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Abstract:  
Background and Aim: The presence of long anterior zonules [LAZ] in the eye was first described in 1907. They have been 
reported to be associated with potentially blinding ocular diseases like retinal degeneration and glaucoma. Despite this 
it is understudied and little is known about their pathophysiology and natural history. This review discusses the different 
aspects of the long anterior zonule phenotype and suggests areas for further research.  
Methods: We reviewed the available literature on eyes with LAZ and describe their characteristics and associations 
under different clinical subheadings.  
Conclusion: Current evidence suggests that patients with long anterior zonules need to be investigated carefully for 
associated retinal disease and glaucoma. Asymptomatic cases need to be followed up closely for the development of 
these potentially blinding ocular diseases. Prospective studies are required to shed more light on the inheritance, 
pathogenesis and natural history of long anterior zonules. 
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INTRODUCTION  

LAZ is the presence of abnormally long anterior zonules 
on the anterior capsule of the crystalline lens of the eye 
leading to a reduced zonule-free zone [Figure 1]. The 
normal anterior zonular insertion is about 1.5-2 mm 
anterior to the equator of the lens [Figure 2]. Any 
insertion beyond this is termed as an abnormally anterior 
zonular insertion [1, 2, 3] [Figure 3]. Entrapment of 
pigment in these anteriorly inserted long zonules gives 
them an appearance of brown, radial lines on the surface 
of the anterior lens capsule known as Pigmented Lens 
Striae [PLS] [4-6]. They have also been described as 
“opacifications strie ́ es coronaires superficielles du 
crystalline” [7] and “retro-iridial lines” [8]. Their exact 
mechanism is still unknown. Despite the potential 
association of this trait with glaucoma, retinal 
degeneration and its implications in cataract 
management not much is known about their 
pathogenesis. Few studies have looked at the long 
anterior zonule phenotype, its associations, and heredity. 
This review addresses different aspects of the long  
 

 
anterior zonule phenotype which has been reported in 
literature.  

MORPHOLOGY 

Fine radial pigmented lines on the anterior lens capsule 
were first described by Bruckner [5]. Vogt also described 
these lines in his atlas of slit lamp biomicroscopy [6].   

Subsequently similar cases were reported over the 
next decades [2, 9-13].  

Bruckner proposed that LAZ were remnants of 
vestige of the membrana capsulopupillaris [5]. Vogt 
postulated LAZ to be remnants of tunica vasculosa lenti 
due the presence of persistent pupillary membrane in 
some LAZ eyes [6]. This view was supported by Lugli, [9] 
Bellows [12] and other authors [9, 10, 11]. Roberts et al 
[14] found that subjects with long anterior zonules were 
3.1 times more likely to have a persistent pupillary 
membrane in at least one eye. However association does 
not indicate causation. Long anterior zonules have been 
described to show changes with increasing age. 
Therefore, they may not be a remanents of membrane 
capsularis [4]. This view has also been supported by 
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histological studies [4, 21, 22]. Cowan et al suggested that 
they represent congenital deposition of pigment on 
zonular fibres [23]. Reiger examined 1,108 children and 
youths after mydriasis and found a prevalence of 
pupillary membrane in 64% [24]. Since none of these 
patients had any pigmented lens striae, they postulated 
that their formation was not due to regression of 
embryonic pupillary membrane but related to aging. 

DEMOGRAPHICS 

Although long anterior zonules have been reported in a 
17 year old girl [6] and a 24 year old boy [21] most of LAZ 
are found in an older age group mostly after the age of 40 
years. The prevalence is noted to increase with each 
decade [25]. The prevalence in African Americans in a 
single clinic based study was 1.8% [25]. The reported 
prevalence from multiple ethnic groups in a single clinic 
study is about 2% [25, 30]. LAZ does not have a racial 
predilection and has been reported in African Americans, 
Americans, Europeans and Asians [20, 24, 26,]. It is more 
common in females [4, 20]. 

