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Abstract : When there is a respiratory tract disorder due to swollen tonsils, mouth breathing
becomes habitual because normal nasal breathing cannot be done smoothly. This influences
maxillofacial development and the development and harmonization of circumoral muscles. Thus,
there is a risk that various malocclusions are induced. This study was performed in order to
examine the relationship between maxillofacial morphology and the form of the airway at the
pharynx as well as nasal respiratory function by use of lateral cephalometric radiography and
according to skeletal patterns and Hellman’s developmental stages.

The subjects were patients who visited the hospital’'s department of orthodontics, part of the
Iwate Medical University School of Dentistry. The subjects were judged not to have subjective
symptoms of nasal obstruction regardless of nasal diseases in the examination before orthodontic
treatment, and had received nasal airway patency measurement in the examination. A total of 100
subjects were selected from the patients who were diagnosed as skeletal Class I or skeletal Class1I,
and concerning their skeletal classes, according to Hellman's developmental stages, they were
divided into 5 stage groups IOC, MA, B, MC, and IVA, each group of which consisted of 20
patients. Lateral cephalometric radiographs and nasal airway resistance of the total 200 patients
were used as references.

The results were as follows :

1. In the case of skeletal ClassII, occlusion of the respiratory tract were prominently observed in
the nasopharynx compared with skeletal Class I .

2. In the case of skeletal Class1l, it was observed that nasal airway resistance was larger at
Hellman's developmental stages from A to MC, compared with skeletal Class I. No differences
were observed between the two groups thereafter.

These results show that constriction of the nasopharynx is closely related to nasal airway
resistance. They also indicate that nasal airway patency is an effective index to objectively show
nasal airway resistance.
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Table 1. Number of subjects

o, W ke BEF o$H, =@ &

Group Developmental Age Sex and Number
stage (Mean) Male Female Total
Skeletal Class I group ac 5y 2m 7 13 20
mA 7y 3m 12 8 20
B 9y 5m 11 9 20
mc 11y 3m 9 11 20
VA 13y 6m 12 8 20
Skeletal Class II group Ic 5y Im 9 11 20
MA 7y 8m 10 10 20
MmB 9y 9m 11 9 20
mC 11y Im 7 13 20
VA 13y Im 7 13 20
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Fig. 1. Measurement variables of roentogenographic cephalogram
A : Angular measurements
1. FH to SN, 2. Y-axis, 3. SNA, 4. SNB, 5. ANB, 6. FH to NF, 7. Mand. plane, 8. Gonial, 9. Ramus
inclination, 10. Interincisal, 11. U-1 to FH, 12. L-1 to Mand.
B : Linear measurements
13. N-Me, 14. N-ANS, 15. ANS-Me, 16. N-S, 17. A"-Ptm’, 18. Gn-Cd, 19. Pog’-Go, 20. Cd-Go, 21. Overjet,
22. Overbite

A B C

Fig. 2. Variables of the airway analysises as defined on lateral cephalometric radiographs
A : Area measurement of the nasopharynx
1. Airway percent
B : Linear measurements of the nasopharynx
2. D-ADI, 3. D-AD2, 4. D-PTV
C : Linear measurements of upper pharynx and lower pharynx
5. Upper pharynx, 6. Lower pharynx
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Nasal flow (V)
Transducer

Transnasal pressure drop (P)

A

Fig. 3. Posterior method of rhinomanometry
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Oscilloscope

A : Diagram for posterior method to measure respiratory resistance

1. Nasal mask, 2. Pneumotachograph
B : Pneumotachograph

3. Pressure piece, 4. Pressure tube, 5. Mask, 6. Flow sensor

W7 axn, BWE) C/¥—vFavEa—1%
(Power Macintosh 7500/100, 7 v 73 v
Ea—4s® H5) CANL, v 7+
(Easy Cephalo Analysis, HOYA * ¥ 4 #1 )L
W, 5D EHVCHRMLI, £/, Airway
W—t v MIAf A=Y Z2F ++ (ScanTouch,
W=, WH) TN=VFLavEa—%I
A1 L, # g #H¥ v 7 + (NIH image,
National Institutes of Health, Bethesda,
Maryland) %MW CEHAIL 726

3) SEESEEOMIEEH

BPEEKE R, RS (MPR-2100, H
ALBTEW, Hi) Z2HL, #2704 -
FICTRE L, W LUz NEhic>0n
TRUPEHRSUE % SR o 72,

MEHFL, HREERTICESETE ST
SR ZEH S, REER & RDEITEL S
K OICHAN A (LIE D T 12k, 70—k AR
ftLic= 27 AWNREOHIICHES S, [k
NIKLT Ly Yr Fa—TIKWMOFILT Ly
Yy E—-REHAL CUEE OETHRESE
oo 7Ly ¥+ Fa—TE3<270MIENSD
Fa—TEEBIIENNS YV RTF 2 —HITE
L7 (Fig. 3)o XMREICFILFEAITRE S,
Ty ¥y B — D5 E &R 1S & T
ki, Fi, MOFPLEEZHNS LV L
IITFER LT,

AW TE, /NET S HIEATREZS T /120.5em
H.O Ff o &%, MBS W T
ZNENS5EAE L, DA IER B & 0%
KD BRI O T HIC AV 72,

PDiEoFETH N ERIISOVLT, &EK
BRI, BET21T- 70 FHllEERIc> VT
FFGETHIIRZ TV, IERWSH 5 T & 2R
L7, AEMEOBKREICIZ Student © t RESE
AWz,

5 e

1. BIERE L OHR O R
1) AEEHANC>WT (Table 2, 3)

Class I ## & ClassITEE & @ Hftic B W T U,
SNA, ANB, U-1 to FH (_F#irh ) sashiist
) BT XTOKEFHELM % L T ClassII
BPEBICKELREER L 1o, BEFE BT
THEENMASNIEHE, IC, TA, BT
&, FH to NF (OZF Vs, Ramus
inclination (FEAR %G FlMiRA), MC &
IVA T3 Mand. plane (N Ng-EHEA) <
»Hot,

2) BEEEEHANