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Original Article

Purpose: Even though it is stated that external levator advancement (ELA) has a much longer learning curve than Müller 
muscle-conjunctival resection (MMCR) in the treatment of aponeurotic ptosis, there is no study in the literature regarding the 
learning curves of these two surgical techniques. We aimed to objectively determine the length of the learning curves of ELA 
and MMCR using cumulative sum (CUSUM) analysis. 

Methods: The first 30 unilateral ELA and the first 30 unilateral MMCR consecutively performed by a single surgeon were ret-
rospectively reviewed. The CUSUM method was used to analyze the learning curves of ELA and MMCR based on operation 
times of consecutive surgeries and the clinical outcomes were compared. 

Results: CUSUM analyses revealed that the operation time stabilized after around 11 ELA surgeries and 12 MMCR surgeries 
and R2 value for ELA and MMCR were 0.93 and 0.91, respectively. There was no significant difference in these stratified analy-
ses. Mean operation time was 45.7 minutes in the ELA group and 34.1 minutes in the MMCR group (p = 0.002). Total number 
of intraoperative complications was 37 in the ELA group and 16 in the MMCR group (p = 0.015). Symmetry success rate was 
significantly higher (p < 0.0001) and reoperation rate was significantly lower in the MMCR group (p = 0.045).

Conclusions: Even though ELA is more challenging than MMCR, comparable learning curves indicate that surgeons in training 
need to be encouraged to perform both techniques. The challenges and obstacles that the surgeons in training face in these 
two techniques need to be analyzed in detail. 
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External levator advancement (ELA) and Müller mus-
cle-conjunctival resection (MMCR) are the most common 
techniques used in the treatment of aponeurotic ptosis, yet 
the treatment of choice remains controversial [1-8]. Along 
with the severity of ptosis and response to phenylephrine 
test, surgeon’s preference and experience may play a major 
role in the choice of surgical technique [1-9]. A question-
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naire of members of the American Society of Ophthalmic 
and Reconstructive Surgery about blepharoptosis surgery 
reported that 74% of surgeons performed posterior ap-
proach ptosis surgery [9]. This preference may be affected 
by the learning curve of surgeons in training. Classically, 
ELA is known to have a longer learning curve than MMCR. 
ELA having longer operation time and more unpredictable 
outcomes may indicate a more challenging operation, but 
these data does not suffice to analyze its learning curve. 

Even though the parameters that determine the learning 
curve of a single surgical technique vary in different stud-
ies, rates of surgical success, intraoperative and postopera-
tive complications, and reoperation are commonly used [10]. 
However, more objective analytic methods are required 
when comparing two different surgical techniques. There-
fore, the cumulative sum (CUSUM) analysis has been de-
veloped to assess the learning curves of surgical procedures 
and is accepted in ophthalmology and many surgical fields 
[11-17]. CUSUM analysis, which is a statistical process con-
trol method, provides an objective and quantitative evalua-
tion of surgical learning curves [11-21].

Recently, studies with large patient series that compare 
the clinical outcomes of ELA and MMCR have been pub-
lished [4-7]. These studies reported the outcomes of both bi-
lateral and unilateral ptosis surgeries and there is no study 
that reports the outcomes of solely unilateral ptosis surgery. 
Also, even though it is classically known that ELA has a 
longer learning curve that MMCR, to the best of our knowl-
edge, there is no study that compares the learning curves of 
ELA and MMCR as well as their clinical outcomes.

Analyzing the learning curves of ELA and MMCR op-
erations may yield a new perspective for the training of 
surgical residents and/or fellows. Therefore, we aimed to 
objectively determine the length of the learning curves of 
ELA and MMCR operations using CUSUM analysis.

Materials and Methods

Study design

This study was approved by the institutional review 
board of University of Health Sciences, Haydarpasa Nu-
mune Education and Research Hospital (HNEAH-KAEK  
2020/205) and was conducted in accordance with the tenets 
of the Declaration of Helsinki. Written informed consent 

was obtained from all patients. Patients who underwent 
unilateral ptosis repairment (MMCR vs. ELA) between 
January 2014 and January 2018 by a single surgeon were 
retrospectively analyzed. 

The inclusion criteria for the study were as follows: (1) 
diagnosis of aponeurotic ptosis with levator function of 
more than 10 mm, (2) the first 30 unilateral MMCR and the 
first 30 unilateral ELA operations consecutively performed 
by a single surgeon, and (3) patients older than 25 years.

