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ABSTRACT 
Purpose: The purpose of this study was to determine if there were any 
differences between four different target types when measuring the near 
point of convergence in adults.  
 
Methods and Material: The near point of convergence was measured in 35 
subjects with a visual acuity of at least 1.0 (6/6) in each eye and without any 
strabismus. The targets used were: the tip of a pen, an accommodative target, 
the RAF line target and a penlight viewed through red-green filters. Both 
break and recovery points were assessed for the different techniques. Each 
target was used twice in consecutive order. The line target from RAF ruler 
was copied on to a small plastic ruler in order to be able to use the same ruler 
for measuring the results. All subjects were fitted with their best correction 
in the trial frame after a complete refraction. The measurements were taken 
to the nearest 0.25cm.  
 
Results: There was no difference found between NPC break values for the 
different target types in the control group. The NPC values were found to be 
5.0/7.4 in the control group and 10.8/18.2 in the anomalous group. The 
accommodative target was found to give more remote values (11.5cm) than 
expected in comparison to the other targets in the anomalous group. 
 
Conclusion: In patients with normal NPC, the measurements can be taken 
with line target or Acc. target. Patients with receded NPC values should be 
evaluated with penlight and red-green glasses or at least twice with the tip of 
a pen. 

  



 

SAMMANFATTNING  

 

När man arbetar med något på nära håll konvergerar ögonen. 

Konvergensnärpunkten är den närmsta punkt som man kan konvergera till 

och fortfarande se en enkel bild. Konvergensen består av fyra olika 

komponenter; fusionskonvergensen, den ackommodativa, den toniska, samt 

den proximala konvergensen. Det uppmätta värdet av konvergens-

närpunkten kan påverkas av det objekt som används vid uppmätandet, då 

olika objekt stimulerar till konvergens på olika sätt. 

 

Mätningen är vanligen inkluderad i synundersökningar och används i flera 

fall för att diagnostisera olika samsynsproblem. Ett högt uppmätt värde kan 

betyda att patienten har konvergensinsufficiens (otillräcklig konvergens 

förmåga). Traditionellt klassas ett uppmätt värde som överstiger 10cm som 

avlägset och eventuellt relaterat till samsynsproblem. 

 

Den här studien har ämnat undersöka skillnaden i mätvärden för följande 

objekt: spetsen på en bläckpenna, ett ackommodativt objekt (en liten 

bokstav), linjen från RAF-staven (kopierad till en handhållen linjal) och 

penlight sett genom röd-grönt filter. Både brytpunkten, det vill säga då 

patienten inte längre kan hålla bilden enkel, och den punkt där patienten åter 

ser bildobjektet enkelt har uppmätts. Objektiva mätvärden har erhållits då 

subjektiva mätvärden ej rapporterats. Gruppen som deltog i studien bestod 

av 35 personer och 34 av dem användes i analysen. 

 

För alla 34 deltagande uppmättes ett medelvärde på 7,9cm respektive 

12,8cm för brytpunkten och för den punkt där bilden åter blev enkel. 

Resultaten har visat att i kontrollgruppen var brytpunkten 5,0cm och samsyn 

har återfåtts vid 7,4cm. I kontrollgruppen har lägst värden uppmätts med 

linjeobjektet från RAF-staven. I gruppen med otillräcklig konvergens 

förmåga var brytpunkten 10,8cm och samsyn har återfåtts vid 18,2cm. 

Resultaten visar också på att det andra uppmätta värdet kan förväntas vara 

mer avlägset än det första, därför rekommenderas upprepade mätningar för 

en utförligare uppfattning om patientens ögonstatus.    
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1. INTRODUCTION 
 
The near point of convergence (NPC) is one of the preliminary 

measurements used in a regular eye examination in Sweden. The purpose of 

measuring the NPC is to assess the patient’s ability to maintain fusion when 

the eyes converge (Carlson, 2004, p. 50). The near point of convergence is 

defined as the nearest point at which an object is seen single when the lines 

of sight of the eyes intersect, with both eyes maximally converged (London, 

1991, p. 66). During near tasks the eyes converge, accommodate and the 

pupils constrict. This is known as the near triad. These actions normally 

come into play together as they are associated reflex muscular movements 

(Evans, 2007, p. 28). Convergence can thus be induced by accommodation 

and vice versa. The convergence consists of four components.   

 

1. 1. Components of convergence 
 

Tonic convergence - This type of convergence occurs due to the fact that 

there is tonus in the extraocular muscles which makes the eyes naturally 

converge slightly. As age increases, the tonus decreases which gives a 

tendency towards divergence (Bishop, 2001, p. 28). If there is an excess of 

tonic convergence this results in esophoria, similarly, if there is a deficiency 

of tonic convergence this results in exophoria, thus, the tonic convergence 

largely determines the distance phoria (Grosvenor, 2007, p. 224). 

