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ABSTRACT
Introduction: Thyroid orbitopathy is the most common cause of restrictive strabismus. Patients often present with vertical or
horizontal double vision, or both, due to restriction involving most commonly the inferior and medial rectus muscles. Traditional
muscle surgery involves release of the tight muscles. Previous literature has described a frequent need for secondary operations and an
overcorrection incidence of up to 50%. Recognizing that the tight muscles are also limited in their excursion, it was proposed that
operating on the better-moving eye, particularly the inferior oblique, might produce an improvement in binocularity and decrease the
incidence of overcorrection.
Methods: A total of 37 patients with restrictive strabismus due to thyroid orbitopathy treated at the University of Virginia over 12
years with inferior oblique surgery were retrospectively reviewed.
Results: Eight patients were treated with a combination of inferior oblique surgery and horizontal muscle surgery at the same time.
One patient was treated with simultaneous inferior oblique and superior rectus surgery. Seven patients had vertical correction with
inferior oblique surgery alone. Twenty-three patients required secondary procedures. Eight patients were overcorrected but only one
following primary surgery. At the time of last follow-up, ranging from 6 months to 8 years, 33 patients had no diplopia, 2 had minimal
diplopia, and 2 had persistent diplopia. All but two were completely functional.
Conclusion: Inferior oblique surgery by balancing the overall excursion of extraocular muscles in thyroid patients may produce
binocularity in primary position and down reading gaze. The amount of vertical correction from inferior oblique surgery alone is
limited, often requiring ipsilateral superior or contralateral inferior rectus surgery. Inferior oblique surgery likely increases the area of
binocular single vision and decreases the incidence of overcorrection. The use of Hess screen and binocular single vision fields is
helpful in assessment and planning of surgery in these patients.
Trans Am Ophthalmol Soc 2009;107:72-96

INTRODUCTION
While irritation, tearing, and pressure sensation associated with lid retraction, proptosis, and so on, are the most common symptoms
and signs in patients with thyroid orbitopathy, no other symptom is as frequently disabling as double vision. Diplopia occurs in up to
40% of patients with thyroid orbitopathy,1 making it more common than optic neuropathy. Procedures on the extraocular muscles are
the most common ophthalmic surgical procedure in patients with Graves disease, although some groups reports higher rates of orbital
or lid surgery.2 In a population study,3 men were more likely than women to require decompressive and strabismus surgery. The need
for strabismus surgery also increases in frequency in patients who have undergone orbital decompressive surgery. Estimates suggest
that upwards of 50% of patients will have a change in their motility following transantral decompression of the medial wall and floor
of the orbit.4
The hallmark of thyroid orbitopathy is enlargement of the extraocular muscles.5 Direct infiltration of the extraocular muscles has
been demonstrated, but there may be an additional component related to venous outflow impairment.6 Early speculation centered on
muscle weakness, but most patients with thyroid orbitopathy have diplopia secondary to restrictive strabismus. This can be confirmed
by forced ductions, force generation or saccadic velocity,7 and elevation of intraocular pressure in eccentric gaze.8-10 Mild intraocular
pressure elevation may be a subclinical sign of thyroid orbitopathy,11 which correlates with enlargement and fibrosis of the extraocular
muscles.
During the acute phase characterized by muscle swelling, there is some evidence that botulinum toxin injection may be of some
use2,12-14 and may have the added benefit of reducing intraocular pressure.14 In later stages with fibrosis, it is less clear that botulinum
toxin is likely to be effective. High-dose intravenous corticosteroids have been noted to have an occasional beneficial effect,15 but
there is little evidence that corticosteroid therapy has a marked positive effect in most patients with restrictive strabismus.16,17 Recent
work suggests that more aggressive immune-modulating therapy, including cyclosporin,18 may play a role in limiting diplopia in
patients with thyroid orbitopathy, but strabismus surgery remains a mainstay of realignment in patients with persistent double vision
problems. Although radiation therapy potentially plays a role in acute orbital inflammation,19-21 its role in substantially improved
motility remains unclear.22-24 Prisms offer alignment but have limited applicability owing to the incomitance of the deviation.
Occasionally patients may do well with Fresnel prisms.25
Early surgery on the restricted muscles often involved a fixed 5.5-mm recession with permanent sutures occasionally combined
with a partial myotomy.26 Because of the unpredictability of surgical approaches in patients with thyroid disease, attempts have been
made to improve the results of strabismus surgery by modifying the technique. Modifications have included use of adjustable
sutures,27-31 intraoperative relaxed muscle positioning,32 and surgery targeting the restrictive component, as opposed to simply
alignment.33,34 Prendiville and colleagues35 suggested that the restriction in ductions (particularly of the contralateral vertical rectus
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muscle) best predicted the amount of surgery necessary. Buckley36 and others32,37 have pointed out the change in the nomogram, where
small recessions produce less than expected results, while large recessions are associated with larger than predicted changes in
alignment.
In spite of these advances in technique, thyroid strabismus surgery has remained unpredictable, with a high frequency of
overcorrection and the need for additional operative procedures, particularly when combining horizontal and vertical surgery.38 It has
been postulated that the overcorrection often is secondary to unrecognized restriction in the ipsilateral antagonist muscle. Other
theories have included secondary scarring,39 particularly around the Lockwood ligament, and slippage of the recessed muscle.36 This is
felt to be a particular problem with remodeling after the use of absorbable sutures.40
Because the most involved muscle is not only fibrotic but also relatively paretic, it was postulated that maximal binocularity could
be obtained by early consideration of intervention on the contralateral, better-moving eye. Limitation of movement of the normal or
more normal eye is a mainstay of surgery in persistent paretic conditions41 and has been employed in patients with restrictive
strabismus. Most reports that address contralateral surgery have suggested operating on the contralateral superior rectus in the setting
of vertical incomitance due to inferior rectus restriction,25,42 either with recession or even a Faden posterior fixation procedure.36 Since
the antagonist to the contralateral yoke muscle is the inferior oblique, and not the superior rectus, we postulated that the vertical
incomitance across the horizontal could be collapsed by operating on the contralateral inferior oblique muscle.

