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Summary 
Observations as to the morphology, position and orientation of the Hudson-Stahli 
line are presented, based on the slit-lamp biomicroscopic examination of the eyes of 
six hundred and forty-four subjects. 

The origin of the pigments in the Hudson-Stahli zone and other corneal epithelial 
lines is reviewed, the evidence for either tear film dynamics or epithelial dynamics 
influencing the typical configuration is discussed and a unified theory for the 
formation of corneal iron lines is presented. 

The Hudson-Stahli line, described indepen
dently by Hudson1 and Stahli,2 is still rela
tively poorly documented and explanations 
for its occurrence are often illogical or incon
sistent. This paper contains a critical review of 
current theories, observations made during a 
study of normal eyes and a unified theory to 
attempt explanation of the characteristic con
figurations of the many corneal epithelial iron 
lines. 

Material and Methods 
Hudson-Stahli lines were documented during slit
lamp biomicroscopic examination of the eyes of 644 
subjects (94 of whom wore contact lenses) attend
ing an ophthalmic accident and emergency depart
ment. None of the subjects had corneal disease and 
none were using long-term ocular medication. 

The examination methods and some of the 
results from these groups of patients have been 
presented in previous reports;3,4 the present paper 
documents observations about the form and pos
ition of the line in normal eyes and after contact 
lens wear. 

Results 
(A) Morphology of Hudson-Stahli line 
The earliest clinical evidence of Hudson
Stahli line is a faint zone of pigment about 1 to 
2 millimetres in (vertical) width, lying hori
zontally across the cornea; this configuration 
is the commonest variant in all age groups3 
and seems to broaden (to 3-5 mm) during 
contact lens wear. 4 Occasionally a faint line, 
or reticulum of interlacing lines, is superim
posed on the broad zone of pigmentation. 
Because this diffuse pigmentation is the com
monest form, we consider it more appropriate 
to name it the Hudson-Stahli zone. 

As the pigment increases, so the zone tends 
to assume the more clearly defined, narrower 
line as described in early works,1,2 although 
generally there is a broad background of faint 
pigmentation. This background pigmentation 
is implied by Gass5 when he states that the 
'superior and inferior borders [of Hudson
Stahli lines] blend imperceptibly into normal 
cornea'. 

In the present study, many lines of higher 
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density and length showed multiple ramifica
tions, variable density and variable width, the 
commonly branching ends often merging into 
areas of faint pigmentation. 

(8) Position of Hudson-Stahli Zone 
Irrespective of density, length or morphology, 
the zone always lies very close to the junction 
of the upper two-thirds and lower one-third of 
the normal cornea. In contrast, contact lens 
wear tends to broaden the zone superiorly and 
in two rare cases displaced the pigment wholly 
into the upper half of the corneal epithelium. 

The position of pigment along this almost 
constant horizontal locus is variable. Short, 
faint lines typically straddle the vertical mid
line of the cornea, the more defined lines tend 
to have a nasal bias and the longest of lines 
extend from close to the temporal limbus 
towards the nasal limbus. These positions 
along the horizontal locus do not change with 
contact lens wear. 

(C) Orientation and Shape of Hudson-Stahli 
Zone 
The commonly occurring faint zone is 
generally horizontal. Although often ramify
ing, the overall orientation of more clearly 
defined Hudson-Stahli lines is generally hori
zontal within the temporal half of the cornea 
and upward-turning as it passes nasally; the 
resultant line and zone, therefore, tends typic
ally to be convex inferiorly and to be slightly 
higher at the medial end. 

(D) Continuity with other Corneal Epithelial 
Pigmentations 
The Hudson-Stahli line can fuse with a 
Stocker line at the head of a pterygium,S this 
phenomenon having been observed with 
pterygia and prominent pinguecula in the 
present study. In many eyes with scars of Bow
man's zone (as a result of previous injury) we 
have observed an intense pigmentation over 
the scar and, in some cases, the Hudson-Stahli 
line deviating into these areas. A similar phe
nomenon has been reported by other 
authors.s.6 

The contribution of melanin to the forma
tion of Hudson-Stahli line has been proposed 
previously,? although Gass suggests that 
melanin lines of the cornea are distinguishable 

from the iron pigmentation of the Hudson
Stahli line.s We have noted that the central 
extensions of limbal melanosis, whilst dis
tinguishable from Hudson-Stahli lines in per
ipheral areas, merge imperceptibly with the 
Hudson-Stahli zone in many cases; indeed, we 
propose that a contribution of melanin from 
limbal melanocytes might explain the clinical 
prominence of the lines in brown eyes as com
pared to blue eyes,3 limbal melanosis occur
ring almost exclusively in brown eyes. 

Discussion 
In this section we review the nature and orig
ins of epithelial pigments and theories for the 
formation of the typical configurations. We 
propose a unified theory of epithelial pigment 
line formation and discuss it with reference to 
abnormal corneas. 