OCULAR DIMENSIONS IN LAZ  

Eyes with long anterior zonules have been observed to be 
more hypermetropic [+1.75 D ± 1.82 Diopter] and shorter 
[0.69 mm, 95% CI=0.34 to 1.04 mm, P<0.001] than age, 
gender and race matched controls [2]. No difference in 
central corneal curvature has been noted. In African 
American females with LAZ no difference in ocular 
biometric parameters has been observed when 
compared to age and refractive error matched controls 
[27].  

GLAUCOMA AND LAZ  

Presence of long anterior zonules is a potential risk factor 
for the development glaucoma. There are a few case 
reports in literature describing the association of long 
anterior zonules with both open angle glaucoma and 
angle closure disease. Not much is known about the most 
prevalent form of glaucoma or its pathophysiology in 
these eyes. Roberts et al reported [27-30] 7 cases (5 
females, 2 males) of primary angle-closure disease in a 
case series of 61 African American patients with long 
anterior zonules. These eyes had shorter axial length and 
more hypermetropia as compared with controls. Both 
these characteristics are known risk factors for the 
development of primary angle closure disease.  

Roberts et al also reported plateau iris as a cause of 
angle closure disease in 3 subjects with LAZ [29]. They 
proposed that a contraction of anomalous zonules could 
contribute to forward rotation of the ciliary body 

processes leading to narrowing of the iridocorneal angle 
and subsequent angle closure glaucoma. Roberts et al 
reported 2 cases with open angle glaucoma, 1 with ocular 
hypertension and 2 with mixed mechanism glaucoma in 
their case series of African American subjects with LAZ 
[2]. In their cross sectional study of ocular dimension in 
LAZ eyes in African American females, Roberts et al 
observed 4 eyes with open angle glaucoma, 8 with ocular 
hypertension, 1 with normal tensionn glaucoma and 1 
with mixed mechanism glaucoma [27]. 2 out of 7 patients 
with LAZ in Sturrock et als’ case series had chronic 
glaucoma [4]. However, the details of gonioscopy were 
not clearly mentioned. Moroi et al reported 6 cases of 
glaucoma and 1 case of ocular hypertension in their series 
of 15 LAZ patients [20]. Their study population included 
subjects from multiple ethnicities including whites and 
Afghans.  

LAZ has been associated with significant anterior 
segment pigment dispersion due to the apparent rubbing 
between the lens and iris pigment epithelium [28]. This 
causes iris pigment epithelial injury and subsequent 
pigment release [20]. Signs of pigment dispersion like 
Krukenberg spindle [30], diffuse posterior corneal 
pigmentation, dense trabecular meshwork pigmentation 
and iris atrophy have been reported in eyes with LAZ. 
With age-related lens thickening, the posterior lens 
surface remains constant and anterior lens surface moves 
forward increasing the zone of iris-lens contact and the 
amount of force exerted by structures upon one another. 
This may increase the amount of pigment dispersion with 
aging. The released pigment can lead to trabecular 
meshwork damage, decreased aqueous outflow facilty 
and increased intra ocular pressure leading to glaucoma. 
This mechanism is distinct from pigment dispersion 
syndrome[PDS], in which the iridozonular contact occurs 
between the midperipheral iris and anterior zonule 
bundles.The clinical picture is also different from PDS 
which is seen more com monly in young myopic males 
with concave iris configuration, deep anterior chamber 
and a longer axial length [31].Eyes with LAZ on the other 
hand are characterized by older age, female gender, 
hyperopia, shorter axial length along with the signs of 
intraocular pigment dispersion. Looking at the available 
evidence, it appears that pigment dispersion may 
contribute to the development of glaucoma in addition to 
the above mentioned mechanisms. Thus, the cause of 
glaucoma in eyes with long anterior zonules may be 
multifactorial. 

CATARACT SURGERY AND LAZ  

Koch et al [32] reported 2 cases of LAZ with nuclear 
sclerotic cataract. Using a slit lamp beam [while 
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correcting for magnification] they found the zonule free 
zone to be in the range of 1.9-2.1mm. Interestingly, they 
also noted a decrease in the zonule free zone over a period 
of two years in one of these patients.  

