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Methods

• Retrospective study

• Subjects: abducens nerve palsy or type 1 Duane 
syndrome 

• Duction limitation was measured on a scale of  0 to -
8, with 0 indicating full duction, -4 that the eye 
could rotate just to the midline, -5 that the eye could 
not rotate to the midline, and -8 that there was no 
abduction. 



Surgical procedure

• GA

• Fornix incision

• Isolation of  vertical recti and splitting in 
half  (preserving a ciliary vessel)

• 5 mm plication of  the lateral rectus 
muscle (6/0 polygalactin)

• transposing the muscles to the edges of  
the LR muscle (6/0 polygalactin), with 
foster suture 6-8 mm posterior to LR 
insertion

• MR recession 5mm or botulinum toxin 
injection 5IU

• Closure 

We present our results using the Hummelsheim proce-
dure augmented with posterior fixation (“Foster”) sutures
and a plication of the ipsilateral lateral rectus muscle.
The reason for adding plication of the affected lateral
rectus was to provide additional abducting force without
damaging the anterior ciliary circulation.7 A weakening
of the medial rectus through recession or Botulinum toxin
injection was performed if that muscle was found to be
tight on forced ductions.

Methods

The University of California, San Diego, Institutional Review
Board approval was obtained for this study. All procedures and
data collection were conducted in a manner compliant with the
US Health Insurance Portability and Accountability Act of
1996. The medical records of consecutive patients with complete
abducens nerve palsy or type 1 Duane syndrome who were treated
with the plication augmented modified Hummelsheim procedure
were retrospectively reviewed.

Duction limitation was measured on a scale of 0 to !8, with
0 indicating full duction, !4 that the eye could rotate just to the
midline, !5 that the eye could not rotate to the midline, and
!8 that there was no abduction. All measurements were per-
formed by the treating ophthalmologist or a certified orthoptist.
Ocular alignment was assessed using the standard prism cover
test; however, in cases where a large esodeviation with restriction
was present, the Krimsky method was used.

Surgical Method

All patients underwent the plication augmented modified Hum-
melsheim (Figure 1) under general anesthesia. The surgical tech-
nique involved the following steps. After forced duction testing to
check whether there was restriction in abduction, a fornix incision
was made to access the rectus muscles. The vertical rectus muscles
were isolated and split in half as far posteriorly as possible sparing
at least one ciliary artery. A double-armed 6-0 polyglactin 910
partial-thickness suture was attached to the temporal half of the
vertical rectus muscles which was then disinserted from the sclera
and set aside. Resection of the temporal half muscle was not per-
formed. The nasal half of each vertical rectus muscle was not
included, thus leaving the remaining nasal ciliary arteries intact.
A 5 mm plication of the lateral rectus muscle was performed in
all cases using a 6-0 double armed polyglactin 910 suture to secure
the posterior muscle belly to the sclera adjacent to the muscle
insertion. After the plication was complete, the transposition
was finished, allowing less stress on the transposed muscle and
greater exposure to the lateral rectus muscle during plication.
The previously isolated temporal halves of the vertical rectusmus-
cles were sutured to the corresponding sclera directly adjacent to
the superior and inferior aspects of the insertion of the lateral
rectus along the spiral of Tillaux. A 6-0 nonabsorbable polyester
suture was used to perform a posterior fixation (“Foster”) suture
7–8mmposterior to the lateral rectus insertion between the trans-
posed temporal halves of the vertical muscles and the correspond-
ing fibers of the lateral rectus muscle (with a small amount of
partial thickness sclera). A standard medial rectus recession of 5

mmwas performed or 5 IU of botulinum toxin type Awas injected
if intraoperative forced duction testing revealed significant restric-
tion on abduction. All conjunctival incisions were closed with 8-
0 polyglactin 910 sutures in interrupted buried fashion.

Results

Preoperative esotropia ranged from 25D to .95D in pa-
tients with abducens nerve palsy and 12D to 35D for patients
with type 1 Duane syndrome. All patients with abducens
nerve palsy demonstrated a preoperative abduction deficit
of at least !5. Patients with type 1 Duane syndrome had
an abduction deficit of !4 or !5. All patients underwent
the plication augmentation Hummelsheim procedure.