(A) Origins of pigments in Hudson-Stahli 
zone 
The composition of the Hudson-Stahli line is 
controversial and has been variously 
attributed to 'alkali haematin,2 
haemosiderin,R melanin7 or ferritin'.9 Elec
tron microscopy of corneal pigment lines 
shows ferritin to be the predominant pigment, 
this occurring mainly in the basal layers, both 
within and between the cells.9.10 

The corneal iron has been considered to 
come from tears, plasma, perilimbal tissues 
and tear film blood, aqueous humour or the 
breakdown of intracellular enzymes.s Iron 
concentrations are greatest in the corneal epi
thelium!! and diffusion would not be expected 
to occur from the lower concentrations in the 
tears, stroma or aqueous. 11.12 The occurrence 
of iron throughout the basal epithelium,s.9.10.13 
the high iron-binding affinity of tear lactofer
rin,14 the poor diffusion of ionic iron across 
corneal epithelium IS and the presence of a 
Hudson-Stahli line in the absence of tear 
secretion,16 all argue strongly against a tear 
film origin. Whilst erythrocytes have been 
reported in tear film,16 these probably arise 
from trauma during tear collection. The Hud
son-Stahli zone represents a concentration of 
the widely-scattered pigments that occur in 
the basal epithelium throughout the corneal 
surface,s.9 implying them to be a normal com
ponent or selectively accrued by this layer; 
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there do not appear to be any studies of the 
iron-binding properties of different layers of 
the epithelium. Other sources, such as the 
perilimbal tissues that supply the centrally 
migrating basal epithelial cells, appear the 
most likely source of the iron. 

(B) Theories for the configuration of the 
Hudson-Stahli line 
There are two principal hypotheses as to why 
the zone assumes such a characteristic pos
ition and configuration-namely, that it is a 
property of tear film dynamics or that it is a 
result of epithelial microtrauma. In an effort 
to resolve this controversy, the theoretical 
requirements for each of these will be exam
ined in the light of clinical observations. 

(i) Tear line and tear 'pooling' hypotheses 
These hypotheses suggest that tear film iron is 
sequestered within basal epithelium,S,13,17 the 
typical situation of the line being a result of the tear 
line at the margin of the lower lid13 or a result of 
changing ionic concentrations due to tear film evap
oration.5,!6 Other iron lines, such as those of 
Fleischer,!8 Ferry!9 or Stocker20 are proposed to 
develop from a 'pooling' of tears in concavities on 
the corneal surface.13 

The concept of a tear 'pool'-that is, increased 
bulk at the tear line or in surface irregularities
does not satisfactorily explain the formatioI). of pig
ment lines: If the tear film was a static, unreplaced 
solution bathing the cornea, then a larger bulk of 
tears would maintain a diffusion gradient for a 
longer time and thereby increase the quantity of 
diffused iron in the area of the tear 'pool'. In life 
this does not exist and the anterior surface of the 
cornea can be regarded as being bathed in a solu
tion with an almost constant concentration of iron, 
irrespective of the thickness or position of the tear 
film on the cornea. Prolonged exposure SUfficient to 
cause tear film concentration occurs clinically only 
in severe lagophthalmos and not in normal sub
jects; lesser degrees of exposure, such as that of 
1,10cturnal lagophthalmos, are too infrequent to 
explain the 'Hudson-Stahli zone and also too well 
compensated by Bell's phenomenon and other noc
turnal eye movements. 

Other clinical observations do not fit with the 
tear 'line" hypotheses: As already discussed, 
passive diffusion of iron from the tear film cannot 
explain ,the corneal epithelial iron lines; if an as yet 
unidentified active transport mechanism existed, 
this would result in the uniform distribution of i:ron 
across the entire epithelium, and not in the typical 

iron lines. If the Hudson-Stahli line is related to the 
tear line at the inferior lid margin, then a similar 
line should be observed at the superior tear line
this not being scr-and the Hudson-Stahli line 
should not be observed in sicca syndromes, 
although Norn reports just such a case.!6 On the 
basis of a tear film phenomenon it is hard to explain 
the branching of lines and the pigmentation of 
smooth scars of Bowman's zone (these scars not 
interfering with tear flow patterns). Iron pigments 
have also been shown in infant corneas.S 

(ii) Epithelial microtrauma hypotheses 
The situation of the Hudson-Stahli zone at the 
interpalpebral fissure has long suggested that lid 
movement or its effect on epithelial integrity might 
influence line formation.I,5,13 Attrition of the epi
thelium by the lid margins or in areas of surface 
elevation, might predispose to the sequestration of 
tear film iron at these sites.5 However, whilst such 
an attrition would explain the position of the zone 
at the interpalpebral fissue, it does not account for 
other iron lines that typically occur in the con
cavities surrounding areas of elevation. Two obser
vations favour the movement of epithelium as 
influencing the disposition of pigments in corneal 
epithelium: The pigment lines being situated either 
at areas of high epithelial turnover (namely, the 
Hudson-Stahli zone and over scars of Bowman's 
zone) or alongside such areas (by filtering blebs, 
pterygia, keratoconus or corneal nodules6,!8,!9,20) 
suggests that the distribution of iron is related to 
epithelial movements in these areas, Further evi
dence is provided by the striking similarity between 
the Hudson-Stahli line and the migration-related 
corneal epithelial vorticellate patterns of Fabry's 
disease, chloroquine, amiodarone and 
Atebrin;2!,22,23 indeed we have observed the almost 
exact superimposition of well-defined branching 
Hudson-Stahli lines and amiodarone keratopathy 
lines in a patient with both conditions. The central 
extensions of limbal melanosis onto the cornea
again, related to patterns of epithelial migration
often merge with the lines of Hudson-Stahli 
zone,3.7,8 Although occasional reports have implied 
that corneal epithelial pigment lines may be related 
to epithelial migration, no details or explanations 
have been provided,24,25 We provide a unified 
theory to explain these various epithelial lines. 

