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ABSTRACT

A DEVICE FOR FUNCTIONAL AND COSMETIC
IMPROVEMENT OF LAGOPHTALMOS DUE TO FACIAL

PARALYSIS

A new device for the correction of eyelid problems due to facial palsy was stud-

ied. Lagophthalmos is the condition of the paralyzed eyelids' to close totally. It may

cause drying and irritation .In this thesis, 14 rabbits were injected with local anaesthet-

ics to induce temporary facial palsy and lagophtalmos. In order to provide functionality

to the upper eyelids, ferromagnetic steel pieces were placed inside and outside of the

eyelids of the rabbits. The device moves the eyelids by magnetically pulling the steel

pieces. The control group (n=5) did not wear the device.The treatment group with

external implant (n=4) and the treatment group with internal implant (n=5) made

to wear device and tested. All animals were observed during the experiments and

recorded to video tapes. The data collected from video records were analyzed to test

the statistical di�erence between control and the treated groups. The results showed

that treatment groups paralyzed eye and control groups paralyzed eye have signi�cant

di�erences. Furthermore, the treatment group with internal implant shows a noticeable

similarity with the healthy(un-paralyzed) eye.

Keywords: Lagophtalmos, Facial Palsy, Implant, Medical Device, Rabbit.
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ÖZET

YÜZ FELC�NE BA�LI GEL��EN LAGOPHTALMOS'UN
��LEVSEL VE KOZMET�K OLARAK DÜZELT�LMES�NDE

YEN� B�R C�HAZ

Bu ara³t�rmada, yüz felcine ba§l� göz kapa§� problemlerinin düzeltilmesi icin

geli³tirilen yeni bir cihaz ve bu cihaz�n teknik kullan�m� sunulmu³tur. Felçli taraftaki

üst göz kapa§�n�n tamamen kapanamamas� gözde kuruma ve rahats�zl�klara sebep olur

ve Lagoftalmus olarak adland�r�l�r. Bu tez çal�³mas�nda 14 tav³ana, geçici yüz felci olu³-

turmak için lokal anestezi yap�lm�³t�r. Göz kapaklar�na tekrar i³levsellik kazand�rmak

icin 4 tav³an�n göz kapaklar�n�n d�³�na, 5 tav³an�nda göz kapaklar�n�n içine ferromag-

netik çelik implantlar yerle³tirilmi³tir ve bu implantlar üzerinde cihazla olu³turulan

manyetik kuvvet, göz kapa§�n�n kapanmas�n� sa§lam�³t�r. Kontrol grubunu olu³turan

di§er 5 tav³ana ise cihaz ba§lanmam�³t�r. Tüm denekler deney süresi boyunca gözlem-

lenmi³ ve videoya kaydedilmi³tir. Cihaz� giyen hayvanlar ve kontrol gruplar� istatistik-

sel olarak kar³�la³t�r�lm�³t�r.Sonuçlar tedavi grubu hayvanlar�n�n felçli gözü ve control

hayvanlar�n�n felçli gözü aras�nda büyük bir fark oldu§unu göstermi³tir. Ayr�ca, göz

kapa§�n�n içine implant yerle³tirilmi³ tedavi grubu,sa§l�kl�(felç olmayan) gözle farkedilir

bir benzerlik göstermi³tir.

Anahtar Sözcükler: Lagoftalmus, Yüz felci, �mplant, T�bbi Cihaz, Tav³an.
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1. INTRODUCTION

Facial paralysis is a common problem. Crumley and Hashisaki states "Idiopathic

facial paralysis or Bell's palsy occurs at an approximate rate of 20 cases per 100,000

population per year" [1]. It appears without discriminating age or sex, 71% of the pa-

tients had a total recovery and 4% have persistent moderate facial palsy or associated

mass facial movements [1]. Paralytic lagophthalmos generally occurs because of periph-

eral facial nerve lesions and a paralytic orbicularis [2]. Although surgical techniques

that are based on reconstruction of the eyelid are useful,they also have several notable

complications [2, 3, 4]. The aim of this study is test a novel device for preventing these

complications and improvement of the function of eyelids.

