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Summary Eyebrow descent commonly occurs after ptosis repair or blepharoplasty surgery. 
The procedures used to correct acquired blepharoptosis are primarily classified into four 
groups. These procedures target the levator aponeurosis, Müller’s muscle, both the aponeu- 
rosis and Müller’s muscle, or the frontalis muscle. In this study, we used a new technique called 
external Müller’s muscle tucking (EMMT) on 51 patients (94 eyelids), which targets the Müller’s 
muscle for involutional blepharoptosis. The patients were assessed by comparative analysis us- 
ing pre- and post-operative digital photographs. The distances between the medial canthi, in 
addition to the eyebrow heights at the medial canthus, pupil and lateral canthus, were mea- 
sured on a computer screen. Eyebrows descended after surgery at the medial canthus in 53 
eyelids (56.4%), at the center of the pupil in 55 eyelids (58.5%) and at the lateral canthus in 
48 eyelids (51.1%). The mean distances of eyebrow descent in the 94 eyelids were 0.24, 0.51 
and 0.32 mm at the medial, center and lateral positions, respectively. The mean preoperative 
margin reflex distance (MRD) was −0.05 mm, the mean postoperative MRD was 3.79 mm and 
the mean change in MRD was 3.83 mm. Preoperative MRD and change in MRD were weakly as- 
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sociated with changes in eyebrow position in 94 eyelids. In conclusion, these findings suggest 
that eyebrow drooping distance is related to the preoperative severity of ptosis. 
© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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yebrow descent is a common occurrence following ble- 
haroplasty surgery or ptosis repair. Although there are 
any studies concerning eyebrow position after blepharo- 
lasty, 1–5 few describe the concrete numerical measure- 
ents of eyebrow position after ptosis repair. 6,7 In addition, 
ewer studies describe the correlation between margin re- 
ex distance (MRD) and eyebrow position change. 8 –10 

The procedures used to correct acquired blepharoptosis 
re mainly classified into four groups according to the tis-
ues or muscles they target. These procedures target the 
evator aponeurosis, Müller’s muscle, both the aponeurosis 
nd Müller’s muscle or the frontalis muscle. 11 We previously 
eported changes in eyebrow position following levator re- 
ection (Müller–aponeurosis composite flap advancement). 10 

hese cases were divided into two classes—those that 
nderwent skin resection and those that did not. 
We also attempted to examine the change in eyebrow po-

ition after Müller’s muscle-conjunctival resection (MMCR) 
n ptosis patients; however, we encountered two problems. 
irst, MMCR cannot adjust the MRD during surgery because 
f the closed clamp technique used, and MMCR is gener-
lly chosen for cases of mild ptosis. If the ptosis correc-
ion is short, there is a possibility that the eyebrow remains
aised because of the residual narrowed visual field. Second, 
here is a possibility that the surgeon may choose to perform
tosis repair without skin resection—even if it is necessary—
ecause MMCR is performed through the conjunctival ap- 
roach. In other words, the decision to resect skin may be
nfluenced by the use of the conjunctival approach. We re-
olved the aforementioned problems by using a new tech- 
ique called external Müller’s muscle tucking (EMMT). 
The objective of this study is to introduce the EMMT pro-

edure, evaluate the eyebrow height after EMMT and assess 
he correlation between the MRD and change in eyebrow 

osition. 

atients and methods 

his study was retrospectively conducted on 51 patients (13 
en and 38 women) who underwent EMMT for correction of
pper eyelid involutional ptosis from July 2015 to Decem- 
er 2015 at the Department of Plastic Surgery at Fujisawa 
hounandai Hospital. 
This study received approval from the Institutional Re- 

iew Board of Fujisawa Shounandai Hospital. Informed con- 
ent for the surgery was obtained from all patients. The pro-
edures were in accordance with the Declaration of Helsinki 
f 1964 and its most recent revision 2013. The exclusion 
riteria were (1) congenital ptosis, (2) facial nerve palsy, 
3) previous treatment with botulinum toxin injections and 
4) previous surgery of the eyelid and/or eyebrow. All the
urgeries were performed by a single surgeon (K.K.), who
sed the same techniques for all patients. The EMMT 
echnique used is illustrated in Figure 1 . 
Anaesthesia of the eyelid was achieved with injections 

