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ABSTRACT 
Background:  Retinal detachment is the separation of  the  neurosensory  retina (NSR) from the underlying 
retinal pigment epithelium (RPE). These two layers are derived from  neuroectoderm that lines the optic 
vesicle during embryogenesis.      

Objective:  We compared spectral-domain optical coherence tomography imaging with postoperative visual 
acuity to evaluate the relationship between morphological changes in the macula  and visual outcome after 
successful repair of RRD with macula off.  

Patients and methods: We enrolled 30  patients (30 eyes) 21 eyes were  phakic (70%) and 9 eyes were 
pseudophakic (30%).  with successful repair of RRD. the examination had been done 1,2,6-months and one 
year follow up after surgery in this prospective research.  The mean age of the patients was 17 to 73 years 
with mean age value of 44 ± 13.4 years.  The duration of  retinal detachment (RD) ranged from 1 to 14 weeks 
with a mean of 6.8± 4.2 weeks. There was history of trauma in 3 cases (10%). The IS/OS line was evaluated 
considering its continuity and any disruption in the line was measured by manual caliber. The extent of 
disruption was evaluated in the 5-lines raster scan. In the scan that showed the largest defect, the extent of the 
IS/OS disruption was measured along a 1.8 mm-diameter area centered on the fovea.  

Results:  SD-OCT was done to all patients post-operatively according to OCT findings, the 30 eyes were 
divided into three groups; A, B, and C. Group A included all cases with residual subretinal fluid, Group B 
included cases with other finding rather residual subretinal fluids. Group C included eyes with no detectable 
OCT findings. 

     There were 8 (26.7%) eyes with retained subretinal fluids (Group A), 18 eyes (60%) with pathology other 
than Subretinal fluid (Group B), and 4 eyes (13.33%) with no detectable pathology after the operation (Group 
C) 

Conclusion: SD-OCT is an irreplaceable instrument for the postoperative assessment of macula in patients 
who have undergone surgery for macula-off RRD. It permits detection of the presence of foveal changes that 
are not visible with ophthalmoscope. Persistent sub-retinal fluid is responsible for the poor prognosis after 
surgery. Although there was a detectable improvement in vision with decrease of the amount of subretinal 
fluid, Visual prognosis related  to other pathological finding as photoreceptors integrity, and presence or 
absence of Cystoid macular edema. 

   

INTRODUCTION 

     Retinal detachment often is a 
preventable cause of vision loss. It is 

defined as separation of the neurosensory 
retina (NSR) from the underlying pigment 
epithelium in association with accumula-
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tion of subretinal fluid (Reichstein et al., 
2013). 

     A retinal detachment occurs when the 
forces of adhesion between the neurosen-
sory retina (NSR) and the retinal pigment 
epithelium RPE are overwhelmed. This 
can occur by different mechanisms. 
Regardless of the mechanism, all types of 
retinal detachment have one characteristic 
in common,i.e. the accumulation of 
subretinal fluid (Delolme  et al., 2012). 

     Despite the high level of anatomic 
success, visual results remain compro-
mised mainly because of permanent 
functional damage once the macula 
becomes detached (Kashani et al., 2015). 

     Patients with macula-off rhegmato-
genous retinal detachments (RRDs) can 
have poor visual recovery, specific color 
vision defects, or metamorphopsia 
postoperatively despite successful retinal 
reattachment. In these cases, subtle 
changes in the foveal structure, which 
may be causing visual disturbances, can 
be difficult to identify during standard 
clinical examinations such as slit-lamp 
biomicroscopy or binocular indirect 
ophthalmoscopy.  

     Wolfensberger and Gonver (2011) 
reported a possible association between 
incomplete visual recovery and the 
presence of residual subretinal fluid (SRF) 
postoperatively.  

     Optical coherence tomography is a 
noninvasive, patient- and operator-
friendly technique that has the advantage 
of imaging and quantitatively analyzing 
retinal thickness, nerve fiber layer, and 
optic nerve structures with good 
reproducibility (Ricker et al., 2011). The 
present work aimed to evaluate the 

relationship between morphological 
changes in the macula and visual outcome 
after successful repair of retiinal 
detachment. 

PATIENTS AND METHODS 
     This study included some patients 
suffering from rhegmatogenous retinal 
detachment with detached macula and 
Prolirefrative vitroretinopathy( PVR )who 
attended the outpatient clinic,   AL-Azhar 
University hospitals (AL-Hussein and 
Sayed Galal) from October 2012 to May 
2015. 