Patients meeting any of the following criteria were ex-
cluded: (1) patients undergoing additional surgery (blepha-
roplasty, brow lift, etc.) in the same session with unilateral 
ptosis surgery, (2) patients undergoing bilateral ptosis sur-
gery, (3) patients undergoing frontalis suspension surgery, 
(4) previous surgery on the same eyelid, (5) congenital, 
traumatic, neurogenic or myogenic causes, (6) missing pre-
operative or postoperative records, (7) patients with a fol-
low-up period shorter than 3 months, and (8) patients who 
had a systemic disorder increasing the tendency to bleed or 
those where it was not possible to stop the anticoagulant 
treatment preoperatively. 

Patient evaluation

Unilateral ptosis was defined as margin-reflex distance 
(MRD1) being 1˃.5 mm lower than the contralateral eyelid 
[22,23]. Prior to ptosis repair, levator function and MRD1 
were measured in both eyes of all patients. At least three 
measurements were performed with the same ruler in all 
cases at the clinic on the same day. 

MMCR was only considered if there was an adequate re-
sponse (defined as eyelid height difference of ≥1.5 mm, pre- 
and post-phenylephrine) and the eyelid crease symmetry 
was achieved after administration of two drops of 2.5% 
phenylephrine with 5-minute intervals into the upper con-
junctival fornix of the more ptotic eyelid. ELA was consid-
ered in the following cases: poor response (defined as eyelid 
height difference of <1.5 mm, pre- and post-phenylephrine) 
or eyelid height and/or crease asymmetry on the phenyl-
ephrine test, or patients with ocular surface disease.

Surgical procedures

The operating surgeon was a new attending, who had at-
tended several lectures, observed nearly 40 ptosis surgeries 
(ELA and MMCR), and performed nearly 40 upper eyelid 
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blepharoplasties before direct attendance to ptosis surger-
ies. All surgeries were performed by a single surgeon using 
local anesthesia (2% lidocaine with 1 : 100,000 epineph-
rine) without sedation. The amount of conjunctiva and 
Müller muscle excision performed was according to the 
phenylephrine test results, as previously recommended [3]. 
For MMCR, eyelid was everted by a Desmarres retractor. 
After the desired amount of resection was marked, eyelid 
was grasped with a Putterman ptosis clamp (Bausch and 
Lomb Storz Instruments, Manchester, MO, USA) and se-
cured with 6-0 polypropylene suture in a continuous hori-
zontal mattress pattern. The conjunctiva and Müller muscle 
were excised, and the suture was externalized and tied. 

For ELA, an incision was made along the marked eyelid 
crease. The aponeurosis was identified and dissected from 
the tarsus and Müller muscle. The levator was advanced to 
the tarsus using a 6-0 polyglactin suture placed slightly 
nasal to the pupil. In approximately 10% of cases, a second 
or third suture was placed, but one suture was sufficient in 
most cases. 

Learning curve analysis

Learning curves were obtained from consecutive cases 
using the CUSUM method. CUSUM analysis was used to 
quantitatively evaluate the learning curve of operation 
time. This method provides a graphical data of the trend in 
the result of consecutive surgeries since it is a plot of cu-
mulative total of differences between separate data and the 
average of all data [17]. It also offers a visual representation 
of the learning curve [17,20,21]. Polynomial regression was 
done to provide the coefficient of determination, R2. The 

CUSUM plot was obtained using QI Macros for Microsoft 
Excel 2016 (Microsoft Corp., Redmond, WA, USA). 

Clinical outcome analysis

The clinical outcome analysis included measurement of 
MRD1, symmetry parameters, operative time, the intra- 
and postoperative complications rates, and reoperation 
rates. MRD1 results were categorized as undercorrection 
(MRD1 <3 mm), optimal upper eyelid height (MRD1 ≥3 
and ≤5 mm), and overcorrection (MRD1 ˃5 mm). Height 
symmetry was classified as perfect (<0.5 mm difference in 
MRD1 between two upper eyelids), good (≥0.5 mm and <1 
mm difference in MRD1 between two upper eyelids), and 
fair (≥1 mm difference in MRD1 between two upper eye-
lids). Eyelid crease was classified as symmetric or asym-
metric, and eyelid contour was classified as acceptable or 
unacceptable. Symmetry success was defined using sym-
metric eyelid crease, acceptable eyelid contour, and post-
operative <1 mm difference in MRD1 between two upper 
eyelids. Operative time was started after the application of 
local anesthesia in both techniques. Skin-to-skin operative 
time was defined as the time between skin incision and 
wound closure in ELA, while it was defined as the time 
between eyelid eversion using Desmarres retractor and su-
ture externalization and ligation in MMCR [24]. 