f 0.5% lidocaine with 1:100,000 epinephrine. The skin and
rbicularis muscle were incised in the upper eyelid. After
he tarsal plate was exposed, dissection was carried out be-
ween the levator aponeurosis and Müller’s muscle, which 
as 12 mm superiorly ( Figure 1 A and D). At this point, the
ost-aponeurotic fat should be attached to the side of the
üller’s muscle. The exposed Müller’s muscle was sutured 
o the tarsal plate with 6–0 polypropylene sutures at the
hree points ( Figure 1 B and E). Eye opening, outline of the
yelid and extra skin were assessed in the patient in a sit-
ing position. If needed, extra skin was resected. After that
he levator aponeurosis was fixed to the original position,
nd the skin was sutured with 6–0 nylon interrupted sutures
 Figure 1 C and F). 
The patients were assessed by a comparative analysis us-

ng pre- and post-operative digital photographs. The MRD 

nd the distance between the medial canthi were measured
irectly in all the patients. The photographs of all patients,
hich were taken preoperatively and at three months post-
peratively, were uploaded onto a computer. All the pho-
ographs were taken using a Nikon D7100 camera with the
atient in a relaxed state, facing the camera. In addition,
are was taken not to distort the images. This was particu-
arly the case before the operation, as the patients tended
o raise their lower jaw. The distances between the me-
ial canthi, in addition to the eyebrow heights at the me-
ial canthus, pupil and lateral canthus, were measured on
 computer screen. The eyebrow heights were calculated 
rom the ratio of the actual medial canthal distance to the
edial canthal distance measured on a computer screen. 
ll the digital measurements were performed using the 
echnique described by Kokubo et al. 10 

The correlation between the MRD and the change in
yebrow height was statistically analysed. For the analysis 
f the eyelid parameters, the paired t -test and Wilcoxon
igned-rank test were used. The correlation between eye- 
row change and MRD was determined by the Pearson corre-
ation coefficient test. Values of p < 0.05 were considered
ignificant. Statistical analyses were performed using JMP 
ersion 8.0.1 (SAS Institute Inc., Cary, NC, USA). 

esults 

s shown in Table 1 , among the 51 patients, there were 43
atients with bilateral ptosis and 8 patients with unilateral
tosis, with an average age of 73.7 years (range: 46 to 89
ears). Of the 51 patients, 33 underwent EMMT combined
ith extra skin excision, and 18 underwent only EMMT. The
ean age of the skin excision group was 74.9 years and that
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Figure 1 Surgical steps for external Müller’s muscle tucking. 
A : After the tarsal plate is exposed, dissection is performed between the Müller’s muscle and levator aponeurosis. 
B : The Müller’s muscle is sutured to the tarsal plate with 6–0 polypropylene sutures at the three points. 
C : The pretarsal tissue and skin were sutured with 6–0 nylon interrupted sutures. 
D : Dissection is performed between the Müller’s muscle and levator aponeurosis. The arrow indicates the back side of the aponeu- 
rosis. 
E : The Müller’s muscle is sutured to the center of the tarsal plate with 6–0 polypropylene sutures. 
F : The pretarsal tissue was sutured to the original position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of the no skin excision group was 71.6 years. There were
no significant differences in the mean age of the groups
(Student’s t -test, p = 0.27). 

Among the 94 eyelids, eyebrows descended after EMMT
at the medial canthus in 53 eyelids (56.4%), at the center
of the pupil in 55 eyelids (58.5%) and at the lateral canthus
in 48 eyelids (51.1%). Of the 63 eyelids in the skin excision
group, the eyebrows descended at those specific areas (me-
dial, center and lateral) in 33 eyelids (52.3%), 34 eyelids
(54.0%) and 30 eyelids (47.6%), respectively. Of the 31 eye-
lids in the no skin excision group, the eyebrow descended
at those specific areas (medial, center and lateral) in 20
eyelids (64.5%), 21 eyelids (67.7%) and 18 eyelids (58.1%),
respectively. There was no significance in the frequency of
eyebrow descent at the medial (p = 0.18), center (p = 0.18)
and lateral (p = 0.23) positions between the groups (Fisher’s
exact test). 