METHODS AND MATERIALS
This is a retrospective review of 38 patients with restrictive strabismus due to thyroid orbitopathy seen at the University of Virginia
over the last 12 years who underwent inferior oblique surgery. Consideration was given to any preceding muscle or orbital surgery.
Patients were treated with isolated inferior oblique surgery as well as with combined additional extraocular muscle surgery. None of
these procedures were combined with orbital or lid surgery. Twenty-five of the 38 patients were women, and 13 were men. Ages
ranged between 34 and 78 years at the time of initial evaluation; average age was 59. Duration of known thyroid disease varied from
unknown at the time of first referral in 7 patients to 8 years following first diagnosis of thyroid disease in one patient. Often the
diagnosis of thyroid disease was obtained only after detailed questioning about past medical history, including previous treatment with
radioactive iodine, previous hypothyroidism, and symptoms of both hypothyroidism and hyperthyroidism. Twelve of the 38 patients
had orbital decompressive operations performed prior to strabismus surgery. Two patients required late orbital procedures. Several
patients without classic findings had their diagnosis confirmed through thyroid function tests and computed tomographic (CT) orbital
scanning.
All patients were evaluated with Hess screen tests when first seen and in follow-up. Deviation was assessed for comitance with a
Maddox rod, and stereoacuity was measured by Titmus. Binocular single vision fields were done when binocularity was present.
Patients were also measured in primary position and down reading gaze. Pneumotonometry was often performed in eccentric gaze to
confirm restriction.
The surgical procedure was performed under regional block anesthesia supplemented with intravenous sedation. The inferior
oblique muscle was approached through a fornix incision in the inferotemporal quadrant. The lateral rectus was placed on a muscle
hook, and the inferior oblique insertion was exposed with a malleable retractor. The inferior oblique was dissected from the
surrounding tenons and disinserted with sharp dissection. A clamp was placed on the muscle, and the muscle hook was moved to the
inferior rectus. A cotton-tip applicator was placed between the inferior oblique and the globe. The inferior oblique was severed using
bipolar cautery just lateral to the edge of the inferior rectus. This ensured that the neurovascular bundle was included. The proximal
inferior oblique was noted to retract into its tenons tunnel. The conjunctiva was closed with interrupted sutures. The distal portion of
the inferior oblique was sent for pathologic examination, which revealed a high incidence of low-grade inflammation and
infiltration,43 similar to other reports.44

RESULTS
One patient was subsequently diagnosed as having myasthenia gravis, but had previously been stable with good binocular vision.
Several patients were studied with single-fiber EMG analysis to exclude myasthenia. One patient was diagnosed as having multiple
sclerosis. One patient developed a third nerve palsy several years after muscle surgery, and one patient had a stroke, producing an
incomplete homonymous hemianopsia and dysphasia.
One patient had bilateral inferior rectus surgery prior to the inferior oblique surgery. Another patient had bilateral lateral rectus and
a contralateral inferior rectus procedure (producing a consecutive hypertropia).
Two patients were treated with simultaneous inferior oblique and ipsilateral superior rectus surgery, resulting in initial correction
going from 35 diopters (D) to straight and from 28 D to 7 D. However, both patients subsequently developed consecutive contralateral
hypertropia, which required contralateral inferior oblique and superior rectus surgery in one patient and contralateral inferior oblique
and ipsilateral inferior rectus surgery in the other.
Only 8 patients of the 38 did not require additional vertical muscle surgery, and 3 of these had follow-up of 3 months or less
(Table). One of these patients did require a second procedure after late orbital decompressive surgery.
For the second vertical muscle, 9 patients underwent ipsilateral superior rectus recessions and 14 patients had contralateral inferior
rectus recessions. Overcorrection led to secondary ipsilateral inferior rectus recessions in two patients and contralateral superior rectus
recession in one. Six patients eventually had inferior oblique surgery on the contralateral side. Fifteen patients required 3 or more
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TABLE. RESULTS FOR THYROID ORBITOPATHY PATIENTS UNDERGOING INFERIOR OBLIQUE SURGERY
PATIENT DATE OF AGE GENDER
SURGERY
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0

iSR

2

5/19/1997

77

F

4

3

6/18/1998

47

F

24

4

10/5/1998

51

F

12

5

10/5/1998

60

F

24

6

11/16/1998

73

F

3

7

12/28/1998

61

F

14

8

1/25/1999

36

M

3

9

2/1/1999

56

M

24

10

2/8/1999

73

M

48

11

7/19/1999

51

F

96

cOrbit

12

10/4/1999

35

F

1

cOrbit

13

12/13/1999

57

F

14

1/17/2000

76

M

13

15

2/28/2000

70

F

48

16

4/10/2000

73

F

3

17

6/12/2000
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M

4

18

9/25/2000

69

M

3

bIR
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17
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1
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63
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6

9
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0
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10
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12

3

4
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19

2/26/2001
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F

4
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3/19/2001
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F
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14
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44
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M
F

2
12

30
22

45
30
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23

8/4/2003
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F

5

25
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24
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M

3
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15
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F
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18
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F
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F

9

28

6/21/2004

56

M

10

29

8/23/2004
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M
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F
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cIR
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3

0
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8
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0

cIO

30
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19

No double
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60
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31
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34

M

6

32
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F

11
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F
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16
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F
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16
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16
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M

13
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10
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8

