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Safety and Efficacy of the Mandibular Advancement Device ‘Bioguard’
for the Treatment of Obstructive Sleep Apnea : A Prospective, Multi-Center,
Single Group, and Non-Inferiority Trial
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m ABSTRACT

Objectives: The purpose of this study was to estimate the safety and efficacy of a mandibular advancement device (MAD),

‘Bioguard,” for the treatment of obstructive sleep apnea (OSA).

Methods: In this 5-week prospective, multi-center, single group, and non-inferiority trial, patients who chose ‘Bioguard’ as
their treatment option were evaluated using both questionnaires (Pittsburgh Sleep Quality Index (PSQI), Epworth sleepiness
scale (ESS)) and polysomonography (PSG) (apnea hypopnea index (AHI), oxygen saturation). All patient data, including clinical
records, PSG studies (both pre- and post-treatment), and adverse events (AEs), were reviewed and analyzed.

Results: Results were obtained for 59 of 62 patients (95.16%). No significant difference in success rate was found between
the MAD treatment and surgical treatment (95% Cl). AHI, PSQI, ESS and oxygen saturation demonstrated significant improve-
ment (p < 0.001) after MAD treatment, and 39 of 62 patients (62.9%) reported 85 AEs. 79 of the 85 AEs (91.8%) were mild
cases, and there were no severe AEs related to the MAD treatment.

Conclusion: The MAD ‘Bioguard’ should be considered as an alternative treatment option for OSA patients. Sleep Medicine

and Psychophysiology 2016 ; 23(2) : 84-92

Key words: Sleep - Obstructive sleep apnea- Oral appliance - Mandibular advancement.
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(Continuous positive airway pressure, CPAP) = 7}
AAAFA] 7T QL ek(Sher 5 1996 : Richard 5 2009 : Lam
2007 ; Barnes "5 2004 ; Barthlen 5 2000). <+&4 W2
H]7}-01240]J_ Z—]/K]u]-j_]oﬂ ]];].E'_‘— ?;1— ',] HE]/\“]O] th.
Hles2 A 52H F CPAPS 91 F 319 2H§ sk vk
a5 B AEH R 375 Bojdol a1 F AV =Tt
5] HHg sl ié‘olg} OSA9] TAIE 47 = dg=
&2 02 ARES ot Qloh A7 adrh 10022 71
o2 AYATE Sl dA AR AR F ulE
=, 713, eIy HIZd i 9 npaa 2Rgof w)
Ak 9 & F2A, kel Ao AR A
ol Alete= @ So= s ghAte] +=gxrt
20~83%7HA] thoFet Aoz e A Qlth(Sucena 5 2006 :
Weaver & 2008 ; Gagnadoux 5 2009).
& AAIE 7|95k AL e Aol &40 tisl
4“ S 7}A = 319} CPAPY] W 48 & 5o ihd S
2st7] SRt A& W o2 A 17 W AP A QL skl
0]'54 %] (mandibular advancement device, MAD)7} 312
™ o= 74 Woll B 2N A7 = WiE WelTe
zjolth MADL] OSA A& AETEL 31~66%= CPAPKE.
o} ot ARgo] ZhEsal Ago] glom, 2hgo] 73
o]al HIGAQ A 59 Aol o] A &=t =
I 53] Bx 9 F5E A BReAE At H 2
Ao &2 dHA ch(Lee 5 2009). SHATE SOl A S]&57]
7124 MAD®] oA AT} &8 AL slolst o= 919t}
olo] & Q72 £3, MADS] T Fehz FulolA §Ush
A w771z dFHE AE 3}0137}5 () 17
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ot ‘&2 ZAE sidsty] sl 2 dAFolA=

MADE #83hz Aldud ST R ofo] 54 A=
axtel] disf ojn] | Azl APA+52] s vl
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1) TRRKS A W Maotol 274
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ARATAA ojal 4 Azl ANE HyHom
Tefste] Hhol obE'e] ST AAES AL o) 4%
AW DA, 28 A2 NGEH NS 1efP
ool B ATl A4 QAra fRAT Al thet
W77 HA) A Gl MADS] HAgH A RS Bhelst
7] Slsto] ATE QTR )E g NEHI] SUH EL
HQEA HE BES Tejd 4 glov, Hashe] gaby
fEAol et ARE Qb Rl W] MIFA AL
o1 sislc

