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ABSTRACT 
Purpose:  To calculate the mean difference of visual acuity as measured by auto refraction and subjective 

refraction. 

Study Design:  Descriptive cross-sectional study. 

Place and Duration of Study:  Department of Ophthalmology, Services hospital Lahore from November 2013 to 
April 2014. 

Material and Methods:  Using non-probability consecutive sampling 300 eyes of 300 patients fulfilling inclusion 
criteria were recruited through OPD registration slip. Demographic data including age and gender was recorded. 
Complete ophthalmic examination was performed. This included measurement of refractive error by auto-
refraction as well as subjective refraction. Detailed anterior segment examination with slit lamp and dilated fundus 
examination with indirect ophthalmoscopy was performed. The collected data was analyzed by using software 
SPSS version 17. 

Results:  The mean age of patients was 34.71 ± 7.45 years. There were 156 (52%) males and 144 (48%) 
females. There were 263 (87.69%) patients who had visual acuity of 6/6 and 37 (12.33%) had 6/9. Mean spherical 
auto-refraction and subjective refraction was 0.0290 ± 2.58 and -0.2842 ± 2.37 D with mean difference of -0.3133 
± 1.27 D. The mean cylindrical auto and subjective refraction in this study was -.9742 ± 0.78 D and -0.7500 ± 0.81 
D and mean difference was 0.2242 ± 0.74 D. The mean cylindrical axis of auto and subjective refraction was 
114.88 ± 49.75 and 115.60 ± 49.70 with mean difference as 0.72 ± 3.02 D (p-value < 0.05). 

Conclusion:  Difference of spherical, cylindrical and cylindrical axis in auto and subjective refraction was 

significantly different. 
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INTRODUCTION 

Refraction is a significant component of visual acuity. 

Clinically, Refraction is used to write spectacle 

prescription. Subjective refraction is the gold standard 

for assessing refractive errors
1
. Trial frame refraction 
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is ideal as it allows for a more likely view position. 

Moreover, the phoropter presents lens changes in 0.25-

diopter (D) increment, while trial frame refraction 

allows the examiner to determine the difference of 

magnitude between the lens choices accessible so that 

the variations are distinct by the patient. Autorefractor 

is frequently used along with subjective refraction in 

ophthalmological practice for spectacle prescription. 

The category of autorefractors depend on clinical 

practice for their ease of use, excellent outcome and 
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increase response between practitioners and patients
2
. 

Two studies linked subjective refraction to the auto-

refraction in clinical trials for the therapy of diabetic 

retinopathy
3,4

. These two trials assessed spherical 

equivalent difference between the two refractive 

techniques. Autorefraction cannot be replaced by 

subjective refinement, particularly in children 10 years 

of age or younger
5,6

. In series of lenses, Autorefractors 

worked to determine which lens is the clearest for the 

patient by determining which lens provides the 

maximum contrast to the retina
7
. Although, this 

eliminates patient subjectivity, it is less than perfect. 

Less than 70 percent of patients get a prescription for 

spectacles from the autorefractor. It can be used as a 

static retinoscopy, but the consistency and validity of 

the procedure is smaller as compared to subjective 

refraction
7
. There are small amount of instruments 

which appear to control the accommodation 

effectively in children. Non-cycloplegic auto-

refractions are mostly incorrect for measuring 

hyperopia
8,9

. However, they are perfect, compared to 

subjective refraction in cycloplegic conditions
10

. Auto-

refraction instruments have inner objectives. They are 

insufficiently used in young patients. However, 

autorefractors are helpful as a starting point for 

subjective refraction. Similar to retinoscopy, 

autorefractors give a starting point, but patients will 

never be satisfied with auto-refraction alone
11,12

. 

Further issue with autorefractors is that they only 

measure to the inner membrane of the retina, rather 

than to Bruch's membrane, where the photoreceptors 

are placed. This gives inaccurate readings. Fine-tuning 

must be performed in front of the patient to obtain the 

best outcomes. 

 Auto-refraction without subjective refinement is 

progressively being used by opticians in Pakistan to 

prescribe lenses. This research evaluates the mean 

difference of the visual acuity as measured by auto-

refraction and subjective refraction between the vision 

tests of adults who presented in outpatient department. 