Patients with Abducens Nerve Palsy

A total of 9 patients (7 males) with isolated unilateral abdu-
cens nerve palsy were included. Five were right-sided
palsies. The mean age at time of surgery was 39 years
(range, 2-83 years). The etiology of abducens nerve palsy
was traumatic in patients 3, 4, 6, 7, and 8, a brain tumor
in patients 5 and 9, and unknown in patients 1 and 2.
The duration of palsy ranged from 6 months to 70 years.
The average follow-up was 28 weeks (range, 4-86 weeks).

In 7 patients the intraoperative forced duction testing
demonstrated a tight medial rectus muscle on abduction;
6 patients of these patients underwent a simultaneous ipsi-
lateral medial rectus recession or intraoperative botulinum
toxin injection to the medial rectus muscle under direct
visualization. The pre- and postoperative deviations and
abduction deficits are provided in Table 1. In all 9 patients,
esodeviation was markedly improved after surgery. The
postoperative horizontal deviation at distance ranged
from 14D of esotropia to 14D of exotropia. Overall, in pa-
tients with very large esotropia (.95D) the exoshift for dis-
tance deviation was at least of 83D. Patient 4, who had no
intervention to his medial rectus muscle intraoperatively
had persistent postoperative diplopia and residual esotropia

FIG 1. A plication augmentation Hummelsheim procedure performed
on the right eye.
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Patients with Abducens Nerve 
Palsy 

of 14D. Therefore he underwent botulinum toxin injection
to the medial rectus muscle 5 days postoperatively.
All patients had a substantial improvement in the abduc-

tion deficit postoperatively, although a residual abduction
deficit of !1 to !4 was noted. Restriction in adduction af-
ter lateral rectus plication was mild to none is all cases. An
induced vertical deviation (ipsilateral hypertropia of 20D)
was noted in 1 patient, who reported no diplopia despite
good visual acuity in both eyes. There were no cases of
anterior segment ischemia, and no other complications
were observed. One patient underwent ICG angiography
of the iris 10 weeks after surgery, which demonstrated
adequate blood flow to the anterior segment (Figure 2).
Pre- and postoperative photographs of a representative pa-
tient are shown in Figure 3.

Patients with Type 1 Duane Syndrome

Four patients with type 1 Duane syndrome (3 males) were
included, all left sided. Themean age at time of surgery was
11.5 years (range, 3-20 years). The duration of esotropia
was 1-20 years. The average follow-up was 31 weeks
(range, 22-39 weeks). Two patients were given a simulta-
neous intraoperative botulinum toxin injection to the
ipsilateral medial rectus under direct visualization. The
pre- and postoperative deviations and abduction deficits
are given in Table 2.
In all 4 patients, esodeviation was markedly improved af-

ter surgery. The postoperative horizontal deviation at dis-
tance ranged from orthophoria to 8D of intermittent
exotropia. All patients had an improvement in the abduc-
tion deficit. A residual abduction deficit of !1 to !3 was
noted postoperatively. No induced vertical deviation was
noted. No patient reported on diplopia. There were no
cases of anterior segment ischemia.

Discussion

The main surgical goal in cases of esotropia due to abdu-
cens nerve palsy or type 1 Duane syndrome is to improve

binocular alignment and ipsilateral abduction of the globe.
In cases of abducens nerve palsy, the surgical planning dif-
fers if some residual muscle function exists: if there is some
degree of function of the lateral rectus muscle—generally
40% or more (thus a paresis and not a full palsy)—a
maximal resection of the lateral rectus muscle combined
with maximal recession of the medial rectus muscle should
be considered. The essentially complete loss of function of
the abducens nerve can be diagnosed when the globe does
not rotate beyond the midline in conjunction with a nega-
tive forced duction testing and poor saccadic velocity.
When a complete loss of function of the abducens nerve
(ie, a palsy) is diagnosed, a transposition is indicated. An
added resection of the lateral rectus will put the patient

Table 1. Pre- and postoperative deviation of patients with abducens nerve palsy

Preoperative characteristics Surgical details Postoperative characteristics

Deviation, PD Abduction deficit FDT Procedures (in addition to MH) Deviation, PD Abduction deficit

