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Organizing Section: Eye Movements/Strabismus/Amblyopia/ 
Neuro-Ophthalmology

Program Number: 2918 Poster Board Number: B0564
Presentation Time: 8:30 AM–10:15 AM
Prevalence and associations of diplopia in patients with epiretinal 
membranes
Kevin K. Veverka1, Sarah R. Hatt2, David A. Leske2, 
Andrew J. Barkmeier2, Raymond Iezzi2, Jonathan M. Holmes2. 1Mayo 
Clinic School of Medicine, Rochester, MN; 2Ophthalmology, Mayo 
Clinic, Rochester, MN.
Purpose: Epiretinal membranes (ERM) cause disruption of the 
retinal mosaics, resulting in aniseikonia, metamorphopsia, and 
decreased visual acuity (VA). Binocular misregistration of the retinal 
mosaics may lead to central-peripheral rivalry (CPR)-type diplopia. 
We performed a prospective, cross-sectional study to characterize the 
prevalence and associations of CPR-type diplopia in patients with 
ERM.
Methods: We recruited 38 patients with ERM, with (N=19) or 
without (N=19) macular comorbidity (excluding patients with 
wet macular degeneration, macular hole, and vein occlusion with 
macular edema). We classified diplopia based on history, diplopia 
questionnaire responses, and clinical exam. We tested VA, aniseikonia 
(subjective and New Aniseikonia Test), metamorphopsia (qualitative 
by door frame and Amsler grid; quantitative by M-Charts and 
D-Charts), ocular alignment, retinal misregistration (optotype-frame 
test and synoptophore central-peripheral superimposition slides). 
We defined clinical evidence of retinal misregistration as “double 
optotype single frame,” or vice versa, on the optotype-frame test or 
mismatched superimposition targets on the synoptophore. Confirmed 
CPR-type diplopia was defined as evidence of retinal misregistration, 
where other causes did not fully explain diplopia.
Results: 11 (29%) of 38 patients with ERM reported diplopia, with 
7 of 11 having confirmed CPR-type diplopia. Interestingly, 16 (59%) 
of 27 patients without diplopia had evidence of retinal misregistration 
on clinical testing (16 by synoptophore, 2 also by optotype-frame 
test). Patients with CPR-type diplopia had better VA and greater 
metamorphopsia in the eye with the worst ERM than patients without 
diplopia (median logMAR: 0.1 vs 0.4, P=0.01; median M-chart score: 
0.9 vs 0.3, P=0.008; qualitative frequency: 100% vs 63%, P=0.08; 
median D-Chart score: 2.1 vs 1.2, P=0.3). A greater proportion of 
patients with CPR-type diplopia had aniseikonia more than 5%  
(43% vs 22%, P=0.3).
Conclusions: CPR-type diplopia is not uncommon in patients with 
ERM. Patients with CPR-type diplopia have better VA and more 
severe metamorphopsia than those without diplopia and possibly 
greater aniseikonia. Longitudinal studies are needed, with specific 
attention to diplopia, VA, metamorphopsia, and aniseikonia, to 
evaluate whether our findings have prognostic value for patients 
considering ERM surgery.
Commercial Relationships: Kevin K. Veverka, 
None; Sarah R. Hatt, None; David A. Leske, None; 
Andrew J. Barkmeier, None; Raymond Iezzi, None; 
Jonathan M. Holmes, None
Support: NIH Grant EY024333 (JMH), Research to Prevent 
Blindness, and the Mayo Foundation
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Incidence of superior oblique palsy after spacer surgery for 
treatment of Browns syndrome: An honest look at residual 
superior oblique function
Medha Sharma, Sarah MacKinnon, linda dagi. Pediatric 
ophthalmology, Boston children hospital, Boston, MA.
Purpose: Superior oblique suture spacer surgery for treatment of 
Brown syndrome was introduced to reduce the risk of superior 
oblique palsy associated with treatment by complete tenotomy. Few 
studies have provided thorough data on residual superior oblique 
function. We performed a retrospective clinical observational 
study of the outcomes of suture spacer surgery detailing impact on 
postoperative superior oblique function.
Methods: Retrospective chart review of all patients diagnosed 
with Browns syndrome and treated with suture spacer surgery 
between 2005-2016 was performed. Patients with simultaneous 
inferior oblique surgery, orbital mass simulating Brown syndrome or 
insufficiently detailed sensorimotor evaluation were excluded. Age 
at surgery, pre-operative sensorimotor examination, size of spacer 
and latest sensorimotor evaluation available or prior to additional 
strabismus surgery were abstracted
Results: Of 23 patients treated with suture spacer, 21 met inclusion 
criteria. Median age at surgery was 59 months (IQR 32 to 78 
months). Pre-operative hypotropia in primary position, direct upgaze 
and affected side gaze was 10 PD (IQR 3 to 11PD), 18PD (IQR 14 to 
25 PD) and 18 PD (IQR 10 to 23 PD) respectively. Browns limitation 
was -4 (IQR -3 to -4) and evidence of preoperative fusion or 
stereopsis was present in 71%. Spacers ranged from 2 to 9 mm with 
median of 6mm. At final outcome visit occurring median 16.5 months 
(IQR 5.5 to 26.5 months) post procedure, median residual Browns 
limitation was -1 (IQR 0 to -2) and vertical alignment in primary 
position was orthotropia (IQR 0 to 5 PD hypertropia), direct upgaze 
was 1 PD hypotropia (IQR 8 PD hypotropia to 2 PD hypertropia) and 
affected side gaze was 1 PD hypertropia (IQR 4 PD hypotropia to 5 
PD hypertropia). Fusion or stereopsis was present in 62%. Twelve 
patients had good to excellent superior oblique function however 9 
developed clinically significant superior oblique palsy, 4 of whom 
had surgical intervention. Size of spacer did not predict development 
of palsy.
Conclusions: While adjustable suture spacer treatment of Brown 
Syndrome may reduce risk of superior oblique underaction, 
postoperative paresis and palsy remain common problems impacting 
fusion and functionality in reading position.
Commercial Relationships: Medha Sharma, None; 
Sarah MacKinnon, None; linda dagi, None