 

Accommodative convergence - In order to maintain single binocular vision 

for a range of viewing distances, the accommodation and the convergence 

are coupled; this also allows the vision to stay clear and stable. When there 

is a change in accommodation there is also a change in vergence. The 

amount of convergence brought about by the accommodation is given by the 

AC/A ratio (Barrett & Elliott, 2007, p.178).  

 

Proximal convergence - This is a natural reflex which is induced by the 

awareness of the nearness of the target. 

 

 

 1 



 

Fusional convergence – This is the convergence that occurs when a final 

adjustment is needed to gain binocular single vision. In other words, 

disparate retinal images give the stimulus for fusional convergence. The 

response to the stimulus can either be positive (convergence) or negative 

(divergence) (Bishop, 2001, p. 28). Positive responses compensate for 

deficiency of tonic or accommodative convergence, and negative responses 

compensate for excess of tonic or accommodative convergence (Grosvenor, 

2007, p. 224).  

 

1. 2. Different targets and techniques  
 

Measurements of near point of convergence can be obtained with different 

objects. The type of target can affect different components of the 

convergence. Different techniques are also preferred by different 

researchers.  

1.2.1. Targets used when measuring the near point of convergence 
Accommodative targets (20/30 or N5) are commonly used for near point of 

convergence measurements, these targets stimulates the accommodative 

convergence. It is by some considered to be the superior target as it gives 

less varying results (Adler et al., 2007; Hayes et al., 1998; Matsuo & 

Ohtsuki 1991; Pang et al., 2010; Rouse et al., 2002; Scheiman et al., 2003).  

 

The tip of a pen or a pencil (Siderov et al., 2001), or the finger tip (Mahto, 

1972), are also good targets for measuring the NPC. As these are three-

dimensional objects they might more effectively elicit a convergence 

response (Adler et al., 2007). 

 

Other targets that also can be used for measuring the NPC is the penlight 

(Adler, 2007; Capobianco, 1952; Mohindra & Molinari, 1980; Scheiman, 

2003) or the transilluminator, (Pang et al., 2010). These are by most 

considered to give receded NPC values. This may be due to the lack of 

accommodative stimuli that the light presents (Mohindra & Molinari, 1980). 

The transilluminator has one advantage over the penlight; it has brightness 

control which makes it more comfortable to fixate upon (London, 1991, p. 
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68). 

 

The penlight or transilluminator has been used in combination with red-

green filters in front of the eyes or with a red filter in front of the dominant 

eye. This gave fusional dissociation and the penlight did not stimulate the 

accommodation adequately (Mohindra & Molinari, 1980). Capobianco 

(1952) was (to author’s knowledge) the first to suggest the use of red filter 

with the penlight. She based her suggestion on clinical experience and did 

not present any validating research data. According to her NPC 

measurements with red filter excludes voluntary convergence; therefore this 

value was expected to be more remote than the penlight. Pang et al., (2010) 

recommended to measure the NPC with the red-filter in front of the 

dominant eye to evaluate patients who have convergence insufficiency as it 

was found to be a more sensitive test in these patients. 

 

The NPC can also be measured with the line target on the RAF ruler. Adler 

et al. (2007) used six targets of which two were mounted on the RAF rule. 

Significant differences between the handheld objects and the results from 

the RAF rule were found. The RAF rule gave even more receded break 

values than the penlight, whereas the recovery points remained the same 

with either handheld object or the RAF-rule. It was discussed that this was a 

consequence of the fact that the RAF ruler was placed against the cheek thus 

giving the patient the feeling that the viewed object was closer than it 

actually was, resulting in the patient reporting diplopia at a more receded 

point than would otherwise have been expected. 

1.2.2. Different techniques suggested for measuring the near point of 
convergence 
Some practitioners suggest repeating the measurement if a borderline or 

receded value has been obtained. A repetition of five times was necessary to 

assess if there was any element of fatigue which influenced the NPC values 

(London, 1991, p. 67). Scheiman et al., (2003) found a change in the first 

five measurements but after that the change was less evident in subjects 

with convergence insufficiency.  In patients with no convergence 

insufficiency the measurement values remained relatively constant when 

measurements were repeated several times. 
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Mohindra & Molinari (1980) suggested using a three step approach to 

further evaluate possible convergence insufficiency cases. The first step 

suggested was to measure the NPC with a penlight, the second to measure 

the NPC with a penlight and a red filter over one eye or with a red-green 

filter, the third point was to measure the NPC with an accommodative 

target. The results from these three measurements would then be compared 

to evaluate if the patient was compensating for any anomaly with the 

accommodation. If this was the case, the measurement with the 

accommodative target would be found to be near normal or relatively better 

than the non-accommodative penlight target. Patients with good binocular 

vision at near would get similar results from the three tests. 

