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Abstract
● AIM: To develop a feasible method to correct congenital 
ptosis in children.
● METHODS: Sixty-four patients (102 eyelids) were divided 
into three groups based on the degree of ptosis: mild (<2 mm); 
moderate (3-4 mm); and severe (>4 mm). All patients 
underwent the same levator resection surgery in which the 
suspensory system of the LPS is retained. After capturing 
a standard photograph of primary position, the height of the 
superior palpebral margin was measured preoperatively 
by using Image J software to calculate its ideal height 
required during surgery. Postoperative outcome measures 
included upper eyelid margin height, degree of scleral 
exposure and exposure keratitis. The patients were 
followed-up at 1wk, 1mo and 6mo postoperatively.
● RESULTS: In the early postoperative period, except 
two cases with overcorrection, the positions of the eyelid 
upper margins were normal in all cases in the mild and 
moderate groups. Six months postoperatively, the eye 
with overcorrection in the moderate group showed 
improvement, while the eye in the mild group did not. 
Seven eyes in the severe group exhibited residual ptosis 
to varying degrees. The eyelids exhibited appropriate 
closing functionality; exposure keratitis was absent.
● CONCLUSION: Using this preoperative quantification 
technique to guide surgery not only provide a gauge 
for LPS shortening under general anesthesia, but also 
increase the success rate of surgery.
● KEYWORDS: congenital ptosis; palpebralis; palpebral 
fissure height; software application
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INTRODUCTION

P tosis is a condition involving the covering of the superior 
corneal limbus by the upper margins of the eyelids 

(>2 mm), which often leads to a drowsy appearance. In serious 
cases, the development of visual function is affected when the 
pupils are obstructed for an extended period. Thus, the timely 
and effective treatment of ptosis is necessary to protect the 
patient’s health, both physiologically and psychologically[1]. 
There are two primary types of surgical procedures to correct 
ptosis: levator shortening and frontalis suspension procedures. 
The levator shortening procedure is the most ideal method 
for correcting ptosis because it is consistent with original 
physiological function. In recent years, we have achieved 
good results by using levator resection surgery, in which the 
suspensory system of the LPS is retained in various degrees 
of ptosis[2]. However, it is difficult to control the amount of 
levator shortening in procedures for patients who are under 
general anesthesia because they are unable to open their 
eyes during the operation. Moreover, many children cannot 
cooperate during the preoperative examination; therefore, 
accurately estimating the degree of ptosis preoperatively, 
and exactly grasping the required amount of LPS shortening 
during general anesthesia, has become an important topic. 
Accordingly, we have attempted to resolve these problems by 
collecting accurate measurements of the primary position of 
eye in preoperative examination(s), and calculating the height 
of upper eyelids we expect to achieve in surgery using Image 
J software (National Institutes of Health, Bethesda, MD, 
USA). In clinical practice, we have confirmed this method to 
be accurate and effective for the correction of ptosis through 
follow-up from one week to six months postoperatively. In 
this article, we introduce this method, and summarize its 
advantages and disadvantages through our clinical experience.
SUBJECTS AND METHODS
Ethical Approval  Between September 2015 and December 
2016, 64 patients (102 eyelids; age 2 to 17y) with varying 
degrees of congenital ptosis were recruited from the Second 
Hospital of Jilin University. All study participants provided 
written informed consent and didn’t receive any stipends. 
The study was approved by the Institutional Review Board 
of the Second Hospital of Jilin University and performed in 
accordance with the tenets of the Declaration of Helsinki. 
There are no conflicts of interest to declare. 
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Among them, nine teenagers were operated under general 
anesthesia due to their fear of local anesthesia. Standard 
photographs of primary position of the eyelid were captured 
and loaded into the Image J software. At this point, the height 
of the upper eyelid could be accurately measured. The height 
of a normal upper eyelid is 1 mm to 2.0 mm below the superior 
limbus in primary gaze. Participants were divided into three 
groups based on the degree of ptosis: mild (<2 mm); moderate 
(3-4 mm) and severe (>4 mm). Patients with a history of eyelid 
surgery, absence of Bell’s phenomenon, associated ocular 
motility disturbance, accompanied ocular deformity, or jaw-
winking phenomenon were excluded from this study. Initial 
eyelid condition and preoperative examination results of the 
patients are summarized in Table 1.
Pre- and postoperative photographs of each individual were 
captured, and outcomes were assessed at 1wk, 1mo and 6mo 
postoperatively. The feasibility of this measurement method 
was analyzed based on these data. The postoperative detection 
index included the upper margin height of the eyelid and 
degree of scleral exposure after closing the eyes.
Software Application Method
Preoperative preparation  Standard photographs capturing 
primary position without raising the eyebrow were collected 
previously and were loaded into the Image J software. The 
position and radian of the inferior limbus that was covered by 
the lower eyelid was assigned according to normal keratometry. 
The reference baseline was the transverse diameter of the 
cornea, which has a mean value of 11 mm. The height between 
eyelid upper margins and inferior limbus was then measured 
using this software (Figure 1). According to the formula, the 
height of eyelid upper margins could be calculated, and was the 
expected outcome in the operation. The formula was Z=X–Y (in 
which X represents the longitudinal diameter of cornea that we 
set. Because the average longitudinal diameter of the cornea is 
10.11 mm[3-4], we set the value of X to 12 mm in consideration 
of postoperative retroversion; Y represents the longitudinal 
height between the eyelid upper margins and inferior limbus of 
the cornea through the pupil center before operation, and the 
muscle force of levator palpebrae superioris is in effect at this 
time; and Z represents the projected height in the operation 

