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Abstract

Purpose To identify the predictive factors for

overcorrection and depression impairment

after recession of the inferior rectus muscle

(IRM) in patients with Graves’ orbitopathy.

Design Retrospective cohort study, single

institution.

Methods The charts of 124 consecutive

patients who underwent recession of the IRM

were retrospectively examined, as well as

all literature with regard to the subject

until January 2008. Ductions measurements,

computed tomography (CT) appearance,

proptosis, NOSPECS-scores, duration of

thyroid disease, duration of orbitopathy,

previous treatment of Graves’ thyroid disease

and orbitopathy, extent of recession, age,

gender, diabetes, smoking, and use of

immunosuppressants were all evaluated

for prognostic significance.

Results Duration and severity of orbitopathy

and impaired contralateral elevation

were significant prognostic factors for

overcorrection. Increase of volume of the

ipsilateral superior rectus muscle was an

independent risk factor for both

overcorrection and limitation of depression.

Conclusion An increase in volume of the

ipsilateral superior rectus muscle should be

considered when determining the extent of

recession of the IRM.
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Introduction

Oculomotor dysfunction in Graves’ disease

commonly leads to disabling diplopia, because

of extraocular muscle infiltration by

inflammatory cells, deposition of

mucopolisaccharides, and consequently

restrictive myopathy.1 With diplopia in primary

gaze or troubling head tilt, extraocular muscle

surgery is the treatment of choice, provided the

thyroid disease is dealt with and is stable.1–10

Hypotropia because of restriction of the most

frequently affected inferior rectus muscle (IRM)

can be corrected by recession of this muscle.

However, postoperative depression impairment

and overcorrection of the operated eye are

sometimes noticed after this particular

operation. This phenomenon requires

reoperation in 17 to 45% of cases.11

Very little has been published on possible

prognostic factors predictive for postoperative

depression impairment and overcorrection.

This study aims at identifying preoperative

predictors of overcorrection or depression

impairment among all patients who underwent

recession of the IRM between January 1997

and January 2008 in the Utrecht University

Medical Centre, The Netherlands. Ductions

measurements, prism cover test, computed

tomography (CT) appearance, proptosis,

NOSPECS-scores, duration of thyroid disease,

duration of orbitopathy, previous treatment of

Graves’ thyroid disease and orbitopathy, extent

of recession, age, gender, diabetes, smoking,

and use of immunosuppressants were all

evaluated for prognostic significance.

Patients and methods

Patients

The charts of all patients with Graves’

orbitopathy who had undergone inferior

rectus recession from January 1997 to January

2008 were reviewed.

The male/female ratio was 1 : 4 (23 men,

18.5%; 101 women, 81.5%) in this study.

The mean age at operation was 55.7 years

(range age 33–86 years).
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Patients were excluded if previous eye muscle surgery

had been performed. When operated simultaneously on

the ipsilateral superior rectus muscle, patients were also

excluded. Bilateral recession of the IRMs occurred in

24 patients, which were thus analysed for depression

impairment, but not for overcorrection. Twenty-eight

patients were simultaneously operated upon on the

ipsilateral horizontal rectus muscles, which was not an

exclusion criterion. Patients with any other kind of

strabismus, neuromuscular diseases, amblyopia, or

retinal problems were excluded. Seven patients were

excluded because of deep amblyopia, a pre-existing form

of strabismus, orbital cellulitis, or myasthenia gravis.

A total of 124 patients were included in our study.

Methods

In these 124 patients, Graves’ orbitopathy was confirmed

by clinical symptoms, orthoptic findings and, in most

cases, by CT.

Preoperatively, all patients had undergone a full

orthoptic and ophthalmic examination. Thyroid status

and orthoptic status were stable before surgery in all

patients, for at least 6 months. The indication for surgery

was diplopia in primary position of gaze.

In 90% of all eyes, a recession of 3 mm was performed.

