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Experimental Contracture of Superior Rectus Muscle

— Period for Development of Contracture —

Seiji MATSUDA, Masahiro SAWA and Makoto TAKEDA
Department of Ophthalmology, Sapporo Medical College
(Chief : Prof. T. Nakagawa)

It is not rare to confirm the extraocular muscle contracture clinically in case of antagonist
paralysis. Precise discriptions, however, regarding the development of the contracture of extraocular
muscles have not been mentioned in previous reports. The rabbit superior rectus muscle was
contracted without stretch by the antagonist. The inferior rectus muscle was extirpated. It was
confirmed that the remnant of the inferior rectus muscle was attached behind the equator of the
eyeball. Mild contracture of the superior rectus was observed 90 days after the operation for in
vivo and i vitro. But we couldn’t find out any significant morphological change by use of a light
microscope. Contracture of the superior rectus muscle was observed 360 days after the operation,
histologically. Hypertrophy of slow fibers and an increase of the connective tissue in the slow
muscle fiber bundle were observed. In conclusion, the functional contracture occurred within 90 days
after the extirpation of the antagonist, however, histological changes were demonstrated within 360
days. (Received January 21, 1987 and accepted March 16, 1987)
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Isometric tension of tonic labyrinthine reflex of
rabbit under general anesthesia.

Isometric tension of the left superior recutus
muscle evoked by the tonic labyrinthine reflex
was measured by tension forceps.

The rabbit body and neck was rotated from 0°
position to 30° on the longitudinal axis.

The tension development of the superior rectus
muscle was not observed under general ane-
sthesia.
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Fig. 2 Block diagram of the length-tension forceps
and method.
The eyeball is grasped and rotated at the
limbus by the forceps with an attached light
source and strain gage.
Then the distance is calculated by the image
sensor and the passive load was measured by
the strain gage under general anesthesia.
Both data are recorded by the X-Y recorder.
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detector
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SE: stimulating electrode
M.P: muscle preparation

P potentiometer
C : cogwheel

W.p: water pump M: motor

Fig. 3 Block diagram of the apparatus for measu-
rement of length-tension curve and tetanus.
The whole muscle is stretched by the motor
drive and electrically stimulated with each 1
mm of stretching. Stretching ratio is 0.3 mm
for one second.
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Fig. 4 The photograph of resected left inferior rectus
muscle.
Note that the new insertion of the left inferior
rectus muscle to the eyeball is behind the
equator. Bilateral inferior oblique muscles
were resected to observe the inferior rectus
muscles.
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Fig. 5 Passive load under general anesthesia.
The left shifted curve is of the affected eye and
the right shifted curve is the control.
This curve consisted of early and late phases,
and both phases of the affected eye are steeper
than that of the control.
K, : estimated line of early phase in normal
eye.
K., : estimated line of late phase in normal eye.
K’/ : estimated line of early phase in affected
eye.
K’ : estimated line of late phase in affected eye.
e: crossing point of K, and K,.
e’ crossing point of K’ and K%.
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Fig. 6 Tetanus during stretching of affected muscle
(90 days after the operation).
The muscle was stretched at the rate of 0.3 mm
for one second by the motor drive.
Tetanus was elicited by 100 Hz, 200 V elect-
rical stimulation in each 1 mm stretching.
a: tetanus tension development.
b: length difference between maximum tetanus
and 10 g passive load development.
MAX : maximum tetanus.
Note the b-value is significantly shortened
when compared with the normal muscle in
Table 2 and Fig. 7.

Table 1 Values of element in passive load under gemeral anesthesia.

K, (g/mm) K. (g/mm) d (mm) e (mm)
control (n=5) 1.5+0.48 6.2+0.87 . 6.41+0.34 « D5.7£0.4
affected (n=5) 3.6£0.87 18.0£7.6 4.2+0.36 ) 3.940.2

* p<0.005 ** p'<0.01 ¥ p<0.005 R p<0.01
d: stretching length for 20 g passive load development

K., K: and e were explained in Fig. 5
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o Fig. 9 Length-tension curve.
) The whole muscle was stretched at the rate of
E 0.3 mm for one second by the motor drive, and
[ returned at the same speed.
Upper curve is the stretching phase and the
lower one is the relaxing phase.
Difference between the two phases might be
explained by the hysteresis of muscle.
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Fig. 7 Tetanus during stretching of affected muscle 1004+ * %
(postoperative 150 days). g §
Experimental method, a, b value and MAX are Iy
the same as Fig. 6. 2
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w Fig. 10 Relative tensions of tetanus in the affected
muscle (postoperative 90 days) and the
control. Relative tensions were recorded in
o each muscle length.
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LENGTH Note that each relative tension of tetanus in
the affected muscle is higher than the normal
Fig. 8 Tetanus during stretching of control muscle. muscle.
Experimental method, a, b and MAX are same
as Fig. 6.
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Table 2 The length from streching value for MAX to that of 10 g.

postoperative postoperative |
90 days 150 days contro
n=7 n=3
b mm
1.85+0.15 2.08+0.16 2.75+0.18 2.78%0.4
* p<0.005 ** p<0.01

b: value is explained in Fig. 6
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Fig. 11 Relative tension of tetanus in the affected
muscle (postoperative 150 days) and the
control.
affected: group with defective tonic labyri-
nthine reflex.

100% : MAX (explained in Fig. 6)

Note that each relative tension of tetanus in
the affected group muscle is higher than the
normal muscle.
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Fig. 12 Relative tension of tetanus in the incomplete
affected group (postoperative 150 days) and
the control.

affected : a group with remaining tonic labyri-
nthine reflex.

10096 : MAX (explained in Fig. 6)

Note that each relative tension of tetanus is
almost the same as the normal muscle.
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Fig. 13 Superior rectus muscle of the control. (Masson's trichrome staining)
The slow muscle fibers are enclosed by the connective tissue and forming lobular structure. x200

Fig. 14 Superior rectus muscle of the affected group (150 days after the operation).
There are not clear lobular structure of slow muscle fibers compared with the control (Fig.14).

(Masson’s trichrome staining) X200
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Fig. 15

The right superior rectus muscle : the control for Fig. 16.
(Masson’s trichrome staining) x200

7/

il ; i S EA -
Fig. 16 The left superior rectus of the affeted group (360 days after the operation).
(Masson’s trichrome staining) X200

Thickening of connective tissue and a slight hypertrophy of slow muscle fibers are found.
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