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Abstract

Purpose: To assess zonular anatomy and zonular integrity of subluxated lens by using ultrasound bio microscopy and its relation to the clinical 
and intra operative finding.

Patients and Methods: 32 Patients with congenital and acquired subluxated lens were included in the study. Patients underwent full personal; 
medical and ocular history including time of trauma..Patients underwent full Ophthalmic examination including Visual acuity measurement 
using Landolt’s broken ring chart, Slit lamp Bio microscopy, Fundus examination. Intra-ocular pressure measurement, Ultrasound biomicrchart, 
examination (byVuMAX HD, Sonomed, Inc.1979 Marcus Avenue, Suite C 105, Lake Success, NY 11042, USA).

Results: The current study included 32 cases with subluxated lenses there were 14 males (43.8%) and 18 females (56.2%) congenital ectopia 
lentis in 24 cases (75.0%), acquired hyper mature cataractous subluxation in 4 cases (12.5%) and acquired traumatic sublaxated lens in 4 male 
cases (12.5%). The most common lens displacement was upward position in 10 cases (31.3%) followed by lateral displacement and upward and 
lateral displacement in 6 cases (18.8%).

Conclusion: Identification of the site and extent of zonular dialysis prior to the surgery helps the surgeon to plan and modify the surgical 
technique appropriately.

Keywords:  Ultrasound Bio Microscopy; Congenital; Hyperlysinemia; Ocular Trauma; Uncorrected Visual Acuity

Abbreviations:  UBM: Ultrasound Bio microscopy; UCVA: Uncorrected Visual Acuity; BCVA: Best Corrected Visual Acuity; SPSS: Statistical 
Package for Social Sciences

Introduction

Various congenital and systemic conditions are associated 
with ciliary zonular abnormalities. Congenitally subluxated lens 
may occur as incases of Marfan syndrome, Homocystinuria, Ehlers-
Danlos syndrome, hyperlysinemia, Sulfite oxidase deficiency, 
Simple primary ectopia lentis, and congenital aniridia syndrome 
[1,2]. Acquired Subluxations of the lens can be traumatic (the most 
frequent cause) [3], Postsurgical or Spontaneous subluxation 
occurs secondary to ocular pathologies due to rupture of the 
zonular fibres because of degenerative and inflammatory factors 
as in long-standing glaucoma, high myopia, hypermature cataract, 
retinal detachment and pseudo exfoliation syndrome [4]. Slit lamp 
signs such as phacodonesis, iridodesis, lenticular dislocation can 
suggest that zonular abnormalities exist. Although these signs of 
increased lenticular mobility can imply only that there is zonular 
defect, however ;the nature and extent of this defect is frequently 
uncertain because of difficulty in visualizing the zonule through 

the intact iris [5].

Ultrasound biomicroscopy (UBM) has become main imaging 
technique for visualizing structures in the angle of anterior 
chamber and the ciliary body area [6]. The location of the ciliary 
processes and integrity of zonules can also be assessed, thus 
enabling preoperative detection of subtle degrees of subluxation. 
Occult zonular defects detected preopatively, can be managed 
more effectively [7]. Which have a significant benefit to the surgeon 
and might reduce the chance of intra operative complications [8]. 
UBM provides high-definition, reliable, and repeatable images 
of the anterior segment, as well as quantitative measurements. 
UBM uses high frequency ultrasound at 50–100 MHz for anterior 
segment imaging and a computer program then converts these 
sound waves into a high-resolution image [9]. The aim of the study 
is to assess zonular anatomy and zonular integrity of subluxated 
lens by using ultrasound biomicroscopy and its relation to clinical 
and intra operative finding.
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Patients and Methods

This study included 32 cases with subluxated lenses from 
patients attending. Ophthalmic center, Faculty of Medicine, 
Mansoura University, Egypt. The study was conducted between 
September 2022 and November 2026. This study was a cross-
sectional analytic case with written informed consent obtained 
from all participants before inclusion in the study, explaining the 
value of the study, plus the procedures that will be conducted. 
The whole study design was approved by the institutional review 
board, faculty of medicine, Mansoura University. Confidentiality 
and personal privacy were respected in all levels of the study. 
Patients felt free to withdraw from the study at any time without 
any consequences. Collected data were not and will not be used 
for any other purpose.