1.1 Facial Palsy

Paralysis, or palsy of one side of the face can be classi�ed into two main cat-

egories. The �rst is caused by a damage above the lower motor neuron, and the

second which includes palsies induced by the lower motor neuron and its distal ter-

mination upon the facial musculature [5, 6].Supranuclear palsies are easy to diagnose

and mostly caused by protean[5].However,Bell's palsy which is caused by lower mo-

tor neuron palsies, is one of the largest etiological group of facial palsies[1]. The entire

face's voluntary or mimetic movement loss can be caused by damage of the lower motor

neuron[5].

The etiology of the Bell's palsy was described in 1821 by Bell and overall im-

pression was a possible viral infection with edema and secondary demyelination[5].

The successive studies gave us a better understanding about the etiology of this dis-

ease.Infections, trauma, metabolic disorders,tumors and some syndromes can be the

originator of lower motor neuron facial palsies other than the Bell's Palsy[1, 5].

Treatments chosen for a successful therapy of Bell's palsy must be viewed against
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the background of the disorder. Suggested therapies can be divided into two as general

and speci�c therapies[7]:

1. General therapy

(a) Reassurance and discussion of the illness

(b) Care for the a�ected eye.

(c) Splinting, massage and exercises

(d) Electrical stimulation

2. Speci�c therapy

(a) Antihistamines and cervical sympathectomy

(b) Dehydrating agents

(c) Corticosteroids

1.2 Lagophthalmos

Paralytic lagophthalmos generally occurs because of peripheral facial nerve le-

sions and a paralytic orbicularis[3]. Although surgical techniques that are used for

reconstruction of the eyelid are prevalent,they have several notable complications and

poor results[3, 2, 4].

1.2.1 Aesthetics

Lagophtalmos and similar eye problems cause undesired appearance[5].The earli-

est aesthetics operations of the upper lid were possibly done for functional reasons,but

now, aesthetic reasons are becoming more important[8].Total loss of mimics and lid

movements, partial loss of them or asymmetry of the face are disturbing aesthetic

results of the lagophthalms[9]
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1.2.2 Functionality of the Lid and Vision

Blinking is rapid movement of the eyelid down and up. It is an essential function

of the eye that helps cleaning of the cornea and conjunctiva with tear [3, 5]. Lack of

blinking due to the facial paralysis causes irritation and dryness. A proper eyelid works

as a barrier covering the eye against hazardous light and fumes, excessive moisture and

dryness, foreign bodies, microorganisms and particulate matter[3].Without this barrier,

eye cannot protect itself.Vision can be a�ected by loss of functionality of the eyelid.

Corneal damage which can cause blindness subsequently, can occur due to this loss[1, 2]

1.3 Surgical Treatments for Lagophthalmos

Eyelid reconstruction methods vary, but they stand on the same principles:

1. The missing parts should be replaced with similar tissue

2. Normal function, palpebral occlusion and corneal coverage should be restored

3. Function of the vision should be disturbed as minimal as it can be[10].

First,temporary tarsorrhaphy joins the upper and lower eyelid with suture[11].This

method protects eye from corneal exposure. However, It should not be preferred

initially[10]. There are also Müller's muscle and levator aponeurosis surgeries for up-

per eyelid retraction. These procedures include Müllerectomy and recession of the

levator aponeurosis, myotomy for levator aponeurosis and externalized, adjustable su-

tures for levator aponeurosis recession[11]. Levator muscle surgeries can be used for

both lengthening and shortening of the eyelid[12].

Second, some implants are used for treating lagophthalmos. For example, a

palpebral spring implant can be used for lagophtalmos therapy. Guy and Ransho� [13]

state "The spring is calibrated and fashioned so that, upon relaxation of the levator
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palpebral superior muscle, it passively closes the upper eyelid yet allow the levator,

which is innervated by the third cranial nerve,to overcome the power of the spring

and open eye at will.It is constructed from stainless steel wire, 0.35 mm in diameter

containing 18 percent chrome and 8 percent nickel. It has a good tissue tolerance and

its fatigability is practically nil.".

