
Graefe's Arch Clin Exp Ophthalmol (1988)226:587-590 Graefe's Archive 
let CI l~a l l  ~ F.xperlmeelal 

Ophthalmology 
© Springer-Verlag 1988 

Optic disk morphometry in high myopia* 
Jost B. Jonas, Gabriele Ch. Gusek, and Gottfried O.H.  Naumann 
Augenklinik mit Poliklinik der Universit/it Erlangen-Niirnbcrg, Schwabachanlage 6, 
D-8520 Erlangen, Federal Republic of Germany 

Abstract. The optic nerve head in highly myopic eyes is 
distinctly different from normal optic disks. We performed 
magnification-corrected morphometry of photographs of 
51 optic nerve heads in highly myopic eyes (myopic refrac- 
tion of more than -8 .00  diopters). Mean refraction was 
-15.49_+5.76 diopters (range, -8 .00  to 28.00 diopters), 
mean age 63.0_+ 12.1 years (range, 27-87 years). The disks 
were significantly ( P <  0.000001; Wilcoxon-Mann-Whitney 
test) larger and more ovally configurated than 457 unse- 
lected normal optic nerve heads with a myopic refraction 
of less than -8 .00  diopters. Refraction, size of the disk, 
and area of the parapapillary region with chorioretinal atro- 
phy were significantly (P<0.00001) correlated with each 
other. The parapapillary vessel diameter was independent 
from the disk size. Highly myopic disks can be regarded 
as secondary acquired macrodisks, the size of which is cor- 
related with refraction and possibly age. They should be 
differentiated from secondary, acquired macrodisks in con- 
genital glaucoma and from primary macrodisks. As in nor- 
mal eyes, the parapapillary vessel caliber can be used to 
estimate the optic disk size in relative and approximately 
absolute units. 

Introduction 

Normal and pathologically altered optic nerve heads in eyes 
with normal ranges of refraction can be differentiated by 
morphometric characteristics. This can be helpful in diag- 
nosis and interesting in pathogenesis: optic disc drusen, 
pseudopapilledema, and nonarteritic anterior ischemic op- 
tic neuropathy occur more often in small optic nerve heads. 
The prevalence of optic pits and "morning-glory syn- 
drome" is higher in large optic discs. Glaucomatous optic 
nerve heads are not significantly different in size from nor- 
mal, unselected optic nerve heads. For glaucoma diagnosis, 
morphometry of the intra- and parapapillary structures can 
help to differentiate between normal eyes with so-called 
ocular hypertension and those with beginning glaucoma- 
tous optic nerve atrophy [2, 4, 7, 10-16, 17, 21-24, 29]. 
These typical features, however, are not valid in highly 
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myopic eyes where the optic disk has a distinctly different 
ophthalmoscopic appearance. The purpose of this study 
was to measure the size and form of the optic disk and 
of the parapapillary region in highly myopic eyes. 

Subjects and methods 

Photographs of 51 unselected, normal optic disks were the 
basis of  this study. The mean age of the 18 men and 
15 women was 63.0 + 12.1 years (mean and standard devia- 
tion; minimum 27.0 years, maximum 87 years), mean re- 
fraction - 15.5 + 5.8 diopters ( - 8 . 0  to -28 .0  diopters). 
Eyes with a myopic refraction of less than -8 .00  diopters 
were excluded. All subjects underwent an ophthalmic exam- 
ination, including refractometry, keratometry, slit-lamp 
biomicroscopy, gonioscopy, tonometry, and contact lens 
examination of the fundus. Intraocular pressure ranged be- 
tween 10 and 21 mm Hg. There was no evidence of any 
optic nerve disease. No retinal detachment surgery had been 
performed. 

Using a telecentric Zeiss fundus camera, 15 ° or 30 ° color 
photographs of the optic nerve head were taken. Stereo 
photographs taken sequentially with an Allen stereo separa- 
tor were also available. We projected the diapositives 
(10 times magnified), counted the cilioretinal arteries, and 
plotted the outlines of the disk, the parapapillary vessels, 
and the parapapillary region with chorioretinal atrophy on 
paper. These were evaluated morphometrically (Zeiss Mor- 
phomat 30). 