between the eyelid upper margins and inferior limbus of 
the cornea. Because the patient is under general anesthesia, 
there is no involvement of the levator palpebrae superioris). 
Y’ represents the longitudinal height between eyelid upper 
margins and superior limbus at the end of operation, it is also 
refers to the height upper eyelid can lift by muscle force of 
levator palpebrae superioris of the patient after operation. 
It is equal to the height (Y) that can be lifted by the upper 
eyelid before operation. In order to conveniently calculate and 
express, we use Y’=Y to represent (Figure 2).
Surgical Technique  The surgery was performed under 
general anesthesia in all patients. The double eyelid incision 
line was marked on the upper eyelid 4 mm to 8 mm above the 
lid margin, depending on the personal preference of the patient. 
An incision was then made along the double eyelid mark. A 
small quantity of orbicularis oculi muscle and pretarsal tissue 
were removed to expose the junction between the upper edge 
of the tarsus and levator aponeurosis. The levator aponeurosis-
Müller’s muscle composite flap (LAMCF) was separated from 
the superior tarsal border and dissociated from conjunctival 
lamina (Figure 3A). Dissection continued between the space of 
the conjunctiva lamina and Müller’s muscle to an appropriate 
position, according to the degree of ptosis and levator function. 
Based on experience, 2 mm to 3 mm of levator muscle 

Table 1 Preoperative patient data                                                      n

Degree of
ptosis

Sex
Eyelids

TotalEye Age (y)
Male Female Right Left 2-12 13-17

Mild 9 6 10 5 15 0 15

Moderate 40 22 29 33 57 5 62

Severe 22 3 13 12 21 4 25

Total 71 31 52 50 93 9 102

Figure 1 Using the software to measure the height of upper eyelid margin before operation  A: Sign the radian of limbus; B: Set the 
transverse diameter of cornea; C: Measure the height between eyelid upper margins and inferior limbus.

Figure 2 Diagrammatic sketch of the formula.

A approach to correct congenital ptosis in children
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resection should be performed for each millimeter of ptosis. 
Three 6-0 nylon sutures with needles were passed through 
the upper third of the tarsus at the center position and then 
through the detached LAMCF at the appropriate position from 
the undersurface (Figure 3B). The entire separation process is 
gentle, without damaging the orbital septum, the lateral and 
medial horns of the LPS, as well as the both ends of Whitnall’s 
ligament (WL; Figure 3B). The height between eyelid upper 
margins and inferior limbus is measured after three mattress 
sutures are tied (Figure 4). According to the computational 
formula (Z=X–Y), the height (Z) must be in accordance with 
this computed result. A height adjustment was needed if there 
was a difference with computed result. At this stage, proper 
trimming of the distal redundant portion of the advanced 
composite flap was performed. The double eyelid was created 
using stitches of 6-0 nylon between the dermomuscular 
portion of the inferior skin flap margin and the distal edge of 
the manicured levator aponeurosis. Finally, a frost suture was 
placed in the lower limbi palpebralis to close the fissure using 
a 5-0 silk suture during the first week after surgery.
It was important to provide postoperative care because these 
were young (i.e., children) patients. Postoperative bandage 
compression was typically 48h. The medical prescription was 
changed on postoperative day 3. The frost suture in the lower 
limbi palpebralis was removed according to an assessment 
of eye closure. Application of ointment to the operated eye at 
bedtime was continued to prevent exposure keratitis until the 
eyelids could close.
Postoperative Data Collection  One week after surgery, 
standard photographs of primary position and closing eyes 
were captured and loaded into the Image J software. The 
position and radian of the inferior limbus that was covered by 
the lower eyelid was marked. The reference baseline was the 
transverse diameter, as described. Then, the height between 
eyelid upper margins and inferior limbus, through the pupil 
center at every follow-up stage, was measured using the 
software (Figure 5). Meanwhile, the degree of scleral exposure 
(i.e. the height between the upper and lower margins of the 
eyelid when closing the eyes) was measured. Because no 