2 22| matol] that AT 2] (Sher = 1996)

OW 17774 9] -2} Hisf miekE A& =3 st3l=H], o]
o =] YA AHflol e ARHY ATES 45.0%
2 W3kl QIoiH.
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7VALS HO : pep, > dvs HI @ p-p, < 02 AA3FATE p,
FEARHO dEEely Tdd HAO|BRE of7|A=
4= rol "k p, = Hio|eTtE O] AR E, 6= “’*W gk
Zpol7h "k, ol 25%(HEEHA), A= 80%°|
om aEALE v Ak A 242 #%ZIEHJA

BATEP,) 45.0%, 919 BpFAol A vpol o7t
c 9 ilﬁ*éZ%(pm) 54.0%, W1E573 mH@) 10%2 47
shelck. Aol ofaiA AT dAtpe th2o FAeE A
AbE| it

ﬁ 52 ox [fr

In

0

o

(Z,=Z,)’pu(1 = p,) (196 +0.842)0.54(1 - 0.54)
n= = ~55

[p.=pn) = [0.45 - 0.54) - 0.10)°]
A or & AFoAs & 5589 Aot e
s v, oF 1059 FEge wesle] RYS =3}

7|2 shitt.

Su] 2 A AQREE 71719 B4 et Ba A F
7 B (itting & SV KT NS I A B
78 Aalstsint

optewthAA AL S WA AA A A,
MAD #-§ 3 5% 5 % 2812 Alajelelet. ofiZeuirtel
A b= Compumedics®] Profusion PSG3(A1-& 0w ),
Resmed? Embla N-7000(EE A=t ¢l), Resmed?)
Embla S-7000CdEth ¥)E& o]-&sk3irt. Hﬁr QHAE,
A, AE, T Aaxste BRoL FRO T
5. 58715, 220, B9l A4 9 SRSEFAS 5
o} SuttAl) BT nlEsEolss
(American Academy of Sleep Medicine, AASM) Scoring
Manual 2012\ 25 7|&°.2 2-g-38}3ich

fl mlo|-
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27389
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4) 954 7}

MAD AHE- 30] AHI W3le}l 23S E3) o] dg
deA A= FE AR F9 AHI AR5 vluste] grtst

ek

(D) g2k 2aA4=9] g7t
2|5 & 5FA -] ofgf o] AFoof uhet A8 ATES B
7tetct A 729 A3 HFE S &A= (apnea and hy-

‘Hio|7t="9| ot ATt REA

popnea index, AHD7} 10 o]3}o] 1L, A& F o] AHIE 7] A
2|2} vlste] 50% o) frAast 42 Aokt A& A
TES A5 4FE fEAY 4+/MAD 2 A5 E B2

5 §l7po] 422 Aahelc

(2) ol a0 7}

A& A A7 52/\]@01] T A, 2 EHF A
2EDE 5 B7tselet.

© 4o @(Plttsburgh Sleep Quality Index, PSQI)

PSQI= o] A2 H7}st7] 918t 771A] 2 (F2
T A, FHPEY|, AR SHSE, ST s,
A 58, FAEEEN R FAE AEAE, PSQIE
Z32 0ol A 2157k x] ol FHo] 5 4 o]l A &=

Ho] £ wﬁ © 2 BE519rHSohn 5 2012).

%= (Epworth Sleepiness Scale, ESS)
ESSE JAMAIElolA] AHE 2= 9)i= 871X AJS}o & A g
7¥oh= AEAIR, T40] 104 ol

=50 tHCho 5 2011).

ol HlEe

— oo
MAD 2§ ol el orokin 24§ F e nE
: ! wsatect

OAFE-E MedDRA (Medical Dictionary for Regulatory
Activities) 2] “$A1<=$]-8-0](Preferred term, PT)& ‘A1H)7]
A B F(System organ classes, SOC)'E 7|50 &2 s}9ich



