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Microperimetry MP-3 assessment reveals reduced macular fixation stability in

children with concomitant exotropia: a case-control study
Li Fang, Deng Siyuan, Wu Tingfei, He Hong Department of Strabismus and Amblyopia, Hainan Eye Hospital and
Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Haikou, Hainan, China

[Abstract] Objective Concomitant exotropia, the most common type of strabismus in children and
adolescents, is often accompanied by binocular visual dysfunction, which may disrupt the coordination
between the visual and oculomotor systems, thereby affecting macular fixation stability. To assess macular
fixation stability in children with concomitant exotropia, this study used the MP-3 microperimeter to explore
the differences in fixation stability between these patients and age-matched non-strabismic children, and
investigate potential influencing factors for fixation abnormalities. Methods A case-control study was
conducted on 40 children diagnosed with concomitant exotropia (exotropia group) admitted to our department
and 30 age-matched non-strabismic children (normal control group) between February 2024 and October
2025. Macular fixation function was evaluated under monocular conditions using the MP-3 microperimeter.
The percentages of fixation points within the 2° (P1) and 4° (P2) diameter circles, as well as the bivariate
contour ellipse area (BCEA) encompassing 68. 2%, 95. 4%, and 99. 6% of fixation points, were recorded.
Fixation stability parameters (P1, P2, 68. 2%BCEA, 95. 4%BCEA, and 99. 6%BCEA) were compared between
groups, and the correlations of these parameters with clinical characteristics, including strabismus duration,
deviation angle, stereopsis, refractive status, and exotropia subtype, were analyzed within the exotropia group.
Results There were 40 children in the exotropia group (24 boys and 16 girls, aged 8 to 13 years) and
30 children in the normal control group (16 boys and 14 girls, aged 7 to 12 years). There was a statistically
significant difference in P1 values among the dominant eyes of the exotropia group, the deviating eyes of the
exotropia group, and the normal control eyes (H=10. 673, P=0. 005). Pairwise comparisons showed that the P1
values of the dominant eyes (Z=-3.005, P=0.003) and the deviating eyes (Z=-2.620, P=0.009) were
significantly lower in the exotropia group than the normal control group, with no significant difference between
the dominant and deviating eyes. No significant differences were observed in terms of P2, 68. 2%BCEA,
95. 4%BCEA, or 99. 6%BCEA among the dominant eye and the deviated eye in the exotropia group, and the
normal control group. In the exotropia group, no significant correlations were found between any fixation
parameters (for either dominant or deviating eyes) and exotropia duration, deviation angle, spherical
equivalent, or near stereopsis. However, in the deviating eyes, the degree of astigmatism showed weak positive
correlations with P1 (r=0. 407, P=0. 009) and P2 (r=0. 460, P=0. 003), and weak negative correlations with
68. 2%BCEA (r=-0.404, P=0.010), 95.4%BCEA (r=—0.404, P=0.010) and 99.6%BCEA (r=—0.391,
P=0.013), whereas the astigmatism degree of the dominant eye showed no significant correlation with any
fixation parameter. Stratified analyses according to binocular visual function (near/far stereopsis, fusion, and
simultaneous perception) and strabismus subtype (intermittent/constant) revealed no significant differences in
fixation parameters between any subgroups. Conclusion Children with concomitant exotropia exhibit mild
impairment of retinal fixation stability, mainly manifested as reduced concentration of fixation points within
the central macular region. This decrease is not significantly associated with potential influencing factors such
as exotropia duration, deviation angle, refractive status, binocular visual function, or exotropia subtype. The
MP-3 microperimeter enables effective and objective assessment of pediatric fixation function, providing
reliable quantitative parameters for visual function in strabismus.
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A: Fixation graph of a child with concomitant exotropia, showing the percentage of fixation points falling within the central 2° (circle a) and 4°

(circle b) diameter circles; B: Bivariate contour ellipse area (BCEA) analysis of fixation points in a child with concomitant exotropia with

ellipses ¢, d, and e encompassing 68. 2%, 95. 4%, and 99. 6% of the fixation points, respectively
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Figure 1 Fixation function examination by a microperimeter
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Table 1 Comparison of basic characteristics between the exotropia group and the normal control group [ M(P,,,P,,) ,n]

Parameter Exotropia group (n=40) Control group (n=30) ZIx* P
Agelyears 10(9,12) 11(8,12) -0. 635 0.525
Gender

24 16
Male 0.311 0.577
16 14

Female
SE/D -0. 625(-2.469,0) -1.750(-2.344,0.313) -1.393 0. 164
Deviation angle/PD

33 cm 47.5(40.0,65.0) 0 =7.962 <0. 001

6m 40.0(40.0,64.0) 0 -9.173 <0. 001
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x2 EEIRAMRNERERREELLE (M(P,y,P) ]
Table 2 Comparison of retinal fixation stability in normal

control group [ M(P,,,P..) ]

Dominant eye Non-dominant eye

Parameter A P
(n=30) (n=30)
P1/% 68.1(66.2,76.8)  66.2(65.5,75.3) -1.012 0.311
P2/% 86.7(85.0,94.9)  90.3(85.0,93.4) -0.833 0.405
68. 2%BCEA/deg2 5.2(2.9,5.4) 4.7(2.8,6.2) -0.412  0.680
95.4%BCEA/deg2 14.0(7.9,14.6) 12.7(7.7,16.6) -0.412  0.680
99. 6%BCEA/deg2 21.9(15.1,26.8) 24.3(14.6,31.9) -0.187 0.851

PEAMRPRZH EARHRA P1.P2.68. 2%BCEA 95. 4%BCEA .,

99. 6%BCEA 5 #HILF5 £ i) [8] | A0 EE 34 6 8 38 4 ¢

PE(F4).