    All patients underwent a comprehensive 
preoperative ophthalmological examina-
tion, including complete medical and 
ophthalmic history, the measurement of 
best-corrected visual acuity (BCVA), 
intraocular pressure, slit-lamp anterior  
segment examination, indirect ophthalmo-
scopy,contact lens slit-lamp biomicro-
scopy and fundus photography. 

    As all patients were treated with a 
procedure using silicone oil 1, 000 
centistokes which made OCT measure-
ments dificult at the early postoperative 
period   OCT was done at one month for 
the 1st time Thus, examinations had been 
done after 1, 2, 6 months and one year. 

Inclusion criteria 

     Patients with rhegmatogenous retinal 
detachment of intermediate severity  of 
PVR .  

Exclusion criteria 

■ Recurrent-detachment. 
■ Tractional retinal detachment. 
■ Strabismus. 
■ Glaucoma. 
■ Ambylopia. 
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■ Pre-existing macular disease (e.g. Age 
related macular degeneration and 
diabetic retinopathy). 

■ Vitreous hemorrhages. 
■ Vascular occlusion. 
■ Uveitis. 
■ Opaque media. 
■ Patients with macular hole. 

     Patients accepted best-corrected visual 
acuity examination postoperatively and 
SD-OCT imaging postoperatively for data 
analysis and gave written consent. The 
best-corrected visual acuity was 
determined from Snellen chart and 
converted to the logarithm of minimal 
angle of resolution (log MAR) equivalents 
to perform the appropriate statistical 

manipulation The following data collected 
was age, sex, time from symptom onset to 
surgery, characteristics of RRD including 
the number of quadrants involved and 
proliferative vitreoretinopathy grade.  
Central 1 mm subfield retinal thickness 
(CSFT) was also recorded automatically. 
This measurement represented the mean 
distance from the internal limiting 
membrane to the RPE-Bruch membrane at 
the fovea. After 6 months, silicone oil was 
removed in all cases. The retinal status 
was evaluated again, after silicone 
removal, with binocular indirect slit-lamp 
biomicroscopy using contact or non 
contact lens.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Lens status. Figure (2): No. of quadrants affected. 

Figure (3): Type of the Breaks. 
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RESULTS 

      Thirty eyes of 30 patients were 
included in this study. The patients were 

18 males and 12 females. The male to 
female ratio was 1.5: 1. The patients' age 
ranged from 17 to 73 years with mean 
age value of 44 ± 13.4 years.  

 

Table (1): Age and Sex represent percentage. 

Age 
Sex 

Total 
Male Female 

 20 1 1 2 (6.67%) 

21-30 2 3 5 (16.67%) 

31-40 3 3 6 (20%) 

41-50 2 1 3 (10%) 

51-60 7 1 8 (26.67%) 

> 60 3 3 6 (20%) 

Total 18 (60%) 12 (40%) 30 (100%) 
 
     Twenty one eyes were phakic (70%) 
and 9 eyes were pseudophakic (30%). The 
extent of RD, types of tears, state of the 

macula and the grades of PVR were 
shown in table (2). 

 
Table (2): Clinical data of patients with primary rhegmatogenous retinal detachment. 

 Extent of retinal detachment  No. of eyes (%) 
1 Quadrant 1 (3.33%) 
2 Quadrants 6 (20%) 
3 Quadrants 8 (26.66%) 
4 Quadrants 15 (50%) 
Preoperative macular status   

On 0 
Off 30 (100%) 

Type of the break  
Horse shoe 13 (43%) 
Rounded hole 12 (40%) 
Giant tear 5 (16.66%) 

Proliferative Vitreo-Retinopathy (PVR)  
Grade A 16 (53.33%) 
Grade B 14 (46.66%) 
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     SD-OCT was done to all patients post-
operatively. According to OCT findings, 
the 30 eyes were divided into three 
groups; A, B, and C. Group A included all 
cases with residual subretinal fluid, Group 
B included cases with other finding rather 
residual subretinal fluids, and Group C 
included eyes with no detectable OCT 
findings. There were 8 (26.7%) eyes with 
retained subretinal fluids (Group A), 18 
eyes (60%) with pathology other than 
subretinal fluid (Group B), and 4 eyes 

(13.33%) with no detectable pathology 
after the operation (Group C) 

SD-OCT was used (Group A) to measure 
the vertical distance between the center of 
the fovea and the underlying RPE and 
considered as the height of the subretinal 
fluid. Another two perpendicular measure-
ments were done to the maximum extent 
of the elevated fovea. From those two 
measurements an estimation of the 
persistence fluid volume was calculated 
using the ellipse volume formula (Volume 
= 4/3 π ). 