In severe unilateral cases of impaired elevation

(a difference in elevation of X161) and a large angle of

hypotropia (X25 prism dioptres), a recession of 4 mm

was performed. In case of a unilateral small angle

hypotropia (p8 prism dioptres) and reasonable elevation

(a difference in elevation of 81 between the two eyes),

a recession of 2 mm was performed.

In case of bilateral recession, a symmetrical 3 mm

recession was performed, unless there was an angle of 45

prism dioptres. In these cases, when elevation was 451,

recessions of 2 and 3 mm were performed. In case of severe

elevation impairment, combined with an angle of 45

prism dioptres, 3 and 4 mm recessions were performed.

Patients were evaluated 2 weeks, 3 months, and

6 months postoperatively. Surgical success was defined

as the absence of vertical diplopia in primary position

and downgaze. Severity of postoperative diplopia was

stratified in no diplopia (none), diplopia on extreme

gaze (mild), diplopia on down gaze (moderate), and

diplopia in primairy position (severe).

Hypertropia of the operated globe of more than five

prism dioptres in primary position was considered to be an

overcorrection. Limitation of depression was defined as a

loss of X51 of downward motility, combined with a total

depression of p551. Duction measurements were

performed using the motility meter by Mourits et al (1994).12

Severity of orbitopathy was based on the NOSPECS

scoring system, items 2 (soft tissue involvement),

3 (degree of proptosis), 4 (extraocular muscle

involvement), and 6 (sight loss). In each of these

categories, the signs were scored as mild (a), moderate (b),

and severe (c). Patients were stratified according to their

worst score on each of these descriptives (Table 2). Mild

and moderate sight loss, however, placed patients directly

in the ‘moderate’ and ‘severe’ category, respectively.

On CT-imaging, an increase in volume was subdivided

into three groups, that is, no mild and severe swelling,

and was applied to all four rectus muscles. The lateral

rectus muscle was used as a reference. When the

extraocular muscle was swollen to an extent of 2 times

the volume of the lateral rectus muscle, swelling was

scored as ‘mild’. Greater swelling was scored as ‘severe’.

Fixed sutures were applied in all cases to avoid late

overcorrection by slippage of recessed muscles, which

has been described by Hudson and Feldon in 1991.13

Forced duction testing was performed intraoperatively,

before placement of a traction suture.

Results

Success according to orthoptic examination

In all, 53 patients (43%) were free of diplopia after the

operation, 22 (18%) still had diplopia on extreme gaze

(mild), 24 (19%) had diplopia on down gaze (moderate), and

25 (20%) had diplopia in primary position (severe) (Table 1).

Of the 124 patients, 29 (24%) had an overcorrection,

whereas 46 (37%) suffered from limitation of depression.

There was an overlap of 24 patients. In 43 cases reoperation

was required. The remaining eight patients chose not to be

reoperated upon after sufficient prismatic correction.

Overcorrection and limitation of depression were not

significantly different in patients receiving 2, 3, or 4 mm

recessions.

Univariate analysis overcorrection

The univariate analysis of baseline characteristics is

shown in Table 2.

Table 1 Success according to anamnesis and orthoptic exami-
nation

Severity
of diplopia

Orthoptic examination
(n¼ 124)

No. of patients
satisfied (n¼ 124)

P-valueb

n (%) n (%)a o0.001

None 53 (43) 52 (98)
Mild 22 (18) 15 (68)
Moderate 24 (19) 1 (4)
Severe 25 (20) 0 (0)

aPercentage of patients in same group of severity.
bFisher’s exact test.