1.4 Electro-Magnetism and Its Medical Use

The name of the magnetism possibly comes from the large deposit of a magnetic

oxide of iron in the ancient province of Magnesia[14]. However, the scienti�c de�nition

of the electromagnetism and the electromagnetic theory were put forward by Ampére,

Coulomb and �nally Maxwell[14, 15].

A solenoid is a helical winding on a cylindrical surface or it could be described

as n turns uniformly wound on a cylindrical form of radius a and length x[16, 17].The

Magnetic �ux density produced by an solenoid can be calculated as in the following

equations 1.1-1.3[18] which are derived from Ampére's law: Magnetic �eld due to

Figure 1.1 Magnetic �eld on axis of solenoid[18].
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current in straight conducter can be formulated like 1.1

dB = (
µ0

4π
)
idl × r1

r2
(1.1)

According to that formula,�elds of circular loop at an axial point can be calculated as

in 1.2

dB =
µ0i

4π

dl

r2
(1.2)

For calculating the magnetic �eld on axis of the solenoid 1.3 should be used:

B =
µ0ni

x
(1.3)

and for the pulling force produced by this B can be calculated by the help

of following formula.The formula used for calculating the pulling force between two

bar magnets is used for this purpose. A is the cross-sectional area and r is the gap

between solenoid and metal and p1 is magnetic moment strengt of the solenoid and p2

is magnetic moment strength of the metal;(in cgs units)

F =
p1p2

r2
(1.4)

H magnetic �eld strength in cgs units can be calculated as in 1.5.

H =
ni

x79.58
(1.5)

Magnetization in cgs units can be calculated as in 1.6.

M =
m

V
(1.6)

Magnetization and magnetic �eld strengt are propotional and the propotion is
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equal to susceptibility χ.

M = Hχ (1.7)

Magnetic moment of a bar magnet can be calculated with magnetic moment

strengt and the length of the bar magnet.

m = px (1.8)

Magnetic �eld strength on a point whose distance to magnet is r can be calcu-

lated as in1.9.

H =
p1

r2
(1.9)

The �nal formula can be given as in 1.10.

F =
(χ1niA1)

2χ2A2

r4(x 79.58)2
(1.10)

For i=4.1 A, n=100, x= 6 cm r= 1 cm χ1 = 0.001256(emu)/cm3 and χ2 =

0.0007536(emu)/cm3 and A1 = 0.25cm2 A2 = 0.15cm2 values(sample values for the

setup used in the thesis) the force produced can be calculated as 0.007 N which is

approximately equal to 0.7 force grams by using these formula.

In recent years, there have been numerous studies on the interaction of electro-
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magnetic radiation with biological systems, although the controversy about potential

health hazards due to EM radiation are also mentioned[19]. Wide use of telecommu-

nication devices arises the question of their safety for wearers of implanted medical

devices, like peacemakers and hearing aids[20]. There are various models and devices

due to application based on EM theory[19, 20]. The device uses magnetic �ux density

to make a mechanical movement without mechanical contact with the target tissue.

The paralyzed eyelid with an implanted ferromagnetic steel piece arti�cially blinks by

the help of the this device.
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2. METHOD

2.1 Device

The device has two parts: frame and processing circuit(Figure 2.1). The frame

part has an infrared emitter and a infrared detector. A additional infrared �lter was

placed on the detector. It was �xed on a 2x2.5 cm aluminum piece screwed to frame.

The angle and position of this piece was adjustable. The infrared light beam is re�ected

by the cornea. When the eye is open, re�ectional light intensity is higher than the

intensity re�ected of the closed eye. The detector collects the re�ected beam and

converts it to electrical current for signal processing.

Figure 2.1 Block diagram of the device

The comparator unit of the circuit compares the user-de�ned threshold voltage

and sensed voltage(Figure 2.3). The comparator gives a 5 V output voltage, if the

sensed voltage(VIN=V-) is smaller than the reference voltage(VREF=V+)(Figure

2.2) or it gives a zero output. A hysteresis was added to the positive feedback of

the comparator. The duration and the intensity parameters of the pulse are adjusted

by the buttons on the device.The timing and driver circuits are responsible for this
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process. Electro-magnetic actuator produces a magnetic �eld(magnetic �ux density)

with the current coming from the driver circuit. The position and the angle of the

actuator to the eyelid can be adjusted with a screw connecting it to the frame. The

magnetic �ux density a�ects the ferromagnetic implant in or on the eyelid. The eyelid

moves with this e�ect.

