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PURPOSE & BACKGROUND

3-D volumetric analysis is reproducible and accurate

» Schendel S, Hatcher D, Automated 3-D Airway Analysis by Cone Beam CT. Journal of Oral and
Maxillofacial Surgery. 2010 March; 68(3):696-701

3-D upper airway volume in non OSA patients have been described

e Schendel S, Jacobson R. Normal Upper Airway Growth & Development. Presented at AAOMS
Chicago 2010

MMA has a high success rate in treating patients with OSA

» Schendel S, Powell N, Jacobson R, Maxillary, Mandibular, and Chin Advancement: Treatment
Planning Based on Airway Anatomy in Obstructive Sleep Apnea, J Oral Maxiilofac Surg, 29:663:676,
2011.

» Broujerdi J, Jacobson R, Schendel S, Volumetric 3D Upper Airway Analysis in Patients wioth OSA
Following Maxillomandibular Advancement. The 3@ William H. Bell Lectureship: Accelerated
Orthognathic Surgery and Increased Orthodontic Efficiency: A Paradigm Shift, 2011 March

» Holty JE, Guilleminault C. Maxillomandibular Advancement for The Treatment of Obstructive Sleep
Apnea: A Systematic Review and Meta-Analysis. Sleep Med Rev. 2010 Oct;14(5):287-97.

Evidence is lacking on airway volume changes after orthognathic surgery

» Mattos CT, et al. Effects of Orthognathic Surgery on Oropharyngeal Airway: a Meta-Analysis. Int. J.
Oral Maxillofacial Surgery, 2011 July
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Our Analytical Approach

Identify morphological & volumetric changes of the airway

= Volumetric (cm?3) Surface Area (mm?) Length (mm) Height (mm)
) "~ + Upper Airway Space (UAS) * Choke Points - 2-Dimensional length parameters - 2-Dimensional Height of the airway

s * Posterior of post-nasal spine to - Area of smallest surface area of the choke points + UAS height
e superior point of hyoid bone « Identified independently in - Transverse Dimension « Retropalatal height
gw )" * Retropalatal Space Retropalatal Space and » Anterior-Posterior Dimension » Retroglossal height

« Posterior of post-nasal spine to Retroglossal Space + PNS — Tip of Soft Palate

edge of the soft palate * PNS «» Mandibular Plane - Hyoid
* Retroglossal Space * Occlusal Plane
+ Edge of soft palate to superior * Hyoid

point of hyoid bone
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Clinical Experience

Patient Demographics

- 25 patients undergoing orthognathic surgery
* 9 Male
+ 16 Female
+ Age at time of Maxillomandibular Advancement
« 17-58 years old
+ Average 30.8 years old
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Clinical Experience
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Surgical Technique

oL eFort | Maxillary Osteotomy
Advancement (+/- segmental)

With Bone grafting

*Bilateral Sagittal Split Osteotomy
of the Mandible Advancement

» +/- Genioplasty

Average Maxillary Movement: 6.5 mm
Average Mandibular Movement: 12.3 mm
 Average Genio Movement: 6.4 mm
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Post-Operative Care

