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Abstract
Introduction: Basic anatomical parameters in ophthalmology are variable in different countries according to
ethnic groups, genetics and some environmental factors. The aim of this study was to determine the relationship
between axial length (AL), anterior chamber depth (ACD) and intraocular lens power (IOL) in a referral center
from eastern Iran among patients who had cataract surgery, in comparison to studies from other regions of the
world.
Methods: In a cross-sectional retrospective study from 2011 to 2013, the records of 698 cataract patients
referring to Khatam Al Anbia general hospital in Mashhad, Iran were evaluated. We divided patients, based on
their AL and ACD, into three separate groups and compared their results. The SPSS software was used for data
analysis. The Chi-Square test and the Independent-samples t-test were used to compare qualitative and
quantitative data between two groups, respectively. The Kendall and the Pearson product-moment correlation
tests were used to assess the relationship between AL and ACD. The linear Regression model was used to obtain
a mathematical model to estimate ACD, using AL, age and sex.
Results: Among individuals who had normal AL (between 22-24.5mm), there was a positive correlation between
AL and ACD (p<0.001, r=0.17), however, among individuals with short (AL<22mm) or long sightedness
(AL>24.5mm), no significant correlation was detected. We also found that older people have shorter AL
(p=0.001 and r=-0.287). Men have an average longer AL (23.7±2.4mm vs. 22.9±2.1mm; p<0.001) and deeper
ACD compared to women (2.93±0.45mm vs. 2.82±0.42mm, p=0.002).
Conclusion: Our findings were mostly similar to previous literature from other regions of the world and although
some anatomical variations may exist regarding ophthalmic anatomy, factors like race and geographical area have
little effect on the relationship between ACD, AL and IOL power calculation, furthermore our results support the
use of third and fourth generation formulas for IOL power calculation.
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1. Introduction
Cataracts are among the most common causes of decreased vision and even blindness (1) and approximately 17.2%
of the population over 40 years old in the US will develop a cataract in at least one of their eyes (2). One of the most
important indexes to evaluate post cataract surgery emmetropia is intraocular lens (IOL) power (3, 4). Numerous
methods and formulas have been suggested for the measurements of IOL power, which are mostly based on axial
length (AL), refractive power of the cornea and an estimation of the postoperative distance between the corneal
epithelium and the lens. In these measurements, the preoperative anterior chamber depth (ACD) is considered as a
constant part in the formula, because it was believed that by an increase in AL, the ACD increases accordingly (5).
In the study by Holladay et al. (6) a new measurement formula was suggested, in which the preoperative ACD was
implemented in the measurement of the IOL and a new formula was introduced as the Holladay 2 formula. The
formula is shown to be precise in measuring IOL power when dealing with patients who have an AL of < 20 (7).
Today new IOL calculation formulas recognize preoperative ACD in addition to AL, as an important factor (8-10).
It has been proven that basic anatomical parameters (such as AL and ACD) in ophthalmology are variable in
different countries according to ethnic groups, genetics and some environmental factors. In result, this may affect
some parameters such as IOL power calculations, yet no study has specifically evaluated this matter (11, 12).
Understanding region specific differences regarding IOL power calculations is vital for post cataract surgery
evaluations. Considering race related differences, we hypothesized that this difference may affect the relationship
between AL, ACD and IOL power, so here we investigate the relationship between AL, ACD and IOL power in a
referral center from eastern Iran, among patients who had cataract surgery and we compared it to studies from other
regions of the world.

2. Material and Methods
2.1. Study design and Patient selection
In a cross-sectional study from 2011 to 2013, the records of 698 cataract patients referring to Khatam Al Anbia
general hospital in Mashhad, Iran were extracted. The study protocol was approved by the ethics committee of
Mashhad University of Medical Sciences. All patients who visited the medical care center to have cataract
operations of one eye in the two year time period, were included in the study. Any patient whose biometry was
performed outside of the hospital, cases of traumatic cataract, phacomorphic glaucoma and finally any records that
had missing data were excluded from the study.

2.2. Data collection
A questionnaire which included data on age, sex, AL and ACD was filled for each patient, based on their records.
The ACD and AL ware extracted from the biometry reports. AL and ACD measurements were carried out using an
Optikon sonography machine by a trained medical worker. The biometry testing was carried out using the contact
method. In this method a drop of tetracaine is applied in both eyes, in a supine position. While looking at the red
light on the probe of the sonography machine, the probe is put in contact with the patient's cornea without applying
any pressure. In this method, the probe is set vertical on the corneal surface, in order to obtain the highest echo
spike. This was repeated five times for each patient and the average AL was calculated by the machine. ACD was
calculated automatically by the machine.