7
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15

10
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14
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F
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F
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M
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EOM, extraocular muscle; MG, myasthenia gravis; MS, multiple sclerosis; Str, straight.
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operations, although in one of these the third operation was only a medial rectus recession.
Progressive undercorrection occurred in 4 patients with short-term measurements worse than preoperative measurements,
indicating that the thyroid disease was not stable. In 3 additional patients there was minimal vertical effect in primary position,
although the Hess screen test often indicated a collapse of the secondary overaction.
In patients with severe hypotropia, 30 D or greater, marked undercorrection was common, occurring in 7 patients, 2 of whom were
treated with subsequent ipsilateral superior rectus recessions and the remaining 5 with contralateral inferior rectus recessions.
Long-term follow-up ranged from 10 months to10 years. At the time of last follow-up, only 2 patients still had symptomatic
diplopia in primary and reading gaze. Three patients had residual prism in their glasses to correct minimal residual vertical deviation.
Many patients who denied having any double vision could be found to have mild residual abnormalities on their Hess screen test, but
they were symptomatically without complaint.
CASE EXAMPLES
Case 1
A 77-year-old woman was referred in May 1996 with complaints of double vision following cataract surgery. Afferent system
function was normal. Hertel readings were 16 OU without lid retraction. Motility examination revealed marked limitation in elevation,
worse in the left eye than the right, with 16 D of right hyperdeviation increasing on up left gaze. Intraocular pressure measurements
revealed 5 mm of elevation of intraocular pressure on attempted up gaze. A CT scan showed mild enlargement of the inferior rectus
muscles greater than medial rectus muscles, worse on the left than the right. Because of the incomitant deviation (Figure 1, left),
inferior oblique surgery was suggested. The patient asked for a second opinion, and it was suggested that inferior rectus surgery be
performed. The patient underwent a left inferior rectus recession on adjustable stitch. Postoperatively, she had 4 D of right hypertropia
in primary position and 9 D of left hypertropia on down gaze. Hess screen test confirmed the change in position of the patient’s left
eye, but still with significant restricted vertical gaze bilaterally (Figure 1, middle). Subsequently, in December 1996, she underwent a
right inferior rectus recession. Postoperatively she was straight in down reading gaze, but retained 10 D of left hypotropia in primary
position (Figure 1, right). In May 1997 she underwent a right inferior oblique extirpation and denervation, which collapsed the right
hypertropia as seen on follow-up Hess screen and binocular single vision field tests (Figure 2). Initially she felt there was a major
improvement in her double vision, but she returned 2 months later complaining of recurrent problems with double vision. She then
underwent a left inferior oblique denervation and extirpation. Immediately postoperatively she noted double vision only in up gaze.
Follow-up 10 years later revealed no double vision at all with 60 seconds of stereopsis on Titmus testing (Figure 3).
Comment. Although standard inferior rectus recessions released the restrictive strabismus here, this did not resolve the incomitant
deviation with a persistent hypotropia on abduction. By extirpating the inferior oblique muscles, this apparent “secondary overaction”
could be eliminated and the binocular single vision field expanded dramatically.

FIGURE 1
Case 1. Hess screens of 77-year-old woman with double vision (left), following left
inferior rectus recession (middle), and following right inferior rectus recession (right).

FIGURE 2
Case 1. Left, Hess screen following right inferior oblique extirpation. Right, Binocular
single vision field following right inferior oblique extirpation demonstrating double
vision on down right gaze, but single vision up left.
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FIGURE 3
Case 1. Left, Nine cardinal positions following bilateral inferior oblique extirpation.
Right, Hess screen demonstrating minimal residual right hypertropia. At that time the
patient had no double vision.
Case 2
A 47-year-old woman was referred by a neurologist in January 1998 for complaints of double vision. Her previous medical history
was remarkable for hyperthyroidism, diagnosed 2 years earlier and treated with radioactive iodine and thyroid hormone replacement.
A CT scan confirmed bilateral thickening of the inferior rectus muscles. Visual acuity was correctible to 20/20 bilaterally with normal
visual fields and Hertel measurements of 14.5 and 13.5 with mild lid retraction. She had limitation in elevation in abduction bilaterally
(Figure 4, left) best seen on the Hess screen (Figure 4, middle). Although she had 40 seconds of stereopsis in primary position,
binocular single vision fields revealed double vision 5° up and on right gaze (Figure 4, right). In June 1998 she underwent a left
inferior oblique extirpation. Postoperatively she had a collapse of the overacting left inferior oblique with a reversal to a right
hypertropia in up left gaze (Figure 5). By November 1998 she had a right hypertropia of 4 D in primary position, increasing on right
gaze, and in November she underwent a right inferior oblique extirpation and denervation. She was left with 3 D of left hypertropia in
primary position, which responded to prism correction in her glasses. At last follow-up, in June 2006, she had 40 seconds of stereopsis
and noted double vision only when she was tired (Figure 6).
Comment. Gauging the amount of vertical obtained by inferior oblique surgery is difficult. With this patient, we were left with a
small residual hyperdeviation, but by reducing the incomitance, we were able to correct this with residual prism. Although obviously
retaining restriction in her inferior rectus, she was not bothered by head position abnormalities and had symptomatic relief of her
diplopia.

FIGURE 4
Case 2. Left, A 47-year-old patient with limitation in elevation bilaterally. Middle,
Hess screen demonstrating secondary overaction of the inferior obliques due to
restriction of the inferior rectus. Right, Binocular single vision fields done at the same
time as the Hess screen illustrating single vision down and to the left and double vision
up and to the right.
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FIGURE 5
Case 2. Left, Nine cardinal positions following left inferior oblique extirpation. Right,
Hess screen indicating residual right hypertropia on left gaze, but marked collapse of
the previously noted left hypertropia on right gaze.