Figure 2.2 A sample comparator circuit with a hysteresis. In this thesis the reference voltage
input(VREF ) was determined with the potentiometer on the device by user . The other input voltage
VIN produced by physical factor(infrared light) that was sensed by the detector.

A

B

Figure 2.3 A:The threshold-infrared light comparison. B:output voltage of the comparator.



10

2.1.1 Video Recording And Data acquisition

Videos were recorded by two PC cameras(Figure 2.4) working simultane-

ously (PK-636MA, A4 TECH, California/USA) and captured with AMCap software(

AMCAP-DirectShow video capture, Version 9.0) by USB. Videos were recorded in

640x480 resolution and at 30 FPS frame rate. Videos were edited with VEM soft-

ware (Video Edit Master,Version 1.8) and snapshot images of the rabbits were taken

as JPEGs. The positions before and during the �ash in the healthy and paralyzed

eyes' eyelids were classi�ed. All JPEGs were visualized in Photoshop software (Adobe

photoshop CS2,Version 9.0.2). Measurement tool of the software was used to make

measurements on images. For the positions of the eyelids before and during the �ash,

distance between upper and lower eyelid was on measured on digital images.

Figure 2.4 Experimental Setup

2.2 Device Development and Calibration

The device was designed and produced by Asst. Prof. Burak Güçlü. The aim

was to test the device on animals before clinical use further.
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2.2.1 Development of the Device

Initially, the device was tested on a rabbit. It was unable to close the eyelid

with the power from batteries. It was also a�ected by the day light. An additional

infrared �lter added to the receiver part of the device and a main power supply was

built to obtain a higher currents for the actuator. The frame was also re-designed to

have a better and �exible placement of the actuator, detector and emitter.

2.2.1.1 Power Supply. Power supply was designed to give 12 Volts and 5 A's

DC. The output of the power source was measured to be 11.7 Volts and 5.1 A's. This

power output was adequate for desired results. The initial portable design had four 9

V batteries connected parallel.

2.2.1.2 Re-design of the Frame. The initial frame design had �xed actuator

and emitter-detector system on an aluminum piece which had eye openings on it. It

was developed for a particular animal and not �exible for testing on other animals

(Figure 2.5). Additionally, it partially blocked the vision of rabbits. The new frame

�xed those problems. As can be seen in the �gure 2.6, it was designed to be used

with di�erent sized animals by having screws to adjust the depth, width and angle of

the di�erent parts of the device.

Figure 2.5 Previous frame and the present frame
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Figure 2.6 Adjustable parts of the present frame are shown by the arrows

2.2.2 Electromagnetic Calibrations

The current passing through the electromagnet and the magnetism produced by

the magnet was measured for di�erent settings of the device.

2.2.2.1 Current Calibration. For the current measurements, a 1 Ohm high volt-

age resistor was serially attached to the electromagnet. The electromagnet's internal

resistance was small enough to be negligible. The oscilloscope showed the voltage on

the resistor and the current passing through the electromagnet was calculated. For 5

intensity and duration adjustments, 25 di�erent settings were tested.

2.2.2.2 Magnetism Calibration. A gaussmeter (B4080,F.W. Bell)was used for

magnetism measurements (Istanbul Technical University, Physical Engineering Depart-

ment). The probe of the gaussmeter was placed 1 cm away from the electromagnet.Both

the electromagnet and probe were �xed in this position. Calibration was done in a

zero chamber. For 5 duration and intensity adjustments, 25 di�erent adjustments
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were tested. Furthermore, 4 more measurements were done at di�erent points of the

laboratory and the mean of the values were calculated.

2.3 Surgery

The insertion of the implant was done under parenteral general anesthesia by

Plastic Surgeon Dr. Erdem Güven(Ethical approval for the procedures used on ani-

mals was taken from Istanbul Un�versitesi Deneysel Tip Arastirma Enstitusu Deney

Hayvanlari Etik Kurulu. ). Initially, 5mg/kg xylazin and 35 mg/kg ketamin mixture

was injected to rabbit intramuscularly. The anesthetic e�ect of the drug lasted 40-60

minutes.

