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Abstract
Background Both external levator resection (ELR) and Müller’s muscle-conjunctival resection (MMCR) are procedures
well known to improve marginal reflex distance (MRD1) in patients with ptosis. This study aims to understand differential
post-operative changes in eyelid contour for MMCR and ELR surgery.
Methods In this cross-sectional cohort study, patients affected by involutional ptosis were randomized into two groups:
those who underwent ELR or MMCR surgery. Pre-operative and late post-operative photographs were obtained. Digital
analysis of the lid contour was performed by measuring the vertical distance from a line intersecting the center of the pupil to
the eyelid margin at 10 positions at 2 mm intervals. Mean distance at each position was compared pre- and post-operatively
between the groups.
Results The final sample included 60 eyes from 39 patients, 30 eyes per group. At each time point there was significant
variation in height across the eyelid (p < 0.05). A significant (p < 0.05) group difference in vertical height was noted only at
the 2 and 4 mm temporal positions in the post-operative analysis, with the ELR group being slightly higher. There were no
significant differences in MRD1, pre- or post-operatively, between the ELR and MMCR groups.
Conclusions Both ELR and MMCR are effective at elevating the eyelid in multiple positions across the length of the eyelid.
Although they do not produce significantly different MRD1 results, ELR was associated with a greater eyelid height at the 2
and 4 mm temporal positions.

Introduction

Multiple anatomic and physiologic elements including shape,
height, contour, and mobility are essential to the cosmetic and
functional role of the eyelid [1]. Despite the complexity of this
system, eyelid position is frequently described using the

marginal reflex distance (MRD1) alone [2–6]. While this may
describe the central portion of the eyelid, it provides little
information regarding abnormalities in eyelid contour such as:
notches, peaks, flare, or other deformities.

Such information regarding lid contour would be of value
in assessing various pathologic states including thyroid eye
disease, lacrimal expansion, and various traumatic condi-
tions. Additionally, and of particular interest to surgeons, are
iatrogenic alterations in the eyelid contour after surgery.

Classically, the assessment of surgical change in eyelid
contour has been qualitative, typically including descriptors
such as “acceptable”, “good”, or “excellent”, although some
more formal grading systems have been proposed [7, 8].
Such systems typically lack standardization across raters or
centers and are therefore subjective. Standardized quanti-
tative data regarding eyelid contour outcomes would be of
significant value in describing the comparative effectiveness
of various surgical interventions.

Some groups have proposed using measurements based
on Multiple Radial mid pupil Lid Distances (MPLDs). This
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system places a common origin in the center of the pupil,
with multiple radial lines extending out from this point to
the upper lid margin [9]. A limitation of the MPLD system
is that when comparing cases with different eyelid height,
the measurements do not correspond to the same positions
on the eyelid since the radial lines transect the lid at dif-
ferent points, making a comparison inaccurate.

This study aims to define a standardized and repeatable
approach to measuring eyelid contour, and to utilize this
technique to assess relative changes in contour for patients
alternately undergoing two different surgical procedures for
ptosis: external levator resection (ELR) and Müller’s
muscle-conjunctival resection (MMCR) surgery.

Methods

In this comparative, cross-sectional cohort study, two popu-
lations of subjects were defined. The first underwent Müller’s
muscle-conjunctival resection without tarsectomy (MMCR)
and the second underwent external levator resection (ELR)
surgery for the management of eyelid ptosis. This study
complied with the policies and principles set forth by the
University of California Los Angeles Institutional Review
Board and adhered to the tents of the declaration of Helsinki.

Patient selection

Patients were included if they were over the age of 18,
demonstrated involutional upper eyelid ptosis with levator
excursion >12 mm and underwent surgical correction.
Patients were excluded if they had any history of previous
upper eyelid surgery, orbital or eyebrow disease or under-
went concurrent upper or lower eyelid procedures (specifi-
cally including but not limited to: blepharoplasty,
browpexy, and/or lateral canthal tightening). Patients were
also excluded if they demonstrated features of any condition
that may influence upper eyelid contour such as thyroid
orbitopathy, a lacrimal or orbital mass, neuromuscular dis-
ease, or facial palsy. Botulinum toxin washout period was a
minimum of 5 months prior to study entry.

