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ABSTRACT 

Background: Glaucoma is a group of diseases of different etiologies with progressive optic nerve 

degeneration as well as loss of retinal ganglion cells (RGCs) with a subsequent visual impairment. It remains 

a primary cause of irreversible blindness. So, early diagnosis and treatment of glaucoma has been 

demonstrated to reduce the rate of disease progression and improve cases’s quality of life. Spectral domain-

optical coherence tomography (SD-OCT) technologies play an essential role in glaucoma management. 

Objective: To determine and compare the use of thickness of macular ganglion cell complex (GCC) and 

peripapillary retinal nerve fiber layer (ppRNFL) using OCT in diagnosis of glaucoma. 

Patients and methods: This was a comparative study carried out on 40 eyes. The eyes were classified into 

two groups: Group A that represented: 10 normal eyes as a control of the study, and Group B that included 

30 eyes with glaucoma classified as regards disease severity into: 10 eyes with early glaucoma, 10 eyes with 

moderate glaucoma, and 10 eyes with severe glaucoma as regards Hodapp, Parrish, and Anderson (H-P-A) 

classification. Comprehensive ophthalmic examination, white-on-white perimetry and SD-OCT were done 

for entire cases. The OCT was done using 3D-OCT (Topcon) 2000 to evaluate the following: RNFL 

parameters average (total, superior and inferior) thickness and GCC parameters average (total, superior and 

inferior) thickness. 

Results: There was a positive statistically significant association of high probability between the two groups 

regarding RNFL thickness, GCC thickness, intraocular pressure (IOP), and vertical and linear cup-to-disc 

ratio (P<0.001). 

Conclusion: Early diagnosis of glaucoma and initiation of therapy was of high significance, as additional 

vision loss can be stopped or slowed down. RNFL and GCC measurement with SD-OCT could provide 

essential data for detection and assessment of glaucoma. GCC thickness and RNFL thickness demonstrated 

comparable diagnostic value as markers of early, moderate, and severe glaucoma. There was a strong positive 

association between the RNFL thickness and the GCC thickness in the glaucomatous cases. 

Keywords: Glaucoma, ganglion cell complex, retinal nerve fiber layer, optical coherence tomography. 

 

INTRODUCTION 

     Glaucoma is the primary etiology of 

irreversible blindness globally (Davis et 

al., 2016). It represents group of ocular 

disorders of multifactorial cause 

characterized by optic neuropathy and 

neurodegeneration of retinal ganglion cell 

axons with deformation of the lamina 

cribrosa (Casson et al., 2012). 

     Diagnosis of glaucoma is mainly relay 

on visual field (VF) affection with 

automated perimetry and glaucomatous 
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damage of the optic nerve head (ONH), or 

both. The primary pathological ONH 

changes are progressive neuroretinal rim 

thinning and enlargement of the cup/disc 

ratio, or definite disc cupping in more 

severe cases (Michelessi et al., 2015). 

     Circumpapillary RNFL (cpRNFL) 

thickness and macular GCC thickness are 

efficiently used for diagnostic as well as 

follow-up (Kita et al., 2017). 

     Prior researches demonstrated that the 

macular GCC thickness has a similar 

glaucoma discriminating performance as 

the ppRNFL thickness, in clinical and in 

population-based researches (Schulze et 

al., 2011; Sevim et al., 2013 and Bambo et 

al., 2017). RNFL defect represents one of 

the first signs that can be found in a 

patient (Lisboa et al., 2013 and Bussel et 

al., 2014). Some also say that; the 

dendritic arbor is the first one affected due 

to mitochondrial changes, followed by the 

cell body and lastly the axon (Moreno et 

al., 2011; Naghizadeh et al., 2014 and 

Cennamo et al., 2016). Another novel 

research revealed that the GCC/total 

retinal thickness ratio conducted better 

than all other RNFL or macular 

parameters for glaucoma detection (Kita 

et al., 2013). 

     The aim of the present study was to 

determine and compare the use of 

thickness of macular ganglion cell 

complex (GCC) and peripapillary retinal 

nerve fiber layer (ppRNFL) using OCT in 

diagnosis of glaucoma. 