1 .95 ET !8 Tight MR Ipsilateral MR recession
2 .95 ET !6 Tight MR Ipsilateral MR recession 10 ET, 20 RHT !3
3 95 ET !8 Tight MR Ipsilateral MR recession Small variable XT !4
4 95 ET !7 Normal Nonea Orthotropic !3
5 .95 ET !7 Tight MR BT to ipsilateral MR 14 XT !3
6 35 ET !5 Tight MR BT to ipsilateral MR X 5 !2.5
7 50 ET !6 Tight MR Noneb 12 X(T) !2
8 .50 ET !6 Tight MR BT to ipsilateral MR 14 ET !4
9 25 ET !5 Normal None 8 E !3

E, esophoria; ET, esotropia; FDT, forced duction test;MH, modified Hummelsheim;MR, medial rectus muscle; PD, prism diopter; RHT, right hyper-
tropia; X, exophoria; XT, exotropia; X(T), Intermittent exotropia.
aBotulinum toxin injection to the ipsilateral medial rectus 5 days postoperatively due to persistent diplopia.
bAlthough FDT was positive to abduction, after the transposition surgery FDT was positive to adduction and the static position of the eye was exo-
tropic.

FIG 2. An iris Indocyanine Green (ICG) angiogram 10 weeks after a
plication augmentation Hummelsheim procedure. Note 360 degrees
of adequate blood flow to the anterior segment.
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of 14D. Therefore he underwent botulinum toxin injection
to the medial rectus muscle 5 days postoperatively.
All patients had a substantial improvement in the abduc-

tion deficit postoperatively, although a residual abduction
deficit of !1 to !4 was noted. Restriction in adduction af-
ter lateral rectus plication was mild to none is all cases. An
induced vertical deviation (ipsilateral hypertropia of 20D)
was noted in 1 patient, who reported no diplopia despite
good visual acuity in both eyes. There were no cases of
anterior segment ischemia, and no other complications
were observed. One patient underwent ICG angiography
of the iris 10 weeks after surgery, which demonstrated
adequate blood flow to the anterior segment (Figure 2).
Pre- and postoperative photographs of a representative pa-
tient are shown in Figure 3.

Patients with Type 1 Duane Syndrome

Four patients with type 1 Duane syndrome (3 males) were
included, all left sided. Themean age at time of surgery was
11.5 years (range, 3-20 years). The duration of esotropia
was 1-20 years. The average follow-up was 31 weeks
(range, 22-39 weeks). Two patients were given a simulta-
neous intraoperative botulinum toxin injection to the
ipsilateral medial rectus under direct visualization. The
pre- and postoperative deviations and abduction deficits
are given in Table 2.
In all 4 patients, esodeviation was markedly improved af-

ter surgery. The postoperative horizontal deviation at dis-
tance ranged from orthophoria to 8D of intermittent
exotropia. All patients had an improvement in the abduc-
tion deficit. A residual abduction deficit of !1 to !3 was
noted postoperatively. No induced vertical deviation was
noted. No patient reported on diplopia. There were no
cases of anterior segment ischemia.

Discussion

The main surgical goal in cases of esotropia due to abdu-
cens nerve palsy or type 1 Duane syndrome is to improve

binocular alignment and ipsilateral abduction of the globe.
In cases of abducens nerve palsy, the surgical planning dif-
fers if some residual muscle function exists: if there is some
degree of function of the lateral rectus muscle—generally
40% or more (thus a paresis and not a full palsy)—a
maximal resection of the lateral rectus muscle combined
with maximal recession of the medial rectus muscle should
be considered. The essentially complete loss of function of
the abducens nerve can be diagnosed when the globe does
not rotate beyond the midline in conjunction with a nega-
tive forced duction testing and poor saccadic velocity.
When a complete loss of function of the abducens nerve
(ie, a palsy) is diagnosed, a transposition is indicated. An
added resection of the lateral rectus will put the patient

Table 1. Pre- and postoperative deviation of patients with abducens nerve palsy

Preoperative characteristics Surgical details Postoperative characteristics

Deviation, PD Abduction deficit FDT Procedures (in addition to MH) Deviation, PD Abduction deficit

