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Summary
In this study, the electroretinography (ERG) results which are obtained from a total of 40 eyes in 20 Turkish shepherd 

dogs (TSDs) which meet the standards of ISCEV were evaluated. Accordingly, amplitute of the a-wave 1.298±0.208 microvolt, 

amplitute of the b-wave 7.670±0.846 microvolt, implicit time of the a-wave 70.268±11.840 milisecond, implicit time of the 

b-wave 97.072±12.696 milisecond were determined. There is no clinical, funduscopic or ERG evidence of a genetic retina 

disorder in TSDs. The funduscopic and ERG datas which obtained from 10 patient in different breed which have single-or double 

sidedblindness revealed that the results of our study can be used as a reference value in further studies about retina in TSDs.
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Türk Çoban Köpeklerinde Retina Fotoreseptör Hücrelerinin
Elektroretinografik Olarak Değerlendirilmesi

Özet
Bu çalışmada 20 Türk Çoban köpeğinin (TÇK) toplam 40 gözünde, ISCEV standartlarını uygulayarak elde ettiğimiz ERG 

sonuçları değerlendirilmiştir. Buna göre a dalga boyu 1.298±0.208 mikrovolt, b dalga boyu 7.670±0.846 mikrovolt, a dalgası için 

implisit zamanı 70.268±11.840 milisaniye, b dalgası için implisit zamanı 97.072±12.696 milisaniye olarak belirlendi. TÇK’inde 

genetik bir retina hastalığına ilişkin, klinik, funduskopik ya da ERG’de bir belirti gözlenmemiştir. Çalışma içerisinde, tek ya da çift 

taraflı körlük bulunan 10 farklı ırktan klinik olgunun, funduskopik ve ERG verileri de, TÇK’inde elde ettiğimiz değerlerin, bu ırkta 

yapılacak retina çalışmalarında, referans değerler olarak kullanılabileceğini göstermiştir. 

Anahtar sözcükler: Elektroretinografi, Türk Çoban Köpeği, Retina, Fotoreseptör hücreleri
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The existence of hereditary reti nopathy in many dog 
breeds has been determined up to now. Irish Sett er 1,2, 
Collie 3, miniature Schnauzer 4 and Alaska Malamute 5,6 
are some of them. Reti nopathies, which are seen in 
many other dog breeds and have clinical symptoms in 
diff erent age groups, do not have a treatment method.  
For that reason, it is important that pati ents with 
reti nopathy that have geneti c transfer characteristi c 
be excluded from producti on. Progressive reti na atrophy 
(PRA) starts with night blindness and causes loss of sight 
during day when it develops. Ophthalmoscopic symptoms 

of this disease are thinning in reti nal vessels, tapetal 
refl ex increase, and atrophy at opti c nerve end in later 
periods. It is an undesired situati on that these dogs 
reach to puberty and mated before these symptoms 
appear. Before clinical or ophthalmoscopic symptoms 
appear, in order to defi ne early functi onal loss in 
the photoreceptor cells, it is important to apply ERG 
technique. In this way, functi on loss related to reti no-
pathy in rod and con cells can be defi ned during the 
fi rst few months and pati ents are excluded from the 
producti on 7-11.   
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Parallel to the technological developments, electro-
diagnosti c methods that are widely used, as in the human 
medicine, takes its place in veterinary ophthalmology. 
Flash electroreti nography (FERG) is the most common 
of these methods in veterinary ophthalmology 7,10-12. In 
FERG technique, changes developed in electrical potenti al 
of reti na can be recorded during light sti mulants. This 
electrical potenti al is shaped by transcellular movement 
of ions such as sodium and potassium in extracelluar 
interval 7,11,13-15.  

ERG is the massive answer of reti na. For that reason, 
in local lesions that include a small area of reti na, there 
may not be clear change in ERG answer. However, it gives 
important informati on on many diseases that cause 
functi on deformiti es ranging from photoreceptor cells 
of reti na to bipolar cells 7,11,12,14,16.  For that reason, it is 
mostly used for the diagnosis of neurosensoric reti nal 
diseases 12. 