FIGURE 6
Case 2. Left, Nine cardinal positions following bilateral inferior oblique extirpation. At
that time the patient was noting double vision only “when tired.” Right, Hess screen
illustrating persistent problems with elevation of the right eye in right gaze.
Case 3
A 69-year-old man was referred in August 2000 with a previous history of ocular hypertension and 4 months of progressive double
vision. His afferent system was normal with 20/20 vision and normal visual fields. He had 12 D of left hypertropia in primary position
with a left hypertropia increasing on up gaze (Figure 7, left) confirmed on Hess screen testing (Figure 7, middle). Binocular single
vision fields revealed single vision on 35° down gaze (Figure 7, right). He did have 2 mm of proptosis on the right with mild

FIGURE 7
Case 3. Left, Nine cardinal positions in a 69-year-old man with limitation in elevation
particularly of the right eye in right gaze. Middle, Hess screen illustrating marked
limitation in elevation on the right side. Right, Binocular single vision fields done at the
same time as the previous Hess screen demonstrate single vision but only 30° down.
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resistance to retropulsion. Pneumotonometry tensions rose from 21 to 31 with attempted up gaze on the left and from 19 to 34 with
attempted up gaze on the right. Subsequent thyroid function tests revealed a low TSH and elevated thyroid hormone levels. A CT scan
confirmed enlargement of the inferior rectus muscles, right greater than left. On September 25, 2000, the patient underwent a left
inferior oblique extirpation. Four-month follow-up revealed undercorrection, particularly in up right gaze (Figure 8, left and middle),
but a marked improvement in binocular single vision fields, with double vision now only 12° above fixation (Figure 8, right). Because
the patient was asymptomatic, no additional surgery was contemplated.
Comment. Although clearly this patient was undercorrected for his restrictive strabismus, by moving the area of binocularity and
maximizing it through contralateral surgery, the patient was symptomatically improved. As had been pointed out by other
investigators, the goal of surgery particularly in patients with significant paretic or restrictive strabismus is to maximize the area of
binocularity, centering it on central fixation and down reading gaze.

FIGURE 8
Case 3. Left, Nine cardinal positions following left inferior oblique extirpation showing
similar limitation in elevation of the left eye in up right gaze. Middle, Hess screen
illustrating persistent problems with elevation on the right, but decreased secondary
overaction of the left inferior oblique following surgery. Right, Binocular single vision
now reveals double vision only 10° above primary position.
Case 4
In June 1997 a 51-year-old woman was referred with a 3-year history of palpations and heat intolerance. She had been diagnosed with
hyperthyroidism in August 1994 and treated with radioactive iodine and subsequent thyroid replacement. Nine months before her
referral she began to notice double vision. On examination her afferent system was normal. Her motility examination, however,
revealed restriction in elevation in abduction, worse on the left than the right, with 5 D of right hypertropia in primary position
decreasing on down gaze (Figure 9). She was able to read with a chin-up position with normal stereopsis. Because of her minimal

FIGURE 9
Case 4. Hess screen illustrating limitation in elevation of the left eye with secondary
overaction of the right inferior oblique.
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symptoms, no initial therapy was instituted, but by September 1998 her double vision had substantially worsened and she had 17 D of
left hypotropia in primary position. It was felt that it would likely be necessary to do an inferior rectus recession on the left, but by
collapsing the vertical with right inferior oblique weakening, it was hoped that the amount of recession would be less. On October 5,
1998, she underwent a right inferior oblique extirpation. This collapsed her vertical as seen in follow-up in April 1999, with about 12
D of residual right hypertropia (Figure 10, left and middle). Her binocular single vision fields revealed diplopia in down reading gaze
(Figure 10, right). On July 12, 1999, she underwent a left inferior rectus recession on an adjustable stitch. This completely collapsed
her vertical. She subsequently developed lid retraction and underwent a hard palate graft to the left lower lid in April 2000. At last
follow-up in October 2006, she had no complaints of double vision and retained 40 seconds of stereopsis (Figure 11).
Comment. By limiting the elevation in the right eye, the amount of left inferior rectus recession could be reduced. This would
seem to make subsequent overcorrection less likely, although certainly not impossible. Hopefully it will also limit the amount of lower
lid retraction, although in this case lower lid retraction following inferior rectus recession did require a hard palate graft for corneal
protection.

FIGURE 10
Case 4. Left, Nine cardinal positions following right inferior oblique extirpation
resulting in similar limitation in elevation of the right eye to the left eye in attempt at up
left gaze. Middle, Hess screen following right inferior oblique surgery reveals residual
limitation in down gaze in the right eye. Right, Binocular single vision fields following
right inferior oblique reveals single vision above fixation, but double vision below
primary gaze.

FIGURE 11
Case 4. Hess screen illustrating limitation in elevation of the left eye with secondary
overaction of the right inferior oblique.
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Case 5
A 63-year-old woman was referred for Graves disease in August 2003. She had a 7-year history of thyroid problems and a 4-month
history of progressive proptosis and diplopia. Her afferent system was unremarkable. She did have moderate resistance to retropulsion,
but no asymmetric proptosis, with Hertel measurements of 18 OU. She had mild limitation in abduction bilaterally but marked
limitation in elevation, worse on the right than the left, and 18 D of right hypotropia with 8 D of exotropia in primary position (Figure
12). Pneumotonometry tensions demonstrated a 10-mm rise in intraocular pressure with attempted up gaze OD. It was felt that she
would likely require inferior rectus surgery OD at some point, but she initially underwent a left inferior oblique extirpation, on
October 6, 2003. This minimally collapsed her vertical deviation, and she had a persistent left hypertropia (Figure 13). Because the
deviation was greater on down gaze, single-fiber EMG was done, and results were normal. A left superior rectus recession was
performed with an adjustable stitch. Postoperatively the patient denied having any further double vision. At last follow-up in June
2005, she had minimal limitation in elevation, slightly worse on the left than the right, but normal stereopsis and no complaints of
double vision (Figure 14).
Comment. One size does not fit all. The hyperdeviation worse on down gaze suggested more restriction in the superior rectus.
Thus an ipsilateral superior rectus recession was done instead of a contralateral inferior rectus recession. This therapeutic decision was
made because patients are far more symptomatic with overcorrection following inferior rectus surgery than superior.

FIGURE 12
Case 5. Left, Nine cardinal positions of 63-year-old patient illustrating significant
limitation in elevation particularly of the right eye in right gaze. Right, Hess screen
done at the same time as the nine cardinal positions illustrates left hypertropia
increasing on up gaze.