1.	 Inclusion Criteria

•	 Age: all age groups.

•	 Gender: both genders.

•	 Patients: with congenital and acquired subluxated lens.

2.	 Exclusion Criteria

•	 Patients with open globe injury.

For all subjects, the following were   done:

History Taking: General history; Personal demographic data; 
Complaint and present history; General medical history; Family 
history; Ophthalmic history:(History of ocular trauma, History of 
ocular surgery. History of wearing glasses, History of contact lens 
wearing.

Full ophthalmic examination was done;

Visual acuity (both distant and near, Uncorrected visual acuity 
(UCVA), Best corrected visual acuity (BCVA) using Landolt’s VA 
chart (Snellen’s) and then transformed for statistical analysis to 
logarithm of minimal angle of resolution units (Log MAR). External 
ocular examination (For detection of any pathology like ptosis, lid 
hemangioma, Strabismus or nystagmus. Patient’s refractive error 
using Autorefractometer Used (Canon Auto Ref R-30). Cyclopiegic 

refraction retinoscopic refraction (through phakic and aphakic 
areas), intraocular pressure, was measured using Goldmann 
applanation tonometer. 

Slit Lamp Biomicroscopy Must be Performed Under 
Maximum Mydriasis 

By the slit lamp biomicroscopy (Haag Streit BP 900) (Haag-
Streit, Koeniz, Switzerland) to assess: Corneal clarity, AC for depth 
and regularity, Pupil shape, size, regularity and reactivity, Lens: 
any signs of exfoliation, dehiscence of zonules, subluxation and 
grading of nuclear hardness using LOCS lll classification system 
Direction of subluxation.

•Number of clock hours involved. Degree of phacodonesis. 

•Presence or absence of any virtues in anterior chamber. 
Presence of any lens coloboma along with subluxation Lens 
coloboma  

Posterior Segment Examination:

Using indirect ophthalmoscope and slit lamp bio microscopy 
with non-contact Volk 90 lens (Dilated fundus examination to 
exclude any posterior segment disorder).

Ultrasound Biomicroscopy Examination:

It was conducted with non-dilated pupils and with the patient 
in a supine position, using UBM model, probe frequency 35 MHz 
(VUMAX II; Sonomed Inc.) (Figure 1-3). The UBM probe was used 
to obtain transverse and axial scans at the four quadrants, while 
kept perpendicular to the ocular surface and central on the pupil, 
together with transverse immersion chamber filled with liquid. 
The depth of scans ranged from the anterior corneal surface to the 
posterior lens capsule. Examination was performed in the supine 
position; an eye cup was used to separate the eyelids maintaining 
upward pressure on the eye cup to hold it in place after a drop of 
benoxinate Hcl 0.4% had been applied. The eye cup was filled with 
distilled water as a coupling medium. Placing the probe close to 
the anatomical structure and changing the globe to 360 degrees 
was done with interest to the cilary body, Zonules, posterior 
capsule and lens position were done.

Figure 1: Ultrasound Biomicroscopy by (VuMAX HD).
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Figure 2: UBM examination probe with a frame closing an immersion chamber filled with liquid.

Figure 3: 2 Cups of ultrasound biomicroscope.

Intra Operative Observation

It was done to the anterior segment anomaly, Lens 
configuration and evaluation of Zonules configuration. Statistical 
analysis and data interpretation. The collected data was coded, 
processed and analyzed using the

SPSS (Statistical Package for Social Sciences) version 22 for 
Windows® (IBM SPSS Inc, Chicago, IL, USA).

Qualitative Data

Were presented with frequency tables (Number and 
percentages). Quantitative variables: the normality of data was 
first tested with Shapiro-Wilk test and presented data by central 
indices and dispersion:

•	 Mean ± Standard deviation (SD) for normally distributed 
variables.

•	 Median and interquartile range (Minimum – Maximum) 
for non- normally distributed variables

•	 Data analysis Agreement analysis Kappa agreement 
coefficient was used to test the agreement between different 
assessment modaliti from (0: 0.3) …… weak agreement.

•	 r from (0.3: 0.6) …… moderate agreement

•	 r from (0.6: 1) ………… strong agreement. Level of 
significance (P-value)

In all applied tests, the P-values associated with test statistics 
indicated the significance level at which the null-hypothesis (the 
hypothesis of no difference) was rejected and it was set at 0.05 
so that a P- values ≥0.05 are statistically non-significant, P-values 
< 0.05 are significant, and P-values < 0.01 are highly significant.