Progressive reti nal atrophy (PRA) that can develop in 
many dog breeds is a geneti c disease, has no treatment 
and the development of the disease can not be stopped. 
The only way to decrease the incidence of the disease 
is that to exclude the pati ents with PRA from the gene 
pool 8,15. For example, typical ophthalmoscopic clinical 
symptoms of the disease in Poddles can be seen between 
the ages of 3 and 5. Before this disease is diagnosed it 
strengthens the possibility of puppy producti on. Whereas, 
when they are 8-9 months old, with ERG, increase in 
implicit ti me and abnormal darkness adaptati on line 
can be defi ned and this proves that there is malfuncti on 
in rod cells. This case provides opportunity for early 
diagnose and extracti on of pati ents with PRA from the 
process in ideal ti me 17. From this point of view, ERG 
technique plays an important role in the diagnosis of 
hereditary generalized PRA 1,2,7,10,15,17-22.      

ERG also provides important informati on on the 
diagnosis of sudden acquired reti nal degenerati on in 
dogs. Clinical symptoms of this disease are acute blindness 
and the fact that dilated pupil do not react to light.  
The image of reti na in ophtholmoscopic examinati on 
is normal 8. Along with this, in some situati ons that 
the eye ground can not be examined such as cataract, 
hypohema and cornea edema, ERG is the only objecti ve 
method to understand whether reti na is functi onal or 
not 7,10,11,14,15,22.   

In traces obtained with FERG, negati ve diversion called 
as a  current in the beginning, and aft er that positi ve 
diversion current called b  is observed. Normally, many 
small waves appeared on the arms of b wave are called as 
ossilatuary potenti al.   In additi on to these, there are early 
receptor potenti al c and d waves that are only obtained 

under lab conditi ons 10,11,14,16,23. Ossilatuary potenti als are 
best defi ned in dark adaptati ons 23. They take root form 
inner reti na. In order to comment on the waves obtained 
from ERG trace, they are compared to criteria called 
latency and amplitude. Latency is the period that starts 
from the ti me the waves is given ti ll to the peak of the 
wave. The unit of latency is millisecond (ms). Amplitude 
is, for a wave, the value between isoelectric line and 
peak point of the wave. For b wave, the value between 
peak point of wave a and that of wave b. The unit of 
amplitude is microvolt (mV) 10,14.    

In order to have an ideal ERG trace in veterinary 
practi ce, it is chemically necessary to calm down the 
pati ent 1,7,8,10,16,21,22,24. By this way it is possible to avoid 
the sounds from environment and the arti facts that can 
develop due to the pati ent’s movement. In additi on, 
pati ent’s stress is prevented. Need for assistance by 
the doctor applying the technique is minimized 10,21,22. 
For this purpose there are some studies on the eff ects 
of some anestheti c and sedati ve medicati on on ERG 
traces. Kommonen et al.24 have stated that propophol 
largely used in veterinary practi ce today increased b 
wave with dosage increase. Yanese and Ogawa 25 have 
stated that halothane and sevofourine anesthesia 
moderately decreased b wave amplitude, pressed 
scotopic edge answer clearly. Norman et al.22 have 
stated that medetomimidine extended implicit ti me 
clearly and decreased amplitudes of  a and b waves.  
They also stated that the changes were minimal and 
medetomidines can be used when needed. Kommonen 
and  Raitt a 26  have stated that, ketamine-xylazine anesthesia
had no clear eff ect on a and b waves ampitudes in normal 
dogs.   

In a previous study carried on TSDs, funduscopic 
normal variati ons were examined and geneti cally 
screening in terms of reti nal diseases during this study 
was performed 27. According to the result of this study 
multi focal reti nal dysplasia that does not lead to sight 
loss in TSD has been defi ned, however, no proof on 
the existence of progressive reti nal atrophy has been 
found.   

Within the ti me of millisecond, in electrophysiologic 
researches that small electrical potenti al records like 
microvolt are made, diff erent results may be seen due 
to pati ents, situati ons, equipments and applicati on 
diff erences. For that reason, it is important for every 
electrophysiological lab to defi ne its normal values 10,28. 
Our purpose within this Project is to standardize our 
ERG technique according to the standards of ISCEV, 
electroreti nographically evaluate normal photoreceptor 
cell functi ons of TSDs, obtain reference numbers and 
meanwhile scan in terms of progressive reti nal atrophy. 
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MATERIAL and METHODS 

The material of this study consists totally 30 dogs, 
20 TSD of which had no eye disorder or sight loss, 10 of 
which had uni or bilateral blindness. Age and sex 
distributi on of normal TSDs were given at Table 1. At 
Table 2, breed, age, sex distributi ons and name of the 
disease that caused sight loss were given. 