1 .95 ET !8 Tight MR Ipsilateral MR recession
2 .95 ET !6 Tight MR Ipsilateral MR recession 10 ET, 20 RHT !3
3 95 ET !8 Tight MR Ipsilateral MR recession Small variable XT !4
4 95 ET !7 Normal Nonea Orthotropic !3
5 .95 ET !7 Tight MR BT to ipsilateral MR 14 XT !3
6 35 ET !5 Tight MR BT to ipsilateral MR X 5 !2.5
7 50 ET !6 Tight MR Noneb 12 X(T) !2
8 .50 ET !6 Tight MR BT to ipsilateral MR 14 ET !4
9 25 ET !5 Normal None 8 E !3

E, esophoria; ET, esotropia; FDT, forced duction test;MH, modified Hummelsheim;MR, medial rectus muscle; PD, prism diopter; RHT, right hyper-
tropia; X, exophoria; XT, exotropia; X(T), Intermittent exotropia.
aBotulinum toxin injection to the ipsilateral medial rectus 5 days postoperatively due to persistent diplopia.
bAlthough FDT was positive to abduction, after the transposition surgery FDT was positive to adduction and the static position of the eye was exo-
tropic.

FIG 2. An iris Indocyanine Green (ICG) angiogram 10 weeks after a
plication augmentation Hummelsheim procedure. Note 360 degrees
of adequate blood flow to the anterior segment.
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at further risk for anterior segment ischemia, and it is better
to preserve the ciliary vessel circulation provided by the
paralyzed lateral rectus muscle if a transposition procedure
is planned.1,8

An important modification of the Hummelsheim proce-
dure was Foster’s introduction of lateral fixation sutures.9

In this technique, nonabsorbable sutures are used to
enhance lateralization of the transposed rectus muscles.
This lateral augmentation provides an increased abduction
bias.10 Other innovative modifications of the full-tendon
transposition have been reported11 (see also Johnston,
et al. IOVS 2006;47:E-Abstract 2475), including the use of
adjustable sutures to correct induced vertical deviation.10,12

Surgical modifications of the Hummelsheim procedure
have also been developed. Brooks and colleagues3 reported
that resection of 4–5 mm of the half vertical rectus muscle
before transposition can correct large angles of strabismus.
Another presumable advantage is the ability to titrate the
amount of surgery by the amount of resection. In this pro-
cedure lateral fixation sutures are not placed. Positive surgi-
cal results of this modification were further published by
Couser and colleagues.2 Neugebauer and colleagues5

modified the Hummelsheim procedure by also suturing
the temporal transposed lateral strips of the superior and
inferior rectusmuscles to the posterior lateral rectusmuscle
after they are attached to sclera by the lateral rectus inser-
tion. An adjustable technique for theHummelsheim proce-
dure was also reported for half muscle transpositions.13

When a transposition is performed, the risk of anterior
segment ischemia becomes an important factor in the sur-
gical decision making, especially in patients with complete

abducens nerve palsy, where the ipsilateral medial rectus
should be weakened in addition to vertical rectus muscle
transposition. In this clinical situation, medial rectus reces-
sion cannot accompany full-tendon transposition because
the anterior segment circulation will be greatly compro-
mised. A half-tendon transposition (Hummelsheim) with
the preservation of some of the ciliary circulation permits
the possibility of a medial rectus recession, but additional
abducting force is needed in patients with very-large-
angle esotropia.

The preferred method for strengthening a rectus muscle
in Western countries is generally resection.7 However,
resection involves a deliberate removal of the muscle inser-
tion, thus disrupting the ciliary vessles.This becomes amajor
disadvantage when an ipsilateral vertical muscle transposi-
tion is performed, because the risk of anterior segment
ischemia is elevated. Hence, when a vertical transposition
is performed, especially if combined with medial rectus
recession, achieving additional abductive force/bias by a
lateral rectus resection in the same surgical procedure is
not advisable. Muscle plication however, is an alternative
for strengthening the horizontal rectus muscles14-18 and is
especially valuable in situations in which anterior segment
ischemia is a consideration.19 Animal studies have demon-
strated preservation of ciliary circulation after rectus muscle
plication.14Moreover, a recent study found that the effect of
plication is similar to that of resection for the horizontal
rectus muscles7 and plication and resection of the lateral
rectus in particular had highly predictable linear effects in
treatment of esotropia.7 Other reported advantages of the
plication procedure over resection include the ease of the

FIG 3. Pre- and postoperative photos of a representative patient with a right abducens nerve palsy. A, Preoperative photos showing severe esotropia
in primary gaze and severe abduction deficit in the right eye. B, Postoperative photographs showing improved alignment in primary gaze with mild
exotropia; the abduction force of the right eye is also greatly improved.