Patients admitted to hospital for 2-4 nights




Pre- & Post- Operative Volumetric Analysis

Average UAS Pre 13.69 cm3
Average UAS Post 19.44 cm3

Average % Change UAS
« 35.04%

Average % Change RP
o 44.65%

Average % Change RG
o 248.7%

Pre- Post Pre- Post-
Retropalatal | Retropalatal | Retroglossal | retroglossal
Patient | Pre-UAS | Post-UAS Space (v Space (v Space (v) space (v)
Name (cm"3) (cm”3) cm”3) cm”3 cm”3 cm”3
JB 25,96 30.97 14,37 1842 11.33 1481
AB 14.81 20.03 12.18 16.7 3.26 47
LH 10.08 11.18 419 624 572 6.31
IS 2386 28.49 10.37 13.37 12.73 1325
1t 11.18 18.69 ro4 13.06 416 8.1
AV 21.47 23.61 13.84 18.89 622 4.31
RS 17.43 1913 AN7 1081 Q61 74
co 835 1116 547 =} 247 3.96
DG 12.28 16.05 AT 11.78 5.02 6.1
JBr 15.61 21.08 974 11.92 479 2.07
ED 595 18.92 3.7 9.8 282 7.61
MF 10 20.26 5.18 14.79 4.2 £.09
CJ 19.19 26.36 10.56 1357 816 11.29
DG 14.76 15.03 9.98 10 431 501
NM 846 16.4 6.51 802 1.66 745
sP 15.86 21.41 10.02 13.21 541 7.56
RW 163 19 A1 £ 49 1164 717 749
AWV 864 0.9 6.04 .42 233 299
KT 1721 2042 714 823 595 111
DL 845 1816 548 11.28 331 £.49
EL 10.75 1274 5.66 5.13 529 7.48
IE 15.67 747 10.33 10.93 422 5.58
HA 7.84 14.32 418 7.9 282 477
v 20.83 2023 8.3 1712 8914 u.21
TR 18.9 27.29 809 1533 569 1032
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IAACYIVISE

Pre- & Post- Operative Choke Point
Surface Area Analysis

e Average Choke Point RP Pre
e 184.11 mm?

Fost-cheke peint

Patient Pre-Choke pairt Post-Choke Peint Pre-Choke point Retroglossal
° Averag e Ch 0 ke PO | nt R P Po St r\.i:a Retr-:gaa\:‘ti!mm"zl He*lr‘ng;fl;ta?l2 mm* 2} Retrogozfi (mm*2 VT?T;Z}
5 I 25
AZ 56,13 27984 100,56 18528
4 286'91 m m LA 67,36 13777 BS.6 157.32
IS 265 85 32577 339.2 337.29
iid 11763 36,91 136,36 154,89

« Average % Change RP = e e T s
e 55.84% = T o i

JBr 205,45 51885 17001 1852

EJ BT41 25778 3807 29312

e« Average Choke Point RG Pre 5 Tot G ros s
e 157.46 mm? i G s

g2 124,32 22859 1088 167.13

" R, 19493 33578 24434 260.72

* Average Choke Point RG Post = = e - -
° 21329 mm2 DL 122,55 34316 163 18376

El 139.8: 2976 J44.27 18639

IE 21024 17622 12544 15203

He 8119 23948 57 14499

* Average % Change RG = Tt priv o o

* 35.45%

» Location of Choke Pt Pre-Operatively
* 15 RG Pre-Op, 10 RP Pre-OP

e Location of Choke Pt Post-Operatively
* 19 RG Post-Op, 6 RP Post-Op
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IAACYIVISE

Pre- & Post- Operative Surface Area
Slice Analysis

« Average PNS Pre
2 Patient Pre-Hyoid Post-Hyoid
567.83 mm |_Mame lpre-PNS (mm*2)Post-BNS (mm"2)| Pre-OP (mm*2) | Post-OP (mm"2)|  (mm*2) (mm-2) |
48 T69.29 E47.83 562 68 BSE.63 331.73 37397
AB I » » ¥ . 216 6
»  Average PNS Post e e e s
2 IS 5453 65622 270 89 45697 51937 51797
IE 153 6r845 1 4004 i3 2653
619 - 21 m m AV 20379 T1257 5209 T3751 34838 22435
RS 41356 1602 42944 45197 23281 32147
. Aver age % Chan ge PNS o spese essz0 riase 12288 a5 1652
DG TTY S8, 134 5 1816 24576 128
JBr 55593 60703 33704 18361 245 50 200.48
9 -05% ED 434 76 42497 12333 4531 22178 40796
MF 18544 803 125 69 18592 136.81 17232
» Average OP Pre e e e e
1] 55125 40373 206 69 27881 127.81 1629
252 57 mm 2 s sz swTs a2 310485 183,36 2583
. BW x4 g3 25175 4301, 28107 aza0a
2N 43938 43334 187 44 17379 5348 17685
KI 36917 65855 20339 39905 137,79 21296
L]
Dl SrE4e SMO3 3163 43271 15088 23857
EL J93.74 41516 139,05 22076 19205 217.07
382-29 mm2 E 58144 69079 285 77 27063 14864 16883
Ha 361139 41552 37.81 31584 24775 26317
LV 555 ET5.45 AST.T2 534.68 314.54 425.15
* Average % Change OP = e e _— e v

7.39%

» Average Hyoid Pre
227.63 mm?