Concerning the optic disk, we measured the area, the 
minimal, maximal, horizontal, and vertical diameters, the 
ratio of the minimal to maximal diameter, and a form fac- 
tor. The latter ranged between 1.0 for an ideal circle to 
0.0 for a structure completely different from a circle. The 
diameter of the temporal superior or temporal inferior reti- 
nal artery and vein were determined at the disk border 
and 2 mm distant from the optic disk center. Additionally 
we evaluated the area of the parapapillary region with chor- 
ioretinal atrophy. The photographic magnification was cor- 
rected according to Littmann [30], taking into account the 
anterior corneal curvature and the refraction. The lines giv- 
en in the Littmann diagrams were extrapolated for the 
myopic refractions of more than -15 .0  diopters. 

To examine the validity of  Littmann's method, the mean 
area of the optic nerve scleral canal was evaluated postmor- 
tem in 107 unselected unfixed human donor eyes. It was 
compared with the mean area of unselected normal optic 
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disks that had been measured intravitally using Lit tmann's  
method. No  significant difference was found. This can be 
taken as indirect evidence for the validity of  the method 
[19]. 

Results 

Optic disk 

Mean optic disk area was 6 . 8 7 + 3 . 9 9 m m  z (mean and 
standard deviation) with a minimum of  1.98 mm 2 and a 
maximum of  19.54 mm 2 (Table 1). It  was significantly ( P <  
0.000001; Wilcoxon-Mann-Whitney test) larger than the 
mean area of  unselected normal optic nerve heads 
(2.69 4-0.70 mm 2) that had been determined in previous stu- 
dies in series o f  100, 300, and 457 optic disks [11, 16, 25, 
26]. In these series, normal unselected eyes with a myopic 
refraction o f  less than - 8.00 diopters had been examined. 
The optic nerve head form was more oval than in eyes 
with normal ranges o f  refraction: the ratio o f  minimal to 
maximal diameter and the form factor were significantly 
(P < 0.000001 and P < 0.01 ; Wilcoxon-Mann-Whitney test) 
smaller in highly myopic eyes. Additionally, the vertical 
optic disk axis was more often obliquely orientated. 

There were significant (P<0.00005) correlations be- 
tween the disk size and refraction (correlation coefficient, 
- 0.53; slope of  the regression line, - 0.77; Fig. 1), between 
the size of  the parapapillary region with chorioretinal atro- 
phy and refraction (correlation coefficient, - 0 . 5 9 ;  slope 
of  the regression line, -0 .14) ,  and between the disk size 
and size of  the parapapillary atrophic region (correlation 
coefficient, 0.80; slope of  the regression line, + 0.14). There 
was no significant correlation between size of  the optic disk 
and age, and there was also no correlation between refrac- 
tion and age. 

Parapapillary vessel caliber 

The diameter o f  the superior temporal or inferior temporal 
retinal artery and vein measured at the disk border and 
2 mm distant from the disk center were not significantly 
different from the values found in normal eyes: 
0.11 4-0.04 mm versus 0.113-4-0.019 mm (artery at the disk 
border); 0.16-t-0.06 mm versus 0.149_+0.026 mm (vein at 
the disk border) [27, 28]. As in normal eyes, there was also 
no significantly correlation with the disk area. The quotient 
of  the vessel diameter divided by the disk area, however, 
showed a significant correlation ( P <  0.00001) with the disk 
area (correlation coefficient: - 0.64). 

Parapapillary chorioretinal atrophy zone 

The mean area of  the parapapillary chorioretinal atrophy 
zone was 33.05 23 .84mm 2 (0 .00mm 2 to 60ram z or 
more). It was significantly correlated with the disk size and 
refraction. 

Cilioretinal arteries 

The prevalence of  cilioretinal arteries was 9/51 (17.6%). 
It  was not correlated with the refraction, the size of  the 
optic disk, o r  the area of  the parapapillary region with 
chorioretinal atrophy. 