PATIENTS AND METHODS 

     This study was a comparative study 

that was conducted on 40 eyes. The eyes 

were classified into two groups: Group A 

represented 10 normal eyes as a control of 

the study, and Group B included 30 eyes 

with glaucoma classified according to 

disease severity into ten eyes with early 

glaucoma, 10 eyes with moderate 

glaucoma, and ten eyes with severe 

glaucoma as regards H-P-A classification 

(Chakravarti, 2017). 

Inclusion criteria: Normal eyes  with no 

prior history of eye diseases, surgeries or 

laser and with no family history, IOP of 

21mmHg or lower by Goldmann 

applanation tonometery (GAT), normal 

ONH appearance was depending on 

stereoscopic examination and with reliable 

normal VF, glaucomatous optic 

neuropathy that was defined as either 

(cup-disc asymmetry between both eyes 

of more than 0.2, focal thinning, neuro-

retinal rim notching, excavation or RNFL 

defect, disc hemorrhage) on stereoscopic 

examination by slit lamp and 

glaucomatous VF Changes on two reliable 

VF tests. 

     According to Hoddap parrish Anderson 

classification which based on standard 

automated perimetry, the patients were 

selected to be early glaucoma (MD<-6dB, 

less than 25% of points are depressed 

<5% and less than 10 points are depressed 

<1% on a pattern deviation plot, and all 

points in the central 5 degree >15dB), 

moderate glaucoma (MD<-12dB, less than 

50% of points were depressed <5% and 

less than 20 points were depressed <1% 

on a pattern deviation plot. No points in 

the central 5 degree can have a sensitivity 

of 0dB, and only one hemifield may have 

a point with sensitivity of <15dB within 5 

degree of fixation), and severe glaucoma 

(MD>-12dB, more than 50% of points are 

depressed <5% or more than 20 points 

were depressed <1% on a pattern 
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deviation plot, at least one point in the 

central 5 degree  can have a sensitivity of 

0dB, and points within the central 5 

degree with sensitivity <15dB in both 

hemifields). 

Exclusion criteria: Cases with any 

intraocular diseases, previous intraocular 

surgeries, previous ocular traumas, other 

optic neuropathies with a neurological 

field loss, and non-reliable visual fields 

are described as (a false -ve more than 

33%, false +ve more than 33% and 

fixation losses more than 20%). 

All cases were exposed to: 

     History taking in terms of age, gender, 

occupation, residency, medical history, 

prior ocular or systemic diseases and 

family history for glaucoma. 

Comprehensive ophthalmic 

examination: Best corrected visual acuity 

(BCVA), IOP evaluation with GAT, slit 

lamp, gonioscopy using three mirror lens, 

dilated fundoscopy and stereoscopic 

ophthalmoscopy of the optic disc with 

+90D lens. 

OCT Imaging: OCT examination was 

conducted by utilizing Topcon 3D OCT-

1000 mark II (Topcon, Tokyo, Japan .) 

Visual field testing: Standard VF testing 

was conducted by utilizing automated 

static perimetry (Humphery field analyzer 

with SITA) stander Central 24-2 full 

threshold test program,2003 Carl Zeiss 

Meditec), Germany. 

Statistical analysis: 

     Numerical variables were reported as 

Median and Interquartile Range (IQR) (as 

Data were not normally distributed), while 

categorical variables were reported as 

frequencies and percentages. 

     Chi squared was used to compare 

between categorical variables. 

     Median GCC and RNFL of normal 

eyes were compared with glaucomatous 

eyes by Wilcoxon signed rank test. 

Kruskal-Wallis Test and the post hoc 

Bonferroni multiple comparisons test was 

used to compare the different glaucoma 

severity groups. Mann-Whitney U test 

was used to determine the P value 

Receiver operating characteristic (ROC) 

curves assessed the ability of RNFL and 

GCC parameters to detect glaucomatous 

changes in patients with various levels of 

glaucoma severity. An area under the 

ROC curve (AUC) value of 1.0 

represented perfect discrimination, 

whereas an AUC of 0.5 represented 

discrimination that is no better than results 

obtained by chance. Differences in the 

diagnostic ability (AUC) of RNFL and 

GCC were tested for statistical 

significance by a previously described 

method. P ≤ 0.05 was considered 

statistically significant. 
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RESULTS 

 

     There was no statistically significant 

difference between normal and glaucoma 

grades as regards the age and gender. 