Program Number: 2920 Poster Board Number: B0566
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Evaluation of the effects of corrective strabismus surgery on 
social anxiety and self-consciousness in adults
Kimberly Estes1, Rebecca Parrish1, James Sinacore2, 
Patricia Mumby3, James F. McDonnell1. 1Ophthalmology, Loyola 
University Medical Center, Maywood, IL; 2Public Health Science, 
Loyola University Medical Center, Maywood, IL; 3Psychiatry and 
Behavioral Neurosciences, Loyola University Medical Center, 
Maywood, IL.
Purpose: A complete understanding of the psychosocial benefits 
strabismus surgery offers besides functional and cosmetic correction 
has yet to be fully determined. We performed a questionnaire based 
prospective study to evaluate the effect strabismus surgery had on 
private self-consciousness, public self-consciousness and social 
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anxiety using the self-consciousness scale (SCS) developed by 
Scheier & Carver in 1985.
Methods: 95 English speaking adult patients who were candidates 
for surgical correction of strabismus elected to participate in this 
study. Patients were eligible to participate if they were age >18 years 
old and able to read and complete the study questionnaires. Patients’ 
completed a demographics and a self-consciousness scale form both 
pre- and post-operatively. The self-consciousness scale was rated 
on a Likert-type rating scale ranging from 0 to 3 (e.g. 0 = ”not at 
all like me”, 3 = ”a lot like me”). The total and subscale (private 
self-consciousness, public self-consciousness, and social anxiety) 
summative scores were compared using the Wilcoxon signed-rank 
test with statistically significant relationships defined as p<0.05.
Results: Preliminary data indicated an overall improvement 
post-operatively in total scores (-2.517 p=0.012), public self-
consciousness scores (-2.628, p=0.009,) and social anxiety (-2.202, 
p=0.028). While improvement in scores was noted in private self-
consciousness scores (-1.136 p=0.188), significance was not achieved 
for this subscale.
Conclusions: This study suggests that beyond functional and 
cosmetic improvements, strabismus surgery can result in a 
statistically significant improvement in measures of public self-
consciousness and social anxiety.
Commercial Relationships: Kimberly Estes, None; 
Rebecca Parrish; James Sinacore, None; Patricia Mumby, None; 
James F. McDonnell, None
Support: This work was supported by a grant from the Illinois 
Society for the Prevention of Blindness (ISPB), and funding from 
The Richard A. Perritt Charitable Foundation. 

Program Number: 2921 Poster Board Number: B0567
Presentation Time: 8:30 AM–10:15 AM
Factors associated with failure to improve health-related  
quality-of-life following adult strabismus surgery
Jonathan M. Holmes, David A. Leske, Sarah R. Hatt. Ophthalmology, 
Mayo Clinic, Rochester, MN.
Purpose: A number of clinical and psychosocial factors have been 
identified as being associated with poor health-related quality of life 
(HRQOL) in adult strabismus. Average HRQOL scores improve 
across patients undergoing strabismus surgery, but there are few data 
on factors associated with failure of HRQOL to improve.
Methods: 276 adults (median age 57 years, range 18 to 91) 
undergoing strabismus surgery completed the Adult Strabismus 
20 (AS-20), Diplopia Questionnaire (DQ), CESDR (depressive 
symptoms), and DS-14 (type-D personality) questionnaires both pre-
op and 6-weeks post-op (median 57 days, range 27 to 150 days). Pre-
op to post-op changes in AS-20 scores (0-100) were calculated for 
each of the 4 AS-20 domains. Univariate logistic regression, followed 
by stepwise multiple logistic regression analysis, was performed to 
assess factors associated with failure to improve (<1 point) for each 
of the 4 domains, including only patients with room to improve for 
analysis of that domain. Factors assessed were: age (onset and at 
surgery), sex, DQ scores (pre and post), alignment (SPCT) as a vector 
(pre and post), esotropia (pre and post), vertical deviation (pre and 
post), visual acuity, CESDR scores (pre and post), type-D personality 
(pre and post), number of previous surgeries, and presence of facial 
abnormality. Separate models were created when factors were highly 
correlated.
Results: Failure to improve in each of the 4 domains was associated 
with higher post-op diplopia scores. In addition, failure to improve 
in Self-Perception was associated with post-op type-D personality. 
Failure to improve in Interactions was associated with post-op 
depressive symptoms (higher CESDR scores). In Reading Function, 

failure to improve was associated with better pre-op visual acuity and 
failure to improve in General Function was associated with younger 
age of onset.
Conclusions: Pre-op factors had little influence on failure to improve 
in each of the 4 AS-20 HRQOL domains following adult strabismus 
surgery, whereas several post-op factors were found to be strongly 
associated, including post-op diplopia, post-op depressive symptoms, 
and post-op type-D personality. These post-op factors may be 
important in assessing surgical outcomes and in management of 
adults with strabismus.
Commercial Relationships: Jonathan M. Holmes, None; 
David A. Leske, None; Sarah R. Hatt, None
Support: NIH Grant EY024333 (JMH), Research to Prevent 
Blindness, and the Mayo Foundation