Table 2. Pre- and postoperative deviation of patients with type 1 Duane syndrome

Patient

Preoperative characteristics Surgical details Postoperative characteristics

Deviation, PD Abduction deficit FDT Procedures (in addition to MH) Deviation, PD Abduction deficit

1 18 ET !4 Tight MR BT to ipsilateral MR
2 20 ET !5 Tight MR BT to ipsilateral MR Orthotropic !3
3 12 ET !4 Tight MR Nonea 8 (X)T !1
4 35 ET !4 Tight MR Nonea Orthotropic !1

ET, esotropia; FDT, forced duction test; MH, modified Hummelsheim; MR, medial rectus muscle; (X)T, intermittent exotropia.
aAlthough FDT was positive to abduction, after the transposition surgery FDT was positive to adduction and the static position of the eye was exo-
tropic.
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Conclusion

• The plication augmentation Hummelsheim
procedure resulted in correction of even very large
esodeviations and improvement of the abduction
force. This procedure may also better preserve the
blood supply to the anterior segment compared to
other surgical approaches.



Limitations of  the study

• retrospective nature and nonmasked approach. 

• Comparison with other surgical approaches for 
abducens nerve palsy and type 1 Duane syndrome 
was not performed. 

• The subsets reported were small 

• Minor surgical variations between surgeons could 
potentially affect the results 



Original Hummelsheim

• The Hummelsheim
Procedure involves splitting 
the vertical rectus muscles 
and reattaching the 
temporal halves of  each 
vertical rectus muscle 
adjacent to the insertion of  
the lateral rectus muscle. 

164 Section Two Surgical Techniques

Figure 16.7. Muscle halves from the superior and inferior recti are transposed and 
sutured to sclera adjacent to the lateral rectus muscle insertion. Note that the trans-
posed muscle halves insert in line with the lateral rectus insertion.

Figure 16.8. This drawing shows the muscle union Wright modifi cation of the Hum-
melsheim procedure (see modifi cations below). With this modifi cation the transposed 
vertical rectus muscle halves are sutured to the lateral rectus muscle approximately 
5 mm to 6 mm posterior to the lateral rectus insertion, increasing the effect of the 
transposition.

Modifi cations of Transpositions

Three modifi cations of the Hummelsheim procedure, which increase the 
effect of the transposition, are listed below. The author prefers the muscle 
union.

Brooks Resection Modifi cation (Augmented Hummelsheim)

This procedure consists of resecting 4 mm to 6 mm of the transposed rectus 
muscle halves. Resecting some of the transposed muscle halves enhances 
the transposition by increasing the leash effect.

1

Foster Modifi cation (Lateral Scleral Fixation)

A lateral fi xation suture of 5-0 Dacron polyester fi lament was placed in 
the sclera 16 mm posterior to the limbus and adjacent to the lateral rectus 
muscle, incorporating one fourth of the transposed vertical rectus 
muscle.

2

Wright Modifi cation (Muscle Union)

The muscle union modifi cation consists of suturing the transposed muscle 
halves to the paretic muscle (Figure 16.8). This directly increases paretic 
muscle tension and keeps the posterior part of the transposed muscle 



Brooks Resection Modification 
(Augmented Hummelsheim) 

• resecting 4 mm to 6 mm of  
the transposed rectus 
muscle halves. Resecting 
some of  the transposed 
muscle halves enhances the 
transposition by increasing 
the leash effect. 



Foster Modification (Lateral 
Scleral Fixation) 

• A lateral fixation suture of  5-0 Dacron polyester 
filament was placed in the sclera 16mm posterior to 
the limbus and adjacent to the lateral rectus muscle, 
incorporating one fourth of  the transposed vertical 
rectus muscle. 



Wright modification

• the transposed vertical 
rectus muscle halves are 
sutured to the lateral rectus 
muscle approximately 5mm 
to 6mm posterior to the 
lateral rectus insertion, 
increasing the effect of  the 
transposition. 
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