There was a statistically significant 

difference between normal and glaucoma 

groups as regards the BCVA and IOP 

(Table 1). 

Table (1): Characteristics of normal and glaucoma grades in the current study 

Groups 

 

Parameters 

Normal 

group 

(n= 10) 

Glaucoma 

group 

(n= 30) 

P 

Early 

group 

(n= 10) 

Moderate 

group 

(n= 10) 

Severe 

group 

(n= 10) 

P 

Age 

56.0 

(45.2 to 

61.5) 

48.0 

(33.0 to 

59.5) 

0.178 

48.0 

(45.0 to 

58.8) 

37.5 

(26.0 to 

50.2) 

55.0 

(44.2 to 

61.0) 

0.141 

Gender 

Male 
40.0% 

(4) 

33.3% 

(10) 
1 

1(10.0%) 4(40.0%) 5(50.0%) 

0.226 

Female 
66.0% 

(6) 

66.7% 

(20) 
9(90.0%) 6(60.0%) 5(50.0%) 

Best corrected 

visual acuity 

(log Mar) 

1.0 

(1.0 to 

1.0) 

0.9 

(0.7 to 

1.0) 
0.002 

1.0 

(0.9 to 

1.0) 

0.9 

(0.9 to 

1.0) 

0.6 

(0.5 to 

0.7) 
<0.001 

Intra ocular 

pressure 

(mmHg) 

14.5 

(12.2 to 

15.8) 

26.2 

(23.5 to 

28.9) 
<0.001 

25.2 

(23.1 to 

28.1) 

24.5 

(22.8 to 

26.8) 

28.5 

(25.5 to 

30.8) 

0.078 

 

     There was a statistically significant 

difference between normal and glaucoma 

groups as regards, Disc area, Rim area, 

Vertical cup disc ratio, Linear cup disc 

ratio, Visual field mean deviation and 

Pattern standard deviation (Table 2). 

 

Table (2): Optic nerve head and visual field data of normal and glaucoma grades in 

the current study 

Groups 

 

 

Parameters 

Normal 

group 

(n= 10) 

Glaucoma 

group 

(n= 30) 

P 

Early 

group 

(n= 10) 

Moderate 

group 

(n= 10) 

Severe 

group 

(n= 10) 

p 

Disc area 
2.1 

(2.0 to 2.2) 

2.5 

(2.2 to 2.7) 
0.011 

2.6 

(2.4 to 2.9) 

2.3 

(2.2 to 2.6) 

2.4 

(2.0 to 2.7) 
0.032 

Rim area 
1.2 

(1.2 to 1.8) 

1.0 

(0.6 to 1.3) 
0.006 

1.3 

(1.2 to 1.5) 

1.0 

(0.9 to 1.1) 

0.5 

(0.4 to 0.6) 
<0.001 

Vertical 

cup disc 

ratio 

0.6 

(0.3 to 0.6) 

0.8 

(0.7 to 0.8) 
<0.001 

0.7 

(0.7 to 0.7) 

0.7 

(0.7 to 0.8) 

0.9 

(0.8 to 1.0) 
<0.001 

Linear cup 

disc ratio 

0.6 

(0.3 to 0.7) 

0.8 

(0.7 to 0.8) 
<0.001 

0.7 

(0.7 to 0.7) 

0.7 

(0.7 to 0.8) 

0.9 

(0.9 to 1.0) 
<0.001 

Visual field 

mean 

deviation 

-0.3 

(-0.6 to0.1) 

-9.4 

(-21.9 to 

-4.3) 
<0.001 

-2.0 

(-3.8 to -

1.7) 

-9.4 

(-11.3 to -

8.0) 

-24.8 

(-26.5 to -

22.5) 
<0.001 

Pattern 

standard 

deviation 

1.6 

(1.5 to 1.9) 

5.3 

(2.5 to 

10.0) 
<0.001 

1.9 

(1.7 to 2.3) 

5.3 

(4.0 to 

6.5) 

10.8 

(10.1 to 

11.4) 
<0.001 
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     There was a statistically significant 

difference between normal and glaucoma 

grades patients as regards mean (superior, 

inferior, and average) GCC, and mean 

(superior, inferior, and average) RNFL 

(Table 3). 