Program Number: 2922 Poster Board Number: B0568
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Nil binocularity in adult with childhood strabismus means no 
hope for Binocularity?
Jing Yao1, Hong Liu1, Xiaomei Qu1, Jing Lin1, Ai-hou Wang2. 1Eye 
and ENT Hospital, Fudan University, Shanghai, China; 2National 
Taiwan University Hospital, Taipei, Taiwan.
Purpose: Whether strabismus surgery in adults is merely cosmetic is 
controversial. In this study, we evaluate the stereopsis and health-
related quality of life (HRQOL) following successful surgical 
correction of childhood strabismus in adults.
Methods: In a prospective study, static and dynamic stereopsis was 
performed before surgery and one month after surgery. At the same 
time, Adult strabismus-20 (AS-20), and Amblyopia and Strabismus 
questionnaire (A&SQ) were investigated.
Results: A total of 16 patients (9 exotropes and 7 esotropes) 
were included. The mean age at the time of surgery was 25.75 
years (range, 18-37years). 13 patients demonstrated nil stereopsis 
before surgery. One month after surgery, 4 patients (25.00%) 
gained improvement of stereopis and 4 patients (25.00%) achieved 
evident improvement of stereopsis. The latter were all exotropes 
(2 constant and 2 intermittent) with large angles (≥100 prism 
diopter (PD)). The bigger the angle of preoperative deviation, 
the better the postoperative stereopsis (F=5.666, P=0.017). The 
duration of misalignment(F=0.509, P=0.613), the beginning age 
of strabismus(F=1.021, P=0.388), and the postoperative alignment 
(F=0.776, P=0.480) had no influence on improvement of stereopsis. 
There was a statistically insignificant increase in improvement of 
stereopsis in exotropes compared with esotropes (x2=4.317,P=0.115). 
Also, there was a statistically insignificant increase in improvement 
of stereopsis in nonamblyopic group compared with amblyopic 
group (x2=5.333,P=0.069). Except functional score measured by 
A&SQ, all other HRQOL scores (composite, psychosocial and 
functional) measured by AS-20 and showed significant improvement 
after surgery (AS-20: t=4.294, P=0.001; t=2.346, P=0.033; t=5.871, 
P=0.000; AS&Q: t=3.840, P=0.002; t=6.804, P=0.000; t=1.559, 
P=0.140).
Conclusions: Nil stereopsis does not mean no hope for stereopsis in 
adults with childhood strabismus. They may also regain stereopsis 
after surgery, especially for those exotropes with large misalignment. 
Strabismus surgery can greatly increase their HRQOL.
Commercial Relationships: Jing Yao, None; Hong Liu, None; 
Xiaomei Qu, None; Jing Lin, None; Ai-hou Wang, None
Support: NSFC Grant 81401533; WSJSW Grant 201540366
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Depression in attempted abduction: A common feature in Duane 
syndrome
Soolienah Rhiu1, 2, Suzanne M. Michalak1, 3, Warachaya Phanphruk1, 5, 
David G. Hunter1, 4. 1Department of Ophthalmology, Boston 
Children’s Hospital, Boston, MA; 2Department of Ophthalmology, 
Hallym University School of Medicine, Dongtan Sacred Heart 
Hospital, Hwaseong, Korea (the Republic of); 3University of North 
Carolina School of Medicine, Chapel Hill, NC; 4Department of 
Ophthalmology, Harvard Medical School, Boston, MA; 5Department 
of Ophthalmology, Faculty of Medicine, Khon Kaen University, 
Khon Kaen, Thailand.
Purpose: In patients with Duane syndrome (DS), we often observe 
depression of the affected eye in attempted abduction, yet the 
phenomenon has not been well characterized in the literature. We 
therefore retrospectively reviewed existing clinical images of patients 
with esotropic DS to characterize vertical deviations in abduction and 
identify clinical associations.
Methods: Search of Boston Children’s Hospital billing records 
(2002-2015) was performed to identify all patients diagnosed with 
unilateral or bilateral DS. Exclusion criteria included previous 
strabismus surgery or absence of adequate clinical images. (At our 
center, it is standard practice to obtain clinical images of strabismus.) 
Images were then reviewed independently by 3 ophthalmologists 
to assess vertical alignment in attempted abduction. Eyes were 
assigned into one of 3 groups: Midline group (no vertical deviation 
in attempted abduction), Depression group (downward deviation 
in abduction), and Elevation group (upward deviation). Statistics: 
Kruskal-Wallis test with post-hoc analysis (Dunn procedure) for 
continuous data; Fisher exact test for categorical data.
Results: A total of 484 patients with DS were identified;113 
unilateral DS and 25 bilateral DS patients met inclusion criteria. In 
unilateral patients, 36 (31.9%) were in the Midline group, 74 (65.5%) 
in the Depression group, and 3 (2.7%) in the Elevation group. There 
was more abduction limitation in the depression group (-4) than in the 
midline group (-3) (P=0.01). Median vertical deviation in abduction 
was more severe in the elevation group than in the depression group 
(P=0.003). In bilateral DS patients, group assignment for one eye did 
not correlate with assignment for the fellow eye in 50%.
Conclusions: The majority of patients with esotropic DS demonstrate 
depression of the affected eye in attempted abduction. The 
phenomenon is associated with more severe abduction limitation. 
We believe that this is another form of dysinnervation in DS, either 
from increased innervation to the inferior rectus muscle or decreased 
innervation to the superior rectus muscle. Depression in abduction 
should be noted, especially when planning for surgery in DS. Futures 
studies should investigate the contribution of the phenomenon to 
unexpected post-op vertical deviations.

