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[ Abstract] Objective To analyze the improving effect of visual therapy on the symptoms of asthenopia
caused by abnormal visual function in adults. Methods A serial case study was conducted. Ninety-three adult
patients (186 eyes) with visual dysfunction caused by abnormal visual function who underwent training in the visual
training room of the Optometry Center of Tianjin Eye Hospital from October 2018 to October 2019 were enrolled,
among which there were 48 males and 45 females. The average age of patients was (30.43+6.39) years old.
Binocular visual function examination included vision examination by phoropter, simultaneous vision and stereopsis by
Worth 4 Dots test, distance and near heterophoria by Von-Graefe method test,fusion range by rotating prism method,
the accommodation reaction by fusion cross cylindrical lens ( FCC ), the accommodation amplitude by minus
technique, the accommodation flexibility and the vergence flexibility by flipper, and a personalized training program
was formed on the basis of the above examination results. The training process was divided into initial examination,
first review and second review,and each stage containing 5 times of training was followed by a review. The results of
the initial examination, first review and second review were compared. The study protocol was approved by an Ethics
Committee of Tianjin Eye Hospital ( No. KY201906) . Written informed consent was obtained from each patient prior to
any examination. Results The average near heterophoria was —8.0 (—15.3,-3.0)" at the initial examination,
and it was reduced to =5.0 (=9.0,0.0) * at the first review, showing significant difference (Z=-3.586,P<0.01).
The mean accommodation amplitude of left and right eyes were 4.00 (3.25,5.25)D and 4.00 (3.00,5.00)D
respectively before visual training, which were increased to 5. 50 (4.25,7.00)D and 5. 00 (3.75,7.00) D at the first
review , showing significant differences (7 =-4.284,-3.995; both at P<0.01). The broken point and the recovery
point of the long-distance positive fusion at the initial inspection were 7.5 (5.0,15.8)" and 0.0 (0.0,4.0)"
respectively, which were increased to 11.0 (6.0,22.0)“ and 4.0 (0.0,7.0) * respectively at the first review,showing
significant differences (Z=-3.192,-3.748; both at P<0.01). The broken point and the recovery point of the near
positive fusion at the initial inspection were 18.0 (8.0,28.0)“ and 6.0 (0.0,12.0) ", respectively, which were
increased to 26.0 (21.5,35.0)” and 11.5 (6.0,16.0) * respectively at the first review , showing significant differences
(Z=-4.695,-3.377;both at P<0.01). The monocular and binocular accommodation flexibility were increased from 2—
3 cycles/minute at the initial examination to 10~12 cycles/minute at the first review , showing significant differences (all
at P<0.01). Logistic regression analysis showed that age,distance heterophoria and near heterophoria were not related to
the difference in accommodation improvement of the right and left eyes. At the initial examination, the average CISS
score of 22 patients was (25.13%9.64) points,which was dropped to (19. 18+7.22) points at the first review,showing
significant difference (1=6.79,P<0.01). The 67.60% (48/71) of the patients who did not answer the questionnaire
had obvious improvement in their main complaints and physical signs,and 29.58% (21/71) of them had improvement
but still needed more training,and 2. 82% (2/71) had no improvement in visual fatigue symptoms.  Conclusions
Systemic visual therapy can improve the visual function and alleviate symptoms majority of the adult patients with
abnormal visual function,suggesting that adult visual function is still of strong plasticity.
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Table 1 Diagnostic criteria for abnormal accommodation
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R A A B S AL T8 AR SR A AR A ) IR AL
A 38 3T B 0 LA B IR BE 1 T B 5 A R I ST R A BE T
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Note: NRA ; negative relative accommodation; BCC; binocular cross-cylinder; PRA ; positive relative

accommodation; | ;lower than normal value; T :higher than normal value
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Table 2 Diagnostic criteria for abnormal convergence function
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Note: AC/A ; accommodative convergence to accommodation; NRA ; negative relative accommodation; BCC: binocular cross-cylinder; PRA ; positive relative

accommodation ; NPC ; near point of convergence; | :lower than normal value; 1 :higher than normal value
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Table 3 Comparison of the parameters between the values before training

and the first review [M(Q,,0,) ]