Statistical analysis

IBM SPSS Statistics ver. 22.0 (IBM Corp., Armonk, NY, 
USA) was used for statistical analyses. Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to verify stan-

Table 1. Patient characteristics 
Characteristics ELA (n = 30) MMCR (n = 30) p-value*

Age (yr) 53.2 ± 9.6 (36–71) 40.1 ± 9.3 (25–67) <0.0001
Sex 

Male 13 (43.3) 11 (36.7)
Female 17 (56.7) 19 (63.3)

Preoperative MRD1 (mm) 1.1 ± 0.7 2.2 ± 0.6 <0.0001
Preoperative contralateral MRD1 (mm) 3.7 ± 0.6 4.1 ± 0.4 0.019
Preoperative height asymmetry (mm) 2.6 ± 0.6 1.8 ± 0.4 <0.0001
Preoperative LF (mm) 13.9 ± 1.9 16.1 ± 1.4 <0.0001

Values are presented as mean ± stadard deviation (range) or number (%).
ELA = external levator advancement; MMCR = Müller muscle-conjunctival resection; MRD1 = margin-reflex distance; LF = levator 
function. 
*Student’s t-test.
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dard normal distributional assumptions. Intergroup com-
parisons were performed by using Student’s t-test or 
Mann-Whitney U-test for parametric and nonparametric 
variables. Differences between proportions were compared 
using Fisher’s exact test or Pearson chi-square test. A p-
value <0.05 was considered statistically significant.

Results

Patient characteristics 

The patient characteristics were presented in Table 1. The 
mean age of patients was 53.2 years in the ELA group and 
40.1 years in the MMCR group. Mean preoperative MRD1 
was 1.1 ± 0.7 mm in the ELA group, while it was 2.2 ± 0.6 
mm in the MMCR group. Significant statistical differences 
were observed between two groups (ELA vs. MMCR) with 
respect to age (p < 0.0001, Student’s t-test), preoperative 
MRD1 in the operated and contralateral non-operated eye-
lid (p < 0.0001 and p = 0.019, respectively, Student’s t-test), 
preoperative height asymmetry (p < 0.0001, Student’s t-
test), and preoperative levator function (p < 0.0001, Stu-
dent’s t-test). Patients in the ELA group were older than the 
patients in the MMCR group and had lower preoperative 
MRD1 values. 

Learning curves 

Learning curves of ELA and MMCR were evaluated us-
ing CUSUM analysis based on operation times of consecu-
tive operations (Fig. 1, 2). Cut-off values were determined 

according to the change in the slope of the learning curves. 
The cut-off cases for ELA and MMCR were found to be 
cases 11 and 12, respectively. CUSUM analyses revealed 
that the operation time stabilized after around 11 ELA sur-
geries and 12 MMCR surgeries. R2 value for ELA and 
MMCR were 0.93 and 0.91, respectively, proving a high de-
gree of fit. There was no significant difference in these 
stratif ied analyses. The learning curves of ELA and 
MMCR surgeries were found to be comparable according 
to CUSUM analyses.

Operation time and intraoperative complications 

Mean operation time was significantly longer in ELA 
than MMCR (p = 0.002, Mann-Whitney U-test) (Table 2). 
Even though intraoperative bleeding significant enough to 
affect surgical manipulation was observed more in the 
ELA group, this difference did not reach statistical signifi-
cance (p = 0.267, Fisher’s exact test or Pearson chi-square 
test). Suture breaking due to extra traction during learning 
curve period was similar in both groups (p = 1.0, Fisher’s 
exact test or Pearson chi-sqaure test). Difficulties in identi-
fying the levator aponeurosis and in suture adjustment for 
lid positioning were observed exclusive to ELA surgery (p 
= 0.024, p < 0.0001, respectively, Fisher’s exact test or Pear-
son chi-square test). On the other hand, exclusively in 
MMCR surgery, sutures were accidentally cut during the 
excision of Müller muscle and conjunctiva after the sutura-
tion was complete (p = 0.02, Fisher’s exact test or Pearson 
chi-square test). In terms of total intraoperative complica-
tions, ELA surgery had more complications than MMCR 
(p = 0.015, Mann-Whitney U-test). 
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Fig. 1. Learning curve of external levator advancement using 
cumulative sum of operation time.
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Clinical outcomes 