 
MATERIAL AND METHODS 

Using non-probability consecutive sampling 300 eyes 

fulfilling inclusion criteria were included through OPD 

registration slip. Informed consent was taken. Socio 

demographic information like age and gender was 

recorded. Complete ophthalmic examination was 

performed. This included measurement of refractive 

error by auto-refraction as well as subjective 

refraction. Detailed anterior segment examination with 

slit lamp and dilated fundus examination with indirect 

ophthalmoscopy was performed. Difference was 

calculated as per operational definition. All data was 

entered on pre-designed Proforma. The collected data 

was analyzed by using software SPSS version 17. 

 
RESULTS 

The mean age of patients was 34.71 ± 7.45 years with 

minimum and maximum age as 16 and 45 years. For 

details of subjective and auto-refraction refer to tables 

1, 2 and 3. The mean cylindrical auto and subjective 

refraction in this study was -0.9742 ± 0.78 D and 

-0.7500 ± 0.81 D respectively and mean difference 

was 0.2242 ± 0.74 D. There was significant difference 

between mean cylindrical auto and subjective 

refraction, p-value < 0.001. 

 
Table 1: Comparison of auto and subjective refraction 

(spherical). 
 

 Refraction (Spherical) 

 Auto Subjective Difference 

Mean .0292 -.2842 -.3133 

S.D 2.58 2.37 1.27 

Minimum -7.75 -7.50 -9.00 

Maximum 5.50 4.50 .75 
 

Paired sample t-test = 4.26 p-value < 0.001 

 
Table 2: Comparison of auto and subjective refraction 

(Cylindrical). 
 

 Refraction (Cylindrical) 

 Auto Subjective Difference 

Mean -.9742 -.7500 .2242 

S.D .78 .81 .74 

Minimum -3.50 -3.00 -1.50 

Maximum .25 2.25 4.50 
 

Paired sample t-test = -5.23 p-value < 0.001 

 
Table 3: Comparison of Auto and Subjective Refraction 

(Cylindrical Axis). 
 

 Refraction (Cylindrical axis) 

 Auto Subjective Difference 

Mean 114.88 115.60 .72 

S.D 49.75 49.70 3.02 

Minimum 25 20 -5 

Maximum 180 180 5 
 

Paired sample t-test = -4.11 p-value < 0.001 
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Table 4: Comparison of Auto and Subjective Refraction 

When Stratified for Age Groups. 
 

  Age  Mean S.D p-value 

  16-30 

  Years 

Auto-refraction 

(Spherical) 
0.79 1.82 

0.001 Subjective 

Refraction 

(Spherical) 

0.37 1.65 

  31-45 

  Years 

Auto-refraction 

(Spherical) 
-0.30 2.80 

0.004 Subjective 

Refraction 

(Spherical) 

-0.57 2.57 

  16-30 

  Years 

Auto-refraction 

(Cylindrical) 
-0.83 0.66 

0.042 
Auto-refraction 

(Cylindrical) 
-1.04 0.83 

  31-45 

  Years 

Subjective 

Refraction 

(Cylindrical) 

-0.79 0.82 

< 0.001 
Subjective 

Refraction 

(Cylindrical) 

-0.65 0.81 

  16-30 

  Years 

Auto-refraction 

(Cylindrical axis) 
108.13 45.63 

0.593 Subjective 

Refraction 

(Cylindrical axis) 

108.30 45.65 

  31-45 

  Years 

Auto-refraction 

(Cylindrical axis) 
117.82 51.27 

0.001 Subjective 

Refraction 

(Cylindrical axis) 

118.78 51.15 

 
 On stratifying data for age, gender and visual 

acuity we found significant difference in all refraction 

(spherical, cylindrical and cylindrical axis). P-value 

was < 0.05 in Cylindrical axis auto and subjective 

refraction in 16-30 years of age. For details see Tables 

4, 5 and 6. 

 
Table 5: Comparison of Auto and Subjective Refraction 

When Stratified for Gender. 
 