 

Table (3): Testing the difference between normal and total glaucoma (Wilcoxon 

signed rank test) and between Glaucomatous grades using (Kruskal-

Wallis Test) 

Groups 

 

Parameters 

Normal 

group 

(n= 10) 

Glaucoma 

group 

(n= 30) 

P-

value 

Early 

Group 

(n= 10) 

Moderate 

group 

(n= 10) 

severe 

group 

(n= 10) 

P-

value 

Superior 

GCC 

106.0 

(103.8 to 

108.0) 

95.5 

(78.0 to 

103.0) 
<0.001 

102.5 

(98.2 to 

103.8) 

99.0 

 (91.5 to 

104.5) 

71.0 

(58.8 to 

76.8) 
<0.001 

Inferior 

GCC 

109.5 

(107.5 to 

112.8) 

89.5 

(67.5 to 

101.0) 
<0.001 

97.5 

(90.8 to 

101.8) 

95.0 

(90.0 to 

102.5) 

58.0 

(56.5 to 

64.0) 
<0.001 

Average 

GCC 

108.0 

(105.2 to 

110.0) 

93.5 

(71.0 to 

101.8) 
<0.001 

98.5 

(95.2 to 

103.0) 

96.5 

(92.2 to 

102.0) 

61.0 

(57.2 to 

68.2) 
<0.001 

Superior 

RNFL 

127.5 

(120.2 to 

135.8) 

97.5 

(75.2 to 

113.5) 
<0.001 

116.0 

(99.5 to 

125.8) 

109.0 

(100.8 to 

113.2) 

65.0 

(57.0 to 

73.8) 
<0.001 

Inferior 

RNFL 

131.0 

(124.0 to 

139.0) 

97.0 

(64.2 to 

116.2) 
<0.001 

115.5 

(98.2 to 

130.2) 

99.5 

(97.0 to 

117.0) 

59.5 

(49.5 to 

64.0) 
<0.001 

Average 

RNFL 

103.5 

(100.5 to 

105.5) 

89.0 

(62.0 to 

99.8) 
0.002 

97.5 

(85.8 to 

107.2) 

93.0 

(90.5 to 

100.5) 

56.0 

(50.8 to 

60.0) 
<0.001 

GCC: ganglion cell complex and RNFL: retinal nerve fiber layer. 

 

     In early glaucoma, the diagnostic value 

of average GCC thickness (AUC, 0.895) 

appeared to be greater than that of Inferior 

RNFL thickness (AUC 0.77), but there is 

no significant difference. In moderate 

glaucoma the diagnostic value of average 

GCC thickness (AUC 0. 95) appeared to 

be greater than that of Superior RNFL 

thickness (AUC 0.91), but there is no 

significant difference. In severe glaucoma 

the diagnostic value of GCC thickness 

(AUC 1) appeared to be equal that of 

RNFL thickness (AUC 1), but there is no 

significant difference. GCC and RNFL 

showed similar diagnostic performance 

for detecting early, moderate, and severe 

glaucoma (Table 4 and Figure 1). 
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Table (4): Evaluation of OCT Parameters as Diagnostic Tests with the Area under 

the ROC Curve 

Groups 

 

Parameters 

Normal 

versus Early 

Glaucoma 

Normal versus 

Moderate 

Glaucoma 

Normal versus 

Severe Glaucoma 

Superior 

GCC 

0.78 0.83 1 

(0.71-1) (0.64-1) (1-1) 

Inferior 0.89 0.87 1 

GCC (0.69-1) (0.67-1) (1-1) 

Average 0.895 0.95 1 

GCC (0.71-1) (0.85-1) (1-1) 

Superior 

RNFL 

0.73 0.91 1 

(0.51-0.95) (0.77-1) (1-1) 

Inferior 0.77 0.90 1 

RNFL (0.54-0.99) (0.76-1) (1-1) 

Average 0.65 0.80 1 

RNFL (0.37-0.92) (0.58-1) (1-1) 
Data were the mean area under the ROC curve (95% CI), GCC: ganglion cell complex and RNFL: retinal 

nerve fiber layer. 

