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Blepharoptosis is an abnormal drooping of the upper 
eyelid that is observed when the eye is at primary 
position. Levator advancement surgery is a com-

monly used method to effectively treat this disorder.1–4 A 
restoration of the upper visual field and an improvement 
and rejuvenation of the facial appearance after levator ad-
vancement surgery are true and precious clinical targets 
and the outcomes are greatly appreciated by our patients.

At present, studies on the effectiveness of ptosis repair 
surgery typically use the height of the palpebral aperture 

in the midpupillary line as a measure of success. The con-
ventional measure used to quantify the palpebral aperture 
is the margin reflex distance (MRD) which is defined 
as the vertical distance between the corneal light reflex 
and the upper (MRD-1) and lower (MRD-2) eyelid mar-
gins. However, this parameter is 1-dimensional, and the 
measurement of the MRD relies on the examiner’s ex-
perience. Detailed analyses of the eyelid contour includ-
ing the ocular surface area (OSA) and eyebrow position, 
which are known to change after eyelid surgery, are im-
portant for the characterization of not only the features 
of the eyelid and ocular surface but also the facial appear-
ance.5–7  Information of these parameters is necessary for 
both patients and surgeons to evaluate the outcome of 
ptosis repair surgery.

With the development of digital imaging technology 
and the analyzing software, the eyelid features can be as-
sessed more accurately and quantitatively. There have 
been several studies using digital analyses of external pho-
tographs of the eye for the evaluation of the preopera-
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tive and postoperative eyelid and eyebrow features.5, 6, 8–10 
Koushan et al5 reported using the Photoshop software to 
analyze the OSA of patients who had undergone ptosis re-
pair surgery. They concluded that this simple method can 
quantify the OSA and was a good method to evaluate the 
postoperative changes. Prado et al8 used the ImageJ soft-
ware to measure the angle of the eyebrow before and after 
blepharoplasty, and reported that the eyebrow tended to 
move down after surgery. To the best of our knowledge, 
there have been no reports in a single study documenting 
the changes of OSA, MRD, and eyebrow position, and no 
comparative studies focused on these changes between in-
volutional and contact lens wear--induced ptosis.

Thus, the purpose of this study was to analyze the upper 
eyelid position, MRD-1, the lower eyelid position, MRD-2, 
the OSA, and the eyebrow height (EBH) before and af-
ter ptosis repair surgery. To accomplish this, we studied 2 
groups of patients: the first group consisted of 30 patients 
with involutional ptosis, and the second group consisted 
of 30 patients with contact lens wear--induced ptosis. All 
the subjects underwent bilateral, CO2 laser–assisted leva-
tor aponeurosis advancement surgery.

PATIENTS	AND	METHODS

Subjects
Patients who were examined at the Department of 

Ophthalmology, Ehime University Hospital or Hanamizuki 
Eye Clinic with bilateral involutional or contact lens wear–
induced blepharoptosis between December 2014 and June 
2016 were studied. Patients with an MRD-1 <2.5 mm were 
included. The exclusion criteria were corneal changes pre-
cluding accurate measurements, use of sympathomimetic 
drugs or eye drops, prior eyelid surgery, other types of pto-
sis, for example, congenital, traumatic, or mechanical, and 
myopathies.

All subjects were informed on the procedures to be 
used and the possible complications, and a signed in-

formed consent was obtained. This study was approved by 
the Ethics Committee of Ehime University Hospital and 
Hanamizuki Eye Clinic.

The patients were separated into 2 groups according 
to the etiology of blepharoptosis. Group 1 consisted of 
30 patients with involutional ptosis (mean age, 75.8 ± 6.4 
years), and group 2 consisted of 30 patients with contact 
lens wear–induced ptosis (mean age, 50.2 ± 7.1 years).