 

1. 3. Clinical use of near point of convergence 
 

Near point of convergence is one of the preliminary examinations used to 

detect binocular vision anomalies (Grosvenor, 2007, p. 112). Convergence 

insufficiency is characterized by a receded nearpoint of convergence, 

orthophoria to a small exophoria at distance and high exophoria at near. A 

low positive relative convergence is also common, as well as a low ACA 

ratio (Daum, 1984). Common symptoms that the patient could complain of 

having, were; blurred vision at near, blurred distance vision, headache and 

tired eyes (Pickwell et al., 1981). Diplopia or words that run into each other 

when reading were other symptoms. Some patients could even be free from 

symptoms, but this was more common in patients who avoided working at 

near distance for a long time (Mahto, 1972).   

 

1.3.1 Repeatability of measurements 
The repeatability of binocular vision measurements have been evaluated by 

Rouse et al. (2002). The NPC break measurement was found to have 

excellent repeatability with the same examiner at different times as well as 

with different examiners. Large differences over time were seen in patients 

with receded NPC, in this case regarded as larger than 6cm. These patients 

could show a difference of 2-3cm within a session and between sessions the 
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difference could be up to 5cm. Typical differences within and between 

sessions was found to be 1cm in subjects with normal NPC values.  

1.3.2 Expected values 
In a study by Hayes et al. (1998) the inconsistencies of measurement 

methods and results were addressed by using a standardized protocol (also 

suggested by Rouse et. al., 2002) when measuring NPC break and NPC 

recovery in 297 elementary schoolchildren. The object used was a single 

column of letters of 20/30 equivalent at 40 cm. A cut-off value ranging from 

4-6cm was suggested. It was found that patients with a NPC break point 

>6cm had a 73% chance of being symptomatic. The recovery point was 

suggested to be expected to be about 3cm more receded than the break point 

in typical 12 year olds. In younger patients the recovery point was found to 

be in the 3-4cm range from the break point, but values of the NPC recovery 

differing 5-10cm from the NPC break were not unusual. However, as the 

NPC measurements were not standardized they recommended a pass/fail 

criterion in the 6- to 10-cm range.  

 

Using the same scale as Rouse et al., Scheiman et al. (2003) set out to 

determine whether an accommodative target or a penlight or a penlight 

viewed through red and green glasses was the most appropriate target to 

assess the NPC. The Scheiman study was the first to be published which 

compared the values obtained with accommodative target and with penlight 

with red-green filters in both normal and CI subjects. They found that the 

accommodative target gave less receded values compared with the penlight 

with red-green filters.  

 

Previous to Scheiman et al., (2003) study; Siderov et al. (2001) investigated 

comparative data in adults for different target types. Three targets were 

compared (the tip of a pencil, the tip of the examiners index finger and a 

RAF line target) and for all measurements the RAF ruler was used, the other 

objects being held next to or mounted on the RAF rule. The fingertip and 

the pencil were found to give significantly less remote values than the RAF 

line target in the non-presbyopic group (n=14). In the presbyopic group 

(n=14) there was no difference found between the objects. 
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The most recent study by Pang et al. (2010) set out to determine which 

target that was most sensitive and thus most appropriate to use when 

convergence insufficiency was assessed in young adults. The sample size 

was 36, divided into a control group and a convergence insufficiency group 

with 18 subjects each. The objects used were accommodative target, 

transilluminator, and a transilluminator with a red lens placed in front of the 

dominant eye. In the control group no significant difference was found 

between the three objects. Using the cutpoints of 6cm for the NPC break 

and 9cm for the NPC recovery point, the transilluminator with the red filter 

was found to be better than the accommodative target. Thus they 

recommended that the transilluminator with the red lens should be routinely 

used when evaluating patients suspected of having convergence 

insufficiency. 

 

1.3.3 The purpose of this study 
The purpose of this study is to evaluate the difference between different 

measurement techniques in regard of target type. The targets chosen for this 

study are an accommodative target, the tip of a pen, the line from the RAF 

rule and the penlight viewed through red-green filters. As the RAF line 

object in a previous study was found to give more remote values, it was of 

interest to see if this is just in consequence of it being mounted on the RAF 

rule (Adler et. al. 2007).  
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2. MATERIALS & METHODS 
 

2.1. Subjects 
 
Data was collected from patients at two private clinics located in Kalmar 

and in Ronneby, and from optometry students at Linnæus Unversity in 

Kalmar. All the measurements were taken by the same examiner. The data 

was collected in 35 people and one subject was excluded due to a 

measurement error, thus analyses were conducted on 34 people. All subjects 

had a decimal visual acuity of 1.0 or more in each eye with their best 

correction. Subjects with strabismus were excluded from this study. The 

refraction ranged from -6.50 to +3.25 DS and plano to -2.75 DC. Near 

addition correction in presbyopes ranged from +0.75 D to +2.75 D.  