Table 1. Morphometric data of 51 optic disks in highly myopic 
eyes ( < - 8.00 diopters) 

Disk: 
Area (ram z) 6.87 ± 3.99 
Diameter (mm) 
Horizontal 2.90± 0.67 
Vertical 3.28_ 1.00 
Minimal 2.49 ± 0.70 
Maximal 3.18± 1.01 
Minimal/maximal diameter 0.80 ± 0.12 
Form factor 0.94± 0.05 
Angle between maximal diameter and the horizontal 83.7 ± 43.5 
(degree) 

Parapapillary vessel diameter (ram) 
Artery (disk border) 
Artery (2 mm from the disk center) 
Vein (disk border) 
Vein (2 mm from the disk center) 

Parapapillary chorioretinal atrophy zone (mm 2) 

0.11+ 0.04 
0.12___ 0.04 
0.16_+ 0.06 
0.18+ 0.05 

33.05 ± 23.84 
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Fig. 1. Scattcrgram of refraction to disk size in 51 highly myopic 
eyes (myopic refraction more than - 8.00 diopters) 

Discussion 

Optic disk 

The optic nerve head size is not  interindividually constant 
[3, 9]. In previous studies [15, 20, 25, 26], the area of  unse- 
lected, normal optic disks ranged between 0.86 mm 2 and 



589 

5.54 mm 2, indicating an interindividual variability of 1 : 6.4. 
The largest optic nerve heads measured so far are those 
with ,,morning-glory-syndrome" (7.47 _+ 2.63 mm z) [29] and 
with optic disk pits (4.84+1.42mm 2) [21]. These optic 
nerve heads have been defined as macrodisks because their 
area is larger than the mean value of unselected normal 
optic nerve heads (2.69 mm 2) plus two standard deviations 
(2x0.70 mmZ). According to the Gaussian distribution 
curve, only 2.28% of all disks can be expected beyond this 
limit. 

The morphometric definition of macrodisks is also ful- 
filled by the highly myopic optic nerve heads: their mean 
area (6.87+3.99mm z) was significantly larger (P<  
0.000001) than the mean standard value and exceeded the 
limit of macrodisks (4.10 mm2). 

In contrast to the normal optic nerve heads, the highly 
myopic disks were correlated with the refraction: the more 
myopic the eye, the larger the disk. No correlation existed 
in this study between the refraction and age; the youngest 
subject was 27 years old. Considering, however, that the 
myopic refraction normally increases with age, and regard- 
ing the correlation between refraction and disk size, it may 
be hypothesized that besides the refraction, the disk size 
also becomes larger in older, highly myopic subjects. The 
optic nerve head in highly myopic eyes might possibly thus 
be regarded as secondary, acquired macrodisks, the size 
of which increases with refraction. 

The only other entity known so far with secondary, ac- 
quired macrodisks is congenital glaucoma where a pressure- 
induced disk and cup enlargement have been shown [32]. 
Regarding the scattergram of refraction and disk area, it 
may be concluded further that each diopter increase in re- 
fraction may be accompanied by an enlargement of the 
optic disk, on average by 0.77 mm 2, according to the slope 
of the regression line (Fig. 1). 

Parapapillary region with chorioretinal atrophy 

Not only the disk area but also the size of the parapapiUary 
region with chorioretinal atrophy was distinctly correlated 
with the refraction: the more myopic the eye and the larger 
the optic disk, the larger the parapapillary atrophic region. 
This is in contrast to parapapillary chorio-pigmentepithelio- 
retinal atrophy in glaucoma, the size of which is correlated 
to the glaucoma-associated alterations within the optic disk 
and to visual field loss [21, 22]. 

Parapapillary retinal vessel diameter 

The caliber of the retinal superior temporal or inferior tem- 
poral artery and vein in highly myopic eyes was not signifi- 
cantly different compared with eyes with normal ranges 
of refraction. As in normal eyes the vessel diameter was 
not but the ratio of vessel diameter divided by disk area 
was correlated to the disk size. Thus, the parapapillary ves- 
sel diameter in highly myopic eyes can be used to estimate 
the disk size in relative and approximately absolute size 
units. Care must be taken, however, in glaucomatous eyes 
in which a glaucoma-associated reduction of the vessel cali- 
ber has been shown [27, 28]. 