single cornea could be used as a reference standard, a ruler 
was used to measure scleral exposure. Assessment standards 
of the height of the eyelid upper margins were as follows: 
an upper eyelid margin located 1 mm to 2 mm below the 
superior corneal limbus, without eyebrow lift, was considered 
successful; an upper eyelid margin located 2 mm below the 
corneal margin, but better than preoperative location was 
regarded as undercorrection; and an upper eyelid margin 
located in the corneal margin or above was considered an 
overcorrection. Recurrence of ptosis is defined when the upper 
eyelid margin is located at the preoperative level.
RESULTS
By one week after surgery, two eyelids in patients in the mild 
and moderate groups were overcorrected (measured value 11 
mm). In addition, the upper margins of the eyelid were 8 mm 
to 10 mm from the inferior corneal limbus in all other cases 
among the varying degrees of ptosis except the two. However, 
the change in the degree of scleral exposure was relatively 
large due to the variation in degrees of ptosis when the eyes 
were closed. By one month after surgery, one overcorrected 
eyelid in the mild group was still in its original state; the others 
in this group remained at 8 mm to 9 mm from the inferior 
corneal limbus. The overcorrected eyelid in the moderate 
group improved to a normal degree; the others in this group 
remained at 8 mm to 9 mm from the inferior corneal limbus. 
However, in the severe group, there was a recurrent tendency 
in seven eyelids. The height was 7 mm and 8 mm, between the 
upper margin and inferior limbus, respectively; others were 

Figure 3 Operating procedure A: The process of dissecting the levator aponeurosis-Mueller’s muscle composite flap (LAMCF) from the 
superior tarsal border; B: The fixation method of the LAMCF; C: Exhibiting the intact septa orbitale, and medial and lateral horns of the levator 
aponeurosis after the completion of levator aponeuroses repair.

Figure 4 The height between eyelid upper margins and inferior 
limbus can be measured after three mattress sutures were tied.
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maintained within the normal range. In mild cases, the eyelids 
could be completely closed. There was 1 mm to 2 mm of 
scleral exposure when the eyes were closed in moderate cases, 
and 2 mm to 4 mm of scleral exposure in severe cases.
Six months after surgery, the overcorrected eyelid in the mild 
group remained in the original state; others remained at 8 mm 
to 9 mm from the inferior corneal limbus, and the eyelid could 
still be closed in the mild and moderate groups. This, however, 

was different in severe cases. Among the 25 eyes with severe 
ptosis, 18 were still at 8 mm to 9 mm from the inferior corneal 
limbus, and the remaining seven were 6 mm to 7 mm from the 
inferior corneal limbus, although the pupils were still exposed. 
Among the patients with severe ptosis, approximately one-half 
experienced persistence of scleral exposure (1 mm to 2 mm) 
postoperatively; however, no exposure keratitis occurred in 
any case (Figures 6-8; Table 2).

Figure 5 Measurement of the height between eyelid upper margins and inferior limbus through pupil center at every follow-up stage  A: 
One week after surgery; B: One month after surgery; C: Six months after surgery.

Figure 6 Preoperative and postoperative data at different stages in a 5-year-old male patient with bilateral congenital ptosis  A-B: 
Preoperative photograph of opened and closed eyes, revealing a degree of ptosis >8 mm and good eyelid function for closing; C-D: Photograph 
at 1wk postoperatively revealing the position of both upper eyelids 2 mm below the superior corneal limbus and exposure degree of sclera <3 
mm when the eyes are closed; E-F: Photograph at 1mo postoperatively revealing the position of both upper eyelids, still 2 mm below the superior 
corneal limbus and exposure degree of sclera <2 mm when the eyes are closed; G-H: Photograph at 6mo postoperatively revealing that the eyelid 
contour and plumpness of the operative eye is symmetrical and the eyelid can almost completely close.