 

To standardize the measurements all subjects were fitted with their best 

correction in the trial frame, presbyopic subjects were fitted with their near 

correction. This ensured full refraction and the possibility to measure with 

the same vertex distance for all subjects. The mean age of the sample was 

38.0 years with a standard deviation of ±16.2 years (range 14 – 70). Of the 

34 subjects 22 were non-presbyopic and 12 were presbyopic; 21 were 

females and 13 males.  

 
After the data collection the subjects were divided into two groups, one with 

NPC values below 10cm or in other ways considered normal (n=17), this 

group was called the control group. The other group (n=17) consisted of 

subjects who, with at least one measurement technique (Scheiman et al., 

2003), had a NPC break value grater than 10cm, called the anomalous 

group. The subjects were also divided into presbyopic and non-presbyopic 

groups. The presbyopes were defined by a reading addition of +0.75 D or 

more in their correction (n=12). The non-presbyopic (n=22) group will not 

be referred to further. Of the 22 subjects in the non-presbyopic group, five 

also had anomalous values and they were excluded from the group, thus 

giving a sample size of 17. It was considered to be enough to have one 

control group. 
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2. 2. Instrumentation 
 
The measurements were taken in a fully illuminated room and four different 

targets were used when obtaining the NPC measurements. Every target was 

used twice in sequence, thus giving a total of eight measurements. The 

targets that were used were: RAF line target (RAF), the tip of a pen (TP), 

accommodative target (Acc) and a penlight viewed through red-green filters 

(PLRG). Each target was given a number, which was randomized as well as 

the order in which the measurements were taken. The 24 possible 

combinations were plotted and then dice were rolled to decide in which 

order the combinations were to be used.  

1: RAF line target (RAF Binocular Gauge, mod SDW-235-R, Sussex 

Vision International Ltd, England), a black thin line (width 0.50mm) with a 

small black fixation dot (diameter 2.00mm) in the middle. In order to use 

one scale only, the line target of the RAF rule was copied and pasted on a 

small plastic ruler (figure 1). Both the original and the copy were measured 

with a vernier calliper to make sure that the exact proportions were 

maintained.  

2: The tip of a pen, measured (with the 

vernier calliper) to 1.00mm in diameter. The same 

pen was used for all the measurements.  

3: For accommodative target, the subject was 

asked to look at the capital letter T on the third row. 

The letters were printed in Arial, and pasted on the 

other side of the plastic ruler (figure 2). This way the 

letter had the same contrast as the RAF line.    Figure 1 and 2 

The chosen letter was 9.5 points [N9.5].      

4: Penlight viewed through red-green filters placed in front of the 

eyes, with the red filter in front of the right eye in all subjects. All the targets 

are shown in figure 3 although the red-green filters are absent in this picture. 
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Figure 3. The targets used. 

 

2. 3. Procedure and Protocol 
 
All measurements were obtained according to procedures given by Barrett 

& Elliott (p.188). Informed consent (Appendix 1) was obtained from all the 

subjects after having fully explained the procedure. The target was held at 

the far end of the ruler and the patient was instructed to report when the 

target was seen double. The targets were moved toward the patient at the 

same speed (1-2s per cm) for all subjects. When the subject reported 

diplopia the NPC break point was recorded. After the subject reported 

seeing double, the target was retrieved along the same path and the subject 

was instructed to report when the target was seen single again. The recovery 

point was recorded as the point where the subject saw the target single once 

again. Both break and recovery was recorded for all the measurements and 

each target was used twice in consecutive order. The eye movements of the 

subjects were observed to obtain an objective value if a subjective value was 

not reported. Objective break value was recorded as the closest distance to 

the target the subject could converge without one of the eyes deviating from 

the expected visual axis. Similarly, the objective recovery was recorded as 

the distance at which both the eyes were seen to once again fixate at the 

target.  

 

All the measurements (two each per target type) were recorded (Appendix 

2) to the nearest 0.25cm with the help of an aluminium ruler. The ruler was 

placed on the subject’s cheek to ensure that the object was moved along the 
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centre, so as to coincide with the visual axis. As the objects were not linked 

to the ruler, and the distance between the ruler and the target used was 

approximately 3cm, it was easier to determine to the nearest 0.25cm instead 

of the nearest 0.1cm which the scale allowed. This was the case with the 

penlight which had a larger diameter than the pencil.  