FIGURE 13
Case 5. Hess screen following left inferior oblique extirpation shows some limitation in
overelevation of the left eye, but marked residual left hypertropia increasing on down
gaze.
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FIGURE 14
Case 5. Left, Nine cardinal positions following left superior rectus recession resulting
in complete resolution of double vision. Right, Hess screen following left superior
rectus recession shows minimal residual vertical limitation on the left.
Case 6
A 65-year-old woman was referred for a 5-month history of double vision and a 1-month history of diagnosed thyroid disease. Her
afferent system was unremarkable with 20/20 and 20/25 vision without an afferent pupillary defect. She had limitation in elevation,
OD worse than OS, with a left hypertropia increasing on up right gaze. She had 10 D of right hypotropia in primary position, but there
was no deviation in down gaze (Figure 15). Thyrotropin inhibitor binding assay was abnormal at 87% (normal <10%). By 1 month
follow-up, her hypodeviation had increased to 20 D with worsening problems with elevation. In August 2003 she underwent a left
inferior oblique extirpation. This collapsed the hypertropia in up gaze, but left her with a significant left hypertropia deviation in down
right gaze (Figure 16). On November 3, 2003, the patient underwent a left superior rectus recession with some residual double vision
in up gaze (Figure 17). She was bothered by persistent double vision when looking up and to the right side, and on April 24, 2006, she
underwent a right superior rectus recession on adjustable stitch. Initially, she was only slightly overcorrected, but by 3 weeks later her
consecutive left hyperdeviation had increased to 20 D (Figure 18). When this failed to clear, she underwent a right inferior rectus
recession on adjustable stitch in July 2006. Immediately postoperatively the muscle slipped (Figure 19), requiring reoperation 2 days
later. This resolved her diplopia. With 2-year follow-up she has had no recurrent double vision (Figure 20).
Comment. This case demonstrates that the inferior oblique surgery will have only a limited effect on the amount of vertical. It also
illustrates the potential for overcorrection, particularly with adjustable stitches, and the potential for slippage of a recessed muscle.
Persistence here, in collapsing the better-moving eye, eventually resulted in complete resolution of the patient’s diplopia.

FIGURE 15
Case 6. Hess screen of a 65-year-old woman with a 5-month history of double vision
demonstrating a left hypertropia increasing on up right gaze secondary to restriction of
the right inferior rectus.
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FIGURE 16
Case 6. Hess screen following left inferior oblique extirpation shows reduction of the
overacting inferior oblique on the left side with persistent left hyperdeviation.

FIGURE 17
Case 6. Left, Hess screen following left superior rectus recession shows slight
overcorrection now with a right hypertropia on up gaze. Right, Binocular single vision
fields done at the same time show binocular single vision in primary position and
down reading gaze but double vision 18° above primary gaze.
Case 7
A 34-year-old man was referred for “severe Graves disease” in June 2004. He had a 4-year history of rapid heart rate and weight loss,
which led to the diagnosis of hyperthyroidism. He was treated with radioactive iodine twice in 2001 and subsequently started thyroid
replacement therapy. He had a 1-month history of double vision. On examination, the afferent system was entirely normal with 20/20
acuity at distance and 3-point vision at near. Proptosis was 28 mm and 31 mm, with marked resistance to retropulsion and severe lid
retraction with inferior scleral show (Figure 21, left). He also had mild lagophthalmos bilaterally. He had severe limitation in elevation
bilaterally with an exodeviation decreasing on gaze to the right and with a left hypotropia greater on up gaze, measuring 20 D by
Maddox rod (Figure 21, right). Because of the severe proptosis and mild exposure problems, he underwent bilateral orbital
decompressive surgery through a transantral approach on October 11, 2004. Postoperatively he had 40 D of left hypotropia with 8 D
of esotropia (Figure 22). To limit the amount of inferior rectus recession necessary, he first underwent a right inferior oblique
extirpation and denervation on January 19, 2005. This minimally collapsed his vertical deviation but left severe residual limitation in
elevation measuring 8 D of left hypertropia in primary position (Figure 23). On June 13, 2005, he underwent bilateral inferior rectus
recessions on adjustable stitches. Postoperatively he had a slight consecutive right hyperdeviation. By 4-month follow-up he did note
residual double vision when looking to the left and right as well as up (Figure 24, left and middle). He had 7 mm of reduction in
proptosis following orbital surgery but still demonstrated marked limitation in abduction with severe limitation in elevation bilaterally.
He was; however, able to fuse in primary position and in down reading gaze with 40 seconds of stereopsis (Figure 24, right).
Comment. With severe restriction exacerbated by orbital decompressive surgery, it is not surprising that we were unable to
completely eliminate the vertical incomitance across the horizontal. With a combination of inferior oblique and inferior rectus surgery,
however, we were able to maintain binocularity in primary position and down reading gaze.
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FIGURE 18
Case 6. Recurrent left hyperdeviation following presumed slippage of right superior
rectus suture resulting in increasing double vision on down gaze.

FIGURE 19
Case 6. Left, Nine cardinal positions immediately following right inferior rectus
recession with slippage of the muscle. Right, Hess screen demonstrates a slight right
hypertropia increasing on down gaze.

FIGURE 20
Case 6. Hess screen following reoperation with advancement of the slipped right
inferior rectus. At that time the patient had no recurrent or residual problems with
double vision.
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FIGURE 21
Case 7. Left, Nine cardinal positions of a 34-year-old patient with severe proptosis and
limitation in elevation on the left. Right, Hess screen done at the time of nine cardinal
positions demonstrates a marked left hypotropia.

FIGURE 22
Case 7. Hess screen following bilateral orbital decompressive surgery with an increase
in the relative left hypotropia.

FIGURE 23
Case 7. Left, Nine cardinal positions following right inferior oblique extirpation. Right,
Hess screen following right inferior oblique extirpation demonstrates persistent
limitation in elevation and abduction.
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FIGURE 24
Case 7. Left, Nine cardinal positions following bilateral inferior rectus recessions with
some minimal residual double vision when looking up and to either side. Middle, Hess
screen done following bilateral inferior rectus recessions still shows effective
overaction of the inferior obliques in spite of previous right inferior oblique extirpation.
Right, Binocular single vision fields demonstrate single vision in primary position and
in down reading gaze with persistent double vision up and to either side.