Depression of the affected eye (left eye) in attempted abduction
Commercial Relationships: Soolienah Rhiu, None; 
Suzanne M. Michalak, None; Warachaya Phanphruk, None; 
David G. Hunter, REBIscan, Inc (P), REBIscan, Inc (I)

Program Number: 2924 Poster Board Number: B0570
Presentation Time: 8:30 AM–10:15 AM
Modification of the angle of strabismus in hyperopic patients 
after photorefractive keratectomy
Michela Fresina, Giuseppe Giannaccare, Laura Primavera, 
Piera Versura, Emilio C. Campos. DIMES, Ophthalmic Unit, 
University of Bologna, Bologna, Italy.
Purpose: To evaluate refractive, binocular vision and ocular 
alignment outcomes of photorefractive keratectomy (PRK) for the 
treatment of hyperopia in esotropic patients.
Methods: Medical charts of hyperopic patients presenting full or 
partial accommodative esotropia (FAE and PAE) undergone PRK 
from 2011 to 2014 were reviewed. History of strabismus including 
previous surgery was collected. The primary outcome was to assess 
the role of PRK in improving ocular alignment. The secondary 
outcomes were the assessments of uncorrected visual acuity (UCVA), 
best-corrected visual acuity (BCVA), spherical equivalent (SE) and 
stereoacuity.
Results: Thirty-two hyperopic patients were included. Three patients 
with FAE underwent only PRK. Of twenty-nine patients with PAE, 
four patients underwent only PRK while twenty-five underwent PRK 
and strabismus surgery. Five patients presented secondary exotropia 
at the time of PRK. The mean corrected esodeviation significantly 
decreased after PRK in the overall esotropic group (p=0.03), and 
in particular in the group with small-angle esodeviation (<20PD) 
(p=0.029). Conversely, the mean corrected exodeviation did not 
significantly decrease (p=0.37). The mean pre operative BCVA and 
post-operative UCVA did not differ (p=0.13) while the mean post-
operative SE decreased significantly after PRK (p<0.0001).
Conclusions: Our study confirmed that PRK eliminates the 
accommodative component of the deviation. Further, this procedure 
reduced or eliminated also the non-accommodative component of 
esodeviation, especially for small-angles. This finding could influence 
the timing of refractive and strabismus surgeries, avoiding the latter 
procedure in case of small-angle esodeviation before PRK.
Commercial Relationships: Michela Fresina, None; 
Giuseppe Giannaccare, None; Laura Primavera, None; 
Piera Versura, None; Emilio C. Campos, None

Program Number: 2925 Poster Board Number: B0571
Presentation Time: 8:30 AM–10:15 AM
Protective effect of biodegradable collagen implant in thinned 
sclera after strabismus surgery : paired eye study
Tae Keun Yoo, seung-han han, Jinu Han. Ophthalmology, Yonsei 
University College of Medicine, Seoul, Korea (the Republic of).
Purpose: To determine protective effect of a biodegenerable 
Ologen™ collagen matrix (OCM) in reducing blue-color change due 
to exposed thinned sclera after strabismus surgery.
Methods: This prospective, randomized, paired-eye control study 
included 14 patients with intermittent exotropia. All procedures 
were performed at the Severance hospital, Seoul, South Korea. All 
patients underwent symmetrical bilateral lateral rectus recession. 
The OCM was implanted at original rectus insertion site in randomly 
selected one-eye and the other eye underwent conventional surgery. 
The OCM was implanted under conjunctiva without suture, covering 
the muscle insertion site. Primary outcome was color changes 
of conjunctiva measured using computer-based image analysis 
developed for grading conjunctiva at immediate, 1 week, 1 months, 3 
months after surgery. Slit-lamp photograph of each eye was evaluated 
using contrast limited adaptive histogram equalization (CLAHE), 
Canny edge, and RGB model. Secondary outcome was thickness of 
conjunctiva and sclera at 3 months after surgery using an anterior 
segmental optical coherence tomography.
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Results: The mean age at the time of surgery was 20.9±8.9 years. 
The mean amount of lateral rectus recession was 8.18±1.35 mm. 
No intraoperative complications were observed. At immediate 
postoperative and 1 week after surgery, all color models were no 
significant difference between the OCM-implanted eyes and the 
control eyes. At 3 months after surgery, the OCM-implanted eyes 
showed significantly lower values of CLAHE and blue color of RGB 
model than the control eyes (P=0.041 and P=0.008). There was no 
statistically significant difference in Canny edge and red color of 
RGB model (P=0.061 and P=0.152). The thickness of conjunctival 
stroma and episclera in the OCM-implanted eyes was significantly 
increased than that in the control eyes (P=0.001). There was no 
significant association in the thickness of conjunctival epithelium 
and sclera stroma between the OCM-implanted and control eyes 
(P=0.773 and P=0.209).
Conclusions: After strabismus surgery, the blue-color change was 
reduced significantly in the OCM-implanted eyes than the control 
eyes. Our study suggests that implantation of OCM can protect bluing 
sclera at original rectus insertion site after lateral rectus recession.
Commercial Relationships: Tae Keun Yoo, None; seung-han han, 
None; Jinu Han, None
Clinical Trial: Clinical Trial NCT02699580