 

 

 

 

 

Figure (4): Preoperative optical coherence tomography (OCT) characteristics of the 
detached neurosensory retina at the macula. A 55-years-old man with a 
rhegmatogenous retinal detachment (best-corrected visual acuity, 0.06), three 
months after macular detachment. The detached retina showed multiple small 
cystic cavities in the inner and outer nuclear layers. 

 

 

 

 

 

 

Figure (5): Preoperative (A) fundus photo (B) fluorescein angiography of detached 
neurosensory retina at the macula. A 55-years-old man with a 
rhegmatogenous retinal detachment (best-corrected visual acuity, 0.06). 
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A) SD OCT image obtained after 1 month The IS/OS line was disrupted at the fovea and 

thickness of the fovea 288µm with BC VA 0.1 
 
 

 

B) SD OCT image obtained after 2 months The IS/OS line disrupted mild improved at the 
fovea and thickness of the fovea was attenuated 276µm with BC VA 0.2. 

 
 

 
C) SD OCT image obtained after 6 months The IS/OS line disrupted restored partially at 

the fovea and thickness of the fovea was mild attenuated 264µm with BC VA 0.6. 
 
 
Figure (6): Optical coherence tomography (OCT) findings in a 55-year-old man who 

underwent successful pars plana vitrectomy for a rhegmatogenous retinal 
detachment. 
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     OCT examination for( Group B) 
showed other findings distributed as 
follows: 5 cases (14.66%) with an 
epiretinal membrane, one case of cystoid 
macular edema combined with an 
epiretinal membrane and 12 cases 
(26.66%)  with foveal photoreceptor layer 
disruption. 

     Foveal photoreceptor layer pathology 
was in the form of disruption and/or loss 
of IS/OS junction.  

(Group A): The median and the mean 
vision for the 8 eyes with sub-retinal fluid 
in OCT were as follows: 

■ After 1 month, the median was 0.6  
LogMar (Vision of 0.2 =6/24 snellen 
chart), and the mean was 0.54±0.21. 

■ After 2 month, the median was 0.5 
LogMar (Vision of 0.3=6/19 snellen 
chart), and the mean was 0.41±0.16.  

■ After 6 month, the median was 0.4 
LogMar (Vision of 0.4=6/15 snellen 
chart), and the mean was 0.28±0.18 . 

■ After one year, the median was 0.3 
LogMar (Vision of 0.5=6/12 snellen 
chart), and the mean was 0.27±0.19. 

(Group B): The median and the mean 
vision for the 18 eyes with other 
abnormalities rather than sub-retinal fluid 
was as follow: 

■ After 1 month: the median was 0.7 
LogMar (Vision of 0.2 =6/30 snellen 
chart), and the mean was 0.75±0.29. 

■ After 2 month: the median was 0.6 
LogMar (Vision of 0.25=6/24 snellen 
chart), and the mean was 0.54±0.24. 

■ After 6 months: the median was 0.4 
LogMar (Vision of 0.4=6/15 snellen 
chart), and the mean was 0.38±0.23. 

     Vision prognosis was also observed for 
patients with photoreceptor disruptions 
and those with macular cysts. Patients 
with macular cysts showed a better visual 
acuity (mean vision 0.2 LogMar after 3 
months) than cases with photoreceptor 
disruption (mean vision 0.4 LogMar after 
3 months). 

(Group C): There were 4 cases with no 
abnormalities detected in the OCT  The 
median and the mean vision was as 
follow: 

■ After 1 month: the median was 0.5  
LogMar (Vision of 0.32 =6/19 snellen 
chart) ,and the mean was 0.61±0.24. 

■ After 2 month: the median was 0.3  
LogMar (Vision of 0.5=6/12 snellen 
chart), and the mean was 0.36±0.16. 

■ After 6 month: the median was 0.2  
LogMar (Vision of 0.63=6/9.5 snellen 
chart), and the mean was 0.17±0.04 . 