 Average Hyoid Post
272.14 mm?2

e Average % Change Hyoid
19.55%
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Pre- & Post- Operative Transverse Analysis

. Pre- Post-
 Average mm change in the transverse ke | Choke
y C oint | Point (Ghoke Pl choke pt
dimension Revors| perop :
atal atal mm ssal sal mm PNS PNS mm OoP oP mm Hyoid | Hyeld mm
L R etro p al at al Ch 0 k e Pt .. 5 9 1 mm = Transver| Transver| differenc | Transve| Transver Transver| iferenc| Transver | Transver differenc| Transver | Transver| difierenc
e I jentName |se (mmilse (mm)| o lse(mm)e(mm] o so so o so so o 50 s¢ 3
A Retr09|0883.| Choke Pt 2 98 mm ] 263 | as | 477 | 336 | 308 | o8 | 465 | 436 | 20 | 414 | asa 3 357 | 228 | 29
o 5o AB 3325 | 312 | 205 | 225 | 232 | 07 | 3475 | 336 | 115 | 4075 | 382 | 155 | 27 | 256 | -14
= P NS 2. 70 mm LH 176 | 228 52 164 | 231 6.7 252 | 318 6.6 19.2 24 4.8 2 261 0.1
15 27 | 202 | 22 | 246 | 256 1 930 | 296 | 60 | 207 | 326 | 94 | 369 | 38 14
= O P: 4. 38 mm hi 216 | 278 5 108 | 243 | 45 | 357 | a7 3 | 252 | a0 | 48 | 240 | 228 | 21
e AV 336 309 2.7 282 27.6 -06 42 41.4 -06 38.1 39 09 288 288 0
— Hy0|d 88 mm RS 216 | 312 | 36 21 | 204 | -06 | 3125] 372 | 595 | a7 | 441 | 21 | 2875 | 308 | 245
cD 128 | 148 2 176 | 14 | a6 | 28 | 206 | 16 18 18 0 24 | 256 | 16
DG 232 | 216 | 16 | 708 | 218 | oA | oA | 976 | 12 | oo | 2em | om | o | 208 | .16
B ea | 26 | 56 | 2a6 | 240 | w2 | so9 | s0 | 09 | 294 | e | 06 | 29 | 24 | 3y
ED 204 | 346 | 144 | 66 | 099 | 013 | 230 | 204 | 96 | 27 | 354 | 4 | 209 | 30 21
ME 225 | 272 | a7 | 25 | 200 | 42 | 315 | 952 | a7 | 235 | 28w | 53 | 305 | 320 | 10
CJ 264 306 42 Ie 18 4 206 345 4.9 3 40.5 169 36 37, 1
e 96 | ann | 28 | 292 | o6a | 28 | ava | sezw | | sre | ez | o2 | w0 | w04 | 12
N 205 | 264 | 59 | 1875 | 24 | oo6 | 75 | s27 | 62 | 206 | 264 | 26 | 2175 | 243 | 256
sP 184 | 976 | 02 | 436 | 108 | 60 2% | 310 | 62 | 276 | 308 3 356 | 304 | 30
RW 49 | 357 | 10 91 0 09 3 | 366 | 66 2 | 351 | 69 | 200 | ;15 | 06
AN 2226 | 219 | ugo | 19 | w19 | 2y loswe | son | ome | w6 | wsz | 22 19 | saz | 162
KT 192 | 26 | 88 | 2406 | 264 | o8 | 195 | 252 | 57 | 207 | 952 | 55 | 492 | 292 | 40
DL 10 | a24 | 134 | 1525 ] 204 | 815 | 30 30 o [ 1525 93 [a77s | 205 | 327 | 32
EL 20,1 249 48 8 249 1 249 4 06 201 249 48 6.7 6.4 -0,
19 we | 26 2 28 | 267 | 13 | s | 36 32 | 208 | b 5 b | 282 | 26
HA 2226 | 414 | 1945 | 1875 | 273 | 865 | 25 | soe | 56 | 26 33 8 205 | 300 | 01
v 378 | a78 0 41 | o088 | 122 | 354 | 384 3 | 462 | a6 | d00 | 204 | 270 | 45
IR 212 | 35 14 4 200 | 5 | a04 | 9 212 12 | a2 | 392 |