Image analysis

Pre-operative and post-operative photographs were obtained
parallel to the plane of the face, with the patient in primary
position looking directly in to the camera.

Digital image analysis was performed using ImageJ
(National Institutes of Health, Bethesda, Maryland). To ensure
intra subject standardization of the eyelid to an axis parallel to
the horizon, a line was drawn between the patient’s lateral
canthi and the photographs were rotated to arrange this line
parallel to the vertical borders of the digital file. This was

performed for each image. Measurements were calibrated
using a standard white-to-white diameter of 11.77mm for men
and 11.64mm for women as previously described [10, 11].

Using the center of the pupil as a reference point at (0,0),
2 mm intervals from the midpupillary line were marked out
medially for 8 mm and laterally for 10 mm. This created 10
reference points for each eye, including the center of the
pupil. From each of these points, a vertical line was drawn
ending at the margin of the upper eyelid. The x and y
coordinates of these points were recorded, with the x
coordinate signifying the horizontal distance from pupil
center and the y coordinate representing the vertical height.
The y measurement corresponding to x= 0 represents the
MRD1. This process (Fig. 1) was carried out for both pre-
operative and post-operative photographs in all eyes.

Statistical analysis

Comparison of pre-operative and post-operative measure-
ments were made. The resultant difference in lid elevation at
each of the 10 points on the lid were calculated. Compar-
isons of y coordinate distances were made within and across
groups with ANOVA analysis. Individual points were fur-
ther compared across the two groups using the independent
samples t-test. Analyses were performed with Statistical
Package for the Social Sciences for Mac version 22.0 soft-
ware (SPSS, IBM Inc., Armonk, New York, USA).

Surgical technique

MMCR

A standardized surgical method for MMCR was performed.
Local anesthetic consisting of 2% lidocaine with 1:100,000

Fig. 1 Measurement positions
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epinephrine was injected into the upper eyelid. The eyelid
was then everted. The desired length of tissue resection was
marked on the conjunctiva using a caliper superior to the
tarsus both laterally and medially. Two forceps were then
used to elevate the conjunctiva-Müller’s muscle composite
flap. The ptosis clamp was then applied. Chromic gut suture
was then driven under the clamp running in both directions
with the ends externalized to skin. A #15 Bard-Parker blade
completed the resection.

External levator resection

Local anesthetic consisting of 2% lidocaine with
1:100,000 epinephrine was injected into the upper eyelid.
The lid was approached through an eyelid crease incision.
The tarsus was cleared at the superior border. Dissection
on the posterior plane of the levator aponeurosis allowed
identification of the levator posterior surface. A 6-0
novafil suture (Covidien, Dublin, Ireland) was passed
through the tarsal plate designed to optimize the contour,
and then through the posterior surface of the levator
aponeurosis. The suture was adjusted to appropriate eyelid
position and contour and then tied permanently; occa-
sionally a second or third suture was placed to optimize
eyelid contour. The skin incision was closed with 6-0 fast
absorbing gut suture.

Results

A total of 60 eyes of 39 patients met criteria and were
included in the analysis. The MMCR group contained 30
eyes (15 patients) and the ELR group consisted of 30 eyes
(24 patients).

The overall main effect of position was significant for
each group individually at both time points (p < 0.05 in all
cases) indicating there is variation in vertical height across
the eyelid. The effect of time was also significant (p < 0.05
in all cases) indicating that the vertical height of the eyelid
changed with surgery at all positions for each group
(Fig. 2).

When assessing individual point differences between
groups, there was a significant difference (p < 0.05) in
eyelid position at the temporal 2 and 4 mm points post-
operatively only, with the ELR group being slightly higher
at these positions post-operatively (Fig. 3). No other pre-
operative or post-operative comparisons were significant.

Discussion

In this study, we illustrated that both MMCR and ELR
provide excellent eyelid elevation across the length of the
eyelid. We did not find a difference in post-operative
MRD1 between the MMCR and ELR groups. However, we
did note a small but significant difference in eyelid height
post-operatively between the MMCR and ELR groups at the
2 and 4 mm temporal positions, where the ELR eyelid was
slightly higher on average, suggesting a difference in con-
tour between the two groups.

