversely, maintaining a rhexis of 5.0–5.2 mm and ensuring a uniform 360° optic overlap 
help distribute contraction forces evenly. Anterior capsule polishing reduces the LEC substrate available for fibrotic 
transformation, and thorough cortical aspiration minimizes postoperative fibrosis.

Mathematical modeling underscores the relevance of these observations. Using a simplified finite-element approach, 
the relationship between equatorial contraction and optic tilt can be expressed as

where E represents the elastic modulus of the contracting capsule (approximately 0.45 MPa), R the mean equatorial 
radius (around 5 mm), and Δr the contraction asymmetry. Substituting these values yields tilt angles in the range of 3–6°, 
which closely align with clinical data from anterior segment OCT studies. In daily practice, several measurable 
parameters can predict postoperative instability. A capsulorhexis–optic overlap ratio of less than 0.2 suggests uneven 
tension and correlates with anterior capsule area reduction exceeding 15% within one month postoperatively.10 The 
anterior capsule area reduction index (ARI) can be calculated as

where A0 and At represent the pre- and postoperative anterior capsule areas. An ARI greater than 15% serves as a reliable early 
indicator of progressive CCS. Advanced imaging techniques such as Scheimpflug tomography, anterior segment OCT, or 
Purkinje analysis can quantify IOL tilt (>5° considered significant) and decentration (>0.3 mm considered symptomatic). 
Prevention begins with surgical mindfulness.11 A well-sized, symmetric rhexis ensures balanced force distribution. Gentle 
capsule polishing and the use of a capsular tension ring (CTR) in high-risk eyes—such as those with pseudoexfoliation, post- 
trauma, or long axial length—can mechanically stabilize the equator. CTRs redistribute zonular tension, counteract local 
contraction, and reduce tilt.12 Pharmacologic adjuncts also play a role. Intraoperative corticosteroid irrigation or postoperative 
use of nonsteroidal anti-inflammatory agents can attenuate TGF-β–driven fibrosis. Emerging research into anti-TGFβ and anti- 
EMT (epithelial-mesenchymal transition) agents may offer targeted inhibition of myofibroblast formation in the future. Material 
choice further influences outcomes.13 Hydrophobic acrylic IOLs with square-edged optics, textured haptics, and stable angula
tion exhibit better resistance to asymmetric deformation than hydrophilic materials. For toric and EDOF optics, design symmetry 
and higher torsional rigidity are essential. Some new-generation IOLs incorporate micro-grooved or step-lock haptics that resist 
rotational drift and limit postoperative decentration. Despite best practices, late contraction can still occur years after surgery.14 

Vigilant follow-up with anterior segment imaging helps detect early tilt or capsule phimosis. Nd: YAG anterior capsulotomy can 
be performed to release focal contraction, while severe cases may require IOL–CTR complex exchange. Early recognition 
remains the key to preserving optical quality before significant distortion occurs. Ultimately, understanding the mathematical and 
mechanical underpinnings of capsular contraction bridges the gap between physics and clinical ophthalmology. The equations 
describing torque, tilt, and decentration quantify what surgeons often observe intuitively: even a small imbalance in capsular 
behavior can translate into significant optical compromise. Integrating this knowledge into surgical planning, IOL selection, and 
postoperative care can reduce unpredictable refractive outcomes and improve patient satisfaction in premium cataract surgery 
(Figures 1 and 2) (Table 1).15
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Figure 1 Schematic representation of biomechanical forces in capsular contraction syndrome. Radial zonular tension (Tz) and circumferential contraction forces (Fc) act on 
the capsular bag. Asymmetric contraction generates torque, leading to intraocular lens (IOL) tilt and decentration.

Figure 2 Optical consequences of intraocular lens misalignment. Toric IOL rotation results in progressive loss of astigmatic correction, with complete loss at 30°. EDOF 
lens decentration and tilt induce higher-order aberrations, particularly coma, leading to reduced contrast sensitivity and visual disturbances.
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Table 1 Depict the Biomechanical Factors Influencing Capsular Contraction and IOL Stability

S. No Factor Mechanism Effect on 
IOL

Clinical Relevance

1 Residual lens epithelial cell 
(LEC) proliferation

Epithelial–Mesenchymal Transition (EMT) → 
myofibroblast formation → capsular fibrosis

Centripetal 

contraction

Primary driver of Capsular 

Contraction Syndrome (CCS)

2 Zonular weakness Unequal radial tension (Tz) Tilt and 

decentration

Seen in pseudoexfoliation 

(PXF), high myopia

3 Capsulorhexis size (<4.8 mm) Increased circumferential force (Fc) Capsule 

phimosis

Higher contraction risk

4 Asymmetric contraction (Δr) Unequal forces → torque generation IOL tilt (α) Optical degradation

5 IOL material (hydrophobic vs 
hydrophilic)

Different stiffness (kr) Rotational 

instability

Hydrophobic more stable

6 Incomplete cortical cleanup Persistent LEC scaffold Progressive 

fibrosis

Preventable factor

7 Capsular tension ring (CTR) 
absence in high-risk eyes

Uneven equatorial tension Increased tilt/ 

decentration

CTR stabilizes bag

8 Postoperative inflammation TGF-β–mediated fibrosis Capsular 

contraction

NSAIDs/steroids helpful
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