Pre- & Post- Operative A-P Analysis

Average mm change in the A-P dimension

(@)

OMOT OWE

Retropalatal choke pt: 1.80 mm
Retroglossal choke pt: 2.67 mm
PNS: 2.44 mm

OP: 2.41 mm

Hyoid: 2.12 mm

Pre- | Post- Pre- | post-
Choke |Choke choke | choke
Point | Point pt pt
Retrop|Retrop retrogl | retrogl
alatal | alatal ossal | ossal PNS | PNS oP oP Hyoid | Hyoid

Patient| AP AP AP AP Pre A-| Post- Pre- A-| Post- Pre- A-| Post -

Name | (mm) | (mm) |mm difff {(mm) | (mm) jmm difffi P AP |mmdiff P AP |mm diff P A-P_|mm di
JB 102  16.4; 6.2 66 168 102 237 | 25.7 2 273 | 112 | -16.1 ] 135 | 16.8 3.3
AB 5.74 84 265 974 148 5052325| 26 2.75 55 104 4.9 125 | 144 1.9
LH 1.6 3.6 2 3 3.8 0.8 10 108 | 0.8 2 3.3 1.3 8.8 8.7 -0.1
IS 12.9 14 0.6 16.5 14 25 225] 246 [ 21 | 141 | 18.1 4 222 | 20 -2.2)
TF 3.9 10.2 6.3 7.2 144 7.2 18.3 | 20.1 1.8 42 | 111 ] 6.9 6.6 | 15.8 9.2
AV 21.6 15 656 13.5 153 1.8 258 | 228 -3 23.7 | 26.7 3 15 6.3 -8.7]
RS 8.1 7.2 0.9 8.7] 8.4 0.31375)] 189 | 515 | 7.75 78 005 | 875 | 114 2.69
cD 4 4.8 0.8 4 5.6 1.60 19.6 26 6.4 48 5.6 0.8 6.8 72 0.4
DG 4 8.4! 4.4 8 8.4 0.4 17.6 18 0.4 4 6 2 10 88 -1.2)
JBr 114 12.8 14 102 10 0.2 225 132.08]| 958 | 11.1 136 25 129 10 -2.9
ED 1 2.7] 1.7] 1 3 23 177 | 183 0.6 18 6.3 45 9.6 16.2 6.6
MF 4.25 4 025 374 5.2 145 195 | 264 6.9 45 4.4 0.1 B 72 1.9
cJ 5.2 8.4 3.2 7.6 7.8 0.2 244 | 165 | -7.9 10 | 20.7 | 10.7 | 156 | 16.8 1.2
DG 2 7.6 1.6 & 8.8 2.8 184 | 176 | 0.8 | 6.4 18 116 | 136 14 0.4
NM 45 102 5.1] 7] 48 -252375] 189 [-485]| 65 | 102 | 3.7 | 525 | 48 -0.45
SP 9.6 9.6 L1 10 8.7] -1.3 128 | 189 6.1 9.6 10.5 0.9 12 13.8 1.8
RW. 9 9.9 09 123 13§ 1.5 108 | 19.2 84 17.1 135 | -36 | 135 | 147 1.9
AW 6.5 6.3 0.2 2.5 6.3 3.818.75] 159 | -285 | 7.5 5.3 -1.2 2.5 6 3.9
KT 5.1 100 4.9 99 124 25 159 | 262 | 93 | 16.2 | 13.2 -3 69 | 13.2 6.3
DL 8 114 34 475 87 395 23 275 45 475 | 114 | 6.65 B.5 81 1.9
EL 5.4 7.5 21 8.1 9.3 1.4 21 23.7 7 54 75 2.1 7.8 11.4 3.9
IE 19.25  8.7] -10.55 4.4 5.4 1184 | 198 | 14 | 108 | 24 | 132 | 7.6 9 1.4
HA 2.74 7.8 50 3.25 5.7] 245 155 ] 195 4 3.5 8.1 4.6 | 6.75 | 12.6 5.%
LV 12 18.3 6. 114 2041 87 186 | 225 | 39 | 174 | 135 | -39 | 138 | 19.8
TR 72 128 5.6 56 204 148 18 20.8 238 7.2 12 438 10 204 104
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Pre- & Post- Operative Height Analysis