StollM 7leet AR Ao HYE 7122 vdeA
& skt HEsd 482 45E 742 ePM 9|

2kal o off, PS(= 0.45) - PM9] 95% %43 Al=| 417k A4E
sto] 1 AFEEX|7) 0.1%.ch 2o #% A m o] H]s}o]
MAD7Z} ¥4 -5-strtal sestgl
MADE & A2} vlasto] Hd
At} oot 22 vlF5/d A el9fol AHI ZV\S’J 714 95
T 5 422 Afolof| 3t paired t-testE F5ko] A

@ o|A-ra/d B 7}

PSQI%} ESS9] H3lE H718l7] 93] baseline ¥ 55 &
o] Wslo] o3} paired t-testS AlY5FQct EaF ESSH
100/ 18]t njgre = W3slsto] 7]A W 55:710] #3}
FdE H7Eel7] $18ll McNemar's testE Al sttt Ak

Z3HE = ok HO A A A A S S = H, FH, FA&
ARAESIE W 5Fo] H[&9] 7|A Y 55 9] Il o
3} paired t-testS Al H5FAT]

7)Hio|7t=l| 21X U IS

MADS] gt Fej2 oA A&=lo] o57|7]= 14
HEO A ZEo] ‘Hpo]QrlE R S 2 oqa 7HA] Yoo g 7|
57} YGatEo] 2ol Yl Hf T agEol YAtk

= WAst7] fleke] aigkH :rL7HH HARAE S F

‘?_} T ¢kl 2H-gstar S FHsthA Hot Aot shek
247y DA == 24| (body), 3FeFe] AUA =S 24 d}=
AT F(adjustment screw) &t 2AATFT 7] Aot} of
oto] wrHEd 4= QB E o= & A (protruding swash
plate), 12|31 H R A] Aot} stok- 1 Astr] 9fsf aitE

l

\'Néé

iin)

22 (ring) 2 F =] At (Figure 1). 71&
AEEE stotel AEE B=rt DAl Ay
20k 5% 20| 7Msah uhH ‘o] 9 7bE"L sjete] A
o 29| ol o] 7HsslEE AAEo] gk

lo 1o ffo

of
=)

= o =
=z yolat sjoto] 2AAARE a2k (@A 9 5
of kel Ywrt e B Zhzke] WA|S 2hgahH Aot
o 2279} sjepire] Falwo] A WEH slotg A

Figure 1. Bioguard-a product of mandibular advancement de-
vice. @ Adjustment screw : It is a stainless steel calibration
screw. It is embedded in the body on the cheek side of the
maxillary molars. It serves to adjust the position of the mandible
forward or backward. @ Protruding swash plate : It is attached
to the mandibular body in the form of embedding stainless steel
in acrylic resin. It has a protruding shape so that it can come
into contact with the screw of the maxilla. This allows the posi-
tion of the mandible to be set on the maxillary screw. ® Ring : It
is made of stainless steel wire. If the mouth is open, two rings of
each of the left and right sides are aftached to the cheek of
the maxilla and mandible so that the rubber band can be
hooked. @ Body : It was made by polymerizing with acrylic res-
in. It covers the gingiva of the entire tooth of the maxilla and
mandible. It serves to keep the device well in the mouth.

Before wearing the device

After wearing the device

Figure 2. Pictures of before and af-
ter wearing of Mandibular Ad-
vancement Device. Before wear-
ing the device After wearing the
device.
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°2 FEsH Ha1, 202 ofefgo] Mo R FrEE
HA 7| =7 EE = Yol th(Figure 2).

8) UAMAIE AIALQIRZ(IRB, Institutional Review Board)

Ui tel whet AGAEAGA E BHAFE T A
T Y IRBS} AR o] £ o] tist AlZAME AlEste]
5018 Higkth(A ok A 289%, A&thH Y 1111-053-386,
Bt Y E-1111-668-003, AEhetwE Y CUH
2012-05-004).

Z o

1, TIERRS] QT S

e N )

B Aol AA| Foiz; 621 F FA = 531 (85.5%) 0%
RE-S A8kl o AL 99 (14.5%) 0] ct.