DISCUSSION
Muscle surgery in patients with Graves disease has been recognized as challenging for years.45 One difficulty has been quantifying the
motility abnormalities. Even the newer classification of Graves (VISA classification46) grades diplopia into categories of none,
diplopia on horizontal or vertical gaze, intermittent diplopia in straight gaze, and constant diplopia in straight gaze. Strabismus
surgeons have argued for maximizing the field of binocular single vision centered on primary and down reading gaze while
eliminating abnormal head position. This may be best studied with the use of binocular single vision fields.47-49 This has been
specifically applied to patients with thyroid orbitopathy.50 Failure to examine the patients in all fields often leads to better than
expected results.51 Ductions of each eye may be quantitatively assessed with an arc perimeter,52 Goldmann bowl, or cervical range-ofmotion apparatus.53 Muscle surgery that aims to equalize individual ductions of the two eyes is likely to minimize residual diplopia.
Preceding orbital surgery has been recognized to exacerbate problems with diplopia.4,54 Although the orbit may be decompressed
by removing any of the four walls, surgery on the medial wall and floor seems to be most effective for relieving proptosis,
ameliorating the compressive optic neuropathy, and reducing exposure keratopathy. As described by Walsh and Ogura,55,56 and
popularized at the Mayo Clinic, a transantral approach is quite effective. It also, however, is associated with the highest incidence of
altering the muscle balance and producing or exacerbating diplopia.4 This may be of particular concern when decompressive surgery
is being done for cosmesis, as in the 1994 study by Fatourcehi,57 in which 73% developed diplopia. Some investigators suggest that
this induced diplopia may spontaneously improve (137 of 206 patients58), but it is unclear just how much detail was involved in this
series follow-up. Other forms of orbital decompression, including a translid and coronal approach, have been reported to have a lower
incidence of induced diplopia.59 Other alterations in technique have been reported to decrease induced diplopia, including balanced
lateral or keyhole decompression,60-62 deep lateral wall decompression,63 endoscopic decompression,64 and transconjunctival fat
decompression,65 but none of these has been successful in eliminating it. Other investigators have argued that previous treatment,
including decompressive surgery, does not influence the outcome of strabismus surgery.66-68 Twelve of our 38 patients had preceding
transantral decompressive procedures, and two others had orbital surgery following their initial muscle procedure.
Consecutive hypertropia following inferior rectus muscle surgery is common. Previous studies have suggested an incidence of
between 17% and 45%.26,33,35,42,45,66,69-74 More recent studies have suggested better results,75 but detailed analysis removing the patients
with only horizontal deviations suggests that the true incidence (4 in 15 [27%] if only the patients treated with inferior rectus or
inferior and superior rectus surgery are included) is similar to previous reports. Inferior rectus surgery for other forms of restrictive
strabismus also has a significant incidence of overcorrection.76 Patients with larger amounts of proptosis and increased superior rectus
muscle volume were found to have a higher incidence of late overcorrection.77 Whereas arguments for this high frequency have
emphasized the potential for muscle slippage and unmasking contralateral restriction, an additional component is that the involved
muscles are not only restricted but also paretic (with reduced range of motion). To avoid overcorrection, some investigators have
advocated intentionally undercorrecting the vertical strabismus.73,78 Others advocate simultaneous bilateral inferior rectus recessions.79
Contralateral surgery has been previously recommended for restrictive strabismus. This usually involves the opposite superior
rectus.36 Small hypertropias may be addressed with a graded tenotomy.80 Most investigators opt for recessions with or without
adjustable sutures. Further limitation may be achieved with a posterior fixation suture. While surgery on the contralateral superior
rectus is likely to have a greater effect than the contralateral inferior oblique, the maximal effect of the superior rectus recession will
be when looking to the contralateral side instead of the ipsilateral, thus potentially exacerbating an incomitant deviation. There have
been very few reports of prior inferior oblique surgery, most in the setting of multiple other muscle procedures.81
Two of our patients required subsequent orbital decompression for optic neuropathy. Ideally, orbital surgery will precede
strabismus surgery, but uncommon late worsening of orbital apical compression may make it necessary. Our incidence of 5%
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compares favorably with other series, where up to 28% required secondary orbital procedures.82
It is not surprising that the possibility of torsion in patients with thyroid orbitopathy has been explored.81,83,84 In the series from the
Mayo Clinic,83 21 patients were noted to have incyclotorsion and 5 excyclotorsion. All patients had previously undergone inferior
rectus recessions. We did not routinely measure torsion in our patients, but none had torsional complaints. Inferior oblique extirpation
may theoretically produce a component of incyclotorsion but likely less than recessing a tight inferior rectus.
Our ultimate results are very good, similar to those of previous series.1,34,85,86 While success rates range between 43% and 100%,87
the definition of success remains elusive. A recent debate suggests that operating for the restriction produces better results than
operating for the deviation.32,33 This has been challenged.34 Ultimately, both need to be addressed while bearing in mind that
restriction is unlikely to be isolated, and release of restriction will not restore normal excursion. The addition of inferior oblique
surgery does not prevent overcorrection, but it is extremely unlikely. Undercorrection is common. When done alone as a staged
procedure, this automatically increases the total number of operations.
The combination of inferior oblique surgery monitored with Hess screen and binocular single vision field testing appears to
increase in binocularity. The major disadvantage in this series is the predetermined need for more than one operation in the majority of
cases (79% of patients required at least a second procedure). The rate of second operations in strabismus surgery in thyroid patients
has been between 17% and 45%.82 The use of a traction suture with large recessions has been reported to be successful in 74% of
cases in spite of a large preoperative deviation.75 This “one stop” shopping certainly will be appealing. Only more detailed analysis
and prospective studies will indicate whether the same degree of binocularity is ultimately achieved.
Our one patient subsequently diagnosed as having myasthenia raises the important coexistence of these two autoimmune
diseases.88 This may be present in 10% or more of patients and may produce an additional reason for malalignment. Diagnostic
suspicion must remain high, especially with variable deviation.
Because of the unlikelihood of overcorrection with inferior oblique surgery alone, we feel that oblique surgery may be done earlier
without waiting the traditional 4 to 6 months for stability. Interestingly, early surgery was first suggested to prevent late fibrosis by
decreasing tension on the muscle.89 Unfortunately, there is no evidence to support this hypothesis. While others have suggested that
earlier surgery is possible,82,90 intervention during the acute inflammatory phase may have a higher incidence of complications,91 and
progressive alteration in alignment is not unusual. In the series of Yang and associates,82 7 patients (28%) required subsequent orbital
surgery. Progressive active disease may also be responsible for late undercorrection in patients initially well aligned following inferior
rectus surgery.92
In addition, attention has been directed to possible excess inflammatory reaction in operating during the active phase of thyroid
orbitopathy.93 Attempts have been made to assess the activity of inflammation using B-scan94 or MRI.95-100 It has also been postulated
that the muscle size will correlate with the results of strabismus surgery.101 At this point it is unlikely that any test will guarantee
stability and predict surgical outcome. Muscle surgery should be tailored to decrease the chance that late shifts will be in primary
position and down reading gaze.
Rectus surgery has additional secondary effects. Some are beneficial, such as lowering intraocular pressure, and others less ideal,
such as producing an increase in proptosis102 and late lid retraction, which can exacerbate exposure problems.86,103 Various
modifications of surgical techniques have been introduced to minimize lower lid retraction,104-106 but it is unlikely it can be completely
prevented. While some investigators have suggested simultaneous lid and muscle surgery, this should not be entertained while
operating on the vertical muscles.107