Predictive factors for overcorrection and limited postoperative depression
J De Hoog et al

1012

Eye



Table 2 Baseline characteristics of patients compared to outcome of inferior rectus recession

Variable Overcorrection P-value Limited depression P-value

(n¼ 29) (n¼ 79) (n¼ 46) (n¼ 54)
þ (%) � (%) þ (%) � (%)

Age (years)
Median (IQR) 54 (14) 55 (15) 0.531f 54 (20) 54 (15) 0.616f

p54a 16 (55) 29 (48) 24 (52) 29 (54)

454 13 (45) 33 (52) 0.455d 22 (48) 25 (46) 0.879d

Gender
Male 6 (21) 9 (15) 0.547e 12 (33) 6 (11) 0.052d

Female 23 (79) 53 (85) 34 (67) 48 (89)

Duration thyroid disease (months)
Median (IQR) 2 (1) 3 (3) 0.768f 2 (3) 3 (4) 0.236f

o2.5b 14 (50) 29 (47) 0.941d 23 (52) 22 (44) 0.423d

X2.5 14 (50) 30 (53) 21 (48) 28 (56)

Duration orbitopathy
Median (IQR) 2 (1) 2 (2) 0.037f 2 (1) 2 (2) 0.212f

o2b 11 (41) 17 (25) 15 (33) 16 (30)

X2 16 (59) 45 (75) 0.213d 30 (67) 38 (70) 0.692d

Severity of orbitopathy
NOSPECS a 0 (0) 13 (20) 4 (10) 11 (22)

NOSPECS b 19 (73) 32 (53) 24 (57) 26 (51)

NOSPECS cc 7 (27) 15 (27) 0.018e 14 (33) 14 (27) 0.287d

Diabetes
Yes 2 (7) 3 (4) 2 (5) 0 (0)

No 27 (93) 58 (96) 0.656e 42 (95) 47 (100) 0.231e

Smoking (sig./d)
0 18 (62) 31 (51) 25 (57) 25 (53)

o10 4 (14) 8 (13) 5 (11) 8 (17)

10–19 2 (7) 13 (23) 9 (21) 8 (17)

X20 5 (17) 9 (13) 0.391e 5 (11) 6 (13) 0.863d

Immunosuppressants
Yes 3 (10) 5 (12) 0.709e 5 (11) 4 (9) 0.734e

No 26 (90) 56 (88) 39 (89) 43 (91)

Therapy orbitopathy
Radiotherapy or prednisone

Yes 19 (66) 38 (66) 32 (70) 36 (67)

No 10 (34) 24 (34) 0.817e 14 (30) 18 (33) 0.757d

Inferomedial decompression
Yes 1 (3) 11 (15) 0.094e 5 (11) 7 (13) 0.748d

No 28 (97) 51 (85) 41 (89) 47 (87)

Coronal decompression

Yes 4 (14) 4 (9) 0.260e 5 (11) 6 (11) 0.969d

No 25 (86) 58 (81) 41 (89) 48 (89)

Swinging eyelid decompression
Yes 2 (7) 1 (4) 2 (4) 5 (9)

No 27 (93) 61 (96) 0.237e 44 (96) 49 (91) 0.447e

Corr. homolateral horizontal muscles
Yes 9 (31) 12 (16) 0.218d 12 (26) 11 (20) 0.498d

No 20 (69) 50 (84) 34 (74) 43 (80)

Abbreviation: IQR,interquartile range.
aCut-off point was median age.
bCut-off point was median duration.
cSeverity of orbital disease deduced from NOSPECS scoring system.
dPearson’s chi-square test.
eFisher’s exact test.
fMann–Whitney U-test.

Bold values signify Po0.05.
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The median duration of orbitopathy was significantly

shorter in the group with overcorrection (P¼ 0.037).

No patients in the NOSPECS ‘mild’ category suffered

from overcorrection, whereas 26 patients did in the

higher categories (P¼ 0.018).

None of the general risk factors for impaired tissue

repair (smoking, diabetes, and immunosuppressants)

showed any prognostic significance.

Univariate analysis limitation depression

None of the factors indicative for overcorrection proved

prognostic significance for depression impairment.

Univariate analysis computed tomography appearance

For all 124 patients, only 61% CT-scans were available

before operation, most likely because of irretrievable

CT-scans performed elsewhere. There was no significant

difference in outcome between the group that did and

the group that did not have CT-imaging. The results

comparing CT appearance to outcome of inferior rectus

recession are shown in Table 3.