AAL] A2 21417 T0MI7HA] thefstal o, Hat s
< 5279741010k, A w1 A 6278 T 1278(19.4%)
T Fof o, 1A TARE 309 (48.4%),
A= 20 (32.2%)01 0t A S5 StL %\
4378(69.4%), A S50 = 751 %
AFBALE 16 (25.8%)0| 9Tt 91F
o) 2 AF(FH 2~ Hd)S 2k 168.0 £ 7.4 cm (150~186
cm), 72.7 £ 11.9 kg (40.8~105 kg) &2 YERGFO ™, Hyt A
AZFA4(BMI, body mass index+ ZA169) 4] Zt|350]%
a1 5t BMI= 25.7 £ 342 YEelEth =8 A= &
2}¢](supine position)+= 35 (56.5%)°] 3131 =2}9] 265
(lateral position) 41.9%0°]} 2™ E-2}9](prone position)=
178(1.6%)°] $AtH(Table 1).
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v rlr mlop
o o 2

N Jo 4m
N odnrr o rlr

1) Uit F2d YI2M Aot

54.2%(32/597) 01 At A= 17k 0.417,
0.6630. 52 FAEU a7 4FEME5%) 9] 2
ol 9.2%= UERgtt o] W 95% ¥ AF47H2 0.213,
003302 A% o] 95% 9= A7k Agto] 0.15 9 A

opol S| 2ol wlste] MBI AL BT 5 Y

Table 2. The primary efficacy endpoint results

CHTable 2). AHI®] ¥3to] gt A= 7|4 AHI A4+
34612 M9 £ 28 U B35S Husiglo A
2 % 5% Fol= AHI B¢ e 14.812 Wol] 19.819)
T3 A7t A= A SR e tHTable 3).

2) Olxt REd WrhzM Zut

(1) e &

PSQI9| 7| A 2|9} 55 $-9] AWE HWEASHS of
6.02014 4.258 1.7782] {93t W3lr} glglon
0.001)(Table 3), £3] 4=12] Ho| EX] ofr}il Heksh=
A& 7o g2 HEstete] 2A51%0S uf o £A417F S
kol ok o 2= 439 (71.7%) 914 2278 (36.7%) = 7+

23k0] 6-0]3} S o] 2] FARS: FHols) 4= I iT)

0 #1293

ESSe] 714712} 55 Fo] AnHE vl TEATAS 0 848
oA 5552 2937 9] F-2J3t W37} Q1.0 H(Table 3), &
Table 1. Demographic data of subjects (N = 62)

N (%)
Sex Men 53(85.5)
Women 9 (14.5)
Age Mean = SD 52.7 £ 9.7
Min, max 21,70
Height (cm) Mean + SD 168.0 + 7.4
Min, max 150, 186
BW (k@) Mean £ SD 72.7 £ 11.9
Min, max 40.8, 105
BMI (kg/m?) Mean + SD 257 + 3.4
Min, max 16,35
Smoking Yes 12 (19.4)
No 0 (32.3)
Past history 0 (48.4)
Alcohol Yes 3 (69.4)
No (25 8)
Past history 3(4.8)
Main sleep postion  Lateral (4] .9)
Supine 5 (56.5)
Prone (1 .6)

SD : Standard Deviation, Min : minimum, Max : maximum, BW :
Body Weight, BMI : Body Mass Index

Success rate

The difference of success rate between
surgery (45%) and oral device

The number of success Estimates 95% Cl

Estimates 95% ClI

32/59 0.542 0.417

0.663

—-0.092 -0.213 0.033

Treatment success : reduction of AHI (apnea and hypopnea index) to < 10, or reduction of AHI from baseline to < 50%. Success
rate : Number of freatment success / Number of total patients. Cl . Confidence interval

HIO|R7t="2| okt 7.

ok

=



Table 3. Results of the secondary efficacy endpoint

Mean SD p

Baseline 34.61 16.91

AHI After 5 weeks 14.81 14.27
Difference -19.81 14.42 < 0.001
Baseline 6.02 2.24

PSQI After 5 weeks 4.25 1.94
Difference -1.77 1.68 < 0.001
Baseline 8.48 4.02

ESS After 5 weeks 5.55 3.18
Difference -2.93 3.63 < 0.001
Baseline 77.98 11.97

Oxygen saturation (%) After 5 weeks 83.05 7.39
Difference 5.07 11.96 0.002
Baseline 28.13 22.91

Rate of snoring during sleep (%) After 5 weeks 24.14 22.21
Difference -3.99 24.21 0.304