Average Change in UAS height
-.48 mm

Average Change in RP height
+1.44 mm

Average Change in RG height
-1.92 mm

<<--HEIGHT-->>

BEFORE

UAS UAS RP RP
height | height |UAS mm| height | height | RP mm |RG height{RG height| RG mm
Patient Name| before after diff before | after diff before after diff

Nl:) | 57] -1 3 Rl agl 27]
AD &0 57] 3 Jg 27] 21
LH il 5 3 3 k! 27]
15 ik rj 24 aq k| 3
Lid 50 54 3 aq k! 21
AV 4 54 9 j 3 1 21
RS cj I 3d :j 3% 3
feir} 74 [ 3 EF:| 3 j e
DG 53] [ a 51 ﬂ ﬂ =
JBr 54} j 21 1] 3 k! B
ED 5 i 3 Pil 21
MF | 79 q 27] 3
(& 0| fi 34 34
ue b} 54 Pl Pl
NM 51 54 1 1 E:
sp 79 I :j 4
RW 54 54 3 24 K
AW 57] 51 24 244
KT T 69 3 3
DL 54 3 ad 3ol
[l ik i -1
IE § 8 7 7
HA 8 5 k! 24 A
v 57] i 27 24 K
TR aAl i a o7] K
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PRE & POST-OPERATIVE SOFT PALATE & HYOID

Average Change in Soft Palate
Length

e -0.87 mm
% change in Soft Palate Length
* -2.29%
Average Change in Mandibular
Plane —Hyoid Length
e -1.97 mm
% change in Mandibular Plane —
Hyoid Length
* -10.32%

LENGTH ANALYSIS

Soft Palate
Length Soft Palate
Pafient Name Befora Length After | mm diff | M-Hy Before| Mty After mm diff
LB 47.91 30.35 -17.5§ 19.94 7.14 -12.
laE 41.37] 40.93 -0.44 16.29 17.59 1.34
LH 3799 35.9 -2.07] 18.1 14.03 -4.15
Is 37.q 39.27] 1.67] 24.39 24 239
e 35.07] 34.67] 0.4 10.83 10.19 -0.64
b 32.57] 36.07] 3.5 5.1 14.714 9.61
Es 3464 3571 1.07 17.1 21.4 4
lcb 4429 480 467 18.49 183 0.1
lbc 404 Bﬂ 4.2 1863 16 % -1.8
LBr 29. 35.89 6.5 14.03 1 1.9
ED 37.15 mﬂ 1.21 136 14 0.3
IME 454 36.4 -9.01 25,5 30.1 3.51
el 417! 36.2, -5.53 24.7 14 % EY:|
loc 34. 32.74 EX 13.34 1.4 Ai,g
M 37.1 4054 3.4q 10.3 17.8! 76
B 38.4 36.74 -1.79 214 19 -1.04)
Fw 201 324 3.44 234 18. 5.3
law 33.03 33.44 0.41 22.92 16.! -6.34)
T 41, 39.3 -1 25.5: 25, q
oL 38.21 33.32 4,% 29.8 19.4 -10.4]
EL 304 25.11 1. 22.11 15 6.11]
E 37, 37.08 0.4 26.21 13.2 13
34 346 41:% 212 1937 —1.91
LV EER 38 ﬁ 4.7. 16.0 194 3.
R 418 3324 -8.64 16.0 13,§ 26
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POUSEILLE'S LAW

hé&i § a;"! i‘ﬂ :