The clinical outcomes were presented in Table 3. Postop-
erative MRD1 in the operated eyelid was similar in both 
surgical techniques (p = 0.754, Student’s t-test), while post-
operative MRD1 in the contralateral non-operated eyelid 
was significantly lower in the ELA group (p < 0.0001, Stu-

dent’s t-test). Postoperative height asymmetry was higher 
in the ELA group (p < 0.0001, Student’s t-test). Symmetry 
success rate was significantly higher (p < 0.0001, Fisher’s 
exact test or Pearson chi-square test) and reoperation rate 
was significantly lower in the MMCR group (p = 0.045, 
Fisher’s exact test or Pearson chi-square test). 

Table 2. Operation time and intraoperative complications 
Characteristics ELA (n = 30) MMCR (n = 30) p-value
Operation time (min) 45.7 ± 13.3 (32–81) 34.1 ± 14.4 (21–71) 0.002*

Intraoperative bleeding 12 (40) 7 (23.3) 0.267†

Difficulties in identifying the levator muscle 6 (20) 0 0.024†

Difficulties in suture adjustment 14 (46.7) 0 <0.0001†

Accidental cutting of the suture 0 5 (16.7) 0.02†

Breaking of the suture 5 (16.7) 4 (13.3) 1.0†

Total number of intraoperative complications 37 16 0.015*

Values are presented as mean ± stadard deviation (range) or number (%).
ELA = external levator advancement; MMCR = Müller muscle-conjunctival resection. 
*Mann-Whitney U-test; †Fisher’s exact test or Pearson chi-square test. 

Table 3. Clinical outcomes 
Characteristics ELA (n = 30) MMCR (n = 30) p-value
Postoperative MRD1 (mm) 3.7 ± 0.9 3.8 ± 0.6 0.754*

Postoperative contralateral MRD1 (mm) 3.2 ± 0.7 3.9 ± 0.5 <0.0001*

Postoperative height asymmetry (mm) 0.6 ± 0.4 0.2 ± 0.3 <0.0001*

Symmetry success <0.0001†

Success 13 (43.3) 27 (90)
Unsuccess 17 (56.7) 3 (10)

Height asymmetry grade 0.001†

Perfect 5 (16.7) 19 (63.3)
Good 14 (46.7) 8 (26.7)
Fair 11 (36.7) 3 (10)

Eyelid crease 0.007†

Symmetric 18 (60) 27 (90)
Asymmetric 12 (40) 3 (10)

Eyelid contour <0.0001†

Acceptable 17 (56.7) 30 (100)
Unacceptable 13 (43.3) 0

Undercorrection 6 (20) 2 (6.7) 0.254†

Optimal height correction 22 (73.3) 28 (93.3) 0.184†

Overcorrection 2 (6.7) 0 0.492†

Reoperation 12 (40) 5 (16.6) 0.045†

Values are presented as mean ± stadard deviation or number (%).
ELA = external levator advancement; MMCR = Müller muscle-conjunctival resection; MRD1 = margin-reflex distance. 
*Mann-Whitney U-test; †Fisher’s exact test or Pearson chi-square test. 
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Discussion

This study focused on evaluating the learning curves of 
ELA and MMCR surgeries performed by a single surgeon 
on patients with unilateral ptosis. Interestingly, even 
though the clinical outcomes of ELA were worse than 
MMCR, their learning curves acquired by CUSUM analy-
sis were found to be comparable. 

CUSUM is a statistical tool, which is increasingly used 
to objectively evaluate the learning curves of surgical 
techniques [11-21]. It enables us to quantitatively compare 
two surgical methods (in this case, ELA vs. MMCR) using 
statistical process control method depending on consecu-
tive operations [16,17]. Recently, CUSUM analysis is com-
monly used to determine the learning curves, because 
evaluating surgical techniques based solely on clinical out-
comes may decrease objectivity. One surgical technique 
having longer operation time than the other technique does 
not necessarily indicate a longer learning curve. Similarly, 
evaluation based on clinical outcomes and/or complication 
rates does not suffice either. The learning curve can also 
vary according to the personal practical skill of the sur-
geon. This can be reflected in the clinical results and surgi-
cal durations, and act as another factor that decreases ob-
jectivity. It may therefore not be sufficient to determine the 
learning curve just by evaluating the clinical results, com-
plication rates, and surgical durations. Therefore, we pre-
ferred CUSUM analysis to objectively compare the learn-
ing curves of ELA and MMCR in this study. 

