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SUMMARY 
Hardening of a cataractous lens is associated with the 

clinical appearance of brunescence and advancing age. 

Alterations in the nature and concentration of proteins, 

lens fibre compaction and other biochemical changes may 

all be contributing factors towards increased hardness. 

As the nucleus confers most of the rigidity to the lens and 

water content decreases towards the centre of the 

nucleus, the hardness might be thought to be related to 

total water content. To study the relationship between 

water content, hardness and the clinical appearance of 

cataract, 135 lenses were obtained from eyes undergoing 

extracapsular cataract surgery. The cataracts were 

assessed and classified pre-operatively. Lens hardness 

was determined by a specially designed guillotine and 

water content was measured by weighing the lens before 

and after desiccation. A regression analysis was carried 

out to look at the variation of lens water content with 

hardness, degree of nuclear sclerosis, extent of cortical 

and posterior subcapsular cataract, vacuolation and age. 

Multivariate analysis of data demonstrated a relationship 

between lens hardness and lens water content, degree of 

nuclear sclerosis and age (R2 = 0.59). An association 

could not be detected between lens water content and age, 

degree of nuclear sclerosis, extent of cortical and pos

terior subcapsular cataract and vacuoles. This study sug

gests that hardening of the lens is reflected by a respective 

decrease in water content. Increased hardness is associ

ated with coloration and advancing age. 

With the advent of small-incision cataract surgery and 
phacoemulsification, assessment of 'hardness' of a catar
actous lens has become relevant to daily clinical practice 
as this is a factor which influences the suitability of a 
patient for phacoemulsification. Lens hardness depends 
on factors such as changes in the nature of the lens pro
teins, compactness of fibres and other biochemical 
changes. A relationship between the clinical appearance 
of the cataract, particularly nuclear colour, and its hard-

Correspondence to: H. Tabandch, Department of Ophthalmology. S I  
George's Hospital. London S W17 OQT. UK. 

Eye (1994) 8,125-129 © 1994 Royal College of Ophthalmologists 

ness has been demonstrated. I There are few studies con
cerning the underlying biochemical changes that may be 
associated with increased hardness. One such factor is 
reduced water content. 

This study aimed to investigate the possible association 
between increased hardness and relative dehydration of 
the crystalline lens. The relationship between degree of 
nuclear sclerosis, age and lens hardness was further 
studied. 

SUBJECTS AND METHODS 
One hundred and thirty-five patients with cataract under
went slit lamp examination prior to surgery in order to 
classify the type and degree of cataract. A classification 
system based on the Lens Opacities Classification System 
II was used. 2 Three main types of cataract were recog
nised, namely nuclear, posterior subcapsular and cortical. 
Each type of cataract was then compared with a standard 
set of colour photographs under constant illumination. 
The nuclear element of the cataract was evaluated by 
colour (range 0--4) and by opalescence (range 0--4). These 
two factors were assessed with the slit lamp beam at 45° to 
the visual axis. Colours ranged from the faintest hint of 
yellow/green (= I) to dark brown (= 4). Posterior sub
capsular cataracts were assessed using retroillumination 
by the red reflex and a grading (0-3) was made according 
to the area of posterior pole involved by comparison with 
standardised colour photographs. Cortical cataracts were 
evaluated using retroillumination and comparing the area 
involved with the standardised colour photographs. In 
addition presence of vacuoles was graded against the red 
reflex (0-3). 

Following extracapsular extraction the sodium hyalur
onate was cleared from the expressed nucleo-cortex and 
each lens was transferred to a moist chamber. Lens hard
ness was assessed by means of a specially devised auto
mated lens guillotine which measured the maximum force 
required to bisect the lens. 1 The wet weight was obtained 
by weighing both halves of the lens immediately after 
bisecting the lens using a microbalance (Metler AE 240). 
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Table la. Age, percentage lens water content (LWC'1c ) and hardness 
(force) 

LWC (%) Force (N) 
Age 
(yr) Mean SO Mean SO F 

� 60 63,8 (5,8) 0,7 6 (0,52) 21 
61-7 0 66,0 (5.3) 0.93 (0.50) 25 
7 1-80 64.2 (4.3) 1.10 (0.7 3) 38 
> 80 64.7 (4.2) 1.40 (0.56) 49 