N 328 T O T

I RE S KL YIZRHG (n=93) B 1 ER (n=93) 7 1 Pt
FWARIEE TR B ETE 2 wpa) =20 ( -4.0, 0.0) -2.0 (=40, 0.0 ) -0.59  0.551
Kl EURRE R BT (R IRAE ks (S) ~8.0 (-15.3, -3.0 ) -5.0 (-9.0, 0.0 ) -3.586 <0.01
. s B 3 d o AC/A(L /D) L5( 1.0, 3.0) 2.0( 1.0, 3.0) =-0.107 0.915
UKEE Sl ’/ﬂg ﬁj‘jfﬁfﬁ BCC(D) 0.00( 0.00, 0.50) 0.00( 0.00, 0.50) =-0.134  0.893
WARA AL, RAE B R M e o) 4.00( 3.00, 5.00) 5.00( 3.75, 7.00) =-3.995 <0.01
VERL AN 22 R (D) 4.00( 3.25, 5.25) 5.50( 4.25, 7.00) -4.284 <0.01
L3 Gl NRA(D) 1.75( 100, 2.13)  2.00( 1.50, 2.25) ~—1.970  0.049
ﬂﬁ e o PRA(D) “1.75( -3.00,-0.88) -2.25(-3.13,-1.13) ~-1.585 0.113
K SPSS 21.0 i it/ B A IR R A (A /min) 0 2.0 (0.0, 7.5 ) 12.0 ( 8.0, 16.0 ) -7.587 <0.01
SRR ITS T M. TFE R AmE R EE (H5/min) 3.0 (0.0, 80 ) 12.0( 7.0, 16.0 ) ~-7.268 <0.01
HOBCHE R J Shapiro-Wilk 45 % gt RIS R BUE(AM/min) 3.0 (0.0, 8.0) 10.0 ( 3.5, 140 ) =505 <0.01
. S 87 A (JA 9/ min ) 0.0 ( 0.0, 40) 40( 0.0, 80 ) -4437 <0.01
VT IE A 40 3 0 0 L 0F 25 40 7 1
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SRR R M(Q,,0,) % @ﬁg%ﬁqgﬁ{g‘[@zﬁﬁ(:) 30 ( 20, 50) 40( 2.0, 60) ~—1.844 0.065
o . . S EHE AR (L) 7.5 (5.0, 158 ) 110 ( 6.0, 22.0 ) -3.192  0.001
Ao RAPIREA Wilcoxon Bk AL SR T R (D) 0.0 ( 0.0, 40) 40 ( 0.0, 7.0 ) -3.748 <0.01
50 Ve g T &
WHE2KREEGBENDEN smmammpmas®) 230 ( 16.0, 28.0 ) 24.0 (18.0, 28.0 ) -0.845  0.398
S B SR AT A R AL EEEE ARG (S) 140 (8.0, 18.0 ) 12.0 ( 8.0, 18.0 ) -3.375  0.708
R U 5 BB g e EERERIGEAA(Y) 180 (8.0, 28.0) 260 (215, 35.0 ) -4.695 <0.01
o ST SRR MR () 6.0 ( 0.0, 1220 ) 1.5 ( 6.0, 16.0 ) -3.377  0.001

AL B E AR DL R
Kruskal-Wallis £ % H %531 2k il )i
AT JiE O B2 A B AR AL IR 1 i R
R 0 5 R JH C 0 RE A ¢ A 3

- (Wilcoxon BRANAE ) AC/A 5 MEAE A 598795 LU s BCC : XUIR 3¢ SUAL B s NRA - SR X 6 45 5
PRA : TEAR X455 ; NPC 55 5 JE i
Note : ( Wilcoxon rank sum test) AC/A:accommodative convergence to accommodation; BCC ; binocular
cross-cylinder; NRA ; negative relative accommodation; PRA ; positive relative accommodation; NPC; near

point of convergence
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Table 4 Comparison of measurement values of accommodation amplitude,
near heterophoria at different training stages [ M (Q,,0,) |
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Note ; Compared with the values before visual training,“P<0. 05 ( Generalized estimating equation)
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Table 5 Comparison of the change of heterophoria and accommodation amplitude among different diopter groups [M(0,,0,) ]