 

2. 4. Data analysis 
 
Microsoft Excel 2003 was used for analysing the data. This study was 

designed in such a way that all the measurements obtained could be 

analysed for the entire group of 34 subjects. Analyses have also been made 

in the two groups respectively of non-presbyopic subjects and presbyopic 

subjects. The sample size in the two groups are not equal, in fact the non-

presbyopic group (n=22) is almost twice the size of the presbyopic group 

(n=12). The data has also been analysed for the control (n=17) and 

anomalous group (n=17).  

 

To determine if there was any statistically significant difference between the 

different target types, paired t-test calculations were made for the mean 

break and recovery points. Each object was first paired with all other objects 

(RAF-Acc, RAF-TP, TP-Acc, TP-PLRG, PLGR-Acc, PLRG-RAF). The 

mean values for the break points have been calculated for each target type in 

each patient, as well as for all the first and second break points obtained for 

each target within the sample or group. The same calculations were made 

for the recovery points.  

 

It was also of interest to see whether there was any statistically significant 

difference between the first values obtained compared with the second 

values obtained. The paired t-test was calculated for the first break values 

obtained in all the four different techniques (34x4=136), this calculation was 

repeated for the second break values as well as for the recovery values 

respectively. These calculations were repeated for the two groups separately 

as well. The difference between first break and second break for each target 

type was also ascertained separately.  
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3. RESULTS 

3. 1. Effect of target type  

The paired t-test was done to compare the targets in pairs, both for 
mean break and mean recovery values. 

3.1.1. Results in complete sample 
No statistically significant difference was found between the break values 

for the different target types (p>0.05). The paired t-test showed that the 

mean recovery points with the Acc target was found to give more receded 

values than the TP target in the complete sample. The difference of 1.40cm 

was found to be statistically significant or close to statistically significant 

(p=0.046). To assess if there was any age related factors affecting these 

values, the sample was split into two subgroups of non-presbyopic and 

presbyopic subjects. The mean recovery point with the Acc target was also 

significantly more remote (3.64cm) than the mean recovery values of TP in 

the presbyopic group (p<0.05). This difference was not seen in the non-

presbyopic group (p>0.05). However, a division of the sample into two 

other subgroups, control group and anomalous group, was found to be more 

informative in general. Therefore the results from these two groups have 

been presented and are shown in following sections, 3.1.2. and 3.1.3.. 

 

Mean values were calculated for the values obtained for each target as well 

as standard deviations. For the complete sample (n=34) and all four target 

types the mean break is 7.9cm and the mean recovery is 12.8cm. The results 

of mean break and mean recovery have been depicted in figure 4. The 

values have been plotted as to show the lowest obtained mean break value to 

the highest obtained mean break value. The tip of the pencil gave the lowest 

result of mean break of 7.48cm (SD ± 3.52) and mean recovery of 12.14cm 

(SD ± 7.41). The most receded mean break and recovery points were found 

with the accommodative target which was 8.26cm (SD ± 4.21) and 13.54cm 

(SD ± 7.54) respectively.  

 

 

 

 11 



 

 
 

Results of measurements, complete sample

7,48

12,14

7,75

13,08

8,13

12,48

8,26

13,54

0

5

10

15

20

25

M
ea

n
B

re
ak

M
ea

n
R

ec
ov

er
y

M
ea

n
B

re
ak

M
ea

n
R

ec
ov

er
y

M
ea

n
B

re
ak

M
ea

n
R

ec
ov

er
y

M
ea

n
B

re
ak

M
ea

n
R

ec
ov

er
y

TP TP PLRG PLRG RAF RAF Acc Acc

ce
n

ti
m

et
er

s

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Mean break and recovery values (N=34), from left to right the lowest to 

the highest break value. The tip of the pen (TP) gave the lowest mean break value. 

The penlight viewed through red-green filters (PLRG) had the highest deviations. 

The RAF line (RAF) and the accommodative target (Acc) gave the highest values 

of near point of convergence.   

 

3. 1.2. Control group 
No statistically significant difference was found between the break values 

for the different target types in the control group (p>0.05). The PLRG was 

found to give significantly more receded recovery points than the RAF line 

and the TP. The difference between the PLRG and RAF was 1.13cm 

(p<0.05), and for PLRG and TP the difference between the recovery points 

was 1.00cm (p<0.05). Comparison of the other measurement techniques 

showed no difference of significance for the recovery values.  