AHI : Apnea and hypopnea index, ESS : Epworth sleepiness scale, PSQI : Pittsburgh sleep quality index, SD : Standard Deviation

Table 4. Baseline and after five weeks whether to appeal daytime sleepiness

Baseline daytime sleepiness

Yes No
) ) Yes 4 0 4(6.67)
After 5 weeks daytime sleepiness
No 20 36 56 (93.33)
24 (40.00) 36 (60.00)

Defined as daytime sleepiness if ESS score of 10 or higher

ol

T E-Fol
WEtsto] A o =1 =9
2478 (40.0%) 11 4] 478 A
et A 3eld 4= It (p < 0.001, McNemar's test)

(Table 4).

(3) AARIESE (%)-AFE A 9] A ALESEE 6]
S 2 AAAEIIE = 78.98%0)| 4] 83.05%F 5.07% A
Hlom SAH & FolatltHp = 0.002)(Table 3).

_{

—
~

) FEZ0]8]E(%)
Fo|H] &2 28.13%01 4] 24.14%= 3.99%2] THL 9l
U EA A 0 g §0]3}2] = 9Fokth(p = 0.304)(Table 3).

10 K

3. e A

% 028 & 39 (62.9%) 2] ti A AN - 85719 o4t
Hh-S-0] H 3% %] 2 (Table 5), rﬂb‘—‘ﬂr(mﬂ 91.8%)<] 7
S BSoR BIEN, FUeh o] g2 19ollA 27
o] -

H %=1 ‘Laparoscopic cholecystectomy ¢} ‘Myx-
oma®| Exicision' & & & L9} ATAL gl
HoRE= A4

o, 2F
Ao g utoto] EQrt, LA A O 2 Mus-

Table 5. Summary of overall adverse events (N = 39)

Cases of
SOC Criteria for classification adverse %
events

Ear and labyrinth disorders 2 2.4
Eye disorders 1 1.2
Gastrointestinal disorders 24 28.2
Genenral disorders and administration site

i~ 5 5.9

conditions

Hepatobiliary disorders 1 1.2
Infections and infestations 7 8.2
Injury, poisoning and procedural complications 1 1.2

Musculoskeletal and connective tissue disorders 32 37.7

Neoplasms benign, malignant and unspecified 1 1.2

Nervous system disorders 3 3.5

Respiratory system disorders 6 7.0

Surgical and medical procedures 1 1.2

Unknown 1 1.2
85

SOC : system organ class

culoskeletal and connective tissue disorders®]| j@sh=
o] dukg-o] 24vg oA 3270l e 11 tF O =2 ‘Gastro-
intestinal disorders’®l| 3|@ak= o]4H-g-0] 17 oAl 247
o] R E|Qlr}, o] ERof dfgsl= o)/ g2 sk A

HHo =
71:!%'“1‘8
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Meier-Ewert 50| 282 & OSA $Hajol|A| slok-e At
O & 30004 50 mm oF3et st AL E AHE-SH
tHLowe 2002). OSAZHAo| Al MAD A8~ 1980 tfj of]
o]Fof oJu] %ot} CPAPS| thA A BHO&E AJLE|o]
231(Ogawa 5 2007) AZRE 3 diFH o2 S8x
£ e 2702 s o] Yth(Dioguardi 5 2016). =7
HellA = o]u] OSAZHAES || Al MADE 2833 9l oLt 9
277124 A FaAS I AT ok &
A= AolA FYsHAl QR 7|72 1Rk A& Bt
o|e7tE'E o AT RS I A
oloj7t glrk. & A-tol A= A AqtellA BiH &
A7 Ao} Hlwstlal a2 A7) Hls) 85
O 228 At o] Axb= 7 AAe =54 A=
£ Hlug g d59 2aket A5 tHWilhelmsson
5 1999 ; Walker-Engstrom 5 2002). 5342 2 = (PSQI,
ESS) @ A2 A (AHI, AMAESHE)o| A & ‘Hlo] 97}’
= FAACE Fougt avE eI o] E3F At
9] Aot dA|gh= ot SRR 1 Ao A A&
Fo|x Ha AHIZ} 1482 =& HoZ Ueh} & a1}
et 5 v A7 dad Ao s Az

A A-rEolA Bteke] M ol gigFo] F7FsHH MAD
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