 Gender  Mean S.D p-value 

 Male 

Auto-refraction 

(Spherical) 
0.70 2.25 

0.001 Subjective 

Refraction 

(Spherical) 

0.32 2.08 

 Female 
Auto-refraction 

(Spherical) 
-0.70 2.74 0.006 

 

 

Subjective 

Refraction 

(Spherical) 

-0.93 2.50  

 Male 

Auto-refraction 

(Cylindrical) 
-0.92 0.62 

< 0.001 Subjective 

Refraction 

(Cylindrical) 

-0.70 0.64 

 Female 

Auto-refraction 

(Cylindrical) 
-1.03 0.94 

< 0.001 Subjective 

Refraction 

(Cylindrical) 

-0.81 0.97 

 Male 

Auto-refraction 

(Cylindrical axis) 
121.60 48.99 

0.002 Subjective 

Refraction 

(Cylindrical axis) 

122.31 48.85 

 Female 

Auto-refraction 

(Cylindrical axis) 
107.60 49.71 

0.007 Subjective 

Refraction 

(Cylindrical axis) 

108.33 49.77 

 
Table 6: Comparison of Auto and Subjective Refraction 

When Stratified for Visual Acuity. 
 

Visual 

Acuity 
 Mean S.D p-value 

6/6 

Auto-refraction 

(Spherical) 
0.34 2.24 

< 0.0001 
Subjective Refraction 

(Spherical) 
0.10 2.05 

6/9 

Auto-refraction 

(Spherical) 
-2.16 3.68 

0.075 
Subjective Refraction 

(Spherical) 
-3.03 2.66 

6/6 

Auto-refraction 

(Cylindrical) 
-0.98 0.80 

< 0.001 
Subjective Refraction 

(Cylindrical) 
-0.75 0.84 

6/9 

Auto-refraction 

(Cylindrical) 
-0.90 0.69 

< 0.001 
Subjective Refraction 

(Cylindrical) 
-0.77 0.63 

6/6 

Auto-refraction 

(Cylindrical axis) 
114.37 50.17 

0.005 
Subjective Refraction 

(Cylindrical axis) 
114.90 50.20 

6/9 

Auto-refraction 

(Cylindrical axis) 
118.51 47.17 

< 0.001 
Subjective Refraction 

(Cylindrical axis) 
120.54 46.36 
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DISCUSSION 

Refractive correction is given in order to correct 

refractive errors
13

. Clinically, Refraction is used to 

begin the spectacle prescription so that the best 

possible acuity can be achieved
14,15

. Ever since, several 

patients with low vision report that their glasses do not 

help and some may find it appropriate to neglect 

refraction. Refraction is the most significant 

component for patients who use a phoropter to 

maximize efficacy; however, the refraction of trial 

frame is favorable for low vision patients because it 

allows additional position that is extraordinary when 

required
16

. Furthermore, the phoropter presents lens 

change in 0.25 diopter (D) increments, although the 

assessment of refraction allows the examiner to 

establish the magnitude of difference among the lens 

choices. Trial frame refraction of low vision patients is 

time consuming. 

 Different methods are used to find best corrected 

visual acuity with refraction. Predominately subjective 

refraction is used with assessment of lenses or a 

phoropter, or objective refraction with streak 

retinoscopy and auto-refraction
17

. The two refractive 

techniques involve distinct levels of examiner 

instruction, practice, and time to conduct each method. 

Subjective refraction needs a fundamental knowledge 

of optics. Typically, it takes months of practical skills 

for the clinician to complete subjective refraction 

appropriately and reproducibly. To master subjective 

refraction, the technique must be practiced on a large 

number of patients. In comparison, auto-refraction 

does not need knowledge about basic ophthalmic 

optics or practical knowledge in refraction
18

. It only 

requires fundamental knowledge of how the 

autorefractor works. It can be acquired from the 

manual that comes with the autorefractor and it does 

not require extensive practice on the patients
19

. Over 

the last few centuries, auto-refraction has become a 

significant component of routine eye care and clinical 

practice. It has been shown to be a good tool for 

screening refractive error in pediatric patients. 