Program Number: 2926 Poster Board Number: B0572
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Surgical Results of Medial Rectus Recession with Tendon 
Elongation in Sixth Nerve Palsy
Herbert Jaegle. University Clinic, Department for Ophthalmology, 
Regensburg, Germany.
Purpose: Surgical options for the treatment of esotropia due to sixth 
nerve palsy include medial rectus recession without or with affected 
lateral rectus resection, the Hummelsheim procedure or rectus 
medialis recession of the contralateral eye. However, medial rectus 
recession with tendon elongation may be an alternative procedure 
for large-angle esotropia. The aim of this study is to evaluate the 
feasibility and safety of the surgical technique of rectus recession 
with tendon elongation and compare the dosages for primary 
esotropia due to sixth nerve palsy.
Methods: The medical records of 30 patients who underwent surgery 
for esotropia due to unilateral sixth nerve palsy between 2010 and 
2015 were reviewed and patients receiving surgery on the unaffected 
eye (11) excluded. Alternate prism cover test and tangent screen test 
were used for angle and binocular visual field size measurements. 
Surgical procedures included Hummelsheim, recession, elongated 
recession, resection and combined surgery. We used polyglycolic 
acid (Safil®, USP 7/0) for all muscle suturing and collagenous matrix 
derived from bovine pericardium (Tutopatch®, thickness 0.1-0.25 
mm) for tendon elongation.
Results: Median angle in primary position was 20 (min 8, max 40) 
deg and dosage was 4 to 18 mm. A linear relationship between dosage 
and angle reduction was found (slope 0.54) over all procedures. 
While post surgery the angle in the direction of abduction of the 
affected eye was reduced by approx. 10 deg, in the opposite direction 
of gaze an initial exotropia of up to 13 deg (one patient 25 deg after 
Hummelsheim procedure) was observed, which improved to 6 deg or 
less within 3 months. The field of binocular single vision (fbsv) was 
increased in all patients, but when comparing combined recession-
resection surgery with elongated medialis recession of similar total 
dosage, the horizontal diameter of the fbsv was approx. twice as large 
after elongated recession. No adverse reactions and no complications 
such as muscle slipping were observed.

Conclusions: The tendon elongation procedure in this study was safe 
and effective, the matrix thickness and suture diameter sufficient. 
The advantage of the elongated recession seems to be a larger field 
of binocular single vision compared to combined surgery and the 
opportunity to use insertion transposition to reduce an associated 
V-incommitance compared to Hummelsheim procedure in large-angle 
surgery.
Commercial Relationships: Herbert Jaegle, None

Program Number: 2927 Poster Board Number: B0573
Presentation Time: 8:30 AM–10:15 AM
A variation on Optional Adjustable strabismus surgery: applying 
the Engel/Rousta technique to limbal incisions
Steve Madill. Princess Alexandra Eye Pavilion, Edinburgh, United 
Kingdom.
Purpose: Adjustable suture strabismus surgery allows correction 
of immediate post-operative over- and under-corrections. However 
if no adjustment is indicated then the patient still requires a second 
intervention to complete the surgical procedure. Engel and Rousta 
described a fornix-based adjustable suture technique with which, if no 
adjustment is required, then no second intervention is necessary(1). 
We describe our experience with the Engel/Rousta technique but 
applied to limbal incision surgery.
Methods: We previously performed adjustable strabismus surgery in 
adults with a conventional cinch knot technique (figure 1) but due to 
peri-operative discomfort and the necessity for a second intervention 
in all patients, we modified our technique to the Engel/Rousta applied 
to limbal incisions (figure 2).
22 adult patients underwent horizontal rectus muscle resect/recess 
procedures with the Engel/Rousta technique applied to limbal 
incisions over a 14 month period and had pre- and post-operative 
orthoptic assessments. Successful alignment was defined as within 10 
prism dioptres of target alignment at the 4-6 week review.
Results: Of the 22 patients, median age 37.5 years, 12 had exo 
deviations (mean deviation 51 prism dioptres for distance) and 10 
had eso deviations (mean deviation 39 prism dioptres for distance). 
Adjustment was required in 5 patients, the other 17 required no 
further intervention during day admission. At 4-6 weeks, 16/22 
patients (73%) were within 10 prism dioptres of target alignment. All 
22 patients were satisfied with their final alignment and discharged. 
We noted anecdotally less conjunctival injection at 4-6 weeks than 
with our previous technique, but this was not formally graded.
Conclusions: Applying the Engel/Rousta technique to limbal 
incisions results in satisfactory alignment at the 4-6 week review. If 
no adjustment is required then this technique also avoids a second 
intervention to complete the procedure thereby saving surgical hands-
on time.
1. Engel JM and Rousta ST. Adjustable sutures in children using a 
modified technique. J AAPOS 2004; 8: 243-248
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Figure 1. Conventional cinch knot technique with loose suture ends