Kelty et al [33] reported the presence of LAZ 
encroaching centrally upto 2-2.5 mm in a patient with 
uveitis, raised IOP and mature cataract. They stained the 
capsule and zonules with indocyanine green intra 
operatively in order to highlight the LAZ. The anterior 
lens capsule can be stained with indocyanine green or 
trypan blue [19] during surgery for better intra-operative 
visualization of these zonules. The size of capsulorrhexis 
is debatable. Some authors suggest that the 
capsulorrhexis should be done within the zonule free 
zone [19] whereas some point out the potential 
complications associated with a small capsulorrhexis in 
eyes with zonule free zone less than 3 mm [33]. Kelty et al 
proposed that a 4-5 mm capsulorrhexis using a spiral 
technique is adequate in these eyes. The long anterior 
zonules have not been noted to show any fragility during 
standard phacoemulsification. No intra operative or post-
operative complications like spontaneous lens 
subluxation, or zonular dehiscence have been reported 
[16]. There is no consensus regarding the use of a 
capsular tension ring [19, 33].  

LAZ AND RETINAL DEGENERATION  

An ocular phenotype of LAZ and late-onset retinal 
macular degeneration [LORD/LORMD] in white families 
has been described in literature [20, 21, 34-37]. LORMD 
is an autosomal dominant retinal dystrophy 
characterized by progressive abnormalities in dark 
adaptation, retinal pigmentary atrophy, drusen like 
deposits and subsequent vision loss due to macular 
choroidal neovascular membrane. There is abnormal 
deposition of sub retinal lipofuscin with or without 
thickening of the Bruchs membrane. A clinical staging 
system has also been proposed where stage 1 comprises 
of younger asymptomatic patients with long anterior 
zonules and a normal fundus [38]. Some of these patients 
have iris atrophy, signs of pigment dispersion and 
glaucoma. With advancing age, these patients develop 
decreased dark adaptation, yellow spots in the macula, 
retinal pigmentary changes and vision loss due to 
macular choroidal neovascular membranes. Vitamin A 
supplementation was found to partially improve dark 
adaptation in some cases [21].  

LORD is associated with a serine 163 arginine 
(S163R) mutation in the C1q tumor necrosis factor-
related protein 5 gene. The CTRP5/C1QTNF5 gene is 
expressed in retinal pigment epithelium and ciliary 
epithelium [39], both of which are derived from neuro 

ectoderm. It is related to collagen formation and 
basement membrane function. It is possible that the RPE 
expressing mutant secretes the abnormal material seen 
in LORD and the ciliary epithelium causes the pigment 
dispersion.  

CTRP5 gene is closely associated with membrane 
frizzled related protein [MFRP] gene. MFRP appears 
primarily devoted to regulating axial length of the eye and 
mutations result in microphthalmia, nanophthalmos, 
angle closure glaucoma, and development abnormalities 
of the anterior segment [40]. Interactions of MFRP and 
CTRP5 require more research.  

CONCLUSION  

To summarize, LAZ phenotype has at least two variants. 
One LAZ variety occurs in patients with genetic mutation 
and late onset retinal macular degeneration. The other 
type has unknown etiology and no known genetic 
mutation. This second type is associated with age >50 
years, female gender, hyperopia and shorter axial length. 
Glaucoma and pigment dispersion have been reported in 
both variants. Eyes with LAZ can have primary angle 
closure disease, plateau iris, ocular hypertension, and 
normal tension glaucoma or mixed mechanisms 
glaucoma. Further studies are required to determine the 
most prevalent form of glaucoma in these eyes. After 
reviewing all the literature it is still unclear whether LAZ 
are present since birth and become clinically apparent 
later due to age related pigment dispersion or whether 
they develop later as a part of aging. Longitudinal studies 
in eyes with LAZ may shed more light on their 
pathophysiology. However, the presence of LAZ in the eye 
has important implications due their association with 
multiple sight threatening diseases and capsular 
management during cataract surgery. LAZ may serve as a 
surrogate marker of retinal degeneration and glaucoma 
or may be part of a disease complex. Prospective studies 
are required to gain insight into the natural history. 
Genetic studies could shed more light on the inheritance 
and pathogenesis. Current evidence suggests that 
patients with LAZ need to be investigated carefully for 
associated retinal disease and glaucoma. Asymptomatic 
patients require a close follow up for the development of 
potentially blinding ocular diseases. 
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