Increased volume of the ipsilateral superior rectus

muscle was a significant predictor for overcorrection and

for limited depression postoperatively (P¼ 0.025 and

0.046, respectively). Increase in volume of the other

ipsilateral rectus muscles was not associated with our

end points, nor was swelling of the contralateral

extraocular muscles.

Univariate analysis ductions

Preoperative and postoperative ductions (motility in

degrees) were available for 89 patients in the analysis of

overcorrection and for 78 patients in the analysis of

limited depression. The results are shown in Table 4.

Preoperative impairment of elevation of the contralateral

eye proved to be of prognostic significance in predicting

overcorrection (P¼ 0.017), but not in predicting

postoperative limitation of depression (P¼ 0.154). Neither

ipsilateral depression nor the contralateral vertical

ductions showed any prognostic value for the end points.

Multivariate analysis

In a multivariate analysis of the prognostic factors, none

of the other variables showed any interference with

significant factors, and P-values remained as they were in

univariate analysis.

Intraoperative forced duction testing

All patients underwent intraoperative forced duction

testing, which was invariably positive on forced elevation.

Discussion

Very few studies have been performed determining the

prognostic factors for motility disorders after recession of

the IRM in Graves’ orbitopathy. The few studies that

have been performed studied small numbers of patients,

and had controversial outcomes.

This study represents the largest series in literature

examining the prognostic factors for overcorrection and

depression impairment after recession of the IRM in

patients with Graves’ orbitopathy so far.

The male/female ratio of 1 : 4 in this study is consistent

with the predominance of Graves’ disease in female

patients.14

Hudson and Feldon (1991)13 retrospectively studied

the charts of 12 consecutive patients who underwent a

first operation for vertical muscle imbalance in patients

with Graves’ orbitopathy. Five patients developed late

hypertropia after recession of the IRM; the seven

orthotropic patients served as a reference group. They

found the degree of proptosis in both eyes, the volume

of the ipsilateral superior rectus muscle, and

postoperative limitation of depression in the originally

hypotropic eye to be independent prognostic factors

for developing late overcorrection. However, they used

adjustable sutures for their recessions.

Sprunger and Helveston (1993)15 found, in a review of

67 patients, adjustable sutures to cause progressive

overcorrection after inferior rectus recession. However, in

this study, patients with thyroid-related orbitopathy were

but a mere subgroup of 18 patients. The severity of

duction limitation was equal in all groups and the

severity of thyroid-related orbitopathy was equally

distributed over the two different suture groups.

In a prospective, non-comparative case series of 31

patients with Graves’ orbitopathy, Prendiville et al

(2000)11 found, in an attempt to identify predictive factors

for operative success for vertical muscle surgery,

restriction of the contralateral opposing rectus muscles

to be the only significant predictor for overcorrection.

The degree of proptosis and preoperative hypotropia

were not significantly predictive of surgical success

(Table 5).

More recently, Nassar et al (2009)16 retrospectively

described the outcomes of strabismus surgery in 50

patients with Graves’ orbitopathy. They found symmetry

of orbitopathy at onset and earlier timing of surgery to be

associated with good postoperative outcome. The latter

being in contrast to our finding that a shorter duration

of orbitopathy is related to overcorrection. This study

included all surgical procedures that do not focus on

the IRM. Their follow-up was 5 weeks, after which

overcorrection might still occur. They also performed

their surgeries with adjustable sutures, when possible.

Predictive factors for overcorrection and limited postoperative depression
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This study was performed using non-adjustable

sutures only and therefore the results from Sprunger

and Helveston (1993)15 could not be compared. The

results from Hudson and Feldon (1991)13 have nearly

all been reproduced. We found severity of orbitopathy

deduced from the NOSPECS scoring system (including

proptosis) to be a prognostic factor for overcorrection,

and swelling of the ipsilateral superior rectus muscle

to be an independent risk factor for overcorrection and

impaired postoperative depression. We also found a

substantial and significant overlap between the two

groups, which they also described. Remarkably, in our

study, no patients with mild orbitopathy suffered from

postoperative overcorrection.