Figure 2. Engel/Rousta technique applied to limbal incisions. 
Superior and inferior scleral bites allow the muscle suture to be tied 
off in theatre but if adjustment is required then the knot can be cut out 
and the suture liberated from the scleral bites
Commercial Relationships: Steve Madill, None

Program Number: 2928 Poster Board Number: B0574
Presentation Time: 8:30 AM–10:15 AM
Corrective effect of Fresnel membrane prisms in the secondary 
and tertiary gaze positions
Satoshi Hasebe, Shin Morisawa, Tomoki Tokutake. Ophthalmology 2, 
Kawasaki medical school, Okayama, Japan.
Purpose: Fresnel membrane prisms (Press-On OpticsTM, 3M) are 
widely used in strabismus examination and treatment. They are 
usually used to correct an angle of strabismus in the primary position, 
but the prismatic effect is affected by the gaze position and/or side 
of the spectacle lens on which they are applied. This study aimed to 
clarify these characteristics of prisms to make better use of them in 
clinical practice.
Methods: The prismatic effect of Fresnel prisms of 5-25 prism 
diopters at different gaze positions (+/-45 degrees horizontally and 
vertically) were calculated by Snell’s law and presented on two-
dimensional contour maps. Experimentally, the prism was placed on 
a precision rotation stage, and the relationship between the deviation 
of a light ray produced by a laser pointer on a tangent screen and its 
rotation angle was evaluated.
Results: The experimental data corresponded with the theoretical 
estimation. They indicated that the effect becomes highly asymmetric 
and exponentially increases as the gaze moves toward the direction 
of the apex when a prism of greater than 15 prism diopters is 
monocularly applied on the back surface of the lens (Figure, left). In 
contrast, when the prism is applied on the front surface (center), or 
two prisms with equally-divided power are applied symmetrically 
over both eyes (right), the effect is symmetrical and fairly stable 
regardless of gaze direction. However, the prism power seemed to 
be calibrated based on an assumption that it is applied on the back 
surface, and thus a power error induced by the difference in angle 
of the incident ray should be corrected. The effect of a horizontally 
placed prism slightly increases as the gaze moves vertically from the 
primary position regardless of application method.
Conclusions: Unilateral prescription of a Fresnel prism on the back 
surface sometimes introduces a large binocular disparity in the 
secondary and tertiary gaze position even if the angle of strabismus is 
well corrected in the primary position. The application method of the 
prism(s) should be individually chosen while considering the power 
of the prism and incomitant nature of strabismus.

Two-dimensional representation of prismatic effects. Broken lines 
indicate a typical spectacle frame.
Commercial Relationships: Satoshi Hasebe, None; 
Shin Morisawa, None; Tomoki Tokutake, None
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Program Number: 2929 Poster Board Number: B0575
Presentation Time: 8:30 AM–10:15 AM
What can we learn about strabismus from a 90 second gaze 
recording?: Rapid evaluation of oculomotor deficits in strabismus
Anna Kosovicheva1, Melanie Kazlas2, 3, David G. Hunter2, 3, 
Peter Bex1. 1Department of Psychology, Northeastern University, 
Boston, MA; 2Department of Ophthalmology, Boston Children’s 
Hospital, Boston, MA; 3Department of Ophthalmology, Harvard 
Medical School, Boston, MA.
Purpose: Clinical evaluation of ocular alignment can be performed 
with a variety of assessments, including ocular imaging and prism 
cover tests. However, obtaining precise strabismus measurements 
with these procedures at a range of gaze postures can require skill 
or be time-consuming. The purpose of this study was to test the 
feasibility of using readily available eye tracking equipment for 
this purpose. We developed and tested a rapid eye tracking based 
procedure for evaluating ocular alignment and oculomotor deficits in 
strabismus.
Methods: Gaze position was recorded binocularly using an eye 
tracker in a total of 11 observers (7 strabismic subjects, including 
4 with amblyopia, and 4 controls, ages 7 – 50). Subjects were 
instructed to track a crosshair target that moved between locations 
on an invisible grid spanning 18° vertically and 24° horizontally 
for a total gaze recording time of approximately 90 seconds. At 
each location, subjects viewed the target monocularly for 1000 ms 
through a pair of shutter glasses. Halfway through each interval, the 
presentation of the target switched between the two eyes, producing 
a measurement of differences in gaze position between left eye and 
right eye targets. In addition, on half the trials, the target remained in 
the same eye, allowing for a longer measurement of fixation stability 
for monocular targets.
Results: For pairs of monocular targets presented in the same 
physical location, we observed larger differences in gaze position 
between left and right eye targets in strabismic subjects (2.84° ± 
0.62°) than controls (0.27° ± 0.05°), p = .014. For strabismic subjects, 
the angular shift in gaze position between pairs of targets correlated 
with the errors made in an independent dichoptic alignment task 
(Spearman’s r = 0.82, p = .034). Subjects with strabismic amblyopia 
additionally showed reduced fixation stability while viewing targets 
presented to the fellow eye (larger BCEA in the amblyopic compared 
to fellow eye, p = .010).
Conclusions: Together, our results demonstrate that assessment 
of ocular alignment at a range of gaze postures can be quickly 
performed using an eye tracking procedure, and that strabismus 
measurements from this objective gaze recording method show good 
agreement with subjective measures based on perceptual alignment.
Commercial Relationships: Anna Kosovicheva, None; 
Melanie Kazlas, None; David G. Hunter, REBIScan, Inc (I), 
REBIScan, Inc (P); Peter Bex, None
Support: NIH R01 EY021553

