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Purpose: This study was to investigate whether the application of different diagnostic criteria affected the frequency of
convergence insufficiency (CI). Methods: Eighty one subjects with mean age of 22.54 years (20 to 27 years) were
evaluated. Binocularity tests after refraction were performed as the following tests: near point of convergence (NPC)
with an accommodative target, phoria using von Graefe method, positive fusional vergence (PFV) with a phoropter.
Subjects with CI were diagnosed when exophoria (exo) was greater at near than at distance (exo>4 A, or >6 A), fusional
vergence was PFV<II A for blur, PFV<15 A for break, Sheard’s or Percival’s criterion, and NPC was NPC>6 cm, >7.5
cm or >10 cm. Results: Frequency of CI with one diagnostic criterion was ranged from 6.2% to 77.8%, and was
overestimated or underestimated according to criteria. It was reduced to the range of 6.2% to 43.2% with diagnostic
criteria more than two, especially to the range of 24.7% to 28.4% with lower variability in diagnostic criteria including
phoria and Sheard’s criterion. There were high relationship between total score of signs and phoria score (r=0.772,
p<0.001), and measured phoria and Sheard’s criterion (r =-0.654, p<0.001), but NPC had a high variability and a weak
or no significant relationship with other diagnostic criteria. Results suggested exo>4 A, Sheard’s criterion and NPC>7.5
cm for diagnostic criteria of signs and sequence for CI. Conclusions: Frequency of CI is likely to be over- and
underestimated with diagnostic criteria. Cutoft values and procedures for phoria, Sheard’s criterion and NPC as clinical
signs should be suggested definitely in diagnosis associated with CI.
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Table 1. Diagnostic criteria for frequency of ClI

Sign categories Criteria

¢ Exo at near >4 A than at distance[”"”"”

1. Phoria « Exo at near >6 A than at distance!!>!®!
* PFV<I1 A for blur™
2. Fusional * PFV<15 A for break!"”
vergence® « Sheard's criterion: (2xphoria-PFR)/3>0!'8!"!
« Percival's criterion: (NFV-2xPFV)/3>0/*"!
* NPC>6 cmP!
3. NPC * NPC>7.5 cm/®*!

* NPC>10 cm!™!

*Values represent data at near; Exo: exophoria; PFV: positive
fusional vergence; PFR: positive fusional reserve; NFV: negative
fusional vergence; NPC: near point of convergence.

Sign categories Score CI classification
Exo>4 A 1.5
Phoria 3.0
Exo0>6 A 3.0
PFV<I11 A s 1.5
Fusional PEV<IS A 3.0 0.75 Indefinite CI: score <3
vergence Sheard s 1.5 Suspect CI: 3< score <6
Percival : 0.75 Definite CI: score > 6
>6 cm 1.0
NPC >7.5 cm 3.0 2.0
>10 cm 3.0

Abbreviations are the same as the previous notes for Table 1.
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Signs of covergence insufficiency (Cl)

- Phoria

- Fusional vergence: positive fusional vergence (PFV)

/ Sheard's & Percival's criterion
- Near point of convergence (NPC)
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Fig. 1. Flow chart showing procedure for investigation of

frequency of CI.

1. ttel TP |IEE 2

Table 3. Distribution of Cl classification by selecting 1st single diagnostic criteria (N=81)
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. Without CI With CI, No. (%)
Selected 1st signs ’
No. (%) Total Indefinite CI Suspect CI Definite CI
Phoria Ex0>4 A 20 (24.7) 61 (75.3) 13 (16.0) 37 (45.7) 11 (13.6)
Exo>6 A 41 (50.6) 40 (49.4) 2(2.5) 28 (34.6) 10 (12.3)
PFV<I1 A 72 (88.9) 9 (11.1) 0 (0.0) 2 (2.5) 7 (8.6)
Fusional PFV<IS A 72 (88.9) 9 (11.1) 0 (0.0 4 (4.9 5(6.2)
vergence Sheard 54 (66.7) 27 (33.3) 1(1.2) 17 (21.0) 9 (11.1)
Percival 59 (72.8) 22 (27.2) 10 (12.3) 5(6.2) 7 (8.7)
>6 cm 18 (22.2) 63 (77.8) 17 (21.0) 35 (43.2) 11 (13.6)
NPC >7.5 cm 54 (66.7) 27 (33.3) 7 (8.7) 10 (12.3) 10 (12.3)
>10 cm 76 (93.8) 5(6.2) 0 (0.0) 1(1.2) 4 (4.9)

Abbreviations are the same as the previous notes for Table 1.
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diagnostic criteria (N=81)

Priority of sign®

With CI, No. (%)

Ist steps Next steps Total Indefinite CI Suspect CI Definite CI

] Exo0>4 A NPC — Sheard 22 (27.2) 0 (0.0 13 (16.1) 9 (11.1)
Phoria Ex0>6 A NPC — Sheard 20 (24.7) 0 (0.0) 12 (14.8) 8 (9.9)
PFV<IT A Phoria or Sheard 9 (11.1) 0 (0.0 2 (2.5) 7 (8.6)