The sites of the incision were marked with ink above the lid margin just me-

dial to the midportion of the lid over the tarsal plate(Figure 2.7).The pretarsal skin

was stretched superiorly with supratarsal �xation sutures.Limits of the incision were

determined due to implants and targeted the midportion of the lid(Figure 2.8). Skin

texture of the rabbit was very thin,so care was taken the incision could not pass through

the eyelid.

After incision was made by scalpel, the upper skin incision was gathered gently

between forceps and skin distracted from tissue with a straight scissors. The pocket

prepared with skin distraction should not be too narrow or too wide for the implant.

The metal implant weighed 0.275-0.285 gr weight and had a size of 0.6x15mm and it

was placed into the eyelid as in the �gure 2.9 .After the placement of the implant, skin

closure was completed by sutures(Figure 2.10). Animals were taken to experiments

after the closure of the wound which occurred two or three weeks after the operation.
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Figure 2.7 Determination of the incision site on the rabbit.

Figure 2.8 The incision area and the pocket prepared for the implant placement
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Figure 2.9 Placement of the metal implant into eyelid

Figure 2.10 Closure of the lid with the sutures
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2.4 Experiments

All animals were injected with 2 ml injectors to paralyze the left part of their

faces. Injections targeted the temporal skin and the peripheral facial nerves to cause

lagophthalmos. The solution injected was a mixture of local anesthetics which included

0.5/Kg %0.5 of bupivacain hydrochloride (Marcaine, AstraZeneca) and 0.5 ml/Kg %2

of prilocaine (Citanest, AstraZeneca).The e�ect of the drugs lasted for 30-40 minutes.

2.4.1 Control Group

Control animals were exposed to 1 W two white LED �ashes of 1 s pulses. LED

�ashes caused a blink response in the healthy eye. Because the blink responses of the

rabbit eyes are indipendent, LED's were placed at two sides of the head to see the

di�erence between paralyzed and healthy eyes (Figure 2.11). 30 random light pulses

were �ashed to both eyes. Video Cameras recorded the eyelid movements during the

session.

Figure 2.11 Control group experiments

2.4.2 Internal Implant Group

Treatment group with the internal implant was made to wear the frame. Device

was calibrated according to the right (healthy) eye. A LED was placed to right side of

the rabbit's head (Figure 2.12). LED �ashes caused a blink response in the healthy
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eye.The paralyzed side of the animal did not need a LED impulse to blink. The

magnetic actuator caused the arti�cial blink in the paralyzed eye. 30 random light

pulses were �ashed to the healthy eye. Video cameras recorded the eyelid movements

during the session.

Figure 2.12 Treatment groups experiments

2.4.3 External Implant Group

Treatment group with the external implant was made to wear the frame.External

implant was pasted to the paralyzed side's upper eyelid(Figure 2.13). This implant's

size and weight was approximately 20% of the size and weight of internal implant.

Device was calibrated according to right (healthy) eye. A LED is placed to right side

of the rabbit's head . LED �ashes caused a blink response in the healthy eye.The

paralyzed side of the animal did not need a LED impulse to blink. The magnetic

actuator caused the arti�cial blink in the paralyzed eye. 30 random light pulses were

�ashed to the healthy eye. Video cameras recorded the eyelid movements during the

session.

2.5 Data Analysis

Data were analyzed in Microsoft Excel. The Measurements taken from Photo-

shop were corrected with the calibration measurements and the total eyelid movement

was calculated by subtracting the position during the �ash from the position before
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Figure 2.13 Placement of the external implant

the �ash. The corrected data was statistically tested with t-test.Specially,the compari-

son between the control group and treatment groups, comparison between the healthy

eyelids and the paralyzed eyelids of control animals, the comparison between healthy

eyelids and paralyzed eyelids of treatment groups and the comparison of the eyelids'

positions before and during the �ash were tested statically with wilcoxon rank sum

test.
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3. RESULTS

3.1 Calibration Results

As a primary concern, I investigated the electrical properties of the device. The

�rst test measured the current through the electromagnet and the second test measured

the magnetic �ux density through.