Program Number: 2930 Poster Board Number: B0576
Presentation Time: 8:30 AM–10:15 AM
A new computerized Hess- Lancaster red-green test
Giuliano Stramare. Ospedale Sacro Cuore- Negrar - Verona, Negrar 
- Vr, Italy.
Purpose: to validate a new computerized Hess-Lancaster red-green 
test (Hess-Lancaster computerized DigiTest (HLDT)) and to compare 
it with the conventional test.
Methods: 130 patients were asked to plot Hess charts by using both 
the conventional test and the HLDT, administered in random order. 
We recorded the time taken to complete each test. Patients were 
asked to grade the degree of difficulty of the 2 tests, by answering 

3 different questions. The first two consisted in the evaluation of 
the ease of understanding and performing the test with a scoring 
system 1-10. In the third one the patients were asked which one they 
preferred.
In a smaller group (30 patients) we evaluated the agreement between 
the measured horizontal and vertical deviations obtained in both the 
tests.
Results: Mean time taken to complete tests was 185 seconds with 
HLDT and 302 seconds with conventional test. 80% of patients 
preferred to performe HLDT, 13,33% had no preference and just 
6,66% preferred traditional test. The measured horizontal and vertical 
deviation showed good agreement with both HLDT and conventional 
test.
Conclusions: The deviations measured with both the test were in 
good agreement. HLDT is faster then taditional test and patient found 
easier to perform it.
Commercial Relationships: Giuliano Stramare
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A method for rapid objective strabismus angle measurement
Oren Yehezkel1, Abraham Spierer2, Dan Oz1, Ran Yam1, 
Michael Belkin3. 1NovaSight Ltd, Airport city, Israel; 2Goldschleger 
Eye Institute, Sheba Medical Center, Tel-Hashomer, Israel; 
3Goldschleger Eye Research Institute, Sheba Medical Center, Tel 
Hashomer, Israel.
Purpose: Evaluation of the accuracy and repeatability of a novel 
strabismus angle measurement method using an automatic objective 
system based on eye tracking, in comparison with the prism cover 
test(PCT). The angle of strabismus is conventionally measured by the 
PCT in which prisms of increasing powers are placed in front of the 
eyes to neutralize the eye movement elicited by alternately covering 
one eye. The PCT method
is subjective, time consuming, very difficult to perform on babies, 
and young children and relies heavily on the examiner’s skill 
and experience. The novel method being tested may constitute a 
replacement to the PCT.
Methods: The concept being tested is similar to the PCT principle 
using a system comprising of a 3D display and glasses. Instead of 
shifting the line-of sight of the deviating eye by using prisms while 
gazing at a single target, the system displays alternately 2 moving 
dichoptic targets on a screen until the line-of-sight of each eye 
coincide with its corresponding target. An eye tracker is used in order 
to detect cessation of eye movements when both eyes fixate at their 
targets. No eye tracker calibration is required to perform the test. 
The strabismic prism diopter deviation is automatically calculated 
from the distance between the two dichoptic targets and the distance 
of the eyes from the display. Tests were conducted under normal 
room lighting at 60 cm. Two groups are being tested: One consisting 
of healthy people with artificially induced quantified eye deviation 
created by placing a prism in front of one of the subject’s eye (N=4, 
average age 52±13 years). The second group includes strabismic 
subjects, who are evaluated in comparison with PCT (N=4, average 
age 25±19 years).
Results: The measurements of the healthy group with induced 
strabismus, are accurate and repeatable, while placing
8 diopter prism lens in front of one eye the measured deviation was 
7.8±0.32 (SD) prism diopter and the maximal SD for each subject 
repeated measurement was 0.15 prisms. Test duration was 7.6±3.6 
(SD) seconds. Test results of the strabismic group measured were 
28.4±17.8 (SD) for the eye tracking method and comparable to 
the cover test results of 29.2±18.5 (SD). Test duration of the novel 
method was 23±11.6 (SD) seconds.
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Conclusions: The preliminary results of this work in progress 
indicate the possible validity of the concept of measuring strabismus 
angles by a system based on a 3D screen and an eye tracking module.
Commercial Relationships: Oren Yehezkel, NovaSight LTD (E); 
Abraham Spierer, None; Dan Oz, NovaSight LTD (E); Ran Yam, 
NovaSight LTD (E); Michael Belkin, NovaSight LTD (I)
Support: NovaSight Grant