 

Figure (1): AUCs for average RNFL thickness and average GCC thickness: normal 

versus early (A), normal versus moderate (B), and normal versus severe 

(C) 
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DISCUSSION 

     Although the diagnostic accuracy of 

SD-OCT is reasonable in advanced 

glaucoma, its accurateness in early 

glaucoma isn’t reached the clinical 

requirements (Michelessi et al., 2015). 

This study showed that the GCC thickness 

measurements were superior to RNFL 

thickness values for detection of early 

glaucoma: However, the two parameters 

demonstrated a similar performance. 

These was in the line with Moreno et al. 

(2011), Naghizadeh et al. (2014) and 

Cennamo et al. (2016) demonstrated that 

GCC parameters to be a better modality in 

early glaucoma diagnosis compared to 

RNFL. This finding might have two 

explanations; first, GCC is a direct 

measure of RGC integrity as cell body 

loss could be noticed prior to axonal loss, 

hypothetically, macular GCC parameters 

were demonstrated to be an initial 

predictor in comparison with RNFL ones. 

Second, as macular GCC scan is done 

with 7mm×7mm grid centered on the 

central macula, initial glaucomatous 

damage that starts in the paracentral 

region (10°-20°) can easily be detected 

with this technique (Kim et al., 2010). 

     However, Mwanza et al. (2014) and 

Akman (2018) who stated that inferior 

quadrant of RNFL is considered to be the 

best RNFL parameters distinguishing 

glaucoma from normal individuals. Lisboa 

et al. (2013) and Bussel et al. (2014) 

emphasized on the superiority of RNFL 

over GCC parameters in the detection of 

early glaucoma as well as glaucoma 

progression. Oddone et al. (2016) 

demonstrated that RNFL parameters are 

still favorable to macular parameters for 

diagnosing manifest glaucoma, however 

the changes are minimal. 

     As regards, average GCC thickness 

(Area under the Curve "AUC" =0.895) is 

considered a promising predictor for 

glaucoma in comparison with average 

RNFL thickness (AUC=0.65), although 

the AUC difference wasn't significant. 

     In the line with the present study 

results, Vidas et al. (2017) found that 

average GCC (AUC=0.957) has a better 

diagnostic ability in glaucoma detection 

than average RNFL (AUC=0.906), 

although the AUC difference has no 

statistical significance. In contrast with 

these results, Sung et al. (2012) and 

Lisboa et al. (2013) found that average 

RNFL is better than average GCC in 

diagnosis of glaucoma. 

     In accordance with these results, Cho 

et al. (2010) demonstrated that GCC 

thickness and RNFL could be considered 

as significant indicators for diagnosis of 

glaucoma. They reported that there was 

comparable sensitivity between the 

macular GCC thickness and the mean 

sensitivity of peripapillary RNFL 

thickness. Also, they reported that: the 

associations of mean sensitivity with GCC 

global and sectorial (superior& inferior) 

thicknesses were not significantly 

different from that of mean sensitivity to 

global RNFL and sectorial (superior and 

inferior) peripapillary RNFL thicknesses, 

on linear regression analysis. 

     In the same line, Schulze et al. (2011), 

Sevim et al. (2013) and Bambo et al. 

(2017) recorded that macular GCC 

thickness as well as RNFL thickness 

demonstrated a comparable diagnostic 

role as marker for all glaucoma stages. 

The capability for diagnosis of glaucoma 
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with macular GCC thickness was similar 

to that of ppRNFL in high myopic cases 

(Kim et al., 2011). 