Figure 7 Preoperative and postoperative data at different stages in a 4-year-old male patient with unilateral congenital ptosis A-B: 
Preoperative photograph of opened and closed eyes, which reveals a degree of ptosis >7 mm and good eyelid function for closing; C-D: 
Photograph at 1wk after operation revealing the position of both upper eyelids 2 mm below the superior corneal limbus and exposure degree of 
sclera <3 mm when the eyes are closed; E-F: Photograph at 1mo postoperatively revealing the position of both upper eyelids, still 2 mm below 
the superior corneal limbus and exposure degree of sclera <2 mm when the eyes are closed; G-H: Photograph at 6mo postoperatively revealing 
that the eyelid contour and plumpness of the operative eye is symmetrical and the eyelid can almost completely close.

A approach to correct congenital ptosis in children
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DISCUSSION
Surgical techniques for ptosis have advanced in recent years, 
and multiform surgical methods have been developed and 
implemented. In general, however, surgical methods for ptosis 
can be summarized into two major categories: enhancing the 
strength of the LPS; and using the frontalis for succedaneous 
strength[5-6]. Using the traditional theory, the former method 
is always used in mild or moderate ptosis (when the degree 
of ptosis is ≥4 mm), while the latter is used in severe ptosis 
(when the degree of ptosis is <4 mm). Regarding severe ptosis, 
a surgical method that strengthens the frontalis is widely used, 
especially in pediatric patients[7-14]. Although this particular 
surgical method could enable the upper eyelids to open, it 
can impact other eye functions such as the vertical motion of 
the upper eyelid, changes in local anatomical relationship[15-

16],a shallower orbit of the upper eyelid, and changes in eyelid 
morphology due to scarring of the frontalis; consequently, the 
aesthetic effect cannot be achieved[17]. Therefore, the surgical 
method most consistent with physiological function enhances 
the strength of the LPS to correct ptosis (i.e. LPS resection). 
Traditionally, a degree of ptosis ≥4 mm is an indication for 
LPS resection. However, some investigators have advocated 
that LPS resection should also be used to treat severe 
ptosis[15,18-19]. Although controversy remains, we have applied 
LPS resection in severe cases with satisfactory results[2].

There are some disadvantages to traditional methods in 
deciding on the amount of LPS shortening according to muscle 
force of the LPS alone. Poorly compliant patients, especially 
children who are unable to cooperate during examination, 
can introduce large errors in the measurement of LPS muscle 
force before surgery. This will add difficulty to preoperatively 
estimating the amount of shortening of the LPS[20]. The height 
of the upper margins of the eyelid is difficult to determine in 
general anesthesia because patients cannot open their eyelids 
during surgery, which will also contribute to difficulty in 
implementing shortening of the LPS. Relevant research has 
shown that LPS muscle power is not positively correlated with 
the elastic force of the integral LPS. There will also be some 
error in determining the amount of LPS shortening during the 
operation by measuring LPS muscle force before surgery[20]. 
There are some other factors that influence decision-making 
during the operation including swelling of the eyelid resulting 
from the operative procedure or hemorrhage; and the pulling 
force of the LPS in measuring muscle length when attempting 
to shorten it. These will contribute to a certain degree of error 
in estimating the required amount of shortening the LPS. To 
achieve better surgical results, therefore, accurate preoperative 
and intraoperative measurement, and a reliable judgment 
method, are needed to assess the extent of LPS shortening. 
Based on these reasons, there was no need to consider and 

Figure 8 Preoperative and postoperative data at different stages in a 5-year-old female patient with unilateral congenital ptosis  A-B: 
Preoperative photograph of opened and closed eyes, revealing a degree of ptosis >5 mm and good eyelid function for closing; C-D: Photograph 
at 1wk postoperatively revealing the position of both upper eyelids 2 mm below the superior corneal limbus and exposure degree of sclera <3 
mm when the eyes are closed; E-F: Photograph at 1mo postoperatively revealing the position of both upper eyelids, still 2 mm below the superior 
corneal limbus and exposure degree of sclera <1 mm when the eyes are closed; G-H: Photograph at 6mo postoperatively revealing that the eyelid 
contour and plumpness of the operative eye is symmetrical and the eyelid can almost completely close.