Program Number: 2932 Poster Board Number: B0578
Presentation Time: 8:30 AM–10:15 AM
Validation of StrabisPIX, a mobile application for home 
measurement of ocular alignment
Warachaya Phanphruk1, 2, Yingna Liu1, 3, Katharine Morley4, 
Jacqueline Gavin1, Ankoor S. Shah1, 3, David G. Hunter1, 3. 
1Department of Ophthalmology, Boston Children’s Hospital, 
Boston, MA; 2Department of Ophthalmology, Faculty of Medicine, 
Khon Kaen University, Khon Kaen, Thailand; 3Department of 
Ophthalmology, Harvard Medical School, Boston, MA; 4Department 
of Medicine, Massachusetts General Hospital, Boston, MA.
Purpose: StrabisPIX is a smartphone application developed for home 
strabismus screening. It allows patients and their parents to obtain 
images of head position and eye alignment in 9 positions of gaze and 
to upload these onto a secure platform for clinician review. This study 
evaluates the clinical utility of this application by comparing the 
images obtained using StrabisPIX with those obtained by orthoptists 
in the clinic.
Methods: In this prospective, non-masked cross-sectional study, 30 
strabismus patients who were 2 years or older were recruited from a 
pediatric ophthalmology clinic at Boston Children’s Hospital. After 
consent was obtained, subjects 1) received a 5-minute standardized 
presentation with instructions on how to use StrabisPIX, 2) used 
StrabisPIX to obtain images as prompted by the application, and 3) 
completed a satisfaction survey. As a part of the patients’ regular 
clinic visit, an orthoptist obtained a separate set of images using 
a digital single-lens reflex camera. Two ophthalmologists and one 
orthoptist then evaluated all 60 sets of images and completed a 
standardized survey that graded 1) image quality and 2) abnormalities 
seen on images such as strabismus, ptosis, and/or compensatory head 
posture.
Results: Most patients reported that StrabisPIX was easy to learn 
and use. Image quality was similar between StrabisPIX images 
and clinic photos in terms of focus, field of view, ocular alignment, 
eyelid position, and pupil anomalies. However, clinic photos had 
a significantly (P<0.05) higher rate of acceptability for horizontal 
versions (67% StrabisPIX vs. 81% clinical images), vertical versions 
(60% vs. 76%), and head posture (81% vs. 93%). Abnormalities 
were detected at a similar rate for horizontal and vertical versions, 
head posture, eyelid position, and pupil size. However, StrabisPIX 
had significantly higher detection of alignment abnormalities 
(89% vs. 77%). All other assessments were similar in the two 
groups. Interrater/intrarater agreements were moderate to high 
(kappa=0.44-1.00) for all parameters except pupil abnormality, which 
had poor to fair agreement.
Conclusions: Overall, StrabisPIX images had similar quality 
and were as useful as images obtained in the clinic in detecting 
abnormalities. The StrabisPIX application can provide clinicians 
with images documenting strabismus that may support the use of 
telemedicine in the future.

StrabisPIX-guided self-imaging of ocular motility
Commercial Relationships: Warachaya Phanphruk, None; 
Yingna Liu, None; Katharine Morley, None; Jacqueline Gavin, 
None; Ankoor S. Shah, None; David G. Hunter, None
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A simple method to measure head tilt using iPhone®

Michelle L. Farah1, Murillo Santinello2, Luis Eduardo Carvalho1, 
Ronaldo Barcellos1. 1Ophtalmology, Irmandade da Santa Casa 
de Misericóridia de São Paulo, São Paulo, Brazil; 2Faculdade de 
Medicina do ABC, São Paulo, Brazil.
Purpose: Abnormal head posture (AHP) is an important sign of 
several deseases. Some orthopedical such as scoliosis and congenital 
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torticollis, others ophthalmic such as strabismus varieties, nistagmus, 
blepharoptosis, visual field and refractive defects. The purpose of the 
study was to describe a simple methodology for the measurement of 
abnormal head posture (AHP) using Smartphone app. This was an 
observational, cross-sectional study.
Methods: The app PHOTOS from iPhone® (Apple, Inc., Cupertino, 
CA) was used in this study, allowing rotation and adjustments of 
photographic records. Two strips were placed, a horizontal, on the 
wall behind the exam chair, at the patient’s head height and a sagittal 
(perpendicular to the wall) on the chair seat. The patients were 
photographed by IPhone® camera in two positions: frontal, with the 
head leaning over one shoulder (photo A1 with camera tilted and 
photo A2 without tilt), and upper axial, viewing forehead and nose 
turned to the right side (photo B1 with camera tilted and photo B2 
without tilt). Another photograph was taken showing two lines, drawn 
on a card, forming a 32 angle, to prove the method’s precision. Thirty 
examiners were asked to edit the photographs in the app PHOTOS, 
according to previous explanation, in order to measure the head 
rotation related to the horizontal stripe (head tilted to the shoulder), 
to the sagittal stripe (right head turn) and the angle formed by the 
two lines on the card. Average of measurement and pattern deviation 
were calculated from all results obtained by the 30 examiners. The 
T-Student test was applied and the confidence interval (CI95%) was 
calculated.
Results: All 30 examiners were able to measure the angles after 
explanation about the method. The examiners measurements of the 
card angle had a variation lower than 5%, proving the method’s 
precision to measure a known angle (p., The average measurements 
for photo A1 and A2 were 22.8 ± 2.77 and 21.4 ± 1.61, and for photo 
B1 and B2 were 19.6 ± 2.36 and 20.1 ± 2.33.

Conclusions: The measurement of AHP using iPhone® proved to be a 
simple and reproducible method. The maximum variation found were 
2.88o regarding head tilt around the patient’s horizontal axis and 2.77o 
around the vertical axis.

Commercial Relationships: Michelle L. Farah, None; 
Murillo Santinello, None; Luis Eduardo Carvalho, None; 
Ronaldo Barcellos, None