3.1.1 Current Measurements on the Actuator

Figure 3.1 Current calibration results

The average current passing through the magnetic actuator is plotted as a func-

tion of duration and intensity arbitrary unit setting of the device in �gure 3.1. The

increase of the duration and the intensity increased the current, but after half intensity

setting the increase was slowed and the current stayed constant at 4.1 A level.The

duration setting had an e�ect on maximum current only at low intensity setting.
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3.1.2 Magnetic Flux Density Produced by the Device

Magnetic �ux density produced by the actuator was measured at 25 di�erent

setting in arbitrary units(Figure 3.2). Magnetic Flux density increased with duration

and intensity and made a peak, then decreased.For durations 10 s and 50% intensity

setting, the actuator produced the highest magnetic �ux density (13 mT).

Figure 3.2 Magnetism calibration results

3.2 Experimental Results

3.2.1 A Sample Subject

A sample experiment for the treatment group with internal implant is presented

in �gure 3.3. For 30 random �ashes, the positions before and during the �ash in the

paralyzed eyelid is given(Figure 3.3 A).The positions during the �ash in the paralyzed

eyelid stayed on a baseline of 0.05 cm. Moreover, the positions before the �ash in the

paralyzed eyelid was not constant. Additionally, the mean values of the positions before

and during the �ash were indicated(Figure 3.3 B).
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Figure 3.3 A sample experimental data for the treatment group with internal implant. A: The
positions before and during the �ash in the paralyzed eyelid during a set of experiment. B: the mean
values of the positions before and during the �ash are shown.

Table 3.1
Mean values(mm), standard deviation and standard error of mean values of the open, the closed

positions and the movement of the paralyzed eyelids' of the treatment group with internal implant.

3.2.2 Control Group's Healthy and Paralyzed Eyes

Control group animals (n=5) was not able to close their paralyzed eye( �gure

3.5).The mean values of the position of the paralyzed and the healthy eyelids showed

in the �gure 3.4. The paralyzed eyelids' positions before and during the �ash are not

signi�cantly di�erent. However, the healthy and paralyzed eyelids' positions before the

�ash (p=0.008) and the positions of the healthy eye before and during the �ash are
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signi�cantly di�erent (p=0.008).

Figure 3.4 Control group's the paralyzed eyelids' and healthy eyelids' positions before and during
the �ash. The paralyzed eyelids' positions before and during the �ash are not signi�cantly di�erent.
However, the healthy and paralyzed eyelids' positions before the �ash (p=0.008) and the positions of
the healthy eye before and during the �ash are signi�cantly di�erent (p=0.008).

Figure 3.5 Control group. A: Paralyzed eye before the �ash B: Paralyzed eye during the �ash C:
Healthy eye before the �ashD: Healthy eye before the �ash. Red bars equal to 1cm.
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3.2.3 Control Group's and Treatment Groups' Paralyzed Eyes

Treatment groups could blink their paralyzed eyelids when the device was acti-

vated by the healthy eye. The mean values of the positions of paralyzed eyelids before

and during the �ashes of all groups were presented in �gure 3.6. The eyelid posi-

tions before the �ash in the control group and in the treatment group with external

implants(n=4) are not signi�cantly di�erent,but in the treatment group with internal

implants (n=5) are signi�cantly di�erent from in the control group (p=0.031). The

eyelid positions during the �ash in both treatment groups are not signi�cantly di�erent.

The eyelid positions during the �ash in the treatment group with external implant is

signi�cantly di�erent from the position of the eyelids during the �ash in the control

group (p=0.008). The eyelid positions during the �ash in the treatment group with

internal implant is signi�cantly di�erent from the position of the eyelids during the

�ash in the control group (p=0.016).