CONCLUSION
When dealing with thyroid patients with diplopia, it is critical to manage expectations. In 1971 John Dyer, wrote, “Since the muscles
are no longer normal, the patient cannot expect to have a full range of binocular vision once this eye is operated on, and it is extremely
important to impress on these patients that what we hope to gain is single binocular vision in a reasonable area in the primary position
and in the reading field. I suggest that the Lancaster red-green test and the Hess screen are extremely valuable tools to use
preoperatively as well as postoperatively.”108 Unfortunately, even with control of the active inflammatory component (including
cessation of smoking, steroid therapy, control of thyroid function, and potentially other immune modulators), residual fibrosis
persistently limits ductions manifesting as restrictive strabismus. While the primary muscle procedure should be aimed at releasing
restriction, it is imperative to keep in mind that release of restriction does not improve motility. It is likely that the worse-moving eye
will continue to be more limited even if alignment is achieved in primary gaze, and thus early attention should be directed to the
contralateral antagonist. Since the effect of inferior oblique surgery is hard to predict, an argument can be made for considering this as
a first stage. Inferior oblique surgery tends to collapse the vertical deviation (especially across the horizontal). This permits less
surgery on the vertical rectus muscle, which can be graded with adjustable sutures. By matching the excursion of the two eyes, the
area of binocularity may be maximized. This has clearly been recognized in patients with long-standing paretic deviations. This study
supports the notion that this is also an important concept in dealing with restrictive strabismus.
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PEER DISCUSSION
DR. DAVID K. WALLACE: Thank you for the opportunity to discuss this paper. I have no financial conflict of interest. Thyroid eye
disease is an important cause of morbidity, and it certainly can be challenging to correct surgically. Our goal as surgeon is usually to
relieve double vision in primary gaze in the reading position, although we also want to maximize the field of single binocular vision as
much as possible. I want my patients to understand that, even with a good result, they are still likely to have double vision in extreme
positions of gaze.
Dr. Newman presents a retrospective, descriptive case series of 38 patients who had inferior oblique weakening as part of their
surgical treatment for strabismus associated with thyroid eye disease. Seven of these patients are presented in detail. His primary study
question was: "Is vertical incomitance reduced by operating on the inferior oblique muscle?" Of the 38 patients included in the study,
30 (79%) had additional surgery beyond inferior oblique weakening, and 15 (39%) had 3 or more surgeries. Of the 7 patients
presented in detail, all had significant improvement in, or resolution of, diplopia after one or more surgeries. Five of these 7 also had
surgery on vertical rectus muscles.
Based on these results, what can we say about whether vertical incomitance is reduced by operating on the inferior oblique
muscle? For the seven patients presented in detail, less incomitance was noted postoperatively by Hess screen. However, these results
were not formally quantified using an alternate prism and cover and test. In addition, many patients had surgery on other muscles,
making it difficult to "tease out" the effect of the inferior oblique surgery. There is insufficient detail presented on the other 31 patients
to know if the inferior oblique surgery was effective or not. From these data I conclude that inferior oblique weakening may have a
role in some patients. However, I consider this case series to be "hypothesis generating" rather than “hypothesis testing.”
How could the effectiveness of inferior oblique surgery be more directly addressed with a retrospective study design? If alternate
prism and cover test measurements in right and left gaze were recorded, then vertical incomitance (or the difference between right and
left gaze) could be determined for each patient preoperatively and postoperatively. In order to “tease out” the effect of inferior oblique
muscle surgery, a comparison group is needed. To determine the effect of inferior oblique weakening, preoperative and postoperative
vertical incomitance could be compared for those patients having inferior oblique surgery alone. To determine the effect of inferior
oblique surgery versus rectus muscle surgery, the effect of each surgery on vertical incomitance could be compared. One might find
equal or greater effect on vertical incomitance by recessing a tight inferior rectus muscle. To assess the additive effect of inferior
oblique surgery, patients having rectus muscle and inferior oblique surgery simultaneously could be compared to those having rectus
muscle surgery alone. Other important outcomes include alignment and diplopia in primary and reading positions, number of
reoperations, and life quality (when possible).
Finally, I think it is critical to consider torsion as another cause of diplopia in thyroid patients. I routinely measure it preoperatively
and incorporate it into the surgical plan. Usually it is due to tight rectus muscles, such as excyclotorsion seen with tight inferior rectus
muscles. Fortunately, recessing these tight muscles typically improves the torsion in the proper direction.
In conclusion, Dr. Newman’s case series suggests that there may be advantages to incorporating inferior oblique surgery in the
surgical management of strabismus associated with thyroid eye disease. These advantages include improvement of vertical
incomitance, reduction in the amount of recession of the inferior rectus (if required) with less lower eyelid retraction, and
improvement in excyclotorsion. Disadvantages to this approach include that inferior oblique surgery alone would be expected to
undercorrect most thyroid patients (as found in this case series), rectus muscle restriction is not relieved, and more surgeries are
probably required.