Results

The current study included 32 cases with subluxated lenses 
who were recruited from the ophthalmic center, Mansoura 
University of Medicine. The study was conducted between 
September 2022 and November 2026. The mean age was 13.41 ± 
12.85 years, and the median age was 7 years with range between 
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2 and 42 years. Among the included cases there were 14 males 
(43.8%) and 18 females (56.2%) The right eyes were affected 
in 15 cases (46.9%) and the left eyes were affected in 17 cases 
(53.1%). Positive family history was reported in 13 cases (54.2%). 
The diagnosis in the cases included congenital ectopia lentis in 24 
cases (75.0%), acquired hyper mature cataractous subluxation 
in 4 cases (12.5%) and acquired traumatic sublaxated lens in 4 
male cases (12.5%). The UBM evaluation of posterior capsule 
integrity was 30 cases (93.7%) have intact posterior capsule, 
and 2 cases (6.3%) have open posterior capsule. The extension 
of zonular dialysis by slit lamp was extended 4 and 7 hours in 
each case (25%), extended 6 and 8 hours in each case (18.8%), 
extended 3 and 5 hours in each case (6.3%). The most common 
lens displacement was upward in 10 cases (31.3%) followed by 
lateral displacement and upward and lateral displacement in 6 
cases (18.8%) as shown in Table1. 

Table 1: Slit lamp evaluation of Zonular dialysis.

Variables Study Cases N = 32

 Number Percent

Extension of Zonular Dialysis   

3 hours 2 6.3

4 hours 8 25

5 hours 2 6.3

6 hours 6 18.8

7 hours 8 25

8 hours 6 18.8

Lens Displacement   

lens shifted downward & nasally 4 12.5

lens shifted laterally 6 18.8

lens shifted upward 10 31.3

lens shifted upward & laterally 6 18.8

lens shifted upward & nasally 2 6.3

lens shifted upward & temporal 4 12.5

Categorical Data Expressed as Number (%)

The position of lens subluxation as detected during surgery, 
Table 2, the most affected positions where 4 hours were detected 
31.3%, 5 hours were detected 18.8% and 7 hours and 8 hours 
each were detected in 12.5% of the cases. The extension of lens 
subluxation as detected by UBM, the most affected positions were 
4 hours, 7 hours each were detected 25.0% and 3 hours and 8 
hours each were detected in 12.5% of the cases Lens subluxated 
as detected by slit-lamp, occupied 3 hours in 2 cases (6.3%), 4 
hours in 8 cases (25%), 5 hours in 2 cases (6.3%), 6 hours in 6 
cases (18.8%), 7 hours in 8 cases (25%) and 8 hours in 6 cases 
(18.8%).As detected by UBM, the subluxated lenses occupied 2 
hours in 2 cases (6.3%), 3 hours in 4 cases (12.5%), 4 hours in 8 
cases (25%), 6 hours  in 6 cases (18.8 ), 7 hours in 8 cases (25%) 

and 8 hours in 4 cases (12.5%). As detected by during surgery, the 
subluxated lenses occupied 2 hours in 2 cases (6.3%), 3 hours in 
2 cases (6.3%), 4 hours in 10 cases (31.3%), 5 hours in 6 cases 
(18.8%), 6 hours in 4 cases (12.5%), 7 hours in 4 cases (12.5%) 
and 8 hours in 4 cases (12.5%) as shown in (Table 8).

Table 2: Subluxation During Surgery in the Cases of the Study.

Variables Study Cases N = 32

 Number Percent

Subluxation in Supine Position Surgery

2 hours 2 6.3

3 hours 2 6.3

4 hours 10 31.3

5 hours 6 18.8

6 hours 4 12.5

7 hours 4 12.5

8 hours 4 12.5

Categorical data expressed as Number (%)

Table 3: Degree of subluxation by slit lamp, UBM and surgery in the 
cases of the study.