 

The mean break for all four target types was 5.0cm, and the mean recovery 

value was 7.4cm. All the results of mean break and mean recovery values 

for the different targets in the control group are summarized in table 1. The 

target that gave the lowest values was the RAF line, both in regard of mean 

break (4.90cm) and mean recovery (7.0cm). Most receded break value was 

found with the pen tip (5.09cm) and this target also gave the highest 
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standard deviation for the break point (SD±1.70cm). The least variation was 

found with the PLRG object (SD±1.29cm). Mean recovery values vary a bit 

more, with a minimum of 7.0cm with the RAF line, to the maximum value 

of 8.13cm found with the PLRG, which also gave the most deviating results 

(SD±2.50cm). 

 

Table 1: Mean and standard deviation values for the control group. 

 

RAF target Pen target Acc. Target 

Penlight with 

filters  

N=17 

Break Recovery Break Recovery Break Recovery Break Recovery 

Mean 4.90 7 5.09 7.13 5.01 7.43 5.04 8.13 

SD 1.34 2.02 1.70 2.25 1.62 2.10 1.29 2.50 

3. 1.3. Differentiating values  
There was a significant difference found in the anomalous group in regard 

of break point. The RAF line gave significantly more receded break values 

than the TP with a difference of 1.48cm (p<0.05). This difference was also 

seen in the presbyopic group, but the difference between the mean break 

values for RAF and TP was then only close to significance (p=0.049). No 

significant difference was found between the recovery values. 

 

A homoscedastic t-test was calculated to compare the mean values found in 

the presbyopic group with mean values found in the anomalous group. No 

significant difference between the two groups was revealed (p>0.05). The 

values found in the presbyopic and anomalous groups are summarized in 

table 2. 

 

The most receded values were found with the accommodative target (mean 

NPC break and mean recovery). The target giving the least receded values 

was the pen tip target for both break and recovery in both the anomalous and 

the presbyopic groups. The largest deviations when measuring the NPC was 

found with the PLRG which gave the second least remote mean break and 

recovery values.  

 

 13 



 

Table 2: Mean and standard deviation values for the group of presbyopic subjects 

and for the anomalous group. 

 

RAF target Pen target Acc. Target 

Penlight with 

filters 

n=12 

presbyopic 

group Break Recovery Break Recovery Break Recovery Break Recovery 

Mean 11.18 18.84 9.48 17.40 12.05 21.03 11.03 20.22 

SD 5.24 10.33 3.86 8.00 4.15 6.32 6.98 12.67 

RAF target Pen target Acc. Target 

Penlight with 

filters 

n=17 

anomalous 

group Break Recovery Break Recovery Break Recovery Break Recovery 

Mean 11.35 17.96 9.88 17.15 11.51 19.65 10.46 18.04 

SD 4.54 9.35 3.21 7.42 3.39 5.77 6.01 11.33 

 
As the results in the presbyopic group are largely similar to those in the 

group with anomalous values, the comparison that has been depicted in 

figure 5 only compares the control group with the anomalous group to get 

an overview of the results.  

 

Comparison between two groups

4,90

7,00

11,35

17,96

5,09

7,13

9,88

17,15

5,01

7,43

11,51

19,65

5,04

8,13

10,46

18,04

0

5

10

15

20

25

30

35

B
re

ak

R
ec

ov
er

y

B
re

ak

R
ec

ov
er

y

B
re

ak

B
re

ak

R
ec

ov
er

y

R
ec

ov
er

y

B
re

ak

 B
re

ak

R
ec

ov
er

y

R
ec

ov
er

y

B
re

ak

B
re

ak

R
ec

ov
er

y

R
ec

ov
er

y

Control
group

Anomalous
group

Control
group

Anomalous
group

Control
group

Anomalous
group

Control
group

Anomalous
group

RAF TP Acc PLRG

cm

Figure 5. Comparing target types between the control group (n=17) and the 

anomalous group (n=17). The break and recovery points for the control group can 

be seen to be almost the same for all target types, whereas there are larger 

differences between the break and recovery points for the anomalous group.  
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3.2. First and second measurement 
 
The paired t-test was used to compare the first and second measurement. In 

the complete sample (n=34) there was a highly significant difference found 

between the break points and between the recovery points (p<0.001). Table 

3 summarizes mean values and standard deviations. There was no 

significant difference found between the first and the second NPC break 

point in the control group, whereas there was a significant difference 

between the first and second recovery point (p<0.05). The target which gave 

the most differing values in the control group was the RAF target with a 

difference between both break points and recovery points (p<0.05). 

Although this specific target difference was not found in the anomalous 

group, there was a highly significant difference between the first and second 

break point measurement (p<0.001) and a significant difference between 

NPC recovery (p<0.01). The target which differed the most in the 

anomalous group was the PLRG, (p<0.01) when measuring the NPC break 

points. The mean values for first and second break and recovery respectively 

have been depicted in figure 6.a. and 6.b.  

 

Table 3 Comparison of first and second measurements obtained in a) the complete 

sample, b) the control group, c) the anomalous group, and d) the presbyopic 

group. 