Informati on about the TSD that formed the study 
group was gathered on digesti on and respiratory system 
as well as appeti te, general conditi on, fl exibility from the 
owners of the dogs by anamnesis questi ons. In order to 
assess sight cott on ball test, manece response and walking 
in clutt ered area tests followed by direct and indirect 
routi ne eye examinati on with ophthalmoscope. During 
this examinati on, cornea, humor aqueous, pupillary
cavity, lenses, corpus vitreous were evaluated in terms 
of transparency. Pupillary refl ex was evaluated for both 
eyes and no abnormality was defi ned in eye ground 
examinati on opti c nerve head, reti nal vessels and tapetal 
and nontapetal area. Aft er these examinati on techniques, 
normal dogs with no sight loss and eye disease were 
included into the study. In order to compare the results 
of the study, 8 unilateral and 2 bilateral blindness from 
diff erent breeds were include into the study. These 10 
dogs that formed the control group underwent routi ne 
sight and eye examinati on.       

Each subject has 30 min darkness adaptati on before 
general anesthesia was administrated. The purpose 
of this acti on is that it shortened anesthesia ti me and 
there was no need for extra anesthesia. All the dogs 
that were taken into dark room for darkness adaptati on 
were given tropicamide (Tropamid®, Bilim, Turkey) for
mydriasis. This was repeated twice in ten min intervals. 
The pati ents that will have ERG were administrated 
0.5 mg/kg Xylazin HCl (Rompun®, Bayer, Turkey) intra-

venously as preanestheti c, in order to provide anesthesia 
inducti on Ketamin HCl (Ketalar®, Eczacıbaşı, Turkey) 5 
mg/kg was given intravenously. A standard anesthesia 
protocol was applied to all pati ents. During the imaging 
no complicati on about anesthesia was encountered.     

ERG was used for all pati ents in the eye examinati on 
room that can be darkened. Aft er midriati c eye drop 
applicati on and general anesthesia, positi ve needle 
electrode was placed to the lower eyelid from ectoderm 

Case Number Age (Months) Sex

1 72 female

2 48 male

3 4 male

4 24 male

5 6 male

6 6 female

7 84 male

8 10 male

9 60 male

10 42 male

11 4 female

12 4 male

13 42 female

14 42 male

15 4 female

16 4 male

17 24 male

18 10 female

19 10 female

20 60 male

Table 1. Age and Sex Distribution of Turkish Shepherd Dogs 
(TSDs)  
Tablo 1. Türk Çoban Köpeklerinin yaş ve cinsiyet dağılımı

Case Number Breeds Age/Months Sex Diagnose Right/Left

1 German Shepherd 72 male Retinal degeneration left

2 Mix 12 female Gun shot wound left

3 Mix 24 male Chronic ocular perforation right

4 Terrier 96 female chronic glaucoma right

5 Mix 84 male Retina detachment left

6 Terrier 168 male Retinal atrophy right

7 Labrador Retreiver 48 female PRA right and left

8 Mix 6 male Corneal erosion left

9 Terrier 144 female Temporal bone fracture left

10 Golden Retreiver 156 male PRA Right and left

Table 2. Breed, age, sex and diagnose distribution of cases with uni or bilateral blindness
Tablo 2. Tek ya da çift tarafl ı körlük bulunan klinik olguların, ırk, yaş, cinsiyet ve tanı dağılımı
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in order to touch conjuncti va.  Negati ve needle electrode 
was placed 1 cm away from lateral eye angle towards 
eyeball. Earth needle electrode fi xed to the head of the 
pati ent in the same distance to each electrode (Fig. 1). 
Google that was used as light source was placed on eyes 
taking right and left  eyes into considerati on (Fig. 2). Due 
to the advanced process program of our equipment, 
it was confi rmed whether needle probes were in the 
correct locati on and acti ve or not. Arti fact existence 
that could develop upon other electronic equipments or 
noise is controlled by opening another window on the 
program.  Aft er these processes, light fl ash interval 10 
sec, Standard fl ash 3 log U (3 cdsm-2) sti mulati on was 
applied in order to get answer to maximal combine. 
We obtained ERG images on the computer screen via 
our equipment  that we adjusted according to standards 
of Bandpass amplifi er 03-300 Hz, Impetans 10-100 Hz, 
sti mulati on frequency 5 Hz ISCEV (internati onal Society 
for Clinical Electrophisyology of Vision) (Fig. 3-4). Data 
for each subject was recorded to the pati ent record 
program so as to assess later. Wavelength on ERG trace 
and numerical values of implicit ti mes were obtained 
numerically thanks to the processing program of the 
equipment. 