2.3. Classification and measurements
We considered AL<22mm as short sighted, 22mm<AL< 24.5mm as normal AL and AL>24.5mm as long sighted.
For ACD we considered ACD<2.45mm as low depth, 2.45mm<ACD<3.31mm as normal ACD and ACD>3.31 as
high ACD.

2.4. Statistical analysis
Data were analyzed by the SPSS version 18 (SPSS Inc., Chicago, IL, USA). Patients were classified into age groups
of less than 30, 31-50, 51-60, 61-70, and over 70 years old for better comparison and evaluation. Descriptive data
are presented as frequency and percentage, where appropriate. Qualitative data were compared among groups using
the Chi-Square test. The Independent-samples t-test was used, to compare quantitative data between two groups.
The Kendall and the Pearson product-moment correlation tests were used, to assess the relationship between AL and
ACD. The linear Regression model was used, to obtain a mathematical model to estimate ACD using AL, age and
sex. All the data are displayed as mean ± standard deviation. A p-value of less than 0.05 was considered as
statistically significant.
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3. Results
Overall 698 cases (eyes) were studied and among whom, 361 cases were men (51.7 %). The overall mean age of the
patients was 61.5±15.6 years. The mean (SD) age of the men and women was 61.1±16.3 and 61.9±14.8 years old,
respectively. The two sexes did not display a statistically meaningful difference in their age (p = 0.53) (Table 1).
Four hundred and sixty-seven patients had normal AL (66.9 %), 87 patients were long sighted (12.5%) and 144
patients were short sighted (20.6%). Four hundred and seventy seven patients had normal ACD (68.3%), 117
patients had high ACD (16.8%) and 104 patients had low ACD (14.9%) (Table 2). The mean (SD) AL was 23.3 ±
2.35mm. Men had significantly longer AL in comparison to women (23.7 ± 2.4mm vs. 22.9 ± 2.1mm; p < 0.001).
The mean (SD) ACD was 2.8 ± 0.48mm. The overall ACD was statistically higher in men in comparison to women
(2.93 ± 0.45mm vs. 2.82 ± 0.42mm, p = 0.002). Data analysis showed that there is an overall meaningful difference
in the distribution of patients, based on the classification of AL and ACD (p < 0.001). The Kendal Correlation and
the Pearson correlation tests showed that there is a direct (linear) and positive relationship between AL and ACD (r
= 0.308; p = 0.001). This was only seen in cases with normal AL (r = 0.175; p = 0.001), and was not significant in
short and long sighted patients. Overall, there was a significant and inverse relationship between AL and age (r = -
0.287; p = 0.001). We found a positive and direct correlation between age and AL in short sighted patients (r =
0.537; p = 0.001) and an inverse correlation in long sighted patients (r = -0.615; p = 0.001), no significant
correlation was seen between age and AL in the group of patients with normal AL (p = 0.14). Overall ACD and age
displayed an inverse correlation (r = -0.173; p = 0.001). This correlation was seen in patients with normal ACD (r =
-0.134; p = 0.001). There was no significant correlation between ACD and age in patients with high and low ACD
(p = 0.83 and p = 0.87, respectively). The linear regression model was used, to assess the relationship between ACD,
age, sex and AL and the following result was obtained: ACD = 1.822 + 0.051 (AL) - 0.003 (age) + 0.0644 (sex). In
this model, 1 for males and 0 for females should be substituted instead of sex.

Table 1. Patients’ baseline characteristics
Variables Statistics p-value
Sex; n (%) Male 361 (51.7)

Female 337 (48.2)
Age (year) Male 61.1 ± 16.3

Female 61.9 ± 14.8 0.53
Age groups (years); n (%) Less than 30 40 (5.7)

31-51 117 (16.8)
51-60 120 (17.2)
61-70 209 (29.9)
Above 70 212 (30.4)

Table 2. Distribution/number of patients according to the classification of axial length and anterior chamber depth
Variables Statistics p-value

Male Female Total
Axial length <22 44 (12.2) 100 (29.7) 144 (20.6) <0.001

22.24.5 264 (73.1) 203)60.2( 467 (66.9)
>24.5 53 (14.6) 34)10.1( 87 (12.5)
Overall 361 (100) 337)100( 698 (100)

Anterior chamber depth <2.55 46 (12.7) 58)17.2( 104 (14.9) <0.066
2.45-3.31 254 (67.9) 232)68.8( 477 (68.3)
>3.31 70 (19.4) 47)13.2( 117 (16.8)
Overall 261 (100) 337)100( 698 (100)