A Unified Theory for the Aetiology of 
Corneal Pigment Lines 
At any point in the corneal surface, the con
centration of pigment is related to the 
quantity of the intracellular and extracellular 
pigments. Factors likely to increase pigment 
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in cells are the age of the cell and mitotic rate; 
increased mitosis might be expected to 
deplete the pigments in basal layers because 
of cytoplasmic division between parent and 
daughter cell. The extracellular pigment is 
probably lost into superfical layers of epi
thelium (especially in areas of attrition) and 
might originate from cell divisions (being 
mixed with cell membrane debris�); this pig
ment should increase with cell age as neigh
bouring cells undergo more divisions. 

Different epithelial cells migrate in dif
ferent directions: The basal epithelia migrate 
centrally from their origin at the limbus,26-31 

these cells proliferating32 to produce super
ficial epithelial cells that migrate towards the 
free surface of the epithelium (the 'X, Y,Z' 
hypothesis27). In any small area of epithelium, 
basal cells (along with pigments from the lim
bus) migrate across the area, the rate being 
limited initially by the rate of influx of cells 
from the periphery. The rate within the area is 
then modified by the number of basal cell 
mitoses needed, a high demand for superficial 
epithelium slowing or halting the migration of 
basal cells. Those basal cells reaching the 
central 'edge' of the area under consideration 
would continue their central migration until 
stopped by cells migrating in the opposite 
direction (the migration 'null line'). 

In the normal cornea, attrition is greatest at 
the interpalpebral fissure in the lower two
thirds of the cornea. In this area, the migra
tion of basal cells would be slower, causing the 
migration 'null line' to occur in the lower part 
of the cornea; this 'null line ' is almost certainly 
where the Hudson-Stahli zone and vorticell
ate keratopathies are localised. Not only does 
the 'null line' have the oldest basal cells, these 
having the most extracellular pigment, but 
also it receives pigment from two directions, 
rather than one, and would be expected to 
have a more pronounced pigmentation. Such 
a pattern of basal cell migration should pro
duce the Hudson-Stahli zone as seen histo
logically and clinically-pigment present 
throughout the cornea5.9.I3 and increasing 
towards the zone,513 with or without a well
defined line at the 'null line'. 

Disturbance of Bowman's zone is known to 
predispose to recurrent erosion of the corneal 
epithelium33 and flat scars of Bowman's zone 

almost certainly slow basal epithelial migra
tion. A scar in superior cornea would slow the 
downward migration of basal cells from the 
superior limbus, this shifting the 'null line' 
(and its pigmentation) upwards towards the 
scar; if slowed sufficiently, the epithelial 'null 
line' would coincide with the scar and the pig
ment would appear to deviate into the area of 
the scar-a well recognised clinical sign. 

Attrition of superficial epithelium, by slow
ing the migration of basal cells across the 
eroded area, would caused a shift of the 'null 
line' towards the areas of attrition. However, 
although the 'null line' might be displaced 
even as far as the area of attrition, any tend
ency for this to become the maximally pig
mented area is negated by the higher rate of 
epithelial (and hence pigment) loss into super
ficial layers. Because of this attenuation of 
pigmentation by loss, the area of maximal 
pigmentation would be expected alongside 
the area of attrition, as seen clinically with the 
lines of Fleischer,IH Stocker20 and Ferryl9-
these lines always occurring centrally to their 
causative elevations. 

Similarly, the more complex scars of Bow
man's zone after radial keratotomy, 17 corneal 
transplantion,.14 or refractive keratoplastylO 
alter the migration patterns of basal epi
thelium and change the distribution of pig
ments. Contact lens wear, by increasing the 
abrasion of the corneal epithelium (particu
larly superiorly), would be expected to shift 
the 'null line' of migration upwards with 
respect to normal corneas, such change 
having been seen in a series of contact lens 
wearers."' 

A further understanding of the aetiology of 
the Hudson-Stahli zone and other iron lines of 
the cornea would be provided by examination 
of the eyes of subjects with lid abnormalities 
(lagophthalmos or ptosis) or with sicca syn
dromes and also a study of the reformation of 
lines after epithelial debridement, after cor
neal transplantation or after discontinuing the 
wear of contact lenses. In subjects with ptosis, 
the reduced lid movements and epithelial 
attrition would, on the basis of the proposed 
unified hypothesis, be expected to shift their 
Hudson-Stahli zone superiorly-a conjecture 
yet to be examined. 
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