RESULTS

Seven of the TSDs that were included into study were 
female and 13 were male. Mean age of this group, healthy 
in terms of eye and sight, was 28 months. No complicati on 
about applied anesthesia protocol was encountered. a 
and b wavelengths of the subjects on their right eyes and 
implicit ti me of a and b  waves were given at Table 3. 
Findings on left  eye about the same criteria were given 
at Table 4.      

The same anesthesia procedure was applied to the 
pati ents with uni and bilateral sight loss in order to 
perform ERG and no complicati on was encountered.  
Four of these pati ents were female and 6 were male.  The 
mean age for this group was 81 months.  Four of this 10 
cases were Terrier, 4 were cross bred, 1 German shepherd 
dog and one was Golden Retreiver. Eight of these 
pati ents had unilateral blindness and 2 had bilateral 
blindness according to the result of opthalmoscopic 
examinati on. ERG trace was obtained only from the 
healthy eyes of these 8 cases that have unilateral 

Fig 1. Localizations of needle electrodes
Şekil 1. İğne elektrotların lokalizasyonu

Fig 2. Google replacement for light stimuli
Şekil 2. Işık uyarımı için google yerleştirilmesi

Fig 3. Image of whole ERG system
Şekil 3. Tüm ERG sistemimizin görüntüsü
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Case Number a Wavelengths 
(Microvolt)

b Wavelengths 
(Microvolt)

a Implicit Time 
(Milisecond)

b Implicit Time 
(Milisecond)

1 2.100 2.350 64.000 29.300

2 1.190 20.900 51.300 17.300

3 3.910 15.000 17.300 38.700

4 0.820 5.280 21.300 95.000

5 4.210 10.300 201.000 240.000

6 6.510 8.310 183.000 217.000

7 0.540 6.350 152.000 185.000

8 2.630 9.720 307.000 346.000

9 0.100 5.430 16.000 48.000

10 1.440 7.660 14.000 44.700

11 0.710 6.010 16.700 48.000

12 0.910 7.220 38.220 42.130

13 0.170 2.710 23.300 8.130

14 0.920 1.590 44.000 72.700

15 0.380 3.920 13.300 75.300

16 0.420 4.290 32.700 73.300

17 0.830 4.040 16.000 41.300

18 0.810 5.150 65.300 101.000

19 1.250 6.340 36.000 45.000

20 2.100 5.330 72.200 51.000

Table 3. Values obtained from right eyes of TSDs
Tablo 3. Türk Çoban Köpeklerinin sağ gözlerinden elde edilen değerler

Case Number
a Wavelengths 

(Microvolt)
b Wavelengths 

(Microvolt)
a Implicit Time 

(Milisecond)
b Implicit Time 

(Milisecond)
1 0.980 6.710 41.300 16.700
2 0.320 11.900 46.000 10.700
3 1.110 21.300 12.000 50.700
4 1.050 6.780 21.300 70.300
5 2.150 13.700 181.000 217.000
6 0.220 24.800 40.700 121.000
7 0.520 6.350 160.000 186.000
8 1.120 7.640 309.000 333.000
9 0.760 11.100 15.300 49.300
10 0.440 6.260 34.700 69.300
11 0.200 4.170 52.700 99.300
12 3.890 4.750 81.300 105.000
13 0.750 1.410 72.200 98.000
14 0.510 12.700 18.000 64.000
15 1.640 1.790 96.000 140.000
16 0.220 2.220 71.300 108.000
17 0.680 9.030 18.000 48.700
18 0.500 4.730 83.300 112.000
19 1.200 5.230 30.000 80.000
20 1.700 6.330 42.000 85.000

Table 4. Values obtained from left eyes of TSDs  
Tablo 4. Türk Çoban Köpeklerinin sol gözlerinden elde edilen değerler
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blindness (Fig. 5). ERG trace could not be obtained from 
both eyes of the other two pati ents that have bilateral 
blindness. ERG trace obtained from the eyes of these 
cases is given at Table 5.   