 An objective refraction in a patient with decreased 

vision due to refractive error, generally takes about 

few minutes per eye, while subjective refraction in the 

same patient with a phoropter or trial frames usually 

takes time about 10 to 15 minutes. In practice, 

refraction in a patient with decreased vision and 

incapability to focus centrally caused by macular 

disease, requires more time with both auto-refraction 

and subjective refraction. The difference in time to 

conduct both refractive methods, whether in patients 

with good or poor vision, becomes essential part when 

large numbers of patients are screened. A study was 

done to compare the refractive correction attained by 

auto-refraction and subjective refraction at a tertiary 

care hospital in Pakistan and to establish the 

association of this difference with age
20

. Two hundred 

and sixty-nine patients visiting the eye clinic of a large 

tertiary care hospital in Karachi, Pakistan were 

studied. Auto-refraction using a Canon R-10 at the 

same visit, autorefractor and subjective refraction were 

performed. A clinically major difference among auto-

refraction and subjective refraction was defined as a 

difference of > 0.50 D in sphere, cylinder, spherical 

equivalent or weighted axis > 10 in axis. The report 

showed that in 266 right eyes, the medium variation 

among auto-refraction and subjective refraction in 

spherical corrections was +0.01D (p = 0.85), -0.33D in 

cylindrical corrections (p < 0.01), 10° in axis (p < 

0.01), and –0.16 D in spherical equivalent (p = 0.02). 

Children 10 years of age or older were 2.23 times 

more probable to have a clinically significant 

difference in spherical corrections (OR: 2.23, 95% CI: 

1.12-4.47). For left eye, comparable results were 

observed. Hence, it is concluded that there is a 

significant difference among the corrections obtained 

by auto-refraction without help of subjective 

refraction, typically in children. Auto-refraction 

without subjective refinement cannot replace 

subjective refraction. In this research, the mean of all 

parameters was considerably distinct, p-value 

< 0.05. 

 Attebo et al. reported in their research that after 

adjustment for age, women were slightly more 

hyperopic (mean +0.75 diopters) than men (mean 

+0.59 D). The gender adjusted mean spherical error 

increased with age +0.03 D in persons aged < 60 years 

to +1.2 D in persons aged ≥80 years (P < 0.0001). The 

gender adjusted mean cylinder power also increased 

with age, from −0.6 D in persons aged < 60 years to 

−1.2 D in persons aged ≥ 80 years
21

. These data are 

similar to our result. 

 
CONCLUSION 

The difference of spherical, cylindrical and cylindrical 

axis in auto and subjective refraction was statistically 

significant. Due to the large difference, patients must 

undergo subjective refraction for best corrected visual 

acuity. 



Riaz R, et al.  

37 Pakistan Journal of Ophthalmology, 2020, Vol. 36 (1): 33-37 

Ethical Approval 

The study was approved by the Institutional review 

board/Ethical review board. 

 
Conflict of Interest 

Authors declared no conflict of interest 

 
Authors’ Designation and Contribution 

Shakeel Ahmad; Vitreo-retina Fellow: Study design, 

data collection, analysis, manuscript writing, final 

review. 

Rashida Riaz; Research Officer: Study design, data 

collection, analysis, manuscript writing, final review. 

Muhammad Haseeb; 3
rd

 Year, MBBS student: Data 

collection, final review. 

Hafiza Ammara Rasheed; Statistician: Data analysis, 

final review. 

Samia Iqbal; Doctor of Optometrist: Data 

collection, final review. 

 
REFERENCES 

1. Demirel S, BilakŞ, Yuvacİ, Cumurcu T, Çolak C. 

Objective measurement of refractive errors: 

Comparison of plusoptix s08 with a standard 

autorefractometer. J Clin Exp Invest. 2013; 4 (1): 40-

46. 

2. Vilaseca M, Arjona M, Pujol J, Peris E, Martínez V. 

Non-cycloplegic spherical equivalent refraction in 

adults: comparison of the double-pass system, 

retinoscopy, subjective refraction and a table-mounted 

autorefractor. Intern J Ophthalmol. 2013; 6 (5): 618. 