4. Discussion
In this study, we evaluated the relationship between AL and ACD with IOL in a sample of Iranian patients
undergoing cataract surgery and we found that similar to recent studies in other populations (10, 13, 14) and
contrary to previous belief, the majority of our patients with short and long sightedness had normal ACD values
(63.9% and 59.8%, respectively), indicating the use of third and fourth generation IOL power calculation formulas
in the Iranian population. In a study published in 2010, Hoffmann and Hutz (15) analyzed AL, ACD and the corneal
radius of 15,448 patients during a six year period in Germany. They found that the mean (SD) AL and ACD were
23.43 ± 1.51mm and 3.11 ± 0.43mm, respectively. Hoffer (16) evaluated 7,500 patients with cataracts, and found
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that the mean AL and ACD among these patients were 23.65 ± 1.35mm and 3.24 ± 0.44mm which was comparable
to our study (AL: 23.3 ± 2.35mm and ACD: 2.8 ± 0.44mm). In the study by Holladay (13) among 1000 patients,
82% had normal AL and only 0.9% of patients had short sightedness. The number of short sighted patients,
documented in the latter study, was less than that documented in our study (20.6%). The average AL was
significantly higher in men compared to women and this was seen only in the group with normal AL. This finding
was in coherence with the study by Jivrajka et al. (14), where they studied 750 patients and documented that among
patients referring for refractive surgery, male patients had longer AL (23.76 +/- 1.00 mm versus 23.27 +/- 1.01 mm)
and a younger age for disease presentation. The relation between AL and ACD was the main goal of this study.
Holladay et al. (13) found that among long sighted patients, 90% have normal ACD, 10% have high ACD and none
of them have short ACD (59.8%, 37.9% and 2.3% in our study, respectively). In the group of patients with normal
AL, they found that 90% of patients had normal ACD, none of them had low ACD and 10% had high ACD (71.3%,
13.5% and 15.2% in our study, respectively). In patients with short sightedness they found that 20% have low ACD,
80% have normal ACD and none of them have high ACD (27.1%, 63.9% and 9% in our study, respectively). In a
study by Hosny et al. (17), they evaluated 211 patients in Spain and found that ACD has a positive and meaningful
relation with AL and the diameter of the Cornea. This was in coherence with the findings of Jivrajka et al. (14) who
documented positive correlation between AL and ACD (r = 0.423; P < 0.001). We also documented a linear and
positive correlation between AL and ACD, although K J Hoffer in 1993 (18), postulated a curve like relationship
between AL and ACD. In our study the linear relationship was only seen in patients with normal AL and not in short
and long sighted patients. We documented a positive correlation between AL and age, in the group with an AL of
less than 22mm (short sightedness), but this was an inverse correlation in the group who had an AL of more than
24.5mm (long sightedness). Overall an inverse relationship was observed between age and AL, this finding was also
seen in the studies by Hosny et al. (17) and Jivrajka et al. (14). We found an inverse correlation between ACD and
age, which was seen only in the group with normal ACD. Hsu et al. (19) studied 1,480 preoperative cataract patients
from 2006 to 2010 and evaluated the correlation between ACD and age, sex and body height. They found that ACD
has an inverse correlation with age, while sex was not an independent associating factor for ACD. In order to obtain
a mathematical model and to assess the relationship between ACD, AL, age and sex, we used the regression model,
and found that ACD is dependent on AL, age and sex. Our study was not without limitation. First was its
retrospective nature which did not allow an assessment of other factors which may have affected AL and ACD,
including lens thickness and corneal diameter. Although our study mostly aimed to evaluate region specific
differences regarding IOL power calculation, AL and ACD, our results were similar to what was published in
previous literature. Since our study had a retrospective nature, we were not able to alter the AL calculation method
which was used in our study (contact method), which is among the least accurate methods of AL measurement.

5. Conclusions
Our study findings were mostly similar to studies from other regions of the world and although some anatomical
variations may exist in ophthalmic anatomy, factors such as race and geographical area have little effect on the
relationship between ACD, AL and IOL power calculation. Similar to previous literature, our results support the use
of third and fourth generation formulas for IOL power calculation in the Iranian population. Prospective multi-
centered studies and systematic reviews should be designed to evaluate the changes in IOL power calculation and its
relationship to AL and ACD in different regions of the world.

Acknowledgments:
This study was affiliated with Mashhad University of Medical Sciences and is the thesis of Dr. Naghmeh Tehranian.

Conflict of Interest:
There is no conflict of interest to be declared.

Authors' contributions:
All authors contributed to this project and article equally. All authors read and approved the final manuscript.