Cilioretinal arteries 

The prevalence of cilioretinal arteries found in the highly 
myopic eyes in this study (17.6%) fits the results of pre- 

viously reported examinations [8, 31]. In eyes with normal 
ranges of refraction, a correlation between the number of 
the cilioretinal arteries and the disk size has been shown 
[18, 24]. This, however, was not found in highly myopic 
eyes. It is hypothesized that in highly myopic eyes before 
myopic enlargement of the globe and optic disk, this corre- 
lation exists, but that it becomes insignificant with myopic 
enlargement. 

References 

1. Airaksinen PJ, Drance SM (1985) Neuroretinal rim area and 
retinal nerve fiber layer in glaucoma. Arch Ophthalmol 
103: 203-204 

2. Airaksinen PJ, Drance SM, Douglas GR, Schulzer M (1985) 
Neuroretinal rim areas and visual field indices in glaucoma. 
Am J Ophthalmol 99:107-110 

3. Bengtsson B (1976) The variation and covariation of cup and 
disc diameters. Acta Ophthalmol 54:804-818 

4. Betz P, Camps F, Collignon-Brach C, Weekers R (1981) Photo- 
graphie st6r~oscopique et photogramm6trie de l'excavation de 
la papille. J Fr Ophthalmol 4:193 204 

5. Betz Ph, Camps F, Collignon-Brach J, Lavergne G, Weekers 
R (1982) Biometric study of the optic disc cup in open-angle 
glaucoma. Graefe's Arch Clin Exp Ophthalmol 218 : 70-74 

6. Cloux-Fey U, Gloor B, Jaeggi P, Hendrickson Ph (1986) Papille 
und Gesichtsfeld beim Glaukom. Klin IVlonatsbl Augenheilkd 
189 : 9~103 

7. Drance SM, Balaszi G (1984) Die neuroretinale Randzone beim 
friihen Glaukom. Klin Monatsbl Augenheilkd 184:271-273 

8. Erkkilg H, Laatikainen L (1979) Characteristics of optic disc 
in healthy school children. Acta Ophthalmol 57:914-921 

9. Franceschetti A, Book RH (1950) Megalopapilla. A new con- 
genital anomaly. Am J Ophthalmol 33: 227~35 

10. Gramer E, Althaus G, Leydhecker W (1986) Lage und Tiefe 
glaukomat6ser Gesichtsfeldausffille in Abhgngigkeit von der 
Ftfiche der neuroretinalen Randzone der Papille bei Glaukom 
ohne Hochdruck, Glaukoma simplex und Pigmentglaukom. 
Klin Monatsbl Augenheilkd 189 : 190-198 

11. Gusek GC, Jonas JB, Naumann GOH (1988) Unterscheidet 
sich die Papillengr613e in normalen und Glaukomaugen? 
Fortschr Ophthalmol 85:52-53 

12. Jaeger W (1983) Ermittlung der wahren Papillengr613e am 
Menschen (Beitrag zur Diagnose der Mikropapille). Fortschr 
Ophthalmol 80: 522532 

13. Jonas JB, Naumann GOH (1987) Papillengruben in groBen 
Papillae nervi optici. Papillometrische Charakteristika in 15 
Augen. Klin Monatsbl Augenheilkd 191 : 287-291 

14. Jonas JB, Gusek GC, Guggenmoos-Holzmann I, Naumann 
GOH (1987) Variability of the absolute optic disc size in human 
living and donor eyes. Invest Ophthalmol Vis Sci [Suppl] 28 : 30 

15. Jonas JB, Gusek GC, Naumann GOH (1987) Makropapillen 
mit physiologischer Makroexkavation- Pseudo-Glaukompa- 
pillen. Klin Monatsbl Augenheilkd 191:452~57 

16. Jonas JB, H~indel A, Naumann GOH (1987) Tats~ichliche MaBe 
der vitalen Papilla nervi optici des Menschen. Fortschr Oph- 
thalmol 84:356-357 