Table II. Nuclear colour. percentage lens water content (LWC'Ic) . 
hardness (force) and age 

LWC(%) Force (N) Age (yr) 

Colour Mean SO Mean SO Mean SO F 

M.9 (6.1 ) 0.59 (0.35) 7 1.1 ( 13.7 ) 36 
2 64.1 (4.8) 0.97 (0.45 ) 7 4.0 ( 13.9) 34 
3 64.7 (3.8) 1.38 (0.48 ) 7 4.7 (10.2) 41 
4 65.3 (3.4) 1.82 (0.66) 7 6.5 (9.1) 24 

Table IV. Extent of posterior subcapsular lens opacity (PSCLO). 
nuclear colour. percentage lens water content (LWC(Ic). hardness 
(force) and age 

LWC (';!,,) Force (N) Age (y r) 

PSCLO Mean SO Mean SO Mean SO F 

0 65.2 (3.5) 1.68 (0.61 ) 7 6.6 0.9) 21 
I 65.0 (4.2) 1.20 (0.63) 7 4.6 ( 10.9) 32 
2 64.2 (5.6) 0.99 (0.55) 7 3.4 ( 15 .2) 47 
3 M. 4 0.9) 0.88 (0.53) 7 2.3 ( 10.4) "') .L 

The lens was then placed in an oven (80 DC) containing 
desiccant silica gel and was re-weighed after 24 hours and 
again at regular intervals until a constant weight was 
achieved (to the nearest 0.1 mg). This was taken as the dry 
weight and percentage water content was calculated as: 
l(wet weight - dry weight)/wet weight] x 100. 

Statistical Methods 

The univariate relationship between lens water content 
and lens hardness. nuclear sclerosis. age group. extent of 
cortical and posterior cataracts and vacuoles was exam
ined using one-way analysis of variance except where 
variances were found to be non-homogeneous. when 
Kruskal- Wallis tests were used. Variances were examined 
using Bartlett's test. Chi-squared tests were used for com
parisons between pairs of discrete variables except where 
expected cell values were less than 5, when Fisher's exact 
two-tailed test was used. 

The relationships and their interactions were examined 
in a multivariate analysis. The sample size was 130 sub
jects for multivariate analysis due to 5 subjects having 
some missing data. The statistical analysis package SAS 
was used to analyse the data and multivariate regression 
was performed by generalised linear modelling (GLM). 

RESULTS 
A total of 135 lenses were studied. Eighty-five cataracts 
were thought to be senile in origin, 26 were associated 
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Table lb. Age. hardness (force) and type of cataract in lenses with 
extreme values of water content (LWC'7rl 

LWC ('Ic) Age (yr) Force (N) Colour Cortex PSCLO Vacuoles 

7 9  
7 8  
7 6  
46 

62 
29 
88 
82 

0.18 
0.16 
1.2 2 
1.6 

PSCLO. posterior subcapsular lens opacity. 

0 2 
3 2 I 
3 2 I 
2 2 0 

Table III. Extent of cortical lens opacity (CLO) . percentage lens 
water content (LWC%) . hardness (force) and age 

LWC('I() Force (N) Age (yr) 

CLO Mean SO Mean SO Mean SO F 

0 65.4 (4.3) 1.23 (0.7 7 )  7 1.1 (10.2) 32 
1 63.3 (4.:n l.22 (0.55) 7 1.1 (12.9) 50 
2 65.8 (5.1 ) 0.94 (0.55) 7 4.0 (8.3) 25 
.3 65.2 (6.3) 0.86 (0.55) 7 4.7 (9.0) 12 
4 65.2 (4.7 ) 0.93 (0.67 ) 7 6.5 (10.2) 14 

Table V. Extent of vacuole formation. percentage lens water content 
(LWC%), hardness (force) and age 

LWC ('!,) Force (N) Age (yr) 