Totally 40 eyes of 20 TSDs, according to ERG results 
that we obtained applying  ISCEV standards a wavelength 
was defi ned as 1.298±0.208 microvolt, b wavelength 
was 7.670±0.846 microvolt, implicit ti me for a wave 
was 70.268±11.840 millisecond, and 97.072±12.696 
millisecond for b wave implicit ti me (Table 6).     

DISCUSSION
 
ERG technique has been used in some centers 

on veterinary ophthalmotology all around the world 
especially for the last ten years. Thanks to this technique, 
diagnosis of many reti nal diseases has been made. In 
sight loss especially those developed due to retinal

problems, it gives important informati on for prognosis 
determinati on and in order to observe the answer 
obtained for the applied therapy 5,7,10-12,29-31. In some 
cases where it is not possible to have opthalmoscopic 
examinati on of reti na such as cornea edema, intraocular 
bleeding and cataract, FERG is an indispensable method 
to defi ne the total answer of reti na. In many veterinary 
ophthalmotology clinics cataract operati on is performed 
aft er defi ning that reti na is functi onal using ERG.  Cataract
operati on has been performed for the cases in which

Fig 5. Right and left eye electroretino-
graphy of case 2, in our clinical cases, had 
pellet in left eye ground. Upper 2 trace 
normal eye that have sight (10,11), lower 
2 trace ERG of left eye injured with pellet 
(12,13). It is observed that a and b waves 
do not exist on left eye that have no sight

Şekil 5. Klinik olgularımızdan sol göz-
dibine saçma tanesi gelmiş olan 2 
numaralı hastanın sağ ve sol gözlerinin 
elektroretinografi si. Üst 2 trase görüş 
olan normal gözün (10,11), alt 2 trase 
ise saçma tanesi ile yaralanmış olan sol 
gözün ERG’si (12,13). Görüşün olmadığı 
sol gözün ERG’sinde a ve b dalgalarının 
oluşmadığı izlenmekte

Table 5. ERG traces values from the eyes of the cases that have sight 
Tablo 5. Klinik olguların görüş bulunan gözlerinin ERG trase değerleri

Case Number
a Wavelengths 

(Microvolt)
b Wavelengths 

(Microvolt)
a Implicit Time 

(Milisecond)
b Implicit Time

(Milisecond)
1 1.220 5.320 7.330 50.000

2 0.990 19.000 18.000 66.700

3 0.340 4.010 18.000 54.000

4 2.820 23.000 17.300 60.000

5 0.460 5.280 12.000 54.000

6 1.290 13.000 22.000 58.000

8 1.480 3.250 22.000 65.000

9 1.930 19.600 16.700 63.300

mean± 1.316±0.798 11.557±8.083 16.666±4.925 58.875±5.936

Table 6. Average Values and Standard Deviations of normal electroretinography traces  of TSDs 
Tablo 6. Türk Çoban Köpeklerinde elde edilen normal elektroretinografi  traselerinin ortalama değer ve standart sapmaları

Wave Type Wavelengths Implicit Time

a Wave 1.298±0.208 (microvolt) 70.268±11.840 (milisecond)

b Wave 7.670±0.846 (microvolt) 97.072±12.696 (milisecond)
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there is no electrophysiologic answer in reti na with
ERG. By this way it is possible to avoid both unnecessary
operati ons, postoperati ve expenses andunnecessary 
eff ort and suff er that the pati ent or relati ves will
have 7,10,11,14,15,22. Park et al.32  in their study have reported
more common cataract in Miniature/toys Poddle, York 
Shire Terrier and Shih Tsu breedss than other small
breed dogs. In our control group, case number 6, Terrier,
there was a mature cataract in one eye and insipient
cataract in the other. In the ERG, a and b waves were
not seen in the right eye that had cataract for 1 year.
Upon this, right eye operati on was given up. Other
clinic cases like this show the benefi ts of ERG in, as in the 
literature data, prognosis determinati on and diagnose.   