The mean distances of eyebrow descent in the 94 eyelids
were 0.24, 0.51 and 0.32 mm at the medial, center and lat-
eral positions, respectively. Of the 63 eyelids in the skin ex-
cision group, the mean medial, central and lateral distances
were 0.05, 0.39 and 0.25 mm, respectively. Of the 31 eye-
lids in the no skin excision group, the mean distances at the
same positions (medial, center and lateral) were 0.62, 0.77
and 0.45 mm, respectively. There was no significance in the
distance of eyebrow descent at the medial (p = 0.18), cen-
ter (p = 0.27) and lateral (p = 0.47) positions between the
groups (Wilcoxon test). 

Of the 94 eyelids, the mean preoperative MRD was
−0.05 mm, the mean post-operative MRD was 3.79 mm and
the mean change in MRD was 3.83 mm. Of the 63 eyelids
in the skin excision group, the mean preoperative MRD,
post-operative MRD, and change in MRD were 0.08, 3.82
and 3.75 mm, respectively. Of the 31 eyelids in the no skin
excision group, these measurements were −0.31, 3.71 and
4.02 mm, respectively. 

The correlation between the MRD and eyebrow change is
shown in Table 2 . 

Preoperative MRD was weakly associated with changes
in eyebrow position in the skin excision group, no
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kin excision group and all EMMT patients. Post-operative 
RD was not associated with changes in eyebrow position
n the skin excision group or the EMMT patients. In the no
kin excision group, post-operative MRD was weakly associ- 
ted with changes in eyebrow position at the lateral can-
hus. Change in MRD was weakly associated with change in
yebrow position in the skin excision group and all EMMT pa-
ients. In the no skin excision group, change in MRD was not
ssociated with change in eyebrow position at the medial
anthus. 

iscussion 

ith regard to Müller’s muscle shortening, Fasanella re- 
orted the resection of the Müller’s muscle, conjunctiva 
nd tarsus in patients with blepharoptosis in 1961. 12 In
975, Putterman reported resection of the Müller’s mus- 
le and conjunctiva (without resection of tarsus). 13 In 1979,
ortzbach described a minimally invasive technique that 
omprised the resection of only the Müller’s muscle. 14 Since
hen, MMCR has been widely used and accepted. 
The history of MMCR resembles that of the transconjunc-

ival posterior approach. 
Generally, a transcutaneous approach is used when han- 

ling the aponeurosis, and a transconjunctival approach 
s used when handling the Müller’s muscle. However, this
MMT procedure uses a transcutaneous approach to ac- 
ess the Müller’s muscle, which appears contradictory. This 
ethod has four advantages. First, because it is not a closed
ethod like MMCR, quantification can be done intraop- 
ratively. There are some institutions that use the open-
ky MMCR method. 15 However, in general, there are still
any institutions that use the closed method for reasons 
f convenience. Second, there is little swelling after surgery
 Figure 2 ). A percutaneous procedure penetrates the orbital
at to treat the levator aponeurosis. In the EMMT proce-
ure, the posterior aspect of the aponeurosis is exposed 
fter reaching the tarsal plate, avoiding the orbital fat.
herefore, there is less oedema of the anterior lobe asso-
iated with EMMT. Third, skin resection can be performed
ithout deficiency, in cases that require it, using this pro-
edure. Most elderly people have relaxed skin of the upper
yelids. If there is surplus skin that causes narrowing of the
isual field, it is better to perform skin resection simultane-
usly with the ptosis surgical repair. Fourth, this procedure
s simple and the operation time is brief, given it comprises
nly four steps: (1) exposing the tarsal plate, (2) dissection
etween the aponeurosis and Müller’s muscle, (3) tucking 
üller’s muscle and (4) wound closure; there is no need to
urn the tarsal plate. Additionally, this procedure is suitable
or elderly patients and those with backache. 
Prado and colleagues evaluated the position of the eye-

rows by angle; however, we evaluated the position by dis-
ance to make clinical application easier. 5 In patients with
lepharoptosis, eyebrow elevation often occurs to compen- 
ate for visual field narrowing; therefore, eyebrow descent 
s frequently observed after ptosis repair or blepharoplasty 
ecause of improvements in visual field narrowing. In gen-
ral, eyebrows tend to lower following ptosis repair surgery
ith skin resection more than ptosis repair alone. It is be-
ieved that the combined use of surplus skin resection and
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Figure 2 External Müller’s muscle tucking in a 60-year-old woman. 
A : Before surgery. 
B : Six days after surgery. There is little swelling. 
C : Six months after surgery. 