Vacuole Mean SO Mean SO Mean SO F 

() 64.0 (4.91 ) 1.28 (0.74) 7 3.6 ( 11.7 ) 50 
I 65.1 (4.4) 1.04 (0.51 ) 7 4.4 ( 12.9) 62 
2 65.3 (5.2) (l.90 W.M) 7 1.4 (12.2) 20 
3 60.4 H 1.00 H 7 6.0 H I 

with diabetes and 13 had other cataract risk factors such as 
chronic use of systemic steroids, retinitis pigmentosa. 
Down's syndrome and congenital lens opacities. In the 
young patient group (age �60 years). 10 cataracts were 
associated with risk factors such as diabetes mellitus. 
strong family history or chronic ocular disease. and in 11 
subjects there were no identifiable risk factors. The mean 
age was 73.6 years with a range of 29-1 02 years. The aver
age force required to bisect the lenses was 1.12 N. A 
twentyfold difference was present between the softest and 
the hardest lenses. The mean water content was 64.7%. 

LellS Hvdratioll and Hardness 

Lens hydration and hardness are significantly correlated 
(pearson's correlation coefficient = - 0.2. significant at 
the 5% level. confidence limits - O.37<R<- 0.05). The 
lens hardness increases as the water content falls (Fig. 1). 

Age 

There is no significant difference in mean lens water con
tent (LWC) between various age groups (Table la. Fig. 2). 
The extreme LWC values of 79%. 78%, 76% and 46% had 
ages of 62. 29. 88 and 82 years respectively (Table Ib). A 
significant difference in mean force is observed between 
age groups (F = 5.9. P = 0.0012) (Fig. 3). 

Nuclear Sclerosis 

Mean LWC did not vary significantly with increasing col-
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Fig. 1. Lens hardness (jinn') in relation to lens water colltelll 
(LWC%). 
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Fig. 3. Lens hardness (jiJrce) in relation to age (yr). 
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Fig. 5. Lells hardness (ji)rce) in relation to nile/ear colour. 
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Fig. 2. 
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Fig. 4. LellS y1'(Jter colltent (LWC'7r) in relation to nuclcar 
col Oil r. 
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Fig. 6. Lens water contellt (LWC'1r ) in relation to the extent of" 
cortical lens opacity. 
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Fig. 7. Lens water content (LWC7r) in relation to the extent of" 
posterior suhcapsular lens opacity (PSCLO J. 
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oration (Table II, Fig. 4). There is a significant relation
ship between colour and hardness (Kruskal- Wallis 61.9, 
d.f. = 3, p<O.OOOOOI) (Table II, Fig. 5). 

Cortical Cataracts, Posterior Subcapsular 
Cataracts and Vacuoles 

Hydration and hardness are not significantly related to the 
degree of cortical cataract, posterior subcapsular cataract 
or presence of vacuoles (Table III-V, Figs. 6 and 7). 

Using lens hardness (force) as the dependent variable, lens 
water content (LWC), lens colour and age were found to be 
important explanatory variables. The following model 
explained 59% of the variation in lens hardness: 

Lens hardness (forcel=:I.1 -(O.04xLWC) +<0.1 xAge) -( 1.2xColour 1) 

-<O.9xColour 2) 

-<0.5 xColour :I) 

For the overall model F = 36.2, degrees of free
dom = 5,129, p<O.OOOI; and for the individual para
meters of colour, age and lens water content F = 46.8, 
20.3 and 20.2 respectively, and all p values <0.000 I. 
There are variables not measured in this study which must 
be contributing significantly to lens hardness. However. 
the major parameter in explaining the hardness is the 
colour of the lens. A model for the natural log of lens hard
ness and water content was tried but did not improve the 
model significantly. 

DISCUSSION 
As small-incision cataract surgery and phacoemulsifica
tion become increasingly popular. hardness of the lens has 
also become clinically relevant. Hardness of the crys
talline lens is a physical property which has not been the 
subject of much investigation in the past. This study set 
out to identify a possible association between increased 
hardness and relative dehydration of the crystalline lens. 

Lens hardness is dependent upon factors such as 
changes in the nature of the lens proteins and compactness 
of fibres. In the nucleus, where the lens becomes harder. 
the solubility of crystalline proteins is reduced concom
itantly with the protein thiols becoming oxidised. Some 
amino acids, especially aromatics and methionine sul
phurs, make particularly good' glue' for pasting together 
protein units.' Further evidence for the effect of increased 
insoluble proteins upon hardness is provided by the 
continuous cortex-to-core increase in this protein fraction 
around the age of onset of presbyopia, which is known to 
be associated with increased lens rigidity . .! These alter
ations in protein structure. in particular those that alter 
their potential for intermolecular interactions. result in 
macroscopic effects such as lens colour changes as well as 
an increase in lens rigidity. 