Surgical	Procedures
All patients underwent standard bilateral, CO2 laser–

assisted levator aponeurosis advancement surgery by the 
same surgeon (X.Z.). In brief, an incision was made at 
about 5 mm above the upper eyelid margin. Redundant 
skin was resected for 5–10 mm in width if necessary. The 
subcutaneous tissue was dissected, and the levator aponeu-
rosis was isolated and advanced by 8–10 mm using 6-0 As-
flex suture (polyvinylidene fluoride, CROWNJUN KONO 
CO., LTD, Chiba, Japan). The upper eyelid margin was 
fixed at approximately 1 mm lower from the upper cor-
neal limbus and the proper eyelid position was confirmed 
while the patient was in a sitting position. Finally, inter-
rupted sutures using 6-0 nylon were made to close the skin 
(Fig. 1). All subjects were examined on the first day after 
the surgery and again 1 week later, and the sutures were 
removed at 7–10 days after the surgery. Ofloxacin ophthal-
mic ointment (0.3%; Tarivit, Santen Co., Osaka, Japan) 
was applied twice a day onto the wound for 2 weeks.

Image	Processing	and	Measurements
Frontal photographs were taken preoperatively and at 

2 months postoperatively with the eyes in the primary posi-
tion. A Nikon 5500 digital camera (Nikon, Osaka, Japan) 
with strobe light was used. The digital images were ana-
lyzed with the ImageJ software (version 1.45, NIH, Bethes-
da, Md.), with the Java platform version 1.6.

The following parameters were measured and evalu-
ated: MRD-1, the vertical distance between upper eyelid 

Fig. 1. Surgical procedure for blepharoptosis repair with CO2 laser. redundant skin was removed (a), the levator muscle and tarsus were 
exposed (B), and levator muscle was advanced for about 8–10 mm and sutured to the center of tarsus (C). the upper eyelid margin was 
positioned at about 1 mm lower from the corneal limbus (D). Subcutaneous tissue was sutured to tarsus at 2–3 points for double layer 
formation (e) and interrupted sutures were made to close the skin (F).
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margin and corneal light reflex; MRD-2, the distance be-
tween lower eyelid margin and corneal light reflex; EBH, 
the distance between the center of eyebrow and the cor-
neal light reflex; and OSA, the area surrounded by the 
upper and lower margins of the eyelid which was manu-
ally traced, and the area was automatically calculated by 
the software (Fig. 2). If the upper eyelid covered the cor-
neal light reflex, the putative center of a circle overlap-
ping the corneal limbus was deemed as the corneal light 
reflex. Then, the MRD-1 was measured and expressed as 
a negative value. The measurements were made by 2 of 
the authors (X.Z. and T.G.), and the average was used for 
statistical analyses.

Statistical	Analysis
All data were analyzed by JMP, version 9.1 (Japan). Data 

are expressed as the means ± SD. The significance of the 
difference in the sex distribution in group 1 and group 
2 was analyzed by Tukey’s test. For all other parameters, 
significance of the differences between the preoperative 
and postoperative values for the 2 groups was determined 
by Student’s t tests. A P <0.05 was taken to be statistically 
significant.

RESULTS

Outcome	of	Levator	Aponeurosis	Advancement	Surgery
Both groups had 30 subjects (60 eyes), and the sex dis-

tribution between the 2 groups was not significantly dif-
ferent (P = 0.732, Tukey’s test). The patients in group 1 
with involutional ptosis were significantly older than the 
patients in group 2 (P < 0.0001, Student’s t test). None 
of the patients had any complications during and after 
the surgery. The average operating time was 51.5 ± 13.8 
minutes for group 1 and 48.2 ± 10.6 minutes for group 2  

(P = 0.376, Student’s t test). The time of suture removal 
was also not significantly different between the 2 groups 
(P = 0.884, Student’s t test). There was no difference of sex 
in all the parameters (MRD, OSA, and EBH) analyzed for 
each group. A reoperation was not needed for all subjects 
during the observation period. Photographs of represen-
tative cases are shown in Figure 3.