» As radius increases and height decreases, the resistance of flow decreases

Pre-Operative Post-Operative
Resistance Resistance
Radius (r) Radius (r)

|l — - @ >

<7

1
1

I 1

: :

i i

: H

S =

S or =

3 3

e | i

| |

1 1

' i

1 1

| LD
1

i U -l —

Pouseille’s Law
Resistance = 8uL/nr
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Results

IAACIVISE

Volume
— The UAS enlarged significantly
— The shape of the UAS changed from a funnel to a tube like shape
— Theretroglossal space increases in volume more than the retropalatal space

Surface Area

— The surface area at the choke point in the retroglossal space increases by a greater percent change than the retropalatal space

— The location of the choke point is generally post-operatively in the retroglossal space, however, the retroglossal space
increases the most as does the hyoid surface area slice

* Indication of normalizing the airway and eliminating any bottlenecking/funneling
— The airway enlarges in a rectangular fashion

Width
— The transverse dimension increases more than the A-P dimension in millimeter change
— The A-P dimension increases more than the transverse dimension in percent change
— The retropalatal space increases more in the transverse and A-P dimensions than the retroglossal space does

Height
— The height of the airway measured from the posterior of the post nasal spine to the superior tip of the hyoid bone generally
decreases post-operatively

— The height of the airway was pre-and post- operatively longer in the retropalatal space than the retroglossal space

— The height of the retropalatal space increase on average and the height of the retroglossal space decreases

— The height of the mandibular plane to the hyoid bone decreases
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Case |

Pre-UAS: Post-UAS: % Increase:
11.18 cm? 18.69 cm? 67.17
Pre: Post: % Increase:
Choke Points: 117.63 mm? 154.89 mm2 ° 31rsa '
RP RG ’
Transverse . ; MM
Width 21P6re' 2:gSt' Increase:
Retropalatal -0 mm o mm 6 mm
Pre: Post: I MM )
19.8 mm 24.3 mm '}csre,?,fne
. ; MM
Pre: Post: Increase:
3.9 mm 10.2 mm
6.3 mm
Anterior- MM
Posterior Pre: Post: 14.4 Increase:
Length 7.2mm mm
7.2 mm

Retroglossal
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Case |

Ret atal Pre: Post: % Increase:
ctropaiata 117.63 mm? 286.91 mm2 143.91
Retroglossal Pre: Post: % Increase:

g 135.36 mm? 154.89 mm? 14.43
PNS Pre: Post: % Increase:
Surface Area 577.33 mm? £29 48 mm? 9.03
Occlusal
Plane Pre: Post: % Increase:
155.35 mm? 400.4 mm? 157.74
Surface Area
Hyoid Pre: Post: % Increase:
Surface Area 172.71 mm? 226.52 mm? 31.16
Soft Palate Pre: Post: Decnl‘!engse:
Length 35.07 mm 34.67 mm 4 mm
Mandibular . . MM
Plane — Pre: Post: Becease!
Hyoid Length P I9leliary 64 mm
MM
Pre: Post:
i Decrease:
HEIth 60 mm 54 mm

6 mm
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CASE |

Pre-Surgical Post-Surgical
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Case |
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Case |
Pre-Surgical Post-Surgical




patients airway by increasing tension and changing the position

of the palatal and pharyngeal muscles. As a result:
— Airway volume increases

— Shape of airway changes
 Bottleneck to cylinder
» Height of airway decreases
— Resistance decreases
» Radius of the airway increases
; * Height of the airway decreases

Conclusions
e 3-Dimensional airway analysis indicates that orthognathic
surgery for dento-facial deformities positively increases the
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