17. Jonas JB, Gusek GC, Guggenmoos-Holzmann I, Naumann 
GOH (1987) Optic nerve head drusen associated with abnor- 
mally small optic discs. Ophthalmology 11 : 79-82 

18. Jonas JB, Guggenmoos-Holzmann I, Naumann GOH (1988) 
Cilioretinal arteries in large optic disks. Ophthalmol Res (in 
press) 

19. Jonas JB, Gusek GC, Guggenmoos-Holzmann I, Naumann 
GOH (1988) Size of the optic nerve scleral canal and compari- 
son to intravital of optic disk dimensions. Graefe's Arch Clin 
Exp Ophthalmol 226 : 213-215 

20. Jonas JB, Gusek GC, Guggenmoos-Holzmann I, Naumann 
GOH (1988) Variability of the real optic disc dimensions. 
Graefe's Arch Clin Exp Ophthalmol 226:332-336 



590 

21. Jonas JB, Gusek GC, Naumann GOH (1988) Die parapapillfire 
Region in Normal- und Glaukomaugen: I. Planimetrische 
Werte von 312 Glaukom- und 125 Normalaugen. Klin Mo- 
natsbl Augenheilkd (in press) 

22. Jonas JB, Gusek GC, Naumann GOH (1988) Die parapapill/ire 
Region in Normal- und Glaukomaugen. II. Korrelation der 
planimetrischen Befunde zu intrapapill/iren, perimetrischen und 
allgemeinen Daten. Klin Monatsbl Augenheilkd (in press) 

23. Jonas JB, Gusek GC, Naumann GOH (1988) Konfiguration, 
Breite und Flfiche des neuroretinalen Randsaumes von norma- 
len Papillen. Fortschr Ophthalmol 85:50-51 

24. Jonas JB, Gusek GC, Naumann GOH (1988) Qualitative mor- 
phologische Charakteristika yon Normal- und Glaukompapil- 
len. Klin Monatsbl Augenheilkd (in press) 

25. Jonas JB, Gusek GC, Naumann GOH (1988) Optic disk mor- 
phometry in glaucoma. I. Morphometric intrapapillary charac- 
teristics. Graefe's Arch Clin Exp Ophthalmol 226: 522-530 

26. Jonas JB, Gusek GC, Naumann GOH (1988) Optic disk, cup 
and neuroretinal rim size, configuration and correlations in 
normal eyes. Invest Ophthalmol Vis Sci (in press) 

27. Jonas JB, Gusek GC, Naumann GOH (1988) Parapapillfirer 
retinaler Gef~il3durchmesser. I. Abschfitzung der Papillengrfge. 

(Eine papillometrische Studie fiber 264 Normalaugen). Klin 
Monatsbl Augenheilkd 192: 325-328 

28. Jonas JB, Gusek GC, Naumann GOH (1988) Parapapillfirer 
retinaler Gef/igdurchmesser. II. Kaliberverminderung in Glau- 
komaugen. (Eine papillometrische Studie von 309 Augen mit 
Glaucoma chronicum simplex gegenfiber 264 Normalaugen). 
Klin Monatsbl Augenheilkd (in press) 

29. Jonas JB, Koniszewski G, Naumann GOH (1988) ,,Morning- 
Glory-Syndrom" bzw. ,,Handmann'sche Anomalie" in konge- 
nitalen Makropapillen. Extremvariante ,,konfluierender Papil- 
lengruben"? Klin Monatsbl Augenheilkd (in press) 

30. Littmann H (1982) Zur Bestimmung der wahren Gr613e eines 
Objekts auf dem Hintergrund des lebenden Auges. Klin Mo- 
natsbl Augenheilkd 180: 286-289 

31. Lorentzen SE (1970) Incidence of cilioretinal arteries. Acta 
Ophthalmol 48 : 518-524 

32. Quigley HA (1982) Childhood glaucoma. Results with trabecu- 
lectomy and study of reversible cupping. Ophthalmology 
89: 21%226 

Received October 28, 1987/Accepted March 8, 1988 