One of the most important usages of ERG is to 
determine geneti c reti nal diseases that exist in many 
dog breeds. Especially, it is possible to diagnose before 
the clinical and opthalmoscopic symptoms of geneti c 
diseases such as PRA and the dogs that have these illness 
are excluded from the gene pool 1,3,6,7,10,15,18-21,28. In our 
study cases 7 and 10 in the control group had clinically 
and funduscopic diagnose of high level PRA. a  and b 
waves did not have shape in these pati ents in ERG. 
Therefore, it was defi ned that their reti na was not 
functi onal. The owner of case 7 that is a young female was
warned not to have puppies from the dog. None of the 
TSDs had clinic, funduscopic and ERG symptoms of PRA.  

In ERG imaging, small electric potenti als such as 
millivolt are recorded in short periods like millisecond. 
For that reason, in additi on to the pati ent’s situati on 
environment, equipment and applicati on diff erences 
may also change the obtained values. This makes it 
compulsory for each center to standardize the imaging 
technique, the environment that the imaging is carried 
out, the equipment and setti  ngs and take the obtained 
values as reference 10,17. Due to this fact, the environment 
that the imaging performed and the technique were 
standardized and the same equipment and setti  ngs 
were used. We are in the opinion that the google 
apparatus that we used as light source, as in the literature 
informati on 10, is highly practi cal and useful. The usage 
of needle electrodes, which were adapted to our system, 
is very practi cal and during the applicati on it clears away 
the need for an assistant. However, as it has been stated 
in the literature 10, with the use of electrodes that touch 
to cornea, it is possible to obtain higher wavelengths. 

In veterinary practi ce, in order to obtain ideal 
ERG trace it is necessary to calm down the pati ent 
chemically 1,7,8,10,16,21,22,24. By this way it is possible to 
avoid the sounds from environment and the arti facts 
that can develop due to the pati ent’s movement. In 
additi on, pati ent’s stress is prevented. Need for assistance

by the doctor applying the technique is minimized 10,22,24.
Kommonen and Raitt a 26 have stated that ketamine-
xylazine anesthesia did not have clear eff ect on a and 
b wave amplitudes in dogs. We also applied ketamine-
xylazine combinati on in our study and we did not 
encounter any anestheti c complicati ons and we prevented
any arti facts that could be resulted from the pati ent’s 
movements and eliminated there need for an assistant 
during the process.   

In a study 27 conducted on nati onal dog breed TSDs 
in 2005 a funduscopic scanning was done for geneti c 
reti nal diseases. According to the results of this study, 
multi focal reti nal dysplasia cases that do not lead to 
sight loss and blindness were reported. Besides this, 
normal funduskopic varitati ons of TSDs were defi ned. 
According to the results of this study, there is need for 
further studies in TSD in terms of geneti c reti nal diseases. 
Grahn et al.33 in their report in 2008 had multi focal 
reti nopathy diagnose in Coton de Tuleur breeds and 
evaluated these cases clinically, electroreti nographically, 
ultrasonographically and angiographically and compared 
these cases with normal cases. Electroreti nograpically in
scotopic and phototopic whole fi eld ERG fi ndings, they 
defi ned slight decrease in a and b waves of pati ents 
with reti nopathy. They defi ned slight serous in pati ents 
with reti nopathy according to tomography and ultra-
sonography fi ndings. According this, ERG became an
indispensable method to defi ne geneti c reti nal diseases. 
For that reason it is a mandatory stage to defi ne normal
ERG values in order to make comparison in TSDs that
have normal eye and sight capacity. The ERG values that 
we obtained bear reference value. It is necessary for a 
center to have its own standards where ERG studies are 
carried out 28. 

Although the ISCEV standards that we formed is a 
homogenizati on model accepted all around the world, 
diff erent numerical values may be obtained due to 
pati ent, situati on, tool and equipment. This makes it 
more meaningful to compare and discuss the results of 
diff erent studies that were carried out in the same center. 
Therefore, we are in the opinion that the values that 
we obtained in totally 40 eyes of 20 TSDs according to 
ERG results that we obtained applying  ISCEV standards 
a wavelength was defi ned as 1.298±0.208 microvolt, b 
wavelength was 7.670±0.846 microvolt, implicit ti me for a 
wave was 70.268±11.840 millisecond, and 97.072±12.696 
millisecond for b wave implicit ti me would be accepted as 
reliable references.    
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