ACKNOWLEDGEMENTS
Funding/Support: None
Financial Disclosures: None
DR. IRENE H. LUDWIG: No conflicts. I believe that this is actually very important paper and a very important concept. I believe
that this has been under-recognized in management of thyroid ophthalmopathy patients and in all patients with restrictive strabismus.
These patients are typically told to just hope for alignment in the primary position and to put up with residual diplopia in other gaze
positions. By careful tailoring of the operations that are in our armamentarium we can do much better than that. The inferior oblique
recession, which is the operation I use for this, mainly results in a tether effect reducing up gaze and if you carefully titrate the
surgery, can be very useful to balance the upgaze restriction in the other eye. I would consider graded recessions, rather than inferior
extirpations, as you then have more flexibility to adjust the result in the case of over or undercorrection. I would also like to add that
the very common late over correction after inferior rectus recessions are usually caused by stretching of the scar between the inferior
rectus and the sclera. The inferior rectus is a very powerful muscle with an extreme force in thyroid ophthalmopathy and will
gradually stretch away. This can usually be prevented if you use poly (ethylene terephthalate) (Mersilene polyester suture, Ethicon,
Inc.) suture on the inferior rectus instead of polyglactin 910 (Vicryl, Ethicon, Inc.). An undercorrection of upgaze restriction after
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recession of the inferior oblique can also be due to stretching or migration of the inferior oblique. This can also be prevented with the
use of non-absorbable suture. I usually will use a very small inferior rectus recession combined with an inferior oblique recession on
the other eye. By balancing your surgical intervention, it is possible to sometimes obtain 100% functional motility in all gaze
directions. I believe that it is a very important concept and am glad you have presented this information.
DR. M. EDWARD WILSON: No conflicts of interest. I think that what this paper represents is the concept of utilizing a normal
muscle to match a duction limitation. With thyroid disease, like in some other conditions, we cannot always restore full ductions. I
believe it is a good, yet under utilized, concept that if you cannot restore normal ductions you may utilize a normal muscle in the other
eye and actually create a duction deficit to match that. We use this approach in strabismus associated with blow-out fracture by
performing a posterior fixation suture on the opposite inferior rectus muscle. Using the same concept in thyroid associated restrictive
strabismus is probably worth emphasizing and it will likely help. I remember a long time ago Bill Scott saying “If a horse limps you
kick him in the other leg and he doesn’t limp anymore”. That is the concept that you are presenting.
DR. STEVEN A. NEWMAN: I thank you for the comments. I like the horse limping analogy. What I tell my patients is “in patients
with thyroid orbitopathy with restrictive strabismus I am never going to make the poorer moving eye move normally” because the
restricted muscle is not normal. It is not just tight, but the excursion is limited. The Hess screen allows us to see the movement of the
two eyes relative to each other. Thus, by weakening the better moving eye (inferior oblique surgery in this series) and utilizing the
Hess screen to guide us, we can maximize binocularity. I am going to take this opportunity to read a quote from John Dyer who spoke
here more than a few years ago in 1971. He wrote “since the muscles are no longer normal the patient cannot expect to have a full
range of binocular vision once the eye is operated on and it is extremely important to impress on these patients that what we hope to
gain is single binocular vision in a reasonable area in the primary position and in reading gaze. I suggest that the Lancaster red green
test and the Hess screen are extremely valuable tools to use preoperatively as well as postoperatively.” As Bill Hoyt who was quoted
yesterday once said, “When you think you have discovered anything new you have not been reading the old German literature” and
obviously not paying attention to what has been presented at the AOS. I appreciate Dr. Wallace’s comments, he is absolutely correct
that to make a change in our practice we want to analyze all data, not just selected cases. I am appending a table with both pre and
postoperative Hess screens which will permit readers to better assess the effect of inferior oblique surgery. Thank you.

PATIENT
1

PRE-OP HESS SCREEN

POST-OP HESS SCREEN

COMMENTS
Inferior oblique plus
ipsilateral superior rectus.

2

3
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PATIENT
4

PRE-OP HESS SCREEN

5

POST-OP HESS SCREEN

COMMENTS

Inferior oblique plus
ipsilateral medial rectus.

6
7

8

9

10

11
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PATIENT
12

PRE-OP HESS SCREEN

13
14

POST-OP HESS SCREEN

COMMENTS

Inferior oblique plus
contralateral medial rectus.

15

16

17

Inferior oblique plus bilateral
medial rectus.

18

19
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PATIENT
20

PRE-OP HESS SCREEN

POST-OP HESS SCREEN

COMMENTS

21

22

23

24

25

26
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PATIENT
27

PRE-OP HESS SCREEN

POST-OP HESS SCREEN

COMMENTS

28

Inferior oblique plus
ipsilateral medial rectus.

29

Inferior oblique plus
ipsilateral lateral rectus.

30

Inferior oblique plus
ipsilateral lateral rectus.

31

32

Inferior oblique plus
ipsilateral superior rectus.

33
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PATIENT
34

PRE-OP HESS SCREEN

35

POST-OP HESS SCREEN

COMMENTS

Inferior oblique plus
ipsilateral lateral rectus.

36

37

Inferior oblique plus
ipsilateral lateral rectus.

38
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