Table 3 CT-appearance rectus muscles compared with outcome of inferior rectus recession

Overcorrection P-valuea Limited depression P-valuea

(n¼ 16) (n¼ 38) (n¼ 17) (n¼ 28)
þ (%) � (%) þ (%) � (%)

Homolateral CT-appearance (swelling)
SRMb

No 8 (50) 28 (74) 8 (47) 22 (79)
Mild 8 (50) 6 (16) 8 (47) 4 (14)
Severe 0 (0) 4 (10) 0.025 1 (6) 2 (7) 0.046

MRMc

No 6 (38) 17 (45) 6 (35) 14 (50)
Mild 7 (44) 15 (39) 8 (47) 8 (29)
Severe 3 (18) 6 (16) 0.856 3 (18) 6 (21) 0.486

IRMd

No 3 (19) 9 (24) 4 (24) 6 (21)
Mild 10 (62) 20 (52) 0.852 11 (64) 13 (46) 0.331
Severe 3 (19) 9 (24) 2 (12) 9 (33)

LRMe

No 14 (88) 32 (84) 15 (88) 23 (82)
Mild 1 (6) 5 (13) 0.539 2 (12) 4 (14) 1.000
Severe 1 (6) 1 (3) 0 (0) 1 (4)

Apical crowding OD 1 (6) 1 (3) 0.509 1 (6) 0 (0) 0.378

Contralateral CT-appearance (swelling)
SRM
No 11 (69) 24 (63) 9 (53) 22 (79)
Mild 3 (19) 12 (32) 7 (41) 5 (18)
Severe 2 (12) 2 (5) 0.457 1 (6) 1 (4) 0.144

MRM
No 12 (75) 24 (63) 10 (59) 21 (75)
Mild 3 (19) 13 (34) 7 (41) 6 (21)
Severe 1 (6) 1 (3) 0.391 0 (0) 1 (4)

IRM
No 8 (50) 24 (63) 0.702 8 (47) 19 (68)
Mild 7 (44) 12 (32) 8 (47) (29)
Severe 1 (6) 2 (5) 1 (6) 1 (4)

LRM
No 14 (88) 35 (92) 15 (88) 26 (93)
Mild 2 (12) 3 (8) 2 (12) 2 (7)
Severe 0 (0) 0 (0) 0.627 0 (0) 0 (0)

Apical crowding OS 1 (6) 0 (0) 0.296 0 (0) 0 (0) n/af

aFisher’s exact test.
bSuperior rectus muscle.
cMedial rectus muscle.
dInferior rectus muscle.
eLateral rectus muscle.
fNo P-value could be computed.

Bold values signify Po0.05.
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Our study found shorter duration of orbitopathy to

be predictive of overcorrection. A possible explanation

could be that the severe cases are generally operated

on at an earlier stage, provided that the disease is stable

for at least 6 months. However, the exact mechanism

remains unclear.

None of the baseline characteristics indicative for

overcorrection proved prognostic significance for

depression impairment. Finally, impaired elevation

preoperatively on the contralateral side was a risk factor

for overcorrection, which can be understood with

Herings’ law of motor correspondence (equal innervation

yoke muscles). Bilateral (asymmetric) recession of the

IRM should be considered in such cases.

Conclusion

An increase in volume of the ipsilateral superior rectus

muscle can be assumed to be an independent prognostic

factor for both postoperative overcorrection and

depression impairment, and should be considered when

determining the extent of recession of the IRM.

Preoperative contralateral elevation impairment was a

predictive factor for overcorrection, which advocates

bilateral recession of the IRM or a smaller ipsilateral

recession. A combination of short duration of Graves’

orbitopathy and contralateral elevation impairment could

be considered preoperatively to predict overcorrection,

but to evaluate and reproduce the clinical value of these

factors, a larger prospective study is to be performed.
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