In our study, operation time was longer (p = 0.002), in-
traoperative complication rate was higher (p = 0.015), post-
operative success rate was lower (p < 0.0001) and reopera-
tion rate was higher ( p = 0.045) in ELA than MMCR. 
These clinical data may indicate that ELA is a more chal-
lenging surgery than MMCR, concluding a longer learning 
curve in ELA than MMCR based on only clinical data 
may not be accurate. 

Classically, ELA is known to have a longer learning 
curve than MMCR. However, we found that ELA and 
MMCR has comparable learning curves based on CUSUM 
analysis. R2 values of both surgical methods proved a high 
degree of fit and the cut-off cases were similar. CUSUM 
analyses revealed that the operation time stabilized after 
around 11 ELA surgeries and 12 MMCR surgeries. Be-
cause our primary aim was objective learning curve analy-
sis, we only included patients undergoing unilateral ptosis 

surgery and excluded patients undergoing additional sur-
gery (blepharoplasty, brow lift, etc.) in the same session in 
both groups. This also helped us eliminate the confound-
ing effects of potential complications (bleeding, suture 
breaking, etc.) of additional surgeries on operation time. 
We also aimed to make a more objective comparison by 
only including the period related to surgical manipulations 
in operation time, namely skin-to-skin operation time. 
Similar to our study, previous studies have reported a 
shorter operative time in posterior approach ptosis surgery 
than anterior approach [5,24]. 

The number of studies comparing the clinical outcomes 
of ELA and MMCR in the literature is very limited and 
the few present were published in the recent years [4-7]. 
Similar to these studies, we also observed more successful 
clinical outcomes in MMCR. However, previous studies in 
the literature consisted of series by experienced surgeons, 
while our study presents the learning curve series of a sur-
geon with limited experience. Therefore, it may be inaccu-
rate to make conclusions on learning curve analysis only 
by comparing the clinical outcomes and operation times of 
both surgical techniques. However, when defining the 
‘learning curve,’ it is also important to successfully com-
plete the surgery. A consistent surgical duration should ac-
company the consistent surgical result for this definition to 
be met. We therefore evaluated the clinical result, surgical 
durations, and CUSUM analyses of the two surgical tech-
niques together. It could also be difficult to analyze the 
surgical result in a small number of cases as the eyelid 
anatomy and function can differ in each patient.

The limitations of our study include its retrospective na-
ture, presenting a single surgeon experience and its rela-
tively low case number. Measurement of the MRD1 clini-
cally may have reduced objective evaluation. The design 
and patient marking are also important surgical stages, and 
we believe there is a separate learning curve for them as 
well. We primarily focused on the surgical skill learning 
curve in this study with variable preoperative patient prep-
aration period, and we were therefore unable to include the 
design and marking stages. Future studies may yield more 
detailed data if focused on these limitations and supported 
by prospective studies that co-analyses the outcomes of 
experienced surgeons and surgeons in training. The other 
limitation of this study is that the patients undergoing ELA 
tended to be older and more ptotic. However, the main fo-
cus of the present study was to compare the learning 



389

MS Mangan, et al. Learning Curve Analysis: ELA versus MMCR

curves of ELA and MMCR. Despite these limitations, to 
the best of our knowledge, this is the first study to evaluate 
the learning curves of these two surgical techniques. 

In conclusion, even though ELA procedure has longer 
operation time, higher intraoperative complication rate, 
lower postoperative success rate and higher reoperation 
rate than MMCR, learning curves of these two techniques 
acquired by CUSUM analysis were found to be compara-
ble. Even though ELA procedure is more challenging than 
MMCR, comparable learning curves indicate that sur-
geons in training need to be encouraged to perform both 
techniques. The challenges and obstacles that the surgeons 
in training face in these two techniques may be analyzed 
in detail in future studies and these analyses may be used 
to modify and improve the training programs according to 
the trainees’ needs. 
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