Figure 3.6 Control group and treatment groups paralyzed eyelids' position before and during the
�ashes. The positions of the eyelids before the �ash in the control group and in the treatment group
with external implants are similar(ns),but the treatment group with internal implants are signi�cantly
di�erent from the control group(p=0.031). The eyelid positions during the �ash in both treatment
groups are not signi�cantly di�erent. The eyelid positions during the �ash in the treatment group
with external implant is signi�cantly di�erent from the position of the eyelids during the �ash in the
control group (p=0.008). The eyelid positions during the �ash in the treatment group with internal
implant is signi�cantly di�erent from the position of the eyelids during the �ash in the control group
(p=0.016).
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3.2.4 Healthy and Paralyzed Eyes of Treatment Group with External Im-

plant

The comparison between the positions of the healthy and paralyzed eyelids in

the treatment group with external implant was shown in �gure3.8 and �gure 3.7.

The positions of the healthy and paralyzed eyelids before and during the �ash in the

group were statically analyzed. The treatment group's healthy eyelids' and paralyzed

eyelids' position before the �ash are not signi�cantly di�erent(p=0.083). The paralyzed

eyelids' positions before and during the �ash are signi�cantly di�erent (p=0.008). The

healthy eyelids' position during the �ash and the paralyzed eyelids' position during the

�ash is similar. The positions of the eyelids' before and during the �ash are signi�cantly

di�erent in both healthy and paralyzed eyes(p=0.008).

Figure 3.7 Treatment group with external implant. A: Paralyzed eye before the �ash B: Paralyzed
eye during the �ash C: Healthy eye before the �ashD: Healthy eye before the �ash. Red bars equal
to 1cm.
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Figure 3.8 The comparison between the positions of the healthy and paralyzed eyelids in the
treatment group with external implant. The treatment group's healthy eyelids' and paralyzed eyelids'
position before the �ash are not signi�cantly di�erent(p=0.083). The paralyzed eyelids' positions
before and during the �ash are signi�cantly di�erent (p=0.008). The healthy eyelids' position during
the �ash and the paralyzed eyelids' position during the �ash is similar. The positions of the eyelids'
before and during the �ash are signi�cantly di�erent in both healthy and paralyzed eyes(p=0.008).

3.2.5 Healthy and Paralyzed Eyes of Treatment Group with Internal Im-

plant

The comparison between the positions of the healthy and paralyzed eyelids in

the treatment group with internal implant was shown in �gure3.9 and �gure 3.10.

The positions of the healthy and paralyzed eyelids before and during the �ash in the

group were statically analyzed. The treatment group's healthy eyelids' and paralyzed

eyelids' position before the �ash are similar. The paralyzed eyelids' positions before

and during the �ash are signi�cantly di�erent (p=0.008). The healthy eyelids' position

during the �ash and the paralyzed eyelids' position during the �ash is similar. The

positions of the eyelids' before and during the �ash are signi�cantly di�erent in both

healthy and paralyzed eyes(p=0.008).
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Figure 3.9 The comparison between the positions of the healthy and paralyzed eyelids in the
treatment group with internal implant. The treatment group's healthy eyelids' and paralyzed eyelids'
position before the �ash are similar. The paralyzed eyelids' positions before and during the �ash are
signi�cantly di�erent (p=0.008). The healthy eyelids' position during the �ash and the paralyzed
eyelids' position during the �ash is similar. The positions of the eyelids' before and during the �ash
are signi�cantly di�erent in both healthy and paralyzed eyes(p=0.008).

Figure 3.10 Treatment group with internal implant. A: Paralyzed eye before the �ash B: Paralyzed
eye during the �ash C: Healthy eye before the �ashD: Healthy eye before the �ash. Red bars equal
to 1cm.
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4. DISCUSSION

The results of the thesis show that the device is a promising solution to lagoph-

thalmos due to the facial palsy. The similarity of results between the healthy and the

treated eyes' of the experimental groups supports the hypothesis.

The control group animals were not able to close their paralyzed eyes when

�ashes were given. The local anesthetics were successful to temporarily paralyze the

animals. Not only anesthetic e�ects of the drugs, but also the stress on the animal

disappeared in a few hours after the experiments. On the other hand, the complica-

tions due to lagophthalmos and/or the possible positive e�ect of the device on those

complications could not be shown with this study. Further studies with subject having

permanent facial palsy will give more information about the e�ect of the device on

those complications.