 

a) n=34 Break 1 Break 2 Recovery 1 Recovery 2 

Mean 7.57 8.24 12.19 13.43 

SD 4.16 4.73 7.87 9.11 

b) n=17 Break 1 Break 2 Recovery 1 Recovery 2 

Mean 4.93 5.09 7.28 7.57 

SD 1.50 1.54 2.21 2.35 

c) n=17 Break 1 Break 2 Recovery 1 Recovery 2 

Mean 10.21 11.39 17.10 19.30 

SD 4.30 4.76 8.42 9.59 

d) n=12 Break 1 Break 2 Recovery 1 Recovery 2 

Mean 10.16 11.71 18.15 20.60 

SD 5.04 5.44 9.33 10.49 
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Figure 6.a: The mean values for all in the control group (n=17) of the first and second break 

values, as well as the first and second recovery values. As is shown, the values are quite 

similar.  
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Figure 6.b: The mean values depicted for the anomalous group (n=17). First and second 

break values are shown, as well as the first and second recovery values. The values are 

much more receded and the differences between the values are larger than in figure 6.a. 
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4. DISCUSSION 

 

The aim of this study was to ascertain possible differences between four 

chosen targets that are used in the optometric clinic. The results from the 

complete sample and the control group do not indicate any difference 

between the four targets used in this study, in regard of the break point. 

Although, when comparing the first and second measurement obtained for 

each target respectively, there was a difference found with the RAF line in 

both NPC break and NPC recovery in the control group. This difference was 

not found in the presbyopic group (or in the anomalous group). The results 

in the present study in regard of the RAF target as well as the pencil target 

indicate correlation with the recovery results found in the study of Siderov 

et al., (2001). When comparing the break point values, the values found in 

this study are approximately 3.5 – 4.5cm less remote than those found in the 

study by Siderov (N=14), whereas the recovery values are similar. In this 

study (N=17) the RAF line was copied onto a plastic ruler, and a pen target 

was used in stead of a pencil. These variations and the fact that different 

measurement techniques were used make a direct comparison less likely. On 

the other hand the sizes of the samples are similar.  

 

The results obtained in this study also indicate corroboration with the study 

by Adler et al., (2007) that showed the break points with the RAF rule were 

more receded while the recovery points remained the same. The sample size 

can also be regarded as similar to the group of 20-30 year old subjects 

(N=14) in the study by Adler (2007). In this case a direct comparison with 

the control group in the present study can not be made as their results with 

the RAF line were much more receded (8.8/10.3) compared to the results 

found in this study (4.9/7.0) with a difference of 3.9 and 3.3 respectively in 

the break and recovery point. However, these differences between the 

findings seem to corroborate the results found by Adler et al., (2007). It 

would be of interest to see a study comparing the line target on the RAF rule 

with a line target on a handheld object.  

 

The accommodative target was found to give more remote values, but it also 
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gave the relatively low variance in results. This indicates that it can still be 

considered a good test target. These results are thought to be the effect of 

patients having difficulties with separating the blur from the diplopia. Some 

of the presbyopic subjects in this study complained that the accommodative 

target was the most difficult to use. As neither a single row was used, nor a 

separate letter, the crowding effect can not be excluded as possibly having 

affected the results. Another reason could be that the letter used in this study 

was larger than those used in previous studies. However, Adler (2007) 

suggests that the detail of the target does not matter as they found no 

difference between the accommodative target, the pencil tip or the fingertip.  

 

However the accommodative target still gave smaller variations than the 

PLRG in the complete sample, the presbyopic and anomalous groups. This 

has previously been shown by Pang et al. (2010) and Scheiman et al. 

(2003). This difference in variation was not seen in the control group in this 

study, on the contrary, least variance was found with the PLRG in this 

group. This indicates that penlight viewed through the red-green filters is a 

more sensitive target to use on subjects with anomalous convergence. 

 

This study results showed that the second measurement was higher than the 

first in the anomalous and presbyopic group. Similar results have been 

found earlier (Scheiman, 2003). The fact that there was no difference 

between the first and the second NPC break points found in the reference 

group indicate that a second measurement can be helpful in the diagnosis of 

convergence insufficiency.  

 

The choice of the ruler in this study may have contributed to more receded 

values. The ruler was held rested at the patient’s cheek during the 

measurements, and as it was an aluminium ruler, the end of the ruler was 

padded to increase the comfort. However, this including the 0.5cm that 

always round off regular rulers moves the zero point on the ruler from the 

face toward the spectacle plane (or in this case, the trial frame). However 

this remains the same for all measurements. 