Table 2 Preoperative, intraoperative and postoperative results

Degree of ptosis
Height of eyelid upper marginsa (mm) Scleral exposure

Preoperative Intraoperative
Postoperative Postoperative (mm)

1wk 1mo 6mo 1wk 1mo 6mo
Mild 6-7 5-6 8-11 8-11 8-11 1-2 0 0
Moderate 4-5 7-8 8-11 8-9 8-9 2-4 1-2 0
Severe 2-3 9-10 8-10 7-9 6-9 2-6 2-4 1-2

aThe height of eyelid upper margins refers to the longitudinal height between the eyelid upper margins and inferior limbus through pupil center.
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measure the force of the LPS preoperatively. Alternatively, 
we captured standard photographs of the primary position 
of the eyeball without the eyebrows raised. The collected 
photographs were imported into Image J software, and the 
position and radian of the inferior limbus that was covered by 
the lower eyelid was marked. The reference baseline was the 
transverse diameter of the cornea, which has a mean value of 
11 mm. The height between eyelid upper margins and inferior 
limbus was then measured using the software. According to 
the formula [Z=X–Y (explained in the Methods section)], the 
value of Z is the height of eyelid upper margins that could 
be calculated and expected to achieve in the operation. The 
height of the eyelid upper margins was evaluated in advance 
by objective measurement and calculations performed before 
the operation, which guided the surgery (shortening of the 
LPS) executed under general anesthesia. Compared with 
traditional methods of preoperative LPS strength measurement 
and the intraoperative measurement of shortened length of 
the LPS[9,21], this reformative method has several advantages. 
Because the transverse and longitudinal diameter of the human 
cornea is static, the measurement data are stable. Generally, 
development of the cornea occurs most rapidly in the first 
six months after birth, and is usually stable from 1 to 6 years 
of age. Research has confirmed that the average transverse 
diameter of the male cornea is 11 mm, while in females it is 
10.95 mm. Therefore, we regarded 11 mm as the criterion 
of corneal transverse diameter. The average longitudinal 
corneal diameter in males is 10.13 mm, while in females it is 
10.08 mm (average value 10.11 mm)[3-4]. Taking into account 
postoperative regression, we provide 12 mm as the standard 
value to use in the calculation. More specifically, the sum of 
the heights of preoperative and intraoperative eyelid upper 
margins to the inferior limbus is 12 mm.
The objectivity of preoperative examinations was improved. 
Although the collection of standard photographs of 
primary position for child patients was moderately difficult, 
controllability and precision were significantly better than 
traditional methods of LPS strength measurement before 
the operation, and the observation indicators were more 
reliable during surgery. Because some immediate interference 
factors of LPS are avoided, such as hemorrhage, swelling 
and myotasis, the numerical value was more accurate using 
methods of measuring the height between eyelid upper margins 
and inferior limbus intraoperatively than measuring LPS 
itself under general anesthesia. The modified levator resection 
technique avoids opening the septa orbitale, and cutting the 
medial and lateral horns of the LPS and WL[22-24]; in addition, 
orbital fat can also be preserved. This method not only retains 
stable function, but also bypasses its limitation[25-26], so as to 

minimize injury to the LPS and surrounding tissue structure, 
which is beneficial to the recovery of eyelid closure function. 
Less severe tissue damage and swelling contribute to ensuring 
the accuracy of measurement(s).
Shortening the LPS was more accurate according to a method 
involving measuring and calculating the height of upper eyelid 
margins before and during surgery. Consequently, error in 
measuring LPS strength before the operation and measuring 
the truncated length of LPS during surgery was avoided. It 
made the shortening of the LPS a more accurate and objective 
detection index in the correction of ptosis in children under 
general anesthesia. The patients were followed-up for 1wk, 
1mo and 6mo, except for two eyelids with overcorrection in 
the mild and moderate group at 1wk. Seven eyelids in the 
severe group were undercorrected at 1mo; the positions of 
the eyelid upper margins were normal in all other cases in 
the early stages after surgery. The instance of overcorrection 
possibly occurred because of eyelid swelling in the process 
of measuring the upper eyelid margin during the operation. 
Undercorrection occurred mainly in the severe group; thus, the 
reason for undercorrection was mainly because the strength of 
LPS is too weak to retain the height of upper eyelid margin.
We summarize this innovative measurement method and 
analyze the possible problems. First, for severe ptosis, if 
there was a problem with the elasticity and tension of the 
aponeurosis itself, the deviation between the measurement/
calculation result and postoperative effect would be exposed. 
Moreover, compared with the traditional method, although 
there was less influence from soft tissue swelling using this 
innovate method, it is also a factor that should not be ignored. 
To improve the accuracy of measurement and intraoperative 
judgment, surgical skill is required, and edema of the soft 
tissue should be kept to a strict minimum.
In conclusion, we used this accurate, preoperative 
quantification technique to guide surgery for LPS shortening 
under general anesthesia in children with ptosis. Not only was 
the reliability and practicability of this method confirmed, the 
increased success rate of the operation was supported by a 
detailed analysis of data and results. This method provides a 
more effective objective basis for the implementation of LPS 
shortening under general anesthesia in children with ptosis.
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