Variables Study cases N = 32

 Number Percent

Subluxation Seen by Slit Lamp

3 hours 2 6.3

4 hours 8 25

5 hours 2 6.3

6 hours 6 18.8

7 hours 8 25

8 hours 6 18.8

Subluxation Seen by UBM

2 hours 2 6.3

3 hours 4 12.5

4 hours 8 25

6 hours 6 18.8

7 hours 8 25

8 hours 4 12.5

Subluxation Seen by Surgery

2 hours 2 6.3

3 hours 2 6.3

4 hours 10 31.3

5 hours 6 18.8

6 hours 4 12.5

7 hours 4 12.5

8 hours 4 12.5

Categorical data expressed as Number (%)
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The degree of agreement of subluxation between the slit-
lamp and surgery in detection in the extension in lens subluxation 
was (0.547). The degree of agreement was moderate with high 
statistically significant value (p0.001) (Table 3). The degree 
of agreement of subluxation between the UBM and surgery in 
detection in the extension in lens subluxation was (0.702). The 
degree of agreement was strong with high statistically significant 
value (p 0.001) Table 4. The degree of agreement of subluxation 
between the slit-lamp and UBM in detection in the extension 
in lens subluxation was (0.536). The degree of agreement was 

moderate with high statistically significant value (p0.001). The 
highest degree of agreement was detected between the UBM and 
the position during surgery (Table 5-8). There was moderate 
degree of agreement of subluxation between slit lamp, UBM and 
surgical findings in detection of the extension in lens subluxation 
(0.595). This degree of agreement showed high statistically 
significant value (p0.001). The highest degree of agreement was 
detected between the UBM and the surgical findings followed by 
the agreement between the slit lamb and surgical findings and 
finally between the slit lamb and UBM (Figures 4-6).

Figure 4: UBM evaluation shows Zonular dehesions at two quadrants (3,4,5,6,8 o`clock) as shown in figure (B, C) in cataractous 
sublaxated lens.
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Table 4: Agreement between slit lamp and surgery in detection of lens subluxation.

Variables Slit lamp N = 32 Surgery N = 32 Test of Significance

 Number Percent Number Percent  

2 hours 0 0 2 6.3

K  = 0.547 P<0.001*

3 hours 2 6.3 2 6.3

4 hours 8 25 10 31.3

5 hours 2 6.3 6 18.8

6 hours 6 18.8 4 12.5

7 hours 8 25 4 12.5

8 hours 6 18.8 4 12.5

Categorical data expressed as Number (%)

 K : Kappa agreement coefficient

*: Statistically significant

Table 5: Agreement between slit lamp and surgery in detection of lens subluxation.

Variables Slit lamp N = 32 Surgery N = 32 Test of Significance

 Number Percent Number Percent  

2 hours 0 0 2 6.3

 K  = 0.547 P<0.001*

3 hours 2 6.3 2 6.3

4 hours 8 25 10 31.3

5 hours 2 6.3 6 18.8

6 hours 6 18.8 4 12.5

7 hours 8 25 4 12.5

8 hours 6 18.8 4 12.5

Categorical data expressed as Number (%)

 K : Kappa agreement coefficient

*: Statistically significant

Table 6: Agreement between UBM and surgery in detection of lens subluxation.

Variables UBM lamp N = 32 Surgery N = 32 Test of Significance

 Number Percent Number Percent  

2 hours 2 6.3 2 6.3

 K  = 0.702 P<0.001*

3 hours 4 12.5 2 6.3

4 hours 8 25 10 31.3

5 hours 0 0 6 18.8

6 hours 6 18.8 4 12.5

7 hours 8 25 4 12.5

8 hours 4 12.5 4 12.5

Categorical data expressed as Number (%)

 K : Kappa agreement coefficient

*: Statistically significant
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Figure 5: 3 and half years old female with right ectopia lentis with negative family history as shown in figure (5A). By UBM evaluation show 
zonular defect nasally at (12,1,2,3,4,5,6o`clock) and the lens shifted laterally as shown in figure (5B, C).
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Figure 6: 36 years old female with right ectopia lentis with positive family history her father, uncles and grandfather have ectopia lentis). By 
UBM evaluation show zonular elongated down and nasally some of them lost at (3,4,5,6,7,8 o`clock) and the lens shifted upper and laterally 
as shown in figure (6 b, c).
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Discussion