Changes	in	Eyelid	Features	and	Eyebrow	Position
Before the surgery, MRD-1 was −0.56 ± 1.82 mm in group 

1, which was significantly smaller than 0.64 ± 1.71 mm in 
group 2 (P = 0.016, Student’s t test). After surgery, MRD-1 
was 3.14 ± 0.67 mm in group 1 and 3.66 ± 0.54 mm in group 
2. Both values were significantly larger than the preopera-
tive values (both P < 0.001, paired t tests). There was no 
significant difference in MRD-1 between the 2 groups af-
ter surgery (P = 0.742, Student’s t tests).

MRD-2 was 4.48 ± 1.26 mm in group 1 and 4.36 ± 0.75 mm 
in group 2 before surgery, and it was 4.15 ± 0.68 mm in 
group 1 and 4.68 ± 0.67 mm in group 2 after the surgery. 
The difference in MRD-2 between the 2 groups before sur-
gery was not significant (P = 0.692, Student’s t test); how-
ever, MRD-2 was significantly larger in group 2 than group 
1 after the surgery (P = 0.008, Student’s t test). In addition, 
MRD-2 after the surgery in group 2 was significantly larger 
than that before surgery (P = 0.026, paired t test).

The OSA was 58.26 ± 19.04 mm2 for group 1 and 
63.71 ± 17.25 mm2 for group 2. The OSA increased to 
100.17 ± 20.63 mm2 in group 1 and 103.15 ± 19.69 mm2 in 
group 2 after the surgery. The increase in the OSA was 
statistically significant for both groups (both P < 0.001, 
paired t test), and the differences between the 2 groups 
before and after the surgery were not significant.

The EBH was 30.16 ± 8.25 mm for group 1 and 
22.09 ± 3.88 mm for group 2 before the surgery. The EBH 
was 25.71 ± 7.33 mm in group 1 and 19.64 ± 3.82 mm in 

Fig. 2. Measurements of the eyelid and eyebrow parameters by the imageJ (niH, Bethesda, Md.) software. the radius of the cornea was 
used as a standard scale of 5.5 mm (a). the following parameters were measured and analyzed: (1) the eyelid MrD of the upper (MrD-1) 
and lower (MrD-2) eyelids; (2) eBH, measured as the vertical distance from the center of the eyebrow to the pupil center (B); (3) OSa, cal-
culated automatically by the software following the delineation of the eyelid margins manually (C). if the upper eyelid covered the corneal 
light reflex, the putative center of a circle overlapping the corneal limbus was deemed as the corneal light reflex. then the MrD-1 was 
measured and expressed as a negative value.
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group 2 after the surgery. The EBH was significantly larg-
er in group 1 than in group 2 before and after surgery 
(all P < 0.001, Student’s t test). Both groups had a signifi-
cant decrease in the EBH after the surgery (all P <0.001, 
paired t test). Also, the decrease of the EBH was signifi-
cantly greater in group 1 than in group 2 (P = 0.007, Stu-
dent’s t test).

Correlation	of	EBH	and	MRD-1	Corrected
To eliminate the effect of the difference in the cor-

rected volume between the 2 groups, we also evaluated 
the ratio of the EBH to the MRD-1 (EBH/MRD-1) of 
both groups. The EBH/MRD-1 was 1.17 ± 1.09 for group 
1 and 1.12 ± 0.84 for group 2. The difference between the 
2 groups was not significant (P = 0.863, Student’s t test).

The correlation between the MRD-1 corrected and 
EBH change was analyzed in all subjects. The EBH change 
was significantly and positively correlated with the MRD-1 
corrected (P = 0.0003; r = 0.4528, Spearman correlation 
coefficient; Fig. 4). The correlation between the EBH 
change and MRD-1 corrected volume is

EBH change  1 384  6 7= +. .0 0 R

where R = MRD-1 corrected.

DISCUSSION
Blepharoptosis not only reduces the extent of the 

superior visual field but can impair reading and other 
close-work activities.11, 12 Also, the asymmetry and aging 
appearance can compromise the quality of vision and 
quality of life of the patients. The advancement of leva-
tor aponeurosis is an effective surgical approach to restore 
the levator palpebral function and rejuvenate the facial 
appearance.1–4

Our results showed that computerized image analyses 
can be used to determine the outcome of ptosis surgery 
quantitatively. The analysis is simple and precise, and im-
ages of the 2 eyes can be analyzed in less than 5 minutes. 