     Postoperative visual acuity was related 
to the tomographic results. There were 
different OCT findings which can be 
correlated to the bad vision rather than 
sub-retinal fluid. These were  in the form 
of photoreceptors disruption and macular 
cysts. For cases with residual subretinal 
fluids. 
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Figure (7): Postoperative amount of macular subretinal fluid after 1m, 2m, 6m and after 1 
year 

 
Table (3): Comparison between three groups regarding VA after one, two and  three  

months. 

Groups  

Parameters                               
Group A  
(8 cases) 

Group B  
(18 cases) 

Group C  
(4 cases) P-value 

VA after one month 
Mean ± SD 0.4±0.16 0.75±0.29 0.61 ±0.24 

0.013 
Median  0.6 0.7 0.5 

VA after 2months 
Mean ± SD 0.38±0.16 0.54 ±0.24 0.36 ±0.16 

0.131 
Median  0.5 0.6 0.3 

VA after 6 months 
Mean ± SD 0.28±0.18 0.38±0.23 0.17±0.04 

0.156 
Median  0.4 0.4 0.2 

 

DISCUSSION 
     In our study, we choosed  patients with 
RD with proliferative vitreoretinopathy 
(PVR). Our  results showed complete  
postoperative  reattachment in all patients 
with 95% and single operation  sucsess  
rate mean BCVA of 0.69 Snellen chart  
(0.2 LogMar)  six months following the 
surgery. 

    Incomplete visual acuity recovery after 
anatomically and clinically successful 
repair has been attributed to several 
preoperative and postoperative factors. 
Studies proved the effect of clinically 
detectable pathologic changes such as 
ERM, cystoid macular edema,  and  
persistent macular SRF on reducing 
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postoperative visual acuity (Seo et al., 
2008). 

     Panozzo et al. (2003) while studying 
the follow-up period of retinal detach-
ments, was the first to observe the 
presence of small subfoveal lesions,  and 
considered them as residual detachments 
of the neuroepithelium related to macular 
subretinal fluid persistence.  

     Studies have shown that clinically 
invisible pockets of subretinal fluid may 
persist subfoveally on optical coherence 
tomography several weeks after successful 
vitrectomy and gas tamponade (Benson et 
al., 2006). In our study, we found    
26.66%  of subretinal fluid on OCT one 
month after the surgery in which the 
visual acuity was 0.6 LogMar. 

     Benson et al. (2006) They came with 
conclusion that persistent SRF 6 weeks 
after PPV surgery occurs in approximately 
half of patients, may persist for many 
months, and can cause delayed visual 
recovery. 

     In our study, the persistent SRF group 
of cases showed an improvement of vision 
with decrease of the amount of SRF over 
time. Also detected other causes of 
decreased postoperative vision regain. 

      Another factor that was suggested to 
decrease the visual acuity was the 
formation of postoperative cystoid or 
spongiform macular thickening (Seo et 
al., 2008). 

     The integrity of photoreceptor outer 
segments (OS), i.e. the cone OS in the 
central macular region, could serve as a 
marker of the health of the cones, The 
cells  are  primarily responsible for visual 
acuity (Sheth et al., 2010). In our study 
the intigrity of IS/ OS junction affected 

the visual acuity so, we classified into four 
stages according to the junction .  The 
IS/OS junction line was intact in 11 
(36.66%) eyes, and  V/A ranged between  
0.5 and 0.3 LogMar. After 1 month from  
mildly disrupted in 4 eyes (25%) ranged 
from 0.8 to 0.7  LogMar  after  1  month  
moderately disrupted IS/OS in 10 eyes 
(33.% ) ranged from 1.2 to 0.9 LogMar, at 
1 month, and severely disrupted  IS/OS in 
5 eyes (16.66%) ranged from1.9 to 1.8 
LogMar at 1 month The length of  the 
defect  ranged from 0 in the intact group 
to 1800µm in the severely disrupted group 
with a mean of 831±718 micron.  

     Although the preoperative duration of a 
rhegmatogenous retinal detachment 
(RRD) continues to be an important factor 
for the postoperative functional prognosis 
of the eye, it remains controversial  in 
acute macula-off RRD should be treated 
as an emergency case (Panozzo et al. 
(2003). 