Table 2 Pearson correlation coefficients between MRD and eyebrow drooping distance. 

MRD Correlation coefficients 

With skin excision With no skin excision All EMMT patients 

Medial Center Lateral Medial Center Lateral Medial Center Lateral 

Preoperative MRD −0.29 ✽ −0.30 ✽ −0.28 ✽ −0.20 ✽ −0.30 ✽ −0.40 ✽ −0.27 ✽ −0.30 ✽ −0.32 ✽ 

Post-operative MRD 0.15 0.08 0.07 −0.08 −0.06 −0.20 ✽ 0.08 0.03 −0.02 
Change in MRD 0.37 ✽ 0.34 ✽ 0.31 ✽ 0.16 0.26 ✽ 0.30 ✽ 0.31 ✽ 0.31 ✽ 0.30 ✽ 

MRD: margin reflex distance. 
EMMT: external Müller’s muscle tucking. 

✽ P < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ptosis repair surgery improves visual narrowing caused by
excess upper eyelid skin and blepharoptosis. 10 However, in
this study, the eyebrow position without skin resection at
the medial, center and lateral areas showed greater descent
than the eyebrow position with skin resection ( Table 1 ). This
was thought to be because the MRD change (4.02 mm) in the
group without the skin resection was larger than the MRD
change (3.75 mm) in the group with the skin resection. In
addition, the preoperative MRD with the skin resection was
0.08, and the preoperative MRD without the skin resection
was −0.31, suggesting there was a difference between both
groups in terms of ptosis severity. 

Table 3 shows previously published data on the rela-
tionship between ptosis surgical repair and eyebrow posi-
tion. Lee et al. reported changes in eyebrow position af-
ter aponeurosis advancement. 6 They performed surgery on
60 eyelids without skin resection and reported that the
eyebrow descended at the medial, center and lateral po-
sitions by 2.81, 2.05 and 1.13 mm, respectively, in the six
months following the operation. Zheng et al. described eye-
brow changes after levator aponeurosis advancement in 120
eyelids. 8 They reported that the eyebrow at the center of
the pupil descended 3.45 mm at 2 months post-operatively.
Kokubo et al. reported that in 84 eyelids that under-
went levator resection (Müller’s muscle-levator aponeuro-
sis advancement), the eyebrow descended 2.74, 2.91 and
2.58 mm at the medial, center and lateral positions, respec-
tively, at exactly 3 months post-operatively. 10 Moore et al.
reported that of the 274 eyelids that underwent MMCR, the
eyebrow at the center descended 0.83 mm at 1–12 months
post-operatively (average 3.8 months). 7 Rootman et al.
performed MMCR on 125 eyelids and reported that the eye-
brow at the center decreased by 1.0 mm after 1.5 months
of surgery (average 3.2 months). 9 The value obtained in this
study is similar to those measured by Moore and Rootman
following MMCR. Additionally, it was found that the eye-
brows were less likely to descend following ptosis surgical
repair that targeted the Müller’s muscle than those by a
surgical method that manages the aponeurosis. 