The treatment group with external implant was able to close their paralyzed

eyes when �ashes were given.However, the open position of the paralyzed eyelids was

similar to the open position of the control group's paralyzed eyelids. The external

implant was not heavy enough to keep an eyelid in a position as in healthy animals.

However,this partial closure of the eye can be a useful protecting for the eye from

the complications. The open position can be adjusted by increasing the weight of the

implant. If a commercial version of the device is produced, external implants can be

colored as the skin.

External implant does not require a surgery and is a safe and e�ective method.

On the other hand, the best results belong to the treatment group with internal implant.

The healthy and the treated eyes are behaved similarly. However, a higher level of

magnetic �eld and a larger current for producing that magnetic �eld were necessary

for closing the eye with the internal implant. Moreover, the placement of implant

during the surgery can be problematic.Figure 4.1 shows a subject whose implant was



28

placed too close to the front end. This subject was blinking when the �ashes was

given,but it could not entirely close the back part of the eye.

Figure 4.1 A problematic placement of internal implantA: Paralyzed eye before the �ash B: Para-
lyzed eye during the �ash. Red bar equals to 1cm.

A infrared �lter was added to device for decreasing the e�ect of the day light.

Although,this physical �lter was able to decrease the e�ect of the day light, an electronic

�lter can also be implemented. A detector can be added to the back side of the

device and can produce a day light signal which would be subtracted from the infrared

detector's signal. There is only one infrared detector on the device now.For future

studies one or two more infrared detectors can be added to device to make 2 or 3 levels

of eye closing. New detectors can be positioned at 3 di�erent points from upside to

downside. As a result open, half open,more closed but still open and closed positions'

signals can be transmitted to actuator. The magnetic �eld would be changed with

coming signal and the eyelid could work more e�cient than a binary system. However,

the calibration of several detectors would be more di�cult.

Although this device is tested for animals, the future devices should be tested

with medical electro-magnetic standards for human use. In the current device, magnetic

�ux density started to decrease when duration and intensity increased. The magnetic

and electrical properties of the actuator probably changed with temperature.When

a pulse was applied to the actuator, the current warmed it up. This temperature

change could cause a decrease in the magnetic �ux density. In addition, the energy

consumption of the device depended on the device settings. The optimum con�guration

should be studied better for a commercial device. Optimum energy consumption would
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give the opportunity of portability. For example, a commercial device may operate on

rechargeable Li-ion batteries.

The frame designed for the rabbits cannot be used on humans.While re-designing

the frame for the humans, aesthetics, ergonomics and health issues must be considered.

A human frame should look like an eyeglasses, be lightweight, and must not disturb

the vision. For example, a commercial device may have a wireless communication

between the frame and the circuits. Wireless communication could improve aesthetics

and ergonomics.



30

APPENDIX A.

Table A.1
Experimental data of healthy eye of treatment group with external implants
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Table A.2
Experimental data of healthy eye of treatment group with internal implants
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Table A.3
Experimental data of healthy eye of control group
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Table A.4
Experimental data of paralyzed eye of treatment group with external implants
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Table A.5
Experimental data of paralyzed eye of treatment group with internal implants
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Table A.6
Experimental data of paralyzed eye of control group.
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Table A.7
Mean values, standard deviation and standard error of mean values of the open, the closed positions

and the movement of the paralyzed eyelids' of the treatment group with external implant.

Table A.8
Mean values, standard deviation and standard error of mean values of the open, the closed positions

and the movement of the paralyzed eyelids' of the treatment group with internal implant.

Table A.9
Mean values, standard deviation and standard error of mean values of the open, the closed positions

and the movement of the paralyzed eyelids' of control group.
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Table A.10
Mean values, standard deviation and standard error of mean values of the open, the closed positions

and the movement of the healthy eyelids' of the treatment group with external implant.

Table A.11
Mean values, standard deviation and standard error of mean values of the open, the closed positions

and the movement of the healthy eyelids' of the treatment group with internal implant.

Table A.12
Mean values, standard deviation and standard error of mean values of the open, the closed positions

and the movement of the healthy eyelids' of Control group
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