4151 1% TR () BRI () A MR 4 i AR AL (D) Fe M8 4 i 2 AR fE = (D)
1R S 30T A0 4 18 0.00( -3.00,6.00) 2.25(-1.00,20.00) 1..00(-0.25,2.50) 1.13(-0.25,2.75)
IS I AL AL 68 0.00(~-1.00,2.00) 3.50(-0.50, 8.00) 1.13( 0.00,2.13) 0.75( 0.00,2.25)
8 4 7 0.00(-3.00,0.50) 2.00(-5.00, 9.00) 1.50(-0.25,3.00) 1.00( -0.25,4.50)
H {4 2.98 0.76 0.39 0. 44

P 0.23 0. 68 0. 82 0. 80

7F : Kruskal-Wallis £ 56
Note : Kruskal-Wallis test
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AMD . 4 1% 4 56 4 35 BF 25 4 (age-related macular degeneration )

ANOVA ; ¥ [’ & J7 22 /3 #7 ( one-way analysis of variance)

BUT : iH i i 24 65} [&] ( breakup time of tear film)

DR ;B BR 955 A ] 15955 4% ( diabetic retinopathy)

EAU . 52561 H B 558 5 25 1 % (experimental autoimmune uveitis )

EGF . 3 4= K [ ¥ (epidermal growth factor)

ELISA : i 1 500 W% B 0 %2 ( enzyme-linked immunosorbent assay )

ERG : 4%} i 3, 8] ( electroretinogram )

FFA :%¢ )% Z IR JiE I 4 38 52 (fundus fluorescein angiography)

FGF . 1 £ 4 41 jit 4 K K 7 (fibroblast growth factor )

GFP . 23 {4, 7%¢ ) 25 1 ( green fluorescent protein)

IFN-vy .y T4 2 (interferon-y)

IL: [ 46l ffd 5 & (interleukin)

I0L: A\ L f4 4R 4K (intraocular lens)

IRBP : ¥ 8] 57 1A #0125 25 W) Jii 45 4 75 H (interphotoreceptor retinoid
binding protein)

LASIK : ¥ 49 T 38 't ff T 5457 5 438 R (laser in situ keratomileusis)

ICGA . n5| W35 4% (145 1% 3¢ (indocyanine green angiography)

LECs: SR _F Bz 4 jifd (lens epithelial cells)

miRNA : /N RNA (microRNA)

MMP . & i 4> J&@ 5 [ [ ( matrix metalloproteinase )

mTOR: I ZA sh ¥ 2K F W F X 8 % 4 ( mammalian target of

rapamycin)

MTT . Py F JL 48 5wk £ ( methyl thiazolyl tetrazolium)
NF : % %% 5% Al 7 ( nuclear factor)
OCT : Y640 T Wr /2 $1 4ifi ( optical coherence tomography)
OR : . #¢ [t (odds ratio)
PACG . J& & P4 A 1 B 55 Y6 HR ( primary angle-closure glaucoma)
PCR : B & Hfi 5% 3 2 ¥ ( polymerase chain reaction)
RGCs : 4% ¥ %15 41 it (retinal ganglion cells)
POAG . J5i & 1% T £ B %5 SL IR ( primary open angle glaucoma)
RB : 1 ] 5B 41 i 9 ( retinoblastoma)
RPE . ¥ % 5 {6, 2% | J% (retinal pigment epithelium)
RNV ;. #0 % J5587 A= I 48 ( retinal neovascularization)
RP . # } I £, 2% 7% 1 (retinitis pigmentosa)
S 1t LAl VH W 43 W B0 ( Schirmer [ test)
shRNA ; /N % & RNA (short hairpin RNA)
SIRNA : /N4t RNA (small interfering RNA)
a-SMA ; o-F 15 LA 3 2 H (a-smooth muscle actin)
TAO ; BRI AH 5% BR 95 ( thyroid-associated ophthalmopathy )
TGF : 8 {4 K [H 7 (transforming growth factor)
TNF : ifr983 YR 3B [ 7~ ( tumor necrosis factor)
UBM ; # 75 4= ¥ 8. #3145 (ultrasound biomicroscope)
VEGF: Il 48 N & 4 K A F (vascular endothelial growth factor)
VEP . #1985 & H {37 ( visual evoked potential )
(7 ) 2 8750 )
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