References:
1) Hong T, Mitchell P, Fong CS, Rochtchina E, de Loryn T, Wang JJ. Patients' Short-term Satisfaction With

Cataract Surgery and Long-Term Sustainability of Improved Visual-Related Quality of Life Over 3
Postoperative Years. Asia Pac J Ophthalmol (Phila). 2014; 3(2): 83-7. doi:
10.1097/APO.0b013e3182a0c492. PMID: 26107490.



Electronic physician

Page 3131

2) Parsons C, Jones DS, Gorman SP. The intraocular lens: challenges in the prevention and therapy of
infectious endophthalmitis and posterior capsular opacification. Expert Rev Med Devices. 2005; 2(2): 161-
73. doi: 10.1586/17434440.2.2.161. PMID: 16293053.

3) Grob SR, Gonzalez-Gonzalez LA, Daly MK. Management of mydriasis and pain in cataract and intraocular
lens surgery: review of current medications and future directions. Clin Ophthalmol. 2014; 8: 1281-9. doi:
10.2147/OPTH.S47569. PMID: 25061276, PMCID: PMC4086849.

4) Van Der Mooren MH, Vidal CC, Piers PA. Systems and methods for determining intraocular lens power.
Google Patents. 2014.

5) Hoffer KJ. The effect of axial length on posterior chamber lenses and posterior capsule position. Current
concepts in Ophthal Surg. 1984; 1: 20-2.

6) Liesegang TJ, Deutsch TA, Grand MG. Basic and Clinical Science Course, 2002-2003: Ophthalmic
pathology and intraocular tumors (Basic & Clinical Science Course). San fransisso: American Academy of
Ophthalmology. 2002.

7) Hoffer KJ. Clinical results using the Holladay 2 intraocular lens power formula. J Cataract Refract Surg.
2000; 26(8): 1233-7. doi: 10.1016/S0886-3350(00)00376-X. PMID: 11008054.

8) Shammas HJ. Intraocular lens power calculations. Slack Incorporated. 2004; 223.
9) Olsen T. Prediction of the effective postoperative (intraocular lens) anterior chamber depth. J Cataract

Refract Surg. 2006; 32(3): 419-24. doi: 10.1016/j.jcrs.2005.12.139. PMID: 16631049.
10) Haigis W. The Haigis formula. Intraocular Lens Power Calculations Thorofare, NJ, Slack. 2004; 45.
11) Chen H, Lin H, Lin Z, Chen J, Chen W. Distribution of axial length, anterior chamber depth, and corneal

curvature in an aged population in South China. BMC Ophthalmol. 2016; 16(1): 47. doi: 10.1186/s12886-
016-0221-5. PMID: 27138378, PMCID: PMC4852406.

12) Hashemi H, Khabazkhoob M, Miraftab M, Emamian MH, Shariati M, Abdolahinia T, et al. The
distribution of axial length, anterior chamber depth, lens thickness, and vitreous chamber depth in an adult
population of Shahroud, Iran. BMC Ophthalmol. 2012; 12: 50. doi: 10.1186/1471-2415-12-50. PMID:
22988958, PMCID: PMC3500253.

13) Luis W Lu, Fine IH. Phacoemulsification in difficult and challenging cases: Thieme. 1999; 184.
14) Jivrajka R, Shammas MC, Boenzi T, Swearingen M, Shammas HJ. Variability of axial length, anterior

chamber depth, and lens thickness in the cataractous eye. J Cataract Refract Surg. 2008; 34(2): 289-94. doi:
10.1016/j.jcrs.2007.10.015. PMID: 18242456.

15) Hoffmann PC, Hutz WW. Analysis of biometry and prevalence data for corneal astigmatism in 23, 239
eyes. J Cataract Refract Surg. 2010; 36(9): 1479-85. doi: 10.1016/j.jcrs.2010.02.025. PMID: 20692558.

16) Hoffer KJ. Biometry of 7,500 Cataractous Eyes. American journal of ophthalmology. 1980; 90(3): 360-8.
doi: 10.1016/S0002-9394(14)74917-7.

17) Hosny M, Alio JL, Claramonte P, Attia WH, Perez-Santonja JJ. Relationship between anterior chamber
depth, refractive state, corneal diameter, and axial length. J Refract Surg. 2000; 16(3): 336-40. PMID:
10832983.

18) Hoffer KJ. The Hoffer Q formula: a comparison of theoretic and regression formulas. Journal of cataract
and refractive surgery. 1993; 19(6): 700-12. doi: 10.1016/S0886-3350(13)80338-0.

19) Hsu WC, Shen EP, Hsieh YT. Is being female a risk factor for shallow anterior chamber? The associations
between anterior chamber depth and age, sex, and body height. Indian J Ophthalmol. 2014; 62(4): 446-9.
doi: 10.4103/0301-4738.119344. PMID: 24145564, PMCID: PMC4064220.