2,401 JECIRA TR E 6 B i 52
HNBERZH 32 S:HR A AR 19 P1.P2.68. 2%BCEA .

95. 4%BCEA 99. 6%BCEA 5 SEXYJTC i AHEM: (£ 4) .

AR 2 T S HR e 4 ek BE B A Ok 1E P/ R 4

(18 HR) 5l 4H (22 IR, A3 H5 AR B2 ML AN o BE S A1) 5
F2 AR 2 SRR B o0 A IE A P2 (18 HR ) 53 41
2 (22 R , A FEAREE S AT EEIE ) o Mann-Whitney
Uk B 25 8 o, Joie F 2 IR0 & FRHIR , 2 21 8] [ 40
S8 P1.P2.68. 2%BCEA . 95. 4%BCEA . 99. 6%BCEA
Z ST E L (P>0.05) . 20 5Pk £ SR A
RHHR 1 4 %o AR B8 B 5 4% [ A S50 1T Spearman Bk AH
Kb, R B, B IR EOEE S B S EPL
P2.68. 2%BCEA .95. 4%BCEA .99. 6%BCEA ¥ TC i} &
FHOEE s EAHRBOLEE#S P1(r=0. 407, P=0. 009) ,P2
(r=0. 460, P=0. 003) & 55 IF A ¢ , 55 68. 2%BCEA (=
-0.404, P=0.010) .95. 4%BCEA (r=—0. 404, P=0. 010)
}299. 6%BCEA (r=-0. 391,P=0. 013) S 55 fi A%,
2.4.2  WUIRALN e X E R RE 1 TG I 8 5 )
2.4.2.1 EHAAR FEREIAAMRA(16HR)
5 AR (24 AR A1 1E] FHE S0 P1.P2.68. 2%BCEA
95. 4%BCEA .99. 6%BCEA 2 #4040 7 X, T4}

&3 HMEMATSREMRESEETRANERIZEMELLER [M(P,,P,) ]

Table 3 Comparison of fixation stability among dominant eye, deviating eye, and normal control group [ M(P,,,P,;) |

Control eye

Dominant eye

Deviating eye

Parameter (n=30) (n=40) (n=40) i P
P1/% 67.2(65.5,76. 8) 60. 1(45.4,78.3) 58.1(47.4,82.5) 10. 673 0. 005
P2/% 88.5(85.0,94.9) 82.9(78.0,93.8) 86.2(75.8,95.4) 5.261 0.072
68. 2%BCEA/deg’ 5.0(2.8,6.2) 6.8(2.6,10.0) 6.0(2.2,12.0) 4.754 0.093
95. 4%BCEA/deg” 13.4(7.7,16.6) 18.3(6.8,27.0) 16.0(5.9,32.2) 4.787 0.091
99. 6%BCEA/deg’ 23.1(14.6,31.9) 35.0(13.0,54.6) 30.7(12.7,61.6) 5.734 0. 057

F4 SMRABEHEVENIREN S RABKIBRHBEXED T (n=40)

Table4 Correlation analysis between macular fixation stability and strabismus-related indicators in the exotropia children (n=40)

Duration of Deviation angle

Deviation angle

Parameter exotropia (33 em) (6m) Near stereopsis SE Absolute cylinder
r P r P r P r P r P r P

Dominant eye (n=40)
P1 -0.080  0.625 0.186  0.252 0.150 0.355 0.072  0.738 0.185 0.259 0.112  0.491
P2 0.086  0.598 0.017  0.915 0.008  0.962 0.050 0.815 0.170  0.302 0.129  0.427
68. 2%BCEA -0.065 0.690 -0.016 0.922 -0.001 0.996 -0.050 0.815 -0.189 0.250 -0.102 0.532
95. 4%BCEA -0.075 0.645 -0.024 0.882 -0.015 0.928 -0.050 0.815 -0.184 0.261 -0.108 0.506
99. 6%BCEA -0.059 0.720 -0.018 0.911 -0.003 0.985 -0.115 0.592 -0.225 0.168 -0.074 0.649

Deviating eye (n=40)
P1 -0.202 0.211 -0.037 0.823 -0.027 0.868 0.014 0.947 -0.104 0.524 0.407  0.009
P2 -0.229 0.154 -0.058 0.723 -0.035 0.830 -0.058 0.789 -0.115 0.479 0.460  0.003
68. 2%BCEA 0.275 0.086 0.113  0.489 0.104 0.524 0.022  0.920 0.045 0.780 -0.404 0.010
95. 4%BCEA 0.275 0.086 0.113  0.489 0.104 0.524 0.022  0.920 0.045 0.780 -0.404 0.010
99. 6%BCEA 0.269  0.094 0.118  0.469 0.113  0.487 0.022  0.920 0.033 0.838 -0.391 0.013
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