     Moreover, Barua et al. (2016) showed 

that RNFL and GCC thickness have 

identical capability for diagnosing of 

moderate and severe glaucoma, inspite the 

fact that half of the RGCs occupy the 

macula which makes the diagnostic ability 

of RNFL parameters superior to GCC in 

advanced glaucoma. 

     As regards the demographic data, there 

were no statistically significant 

differences as regards age and sex, while, 

there were a highly statistically significant 

differences in terms of BCVA, IOP, disc 

area, rim area, VCDR, LCDR, VFMD and 

PSD. In agreement, Soliman et al. (2019) 

revealed that there were no statistical 

significant differences as regards gender, 

while, there were statistically significant 

difference as regards IOP, disc area, rim 

area, VCDR, LCDR, MDVF and PSD, 

and disagreed with the current study as 

regards age and BCVA. Moreover, 

Hasegawa et al. (2015) found that VFMD 

is significantly deteriorated in 

glaucomatous cases in comparison with 

controls. In addition, the significant 

deterioration of visual acuity in glaucoma 

cases was observed in another research 

conducted by Chan et al. (2015). 

CONCLUSION 

     GCC and RNFL measurement with 

SD-OCT provided essential information 

for detection and assessment of glaucoma. 

There was a strong positive association 

among the RNFL thickness and the GCC 

thickness in the glaucomatous cases. 

Imaging of the GCC has a similar 

diagnostic ability to RNFL and ONH 

measurements in the differentiation 

between cases with glaucoma and healthy 

subjects. 
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قدية وطبقة ألياف أعصاب العلاقة بين مجمع الخلايا الع

 الشبكية في تشخيص المياه الزرقاء

 أحمد جمعة المهدى ،حمدحسنى حسن م، اسلام عبد المنعم محمود

 جامعة الأزهر، كلية الطب ،قسم طب وجراحة العيون

E-mail: oph.islam27@gmail.com  

رقاااااااااء مجملأعااااااااة ماااااااان الماااااااا ا   ا  الم ااااااااببا  المخ   ااااااااة المياااااااااه الز خلفيةةةةةةةةة البحةةةةةةةة :

يصاااااااكب ا تاااااااصك  تااااااادريجي ل عصااااااال البصااااااا   با  اااااااافة  لااااااا  فقااااااادا  الخلاياااااااا العقدياااااااة 

( ماااااع  اااااعم البصااااا   لماااااا تعاااااد ال ااااابل ال  ي اااااي ل عمااااا  الص اااااا ي. لااااا ا  RGCsالشااااابكية  

فقاااااااد ابااااااال أ  ال شاااااااخيص المبكااااااا  وعااااااالا  الميااااااااه الزرقااااااااء يق ااااااالا  مااااااان معاااااااد  ت ااااااالأر 

ويك ااااان اااااالألل الكياااااال ل مصاااااابين. وت عااااال تقصياااااا  ال صااااالأي  المق عاااااي ال ااااالأافقي المااااا   

 ( لورًا أساسياً في تشخيص المياه الزرقاء.SD-OCTالبص   ل مجا  ال ي ي  

هااااالأ تكدياااااد ومقار اااااة  سااااا خداع سااااامق مجماااااع الخلاياااااا العقدياااااة وطبقاااااة  الهةةةةةدا مةةةةةن البحةةةةة :

أليااااااااف أعصااااااااب الشااااااابكية المكي اااااااة بالعصااااااال البصااااااا   باسااااااا خداع ال صااااااالأي  المق عاااااااي 

 ال لأافقي البص   في تشخيص المياه الزرقاء.