The interobserver correlation coefficient of the parameters 
measured varies between 0.91 and 0.95 (data not shown).

Another advantage of using the ImageJ software to ana-
lyze the image is that the digital photographs and data can 
be permanently stored in a computer and recalled when 
consulting with a patient on the outcome of the surgery, 
and for following the postoperative course of recovery or 
planning a repeated surgery.

The involutional ptosis (group 1) had a significantly 
lower MRD-1 than the contact lens wear–induced pto-
sis (group 2) preoperatively. This may be because the 
eyelids of patients with involutional ptosis were more 
sagged; hence, they required a larger resection of the 
eyelid skin. As a result, the position of the eyebrow, the 
EBH, decreased more in group 1 than in group 2. This 
change is reasonable because the decrease in the upper 
eyelid volume can reduce the need of the frontalis mus-
cle contraction leading to a lowering of the eyebrow.

The changes in the lower eyelid height (MRD-2) were 
significantly different between the 2 groups. Group 1 had 
a slight and not significant decrease in the MRD-2, where-
as in group 2 this parameter was significantly increased 
after surgery. Coupled with the MRD-1 alterations, the 
OSAs between the 2 groups were not significantly differ-
ent before and after surgery.

One possible mechanism for the difference in the 
MRD-2 changes is that there is a reduction in the neural 
stimulation to the orbicularis oculi caused by the ptosis 
repair. Another reason for this phenomenon is aging, 
which causes an attenuation, dehiscence, or looseness 
of the lower eyelid retractors.13, 14 The lower eyelid may 
be elevated slightly in older patients (decreased MRD-2), 
whereas the younger patients had the effect of lower eye-
lid traction (increased MRD-2) after the surgery.

In contrast, Matsuo et al15 reported that there is an ad-
ditional contraction of the inferior rectus muscle in eyes 
with blepharoptosis which pulls the inferior suspensory lig-
ament of Lockwood and the capsulopalpebral fascia down-
ward. This contraction retracts the lower eyelid resulting in 

Fig. 3. representative photographs of patients from group 1 and group 2 before (a, B) and after (C, D) 
blepharoptosis surgery.
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inferior scleral show, which is a sign of a disinsertion of the 
levator aponeurosis from the tarsus.15

Although our findings of the decrease of MRD-2 in 
group 1 were consistent with the findings of Matsuo et al,15 
the MRD-2 in the group 2 was significantly increased. This 
discrepancy may be due to the differences in the age, etiolo-
gy of the cause, and the methodology of the measurements. 
The age difference may account for different responses of 
orbicularis oculi muscle and/or lower eyelid retractors after 
surgery. One of the etiological factors in contact lens ptosis 
has been reported to be due to the Müller’s muscle fibro-
sis.16 We evaluated the MRD with an imaging analysis soft-
ware, whereas Matsuo et al15 measured the area enclosed by 
the lower eyelid margin and medial and lateral canthi.

There are some limitations in this study. Our measure-
ments using the corneal light reflex could be influenced 
by a slight rotation of the eye. However, all photographs 
were taken under the same conditions, and the image 
analyses were conducted in the same manner for both 
groups preoperatively and postoperatively. Under these 
conditions, the differences found must be valid. Changes 
of the lower eyelid could be slight and variable accord-
ing to the evaluation method applied; future studies us-
ing more accurate and objective techniques are needed. 
Furthermore, difference may also exist in other types of 
blepharoptosis and it is known that there is a consider-
able anatomical difference in the eyelid and surrounding 
tissue of Orientals and Westerners.17 This also warrants fu-

ture studies on patients of different origin to determine 
the intrinsic changes of the eyelid features.

In conclusion, our results showed that digital image 
analysis is feasible and useful in quantifying the changes 
of the eyelid and eyebrow after ptosis surgery. The exter-
nal eyelid muscles, including the orbicularis oculi mus-
cle and lower eyelid retractor, may respond differently 
after surgery for blepharoptosis of different etiology.
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