3. Sun JK, Aiello LP, Cavallerano JD, Stockman M, 

Miller KM, Qin H, et al. Visual acuity testing using 

auto-refraction or pinhole occluder compared with a 

manual protocol refraction in individuals with diabetes. 

Ophthalmology, 2011; 118 (3): 537-42. 

4. Sun JK, Qin H, Aiello LP, Melia M, Beck RW, 

Andreoli CM, et al. Evaluation of visual acuity 

measurements after auto-refraction vs manual refraction 

in eyes with and without diabetic macular edema. Arch 

Ophthalmol. 2012; 130 (4): 470-9. 

5. DeCarlo DK, McGwin G, Searcey K, Gao L, Snow 

M, Waterbor J, et al. Trial Frame Refraction versus 

Auto-refraction among New Patients in a Low-Vision 

Clinic Refraction versus Auto-refraction in Low Vision 

Patients. Invest Ophthalmol Vis Sci. 2013; 54 (1): 19-

24. 

6. Durrani K, Khan A, Ahmed S, Durrani J. A 

Comparison of Automated and Manifest Refraction: 

The Effect of Age. Pak J Ophthalmol. 2006; 22 (3): 

120-123. 

7.  Cleary G., Spalton D., Patel P., Lin P.-F., Marshall 

J. Diagnostic accuracy and variability of autorefraction 

by the Tracey Visual Function Analyzer and the Shin-

Nippon Nvision-K 5001 in relation to subjective 

refraction. Ophthalmic Physiol Opt. 2009; 29: 173–181. 

8. Sanfilippo P.G., Chu B., Bigault O. What is the 

appropriate age cut-off for cycloplegia in refraction? 

Acta Ophthalmol. 2014; 92: 458–462.  

9. Jorge J., Queiros A., González-Méijome J., 

Fernandes P., Almeida J., Parafita M. The influence 

of cycloplegia in objective refraction. Ophthalmic 

Physiol Opt. 2005; 25: 340–345. 

10. Queirós A., González-Méijome J., Jorge J. Influence 

of fogging lenses and cycloplegia on open-field 

automatic refraction. Ophthalmic Physiol Opt. 2008; 

28: 387–392 

11. Benjamin W. Borish's clinical refraction. 2nd ed. 

Butterworth-Heinemann; St Louis, MO: 2006. 

12. Rabbetts R.B. Clinical visual optics. 4th ed. 

Butterworth-Heinemann; 2007.  

13. Pesudovs K., Parker K.E., Cheng H., Applegate R.A. 

The precision of wave front refraction compared to 

subjective refraction and autorefraction. Optom Vis Sci. 

2007; 84: 387–392.  

14. MacKenzie G.E. Reproducibility of sphero-cylindrical 

prescriptions. Ophthalmic Physiol Opt. 2008; 28: 143–

150. 

15. Optometric Clinical Practice Guideline. Care of the 

Patient with Myopia. American Optometric 

Association; 2006. 

16. Goss DA, Grosvenor T. Reliability of refraction—a 

literature review. J Am Optom Assoc 1996; 67: 619–

30. 

17. Zadnik K, Mutti DO, Adams AJ. The repeatability of 

measurement of the ocular components. Invest 

Ophthalmol Vis Sci. 1992; 33: 2325–33. 

18. Bullimore MA, Fusaro RE, Adams CW. The 

repeatability of automated and clinician refraction. 

Optom Vis Sci. 1998; 75: 617–22. 

19. Allen PM, Radhakrishnan H, O’Leary DJ. 

Repeatability and validity of the Power Refractor and 

the Nidek AR600-A in an adult population with healthy 

eyes. Optom Vis Sci. 2003; 80: 245–51. 

20. Durrani K, Khan A, Ahmed S, Durrani J. The Effect 

of Age. A Comparison of Automated and Manifest 

Refraction. Pak J Ophthalmol. 2006; 22 (3): 120-123. 

21. Attebo K, Ivers RQ, Mitchell P. Refractive errors in 

an older population: the Blue Mountains Eye Study. 

Ophthalmology, 1999; 106 (6): 1066-72. 

 

.…


….
 

https://www.ncbi.nlm.nih.gov/pubmed/10366072