Many groups have attempted to quantify eyelid contour.
For example, Cruz and colleagues investigated the upper
eyelid contour in patients with thyroid eye disease-related
eyelid retraction. They used image processing software to
place specific points along the lid, and then generated a clo-
sely fitted second-degree polynomial function. From this,
information such as the degree of curvature, peak of contour,
and areas of interest were obtained [12]. The authors used the

Fig. 2 Pre-operative and post-operative eyelid positions. ELR external levator resection, MMCR Müllers muscle-conjunctival resection
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same approach in patients with congenital ptosis [12–14].
This graphical method is limited in that the eyelid in many
physiologic and pathologic conditions may not follow a
uniform parabolic function. Additionally, polynomial func-
tions can be difficult to average across populations and to
compare in a meaningful way between groups.

A more recent strategy described by the same group [12,
13, 15, 16] makes use of multiple radial mid pupil to upper
eyelid margin distances (MPLDs) originating at the pupil
center. This system directs the user to identify the center of
the pupil, after which radial lines are drawn out automatically.
The user then identifies the intersections of these lines with
the eyelid margin. This has been used to quantify contour in
patients with thyroid eye disease [17, 18] and after ptosis
surgery [16]. Ahn et al. [19] used this method to assess eyelid
contour after ELR, and were able to show quantitative
improvement post-operatively as defined by an increase in
MRD1 and MPLD angles.

One of the key difficulties of this approach relates to the
non-uniform change in the eyelid parabola with elevation. As
the eyelid is anchored medially and laterally, it does not
elevate equally in all directions. Therefore, radial lines drawn
from the center of the pupil will intersect with different
positions along the eyelid margin pre- and post-operatively if
there is a change in elevation following surgery. This creates a
situation in which the pre-operative MPLD and post-operative
MPLD are measuring different positions along the eyelid
margin and therefore may not be compared directly. A similar
challenge is presented in averaging across, or comparing,
groups of eyelids.

The method described in this study defines stable posi-
tions on the eyelid meridian for measurements pre- and
post-operatively. The measurements represent “multiple
MRD1s” that are repeatable and can easily be compared
clinically across time points and groups of patients. The

main limitation of this method is the two dimensional nature
of the analysis, a three dimensional assessment of the
contour may be more accurate [20].

Despite the limitations in the method, we were able to
demonstrate that both MMCR and ELR surgery are effective
strategies for elevating the eyelid margin. The final post-
surgical MRD1 was found to be equal for both approaches.
These findings are supported by previous work [20].

We also noted a small lateralization of the peak with
ELR surgery relative to MMCR. Lateralization of the eyelid
peak has been reported previously after ELR surgery [21],
and may have an anatomic basis [22]. In comparative stu-
dies [20], authors have used a subjective cosmetic outcome
grading system to assess the outcome of MMCR surgery.
This study did not include a qualitative assessment to cor-
relate the aesthetic outcomes with lateralization, thus it is
difficult to determine which eyelid contour is more normal
or pleasing.

Some groups have suggested that eyelids may be slightly
lateralized in normal [19] and younger subjects [23]. The
corollary of this assessment is that post-operative later-
alization might represent a return to a more “normal” con-
tour, suggesting this effect would improve cosmesis. In this
case, the MMCR effect of flattening the contour may be less
desirable. It is not clear from our study or the available
literature which contour would be considered superior in an
objective sense, nor whether this relates to contour
lateralization.

The technique described for measurement in this study
represents further refinement of eyelid contour analysis, and
although limited by its two dimensional nature, is a useful
step in the evolution of these assessments. Using automated
processes would significantly improve the clinical utility of
such contour grading. With this system, we were able to
demonstrate subtle post-operative differences in contour,

Fig. 3 Standardized baseline vertical eyelid height at 10 positions (mm) across the eyelid in MMCR and ELR subjects for pre- and post-operative
state. (*p < 0.05). ELR external levator resection, MMCR Müllers muscle-conjunctival resection
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with ELR patients maintaining a slightly higher eyelid
position lateral to the center of the pupil.

Summary

What was known before

● At present there are no standardized, objective techni-
ques to measure the eyelid contour The eyelid contour is
flatter with the MMCR technique.

What this study adds

● A novel technique to objectively measure eyelid contour
ELR and MMCR surgery achieve similar MRD1
measurements.
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