عيصاااااااً  تاااااا  تصااااااصيم  04تماااااال لراسااااااة مقار ااااااة أا ياااااال ع اااااا   المرضةةةةةةى وطةةةةةةر  البحةةةةةة :

عيااااالأ  طبيعياااااة لعصصااااا  تككااااا  فاااااي  04لأعاااااة أ ال اااااي تم ااااا  العيااااالأ   لااااا  مجمااااالأع ين  المجم

عيصاًااااااا مصاااااااابة بمااااااا   الميااااااااه الزرقااااااااء  04الدراساااااااة  والمجملأعاااااااة ب ال اااااااي ت ااااااامصل 

عيااااااالأ  مصاااااااابة بمااااااا   الميااااااااه الزرقااااااااء  04مصاااااااص ة مااااااان إيااااااا   ااااااادل المااااااا    لااااااا  

عيااااااالأ  مصاااااااابة  04عيااااااالأ  مصاااااااابة بمااااااا   الميااااااااه الزرقااااااااء الم لأسااااااا  و  04المبكااااااا   و

قااااااء الشاااااديدل. وقاااااد تااااا   اااااا اء فكاااااص  اااااام  ل عاااااين  وعمااااا  مجاااااا  بمااااا   الميااااااه الزر

ابصاااااااار وتصااااااالأي  مق عاااااااي تااااااالأافقي بصااااااا   ل كاااااااا   لام اااااااة. تااااااا  اسااااااا خداع ال صااااااالأي  

المق عاااااي ال ااااالأافقي البصااااا   الاااااااي ا بعاااااال ل قياااااي  م لأسااااا  سااااامق طبقاااااة أليااااااف أعصااااااب 

 الك يااااااة   الشاااااابكية  الك يااااااة  الع لأيااااااة وال اااااا  ية(  وم لأساااااا  ساااااامق مجمااااااع الخلايااااااا العقديااااااة

 الع لأية وال   ية(.

لااااااا  هصاااااااا ارتباااااااط  يجااااااابي    ل لااااااة  إصااااااا ية باإ ماليااااااة عاليااااااة بااااااين  نتةةةةةةاحث البحةةةةةة :

المجمااااالأع ين فيماااااا ي ع اااااا ب ااااامق طبقاااااة أليااااااف أعصااااااب الشااااابكية وسااااامق مجماااااع الخلاياااااا 
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العقدياااااااة  ولاااااااا  هصااااااااا ارتباطااااااااً  يجابيااااااااً مع اااااااد بااااااا   إصاااااااا ياً  إ مالياااااااة عالياااااااة باااااااين 

فيمااااااااا ي ع ااااااااا ب اااااااا   العااااااااين و  اااااااابة الكاااااااالأب  لاااااااا  القاااااااا   ال أسااااااااي المجملأعااااااااا  

 والع  ي.

ال شاااااخيص المبكااااا  ل ميااااااه الزرقااااااء وبااااادء العااااالا  ل ماااااا أهمياااااة لبيااااا ل  إيااااا   الاسةةةةةتنتا :

يمكااااان  يقااااااف فقاااااادا  البصااااا  ا  ااااااافي أو  ب ا ااااا . ويمكاااااان أ  يااااالأف  قيااااااا  طبقااااا  ألياااااااف 

لأي  المق عاااااااي ال ااااااالأافقي أعصااااااااب الشااااااابكية ومجماااااااع الخلاياااااااا العقدياااااااة باسااااااا خداع ال صااااااا

  أظ ااااااا   سااااااامالة ”البصااااااا   بيا اااااااا  أساساااااااية ل كشااااااام عااااااان الميااااااااه الزرقااااااااء وتقييم اااااااا

مجمااااااع الخلايااااااا العقديااااااة وساااااامالة طبقاااااا  ألياااااااف أعصاااااااب الشاااااابكية قيمااااااة تشخيصااااااية قاب ااااااة 

ل مقار ااااااااة لعلامااااااااا  ل مياااااااااه الزرقاااااااااء المبكاااااااا ل والم لأساااااااا ة والشااااااااديدل. وواااااااااد ارتباااااااااط 

أليااااااف أعصااااااب الشااااابكية وسااااامالة مجماااااع الخلاياااااا العقدياااااة   يجاااااابي قااااالأ  باااااين سااااامق طبقااااا 

 في إا   المياه الزرقاء.

الميااااااااه الزرقااااااااء  مجماااااااع الخلاياااااااا العقدياااااااة  طبقاااااااة أليااااااااف أعصااااااااب  الكلمةةةةةةةاة الدالةةةةةةةة:

 الشبكية  ال صلأي  المق عي البص  .