There are two possible causes for this similarity. First,
there is a difference in the procedures. The anterior lamella
is mainly shortened in the aponeurotic advancement proce-
dure. Both anterior and posterior lamellae are shortened as
a result of levator resection. In those procedures, the pen-
etrating branch from the aponeurosis to the skin is recon-
structed. On the other hand, the posterior lamella is mainly
shortened following MMCR and EMMT. In those procedures,
it may be difficult for the eyebrows to lower, as the pen-
etrating branch from the levator aponeurosis to the skin is
not modified, and it remains loose. Additionally, in MMCR
and EMMT, the orbital fat is not treated, and therefore, the
load of the anterior lobe remains. The eyebrow may then go
up to counteract the weight of the anterior lobe during the
sitting position. Second, the electrophysiological character-
istics of the Müller’s muscle are considered to be a cause.
With regard to eyelid opening, Matsuo et al. described that
the extrinsic mechanoreceptors in the Müller’s muscle in-
duce reflex contractions of slow-twitch fibers in the leva-
tor superior and frontalis muscles to sustain eyelid and eye-
brow positions against gravity. 16 Therefore, when fixing the
Müller’s muscle to the tarsal plate with sutures during the
operation, it is possible that the frontalis muscles remain
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Table 3 Comparison of the results with previously published data. 

Study Procedure Skin 
resection 

Eyebrow drooping distance 
(mm) 

Eyelids Follow-up 
(months) 

Mean age 
(years) 

Medial Center Lateral 

Lee (2012) Apo – 2.81 2.05 1.13 60 6 61.0 
Zheng (2016) Apo Mix 3.45 120 2 63.0 
Kokubo (2017) Levator + 3.30 3.61 3.45 47 3 75.6 

Levator – 2.04 2.02 1.47 37 3 68.6 
Levator Mix 2.74 2.91 2.58 84 3 72.5 

Moore (2015) MMCR + 0.73 76 1–12(3.8) 69.4 
MMCR – 0.87 198 1–12(3.8) 70.0 
MMCR Mix 0.83 274 1–12(3.8) 69.8 

Rootman (2015) MMCR – 1.0 125 1.5- (3.2) 
Current EMMT + 0.05 0.39 0.25 63 3 74.9 

EMMT – 0.62 0.77 0.45 31 3 71.6 
EMMT Mix 0.24 0.51 0.32 94 3 73.7 

Apo: Levator aponeurosis advancement. 
Levator: Levator resection. 
MMCR: Müller’s muscle conjunctival resection. 
EMMT: External Müller’s muscle tucking. 
Mix: mixture of cases that underwent skin resection and no skin resection. 
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ontracted after EMMT and MMCR if the sutures interfere 
ith the receptors in the Müller’s muscle. 
Regarding the relationship between the changes in 

yebrow position and MRD, Zheng et al. reported that post-
perative MRD was associated with changes in eyebrow 

osition after aponeurosis advancement. 8 Rootman et al. 
eported that MRD change was not associated with changes 
n eyebrow position after MMCR. 9 In this study, preoperative 
RD and change in MRD were associated with change in eye-
row position after EMMT. Therefore, it could be said that
ore severe cases of blepharoptosis were associated with 
reater descent of the eyebrows following the operation. 
The post-operative MRD was not associated with changes 

n eyebrow position after EMMT. This is thought to be reason
hy we always target the MRD to be a fixed value between
.5 and 4.0 mm. 
A limitation of this study is that we did not evaluate the

ifferences associated between patient sex and that be- 
ween unilateral and bilateral blepharoptosis. In addition, 
nly a part of the moving expression, in the form of a still
mage, was evaluated. Therefore, it is necessary to analyse 
oving images. However, evaluation through animation and 
omparison of multiple components is not easy to achieve; 
s the eyelids move, other parts of the face move, making
ccurate comparisons difficult. Software development and 
he use of video analysis should be a focus in future studies.
Currently, surgical indications for MMCR include mild 

yelid ptosis. However, in EMMT, the posterior aspect of 
he aponeurosis and the surface of the Müller’s muscle can 
e seen directly, allowing the muscle to be captured more
ccurately; thus, EMMT is likely able to manage moderate 
tosis. However, even if the levator function is moderate, 
his method should not be used when the Müller’s muscle is
hinned or shows strong fatty degeneration because of the 
igh possibility of recurrence; recurrence rates and post- 
perative changes in the MRD should be further assessed. At
resent, it is difficult to determine the best procedure for
tosis repair. 
To conclude, our study, which used the EMMT technique

o eliminate the effect of excess skin, was able to accu-
ately show that the eyebrows descended in approximately 
0% of patients and that the eyebrow drooping distance is
elated to the preoperative severity of ptosis. 
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