Lens subluxation is a change of lens position caused by a zonal 
abnormality. The causes of lens subluxation are varied, including 
ocular trauma, hereditary diseases (such as Marfan syndrome), and 
spontaneous subluxation [10]. Accurate preoperative localization 
of the lens is necessary for surgical planning. Complete luxation 
of the lens can be detected by low frequency B-scan ultrasound, a 
slit lamp, or an ophthalmoscope. However, subluxation of the lens, 
especially slight subluxation of the lens, cannot be determined 
directly by the above means [11]. In the present study, there were 
14 males (43.8%) and 18 females (56.2%) while in the study 
done by Patel and Danayak [12] majority of the cases were males 
accounting for 68%, whereas females are accounting for 32%. 
Also, in another study by Bhatt et al. [13] more than two-thirds 
of the patients were male (67.8%) while around one-third were 
females (32.2%) respectively.

Özdal et al. [14] found that males are more frequently 
implicated in ocular trauma than females. When compared to 
other research, such as Dannenberg et al. (1992) where males 
made up 97% of the study population, our study showed that 
all traumatic cases were males represent 12.5 % of the cases. 
Lens subluxation is often suspected when irregular anterior 
chamber depth is observed [15]. However, for patients with 
ocular trauma, the factors are more complex. First, the source and 
direction of external force could impair the zonule to different 
degrees; second, the examination of anterior chamber depth 
is also affected by the examination position [16]. In our study, 
Congenital lens subluxation was more common and was detected 
in 24 cases (75%) while acquired subluxation was detected in 8 
cases (25%), that disagreed with [13] who stated that the most 
common cause of the zonular defect was trauma, which was 
followed by pseudoexfoliation, surgical procedures, congenital 
spherophakia, and Marfan syndrome Dhar et al. [17] conducted 
a study of ultrasound biomicroscopy for 50 patients with mature 
senile cataract, pseudoexfoliation, trauma, or those with clinical 
suspicion of zonular dehiscence [n=5]. 

Ten had clinical zonular dialysis with phacodonesis /
iridodonesis which was confirmed by UBM. Three patients were 
noted to have zonular dehiscence on UBM. Areas of zonular 
dehiscence were mapped on UBM and the UBM findings are 
described. Surgery could be planned accordingly and complications 
prevented. Accuracy for preoperative detection of zonular loss is 
high with UBM [17]. In the current study, the most common lens 
displacement was upward in 10 cases (31.3%) followed by lateral 
displacement and upward and lateral displacement in 6 cases 
each (18.8%). UBM can show the accurate location of the lens 
and can display the integrity of the posterior lens capsule, which 
is particularly important for traumatic cataracts. Preoperative 
determination of the presence of an intact posterior lens capsule 
through echographic confirmation assists the physician in surgical 
planning [18,19]. 

In the present study, the zonular integrity detected by UBM, 
the most common finding was the zonular defect downward and 
nasal in 8 cases (25%) followed by zonular defect downward, 
zonular defect nasally and zonular elongated downward nasal 
in 4 cases each (12.5%). Bhatt et al. [13] found that zonular 
tears occurred between 3 and 6 clock hours in 23.8% of cases 
and zonular stretching occurred between 3 and 6 clock hours in 
21% of cases, respectively. In a series of patients with zonular 
dialysis reported by Gimbel et al. (1997). Only 6 of the 14 cases of 
ruptured zonules were identified preoperatively. The remaining 
8 were noted during cataract surgery. Zonular damage might 
be clinically visible if the iris is also disrupted or if the lens is 
dislocated. Other signs include phacodonesis or the presentation 
of vitreous. However, occult damage to the zonules that is not 
clinically obvious might also occur [8]. In our study, the degree of 
agreement of subluxation between the slit-lamp and surgery in 
detection in the extension in lens subluxation was (0.547). 

The degree of agreement was moderate with high statistically 
significant value (p< 0.001). Clinical observation through slit-
lamp examination found iridodonesis, vitreous prolapse, and 
partial quadrant lens subluxation; the diagnosis of obvious lens 
subluxation is not difficult. If the above signs are found in the slit-
lamp examination, it is believed that the range of subluxation may 
be very large (Loo et al., 2002). Zonular status is an important 
issue in deciding for the surgical technique that will be done. 
Although observing signs of increased lenticular mobility, such 
as phacodonesis and iridodonesis in slit-lamp examination can 
imply a zonular defect, the nature and extent of this defect cannot 
be correctly visualized [14]. In the current study, the degree 
of agreement of subluxation between the UBM and surgery in 
detection in the extension in lens subluxation was (0.702). The 
degree of agreement was strong with high statistically significant 
value (p< 0.001).