Lens Hydration and Hardness 

Although some researchers have stated that dehydration of 
human lens is of little importance, in theory relative dehy
dration of the lens may be associated with increased con-
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centration of water-insoluble proteins and also further 
compaction of the lens fibres thereby increasing hardness. 
Studies involving microsectioning techniques suggest that 
dehydration and consequently the increase in dry weight 
and water-insoluble fraction occur progressively towards 
the centre of the nucleus." It is also established that the 
nucleus confers most of the rigidity and hardness to the 
lens. This study finds a relative dehydration of the lens in 
association with increasing hardness. Water in the crys
talline lens may be in a free state or be bound to the protein 
molecules. It is likely that the relative dehydration demon
strated by this study is a reflection of loss of both protein 
bound and free water within the nucleus. Reduced water 
content is probably associated with changes in the interac
tion between protein chains as well as increased protein 
concentration resulting in hardness. There is a wide spread 
of values for force and water content, indicating that there 
are variables not measured in this study which must be 
contributing to lens hardness. 

Age 

This study, whilst confirming a relationship between age
ing and lens hardness, does not find a significant associ
ation between ageing and water content. In other reported 
studies the relationship between ageing and lens water 
content is not clear. In animal lenses the water content is 
highest at birth and decreases during adolescence.I"? While 
some studies in human adults suggest a relative dehydra
tion of the lens with age. others have not found a signifi
cant relationship. ,'l 

Nuclear Sclerosis 

Nuclear colour is taken as representing sclerosis. The pre
cise nature of the yellow coloration of the lens is 
unknown. However, it correlates well with many bio
chemical changes. Colour appears to be mostly associated 
with an increase in water-insoluble lens proteins and in 
particular the urea-insoluble subfraction.lo-13 It has been 
proposed that substances derived from tyrosine and tryp
tophan by photo-oxidation produce an insoluble pig
mented moiety. With continued alteration of the proteins 
in nuclear cataract, the coloration becomes more intense. 
This study does not demonstrate a relationship between 
the degree of nuclear sclerosis and lens hydration. The 
clinical impression that brunescence is associated with 
hardening of the lens has previously been demonstrated by 
measuring hardness in nuclear cataracts of various grad
ing. This study further confirms this relationship. 

Cortical Cataracts, Posterior SlIhcapsular 
Cataracts alld Vacuoles 

Deussen and Pau reported a higher ratio of cortical to 
nuclear water content. in cortical, particularly posterior 
subcapsular, cataracts than in other types of cataract. The 
same cataracts also exhibited a lower total lens weight due 
to loss of proteins. I.! Other studies suggest increased total 
lens hydration in cortical cataracts. I" In this study there is 
no significant difference in the total lens water content 
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between grade 4 cortical, grade 3 posterior subcapsular 
and grade 4 nuclear cataracts. In addition the extent of 
various types of cataracts did not influence total water 
content or lens hardness. 

Vacuoles are thought to be water-filled spaces within 
and without the lens fibres. They are traditionally con
sidered to be associated with an increase in lens hydration 
as well as being an indicator of a looser arrangement of 
lens fibres and therefore softness. However, a relationship 
between the extent of vacuole formation and lens hydra
tion or hardness could not be demonstrated. Therefore the 
clinical expression that vacuole formation represents a 
softer lens is not justified. 

CONCLUSION 
In summary, with the advent of phacoemulsification lens 
hardness has become clinically relevant. It is also likely 
that hardness will be of relevance to future methods of cat
aract surgery. This study demonstrates that hardening of 
the lens nucleus is associated with coloration and advan
cing age. Whilst there does not appear to be a relationship 
between hydration and nuclear coloration, increased hard
ness is reflected by a respective decrease in water content. 
Factors influencing hardening of the human lens are not 
clear and further research is warranted in order to establish 
the biochemical changes th:!t influence hardness. Identi
fication of factors which may reverse this process will be 
of therapeutic value in terms of both prevention and sur
gical treatment of cataract. 
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