Fusional PFV<I5S A Phoria 9 (11.1) 0 (0.0) 4 (4.9) 5(6.2)
vergence Sheard Phoria 23 (28.4) 0 (0.0) 15 (18.5) 8 (9.9
Percival NPC — Phoria 12 (14.8) 0 (0.0) 5(6.2) 7 (8.6)

>6 cm Phoria 35 (43.2) 0 (0.0 25 (30.9) 10 (12.3)

NPC >7.5 cm Phoria 12 (14.8) 0 (0.0) 33.7) 9 (11.1)
>10 cm Phoria 5(6.2) 0 (0.0 1 (1.3) 4 (4.9)

“Selected next step as priority of sign depends on maximum number of subjects.

Abbreviations are the same as the previous notes for Table 1.
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Table 5. Differences of Cl determination by selecting multi-diagnostic criteria

Sequence of multi-diagnostic criteria With CI, Differences of CI
q & No. (%) determination No, (%)
Ex0>4 A NPC — Sheard 22 (27.2) 0 (0.0)
Phoria

Exo>6 A NPC — Sheard 20 (24.7) 2 (10.0)

PFV<II A Phoria or Sheard 9 (11.1) 1(11.1)
Fusional PFV<I5 A Phoria 9 (11.1) 3 (33.3)
vergence Sheard Phoria 23 (28.4) 2 (8.7)
Percival NPC — Phoria 12 (14.8) 7 (58.3)
>6 cm Phoria 35 (43.2) 15 (42.9)
NPC >7.5 cm Phoria 12 (14.8) 5(41.7)
>10 cm Phoria 5(6.2) 3 (60.0)

Abbreviations are the same as the previous notes for Table 1.
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Table 6. Relation between sign categories (N=81)

Between sign categories r p-value”
Total score vs phoria score 0.772  <0.001
Total score vs FV score 0.756  <0.001
Total score vs NPC score 0.673  <0.001
Score
FV score vs NPC score 0.621 <0.001
Phoria score vs FV score 0.371 0.001
NPC score vs phoria score 0.204 0.068
PFV blur vs PFV break 0.702  <0.001
Phoria difference vs Sheard —0.654  <0.001
Sheard vs PFV break -0.626  <0.001
Sheard vs PFV blur —0.449  <0.001
NPC vs PFV blur —-0.284 0.010
l;:t‘: Phoria difference vs PFV break 0.270 0.015
NPC vs Percival 0.247 0.026
Sheard vs Percival -0.122 0.276
NPC vs Sheard 0.120 0.286
Phoria difference vs Percival 0.114 0.310
NPC vs Phoria difference -0.077 0.493

FV: fusional vergence; NPC: near point of vergence; PFV: positive
fusional vergence; phoria difference: difference between near
phoria and distance phoria; *p-values of less than 0.05 indicate
statistically significant correlations; r: Pearson’s correlation coefficient.
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HEDIE AOPE ZFLZO| SIS0l DIXE Us

73T ek 9F7338k3, 4H 25949
FrAo16d 7¥ 27Y), L2016 82 9), AMEA L2016 82 10Y)

Aol FF5-=e) Nkel] WA= G oAt stk WY: B o] 22,544
(20~274)¢] 8185 Wdo 2 Hriatet. SHAAL & 284 Aol o3 FFLHNPC)AAL, & ool o3
ARIZEAL, ZEE O 27 FEEHIFEFPFV)AALE A8 248 A7 dAE AR 2
(exo24 A, >6 A), H°IFE 7IE(PFVE] T4 <11 A P FVve] 22l <15 A, dlo1=71%, SAE 719,
<3 7]%(Npczs cm, 27.5 cm, >10 cm)& o]-§to] FFREG Adeet. A} shte] AarZ oI5
5 HEE 6.2%~77.8%2 MAZ 28131, 7150 wet FH7 s AY a7t et F 7HA] o)/
71l 9 FFHS Nlks 6.2%-43.2%2 WEgo] ZolSUer, 53] ARl 715 HojEs Eshe A
T ) FFFF] Wke 24.7%-284%2 Fol50] R Weds HAh A =] HA Ao A,
o] ARRle} Hlol= 7IEe] AdABAZE 42t 0.7728F -0.654% FJSHAl = UTH(p<0.001). %#E%j Nz tg_%ﬂ
o] ZoH, g IAdr|ERe] FHBAE LAY FsA &gttt AT wE FFFe] J|Ed H 8
2 exo24 A, 4O1E 71F, EFTH275 emE AT BB EFRZ0] WmE Any]E u}a} T, T}
g 7Fsdel ok 93 ffr A AL, dlel= 71Ed FEaRe] Augt dale FE50 ddE JdolA i
SFelA| A E ofoF .
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