 

One specific case needs to be noted. One of the subjects in the presbyopic 
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group (age 53) had extreme difficulty in converging and regaining single 

vision after having reached the break point. The subject’s mean and 

recovery points are for the RAF 10.5/45.75cm, TP 9.63/30.38cm, Acc 

9.0/33.0cm and PLRG 9.63/47.5cm. In two of the recovery points the 

subject’s recovery point exceeded 50cm, these were plotted as 50cm as the 

ruler could not be elongated. This could indicate poor convergence reserve 

(Scheiman, et. al., 2003). In the history-taking no clues were given to expect 

such a result and there was no difference in measurement technique 

compared with other subjects. This could have influenced the mean values 

and the standard deviations in the presbyopic (and anomalous) group. 

 

Of the 17 subjects that were in the group of subjects with high NPC break 

values, six were symptomatic. They had symptoms which could be 

connected with convergence insufficiency. The symptoms among others 

were dizziness after prolonged work at near, and after having measured the 

NPC, diplopia, headache and difficulty with concentrating at the task at 

hand during measurements of NPC. The mildest symptoms reported were 

occasional headache or eyestrain, and the severest was short attention span 

due to feeling tired when reading. The patient with the more severe 

symptoms had break points ranging from 7.25cm to 8.5cm and recovery 

values ranging from 9.0cm to 20.5cm (objective values equal to subjective 

values). This particular patient, in regard of the symptoms described, may 

have some kind of binocular vision problem. Further investigations were not 

within the range of this study. 
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5. CONCLUSION 

This study agrees with previous studies that an accommodative target give 

less deviating responses than when measuring with a non-accommodative 

target. For the presbyopic subjects in this study a tip of a pen is to be 

preferred compared to the accommodative target. Since the NPC was more 

receded in the presbyopic group with the accommodative target, further 

investigation is required in a larger sample.  

The RAF line target can be expected to give lower values than the 

accommodative target but it also gives more variable results. The penlight 

viewed through red-green glasses was found to be a more sensitive test in 

patients with anomalous convergence than the tip of a pen. 

 

The differences found in this study between the first and second 

measurement indicates that nearpoint of convergence should be measured 

more than once in the clinic in patients who are suspected of having 

convergence insufficiency.  
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APPENDIX 1 

 
Informerat samtycke 

Jämförelse av mätmetoder för konvergensnärpunkt 
 
Jag heter Caroline Berglund Pilgrim och jag läser sista terminen på 
optikerutbildningen i Kalmar. I mitt examensarbete ska jag undersöka om 
det finns någon skillnad i de resultat man får när man mäter 
konvergensnärpunkten beroende på vilken metod som används. Jag är 
mycket tacksam för att du kan tänka dig att hjälpa mig med detta. 
 
Man mäter konvergensnärpunkten genom att se hur nära man kan hålla ett 
objekt utan att det blir dubbelt för att avgöra hur ögonen samarbetar. Det 
kommer att göras totalt åtta mätningar. Testet kommer att genomföras med 
fyra olika synobjekt och varje objekt kommer att användas två gånger. Varje 
mätning för sig tar väldigt kort tid så totalt kommer jag att behöva din hjälp 
under 10-15 minuter. Du kommer att få se på de olika objekten ett i taget 
och de kommer sakta att föras mot dig. Det är viktigt att du hela tiden 
försöker hålla bilden enkel och att du rapporterar när den blir dubbel. 
Sedan kommer objektet att föras från dig och då skall du rapportera när 
bilden blir enkel igen.  
 
Endast ålder och kön behövs för registreringen av mätningarna och ingen 
information kommer att tas från din journal hos optikern. All mätdata 
avidentifieras i rapporten och ingen obehörig kommer att få tillgång till 
resultaten. 
 
Som tack för din medverkan kommer jag att bjuda på något litet gott att äta 
på. 
 
Har du några frågor får du gärna kontakta mig. 
 
Kontaktuppgifter:       Handledare: 
Caroline Berglund Pilgrim                             Baskar Theagarayan, 
070-672 46 83                                              Universitetsadjunkt i optometri 
cb22gw@student.lnu.se     baskar.theagarayan@lnu.se 
 
 
Jag har muntligt och skriftligen informerats om studien och har tagit del av 
ovanstående skriftliga information. Jag är medveten om att mitt deltagande 
i studien är frivilligt och att jag när som helst och utan förklaring kan avbryta 
mitt deltagande. 
 
 
 
 
_________________________________ _________________________ 
Underskrift        Ort/datum 
 
 
________________________________ 
Namnförtydligande 

 

mailto:cb22gw@student.lnu.se
https://webmail.lnu.se/owa/redir.aspx?C=1549f5823bf24a02b0b74ad95a8b548a&URL=mailto%3abaskar.theagarayan%40lnu.se
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