In this study, there was moderate degree of subluxation 
between slit lamp, UBM and surgical findings in detection of the 
extension in lens subluxation (0.595). This degree of agreement 
showed high statistically significant value (p< 0.001). that agreed 
with Patel and Danayak [12] who found that UBM examination 
was able to identify zonular dialysis in 59% patients, whereas 
clinical examination was able to identify zonular dialysis in 
only 15% patients. UBM was far superior in identifying and 
localizing areas with zonular defects (in clock hours) than 
clinical examination. In cases having fewer clock hours of zonular 
dialysis, clinical examination may be equivocal, resulting in under-
diagnosis of zonular dialysis. Studies carried out by Özdal et al. 
[14] have shown that zonular deficiency was the most frequent 
finding in blunt ocular injury and is far underestimated by clinical 
examination alone. Prompt identification of the site and extent of 
zonular dialysis prior to the surgery helps the surgeon to plan and 
modify the surgical technique appropriately.

Shi et al. [16] conducted a study to investigate the role of 25 
MHz ultrasound biomicroscopy (UBM) in detecting subluxated 
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lenses and comparing it with 50 MHz UBM. 45 patients (49 
eyes) with suspected subluxation of the lens and 20 normal 
volunteers (40 eyes) were included. The position of the lens on 
axial sections could be clearly shown by using 25 MHz UBM. There 
was a statistically significant difference between 25 and 50 MHz 
UBM in showing subluxation of the lens, the testing time was 
significantly faster (2.0 min versus 7.5 min), and the diagnostic 
accuracy was much higher (98.0% versus 71.4%) with 25 versus 
50 MHz UBM [16]. In our study, 35 MHz UBM is used, it provides 
high definition and reliable images of the anterior segment. A 
significant advantage of the 35 MHz frequency over the higher 50 
MHz standard is its ability to capture the entire anterior segment 
in a single image. Higher frequencies (50-100 MHz) often require 
multiple images to be stitched together to view the same area.

Summary

Subluxation of the lens is a common lens disease, and 
most cases require surgical treatment. Accurate preoperative 
localization of the lens is necessary for surgical planning. High 
frequency UBM is a useful imaging tool of the anterior segment 
of the eye, providing high-resolution images with both qualitative 
and quantitative information about anatomical relationships of 
the anterior segment and zonular structures. During surgery for 
traumatic cataracts, the presence of zonular damage raises the 
risk of vitreous loss and posterior dislocation of the lens into the 
vitreous cavity. Thus, UBM is useful for zonular status analysis 
before surgery in individuals with a history of ocular damage, that 
is why the current study is to assess zonular anatomy and zonular 
integrity of subluxated lens by using ultrasound biomicroscopy 
and its relation to the clinical and intra operative finding.

Conclusion

•	 This study showed that zonular abnormalities are 
commonly seen congenital and after ocular trauma.

•	 Zonular damage can be missed or underestimated by 
clinical examination. Such situations are frequently encountered 
as intraoperative surprises, necessitating a change in surgical 
care.

•	 In the absence of proper visualization of zonules due to 
opaque media in cases of ocular trauma, this is where imaging, 
in the form of UBM, plays an unrivaled role. It provides excellent 
real-time images of the anterior segment of the eye with good 
contrast.

•	 UBM has a great diagnostic value in verifying the status 
of the lens location, provides accurate and reliable information 
about the status of lens subluxation and posterior capsular 
integrity.

•	 UBM is especially superior to clinical examinations in the 
evaluation of the zonular anatomy, zonular integrity of subluxated 
lens, and extension of the zonular damage which is very helpful in 
selection of the surgical plane.

Recommendation

•	 We recommend incorporating UBM analysis as an 
integral part of the work-up of patients with ocular trauma and 
cases of cataract, especially with opaque media for optimal patient 
management and outcomes.

•	 Further large multicentric prospective studies and 
randomized clinical trials are needed to improve our understanding 
of zonular anatomy and zonular integrity of subluxated lens by 
using ultrasound biomicroscopy and its relation to clinical and 
intra operative finding.
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