     In our study, the IS/OS junction line 
integrity was made as continuous variable 
by measuring the length of its disruption 
on raster scans on SD-OCT. There was a 
moderately strong correlation between the 
length of IS/OS defect and the visual 
acuity. 

     Many studies reported use of SD-OCT 
to investigate changes in the foveal 
microstructures and correlate it with 
postoperative visual acuity in patients 
after anatomically successful repair of 
RRD. According to these studies, a 
discontinued IS/OS junction was the most 
frequent lesion  found in 40% to 82% of 
patients and was described as a marker of 
poor prognosis for visual recovery. 
(Nakanishi et al., 2009;  Wakabayashi 
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et al., 2009; Lai et al., 2010 and 
Shimoda et al., 2010). 

     Our study showed moderately strong 
correlation between length of IS/OS 
defect and the duration of retinal 
detachment (r= 0.602, p= 0.05). A similar 
correlation was shown by Baba et al. 
(2008). 

     On the other hand, Sheth et al. (2010) 
showed no significant relationship 
between the area of IS and OS junction 
disruption and duration of vision loss 
before RRD surgery. 

     Otani et al. (2010)  published an 
article on visual recovery in macula-off 
retinal detachments. In this article he 
reported that 53% of patients (who could 
provide adequate information regarding 
the onset of macular involvement) 
operated on by 9 days after detachment 
achieved 20/20 to 20/50 acuity. The 
proportion attaining 20/20 to 20/50 acuity 
diminished to 34% in those operated on 
from days 10 through 19 and to 29%  in 
those operated on after 19 days. He 
concluded that patients with macular 
detachment of 9 days or less had a 
statistically significant better chance of 
obtaining final visual acuity of 20/50 or 
better than those with macular detachment 
of 10 through 19 days and longer than 20 
days duration . 

    Wakabashi et al. (2009), performed a 
non-controlled, prospective, interventional 
case series on 104 patients with macula-
off detachments of 7 days or less .We 
evaluated the relationship between the 
central foveal thickness and the post-
operative visual outcome where we found 
a fair inverse correlation between them  
Wakabashi et al. (2009) failed to 
demonstrate a correlation between foveal 

thickness and visual acuity outcome, but 
there was no significant correlation with 
the IS/OS defect. 

CONCLUSION 

     SD-OCT is an irreplaceable instrument 
for the postoperative assessment of 
macula in patients who have undergone 
surgery for macula-off RRD. It permits 
detection of the presence of foveal 
changes that are not visible with 
ophthalmoscope. Persistent sub-retinal 
fluid is responsible for the poor prognosis 
after surgery. Although there was a 
detectable improvement in vision with 
decrease of the amount of subretinal fluid, 
Visual prognosis related  to other 
pathological finding as photoreceptors 
integrity, and presence or absence of 
Cystoid macular edema. 
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تغیرات الماقولة بعد استئصال الجسم الزجاجي في عملیات 
باستخدام  جھاز الماسح الضوئي المقطعي  شبكياالنفصال ال

  الترابطي 
  

  مصطفى السید علیوة -خالد محمد سلیم  -أحمد محمد یوسف  -حداد أحمد  عبد المعز

  كلیة طب األزھر - قسم طب وجراحة العیون 

  

ث: ة البح رض  خلفی بكي م ال الش ن  ،اإلنفص ارة ع و عب زءإھ ة الج ال طبق ي  نفص بي الحس العص
ن الجزء الظاھري العصبي و من الجزء الصبغي الشبكي   ةلضوئیللمستقبالت ا ین م ذه الطبقت تستمد ھ

 .التي تغطي الحویصلة البصریة خالل مرحلة التطور الجیني 

ین والمجال   الھدف من البحث : دراسة ھو بحث العالقھ بین التصویر الضوئي المقطعي الترابطي للع
 للجسم الزجاجي. ةولیاأل ةزالار بعد اإلالطیفي مع حده االبص

یتم تأثیر اإل  المرضى و طرق البحث : ي ثالث م الزجاجي عل ة للجس ة األولی ین مریضا زال ا لثالث ن عین
رأإثنتي عشرة إرجال وعشر  ةمنھم ثمانی ین سبع ةم ارھم ب اً وسبعین عا ةعشر وثالث ةتراوحت أعم م

ي  بكي قطع ال ش ن انفص انون م امال الماقولأیع ي ش ي ةول رددین عل فیات جامع مت ر  ةمستش األزھ
اھر د ،ةبالق ي الم ك ف ا ةوذل ام  م وبر ع ین أكت ایو  ىوحت 2012ب ھر  2015م د ش ص دوري بع ع فح م

أشھر وعام بعد العملیھ وذلك عن طریق بحث العالقات بین التصویر الضوئي المقطعي  ةوشھرین وست
  الترابطي للعین. 

  :باآلتىلعملیھ لمعنیین قبل اجراء اولقد تم فحص المرضي ا       
 التعرف الكامل للتاریخ المرضي ■
 االبصار ةقیاس حد ■
 .ةجراء العملیإاألعراض ووقت  ةن حیث الزمن الذي انقضي بین بدایالتعرف م ■
 فحص العین بواسطة المصباح الشقي. ■
  نفصال.اإل ةشر وغیر المباشر للتعرف علي خاصیمنظار قاع العین المبا ةفحص قاع العین بواسط ■

ي قطعي شامالً الماقولنفصاإختیار الحاالت التي تعاني من إولقد تم        ا  ة،ل شبكي أول ستبعدت إكم
االت اإل االت اإلح ع وح ال المرتج ال نتیجنفص بكی ةنفص ي الش د عل االت إ اً یضأو ةللش تبعدت ح س

 لعصب البصريالشیخوخي وا ةلزرقاء وكسل العین وتحلل الماقولللحول والمیاه ا ةنفصال المصاحبإلا
اجي واإل م الزج ل الجس ف داخ دي واإلوالنزی داد الوری ال نس ات المج االت عتام ي وح اب القزح لتھ
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ا  ،البصري تبعدت أكم ب الماقول اً یضأس االت ثق ا  .ةح د العملیأكم ص الحاالت بع ت فح یم  ةجری لتقی
ین االعظمي لحده اإل ةالنھای اع الع ین بواسطة منظار ق ص الع ر لمببصار وضغط العین وفح اشر والغی

یم الماقول از ةمباشر وتقی ق جھ ن طری ھر،  OCTع د ش توشھرین ، وعن د العملیأ ةس ام بع  ةشھر وع
  للحاالت. ةمع السائل تحت الماقولمظھرة المنسوب وحجم تج

دن الحاالت التي قیمت منھا أكما       ا عدس واح ا بھ ھ ةوعشرون عین ین الطبیعی ا أوتسع  ،الع عین بھ
ناعی ةعدس ذ .ةص االت ك ت ح ت لس ع إلك أجری اجي م م الزج ال للجس تحالب بعدسإستئص ین  ةس الع

ي إوخمس عشره عین  ةصناعی ةووضع عدس ت السیلكون ف ستئصال للجسم الزجاجي فقط مع حقن زی
  .جمیع الحاالت لیحل محل الجسم الزجاجي

ي كل المرضي  ةلتئام الشبكیإ النتائج : ع نسبف د عملی ةم د ةنجاح بع ى إتصل  ةواح ویرجع  ،%95ل
دإ اض ح داإل ةنخف ى ع ار ال بكیعو ةبص ت الش ائل تح ع الس ا تجم ل منھ ط  ةام أثر خ زء إوت اء الج لتق

د  ةالجزء الخارجي للمستقبالت الضوئی /الداخلي ائج ایضا أاو غشاء الحد الخارجي. ولق ن أظھرت النت
داخلي / إبین طول تأثر خط  ةھناك عالق تقلتقاء الجزء ال د ةبالت الضوئیالجزء الخارجي للمس ع ح  ةم

اراإل ى وق ،بص ا ال ول تأثرھم یم ط م تقس ات ةربعأد ت د  ،درج رق أووج اك ف دإن ھن ي ح ائي ف  ةحص
درجات األاإل ین ال ار ب ا عالقةربعبص دت ایض ا وج ز اإل ةھام ة. كم مك مرك ین س دب ع ح ار م  ةبص

  .االبصار

یلیعتبر التصویر الض االستنتاج: ین وس ة لتقدق ةوئي المقطعي الترابطي للع ي یق ھ ف رات الدقیق یم التغی ی
د درج ،بصارمركز اإل أثر خط  ةوتع داخلي / إت اء الجزء ال  ةالجزء الخارجي للمستقبالت الضوئیلتق

      بصار.مقیاس لحده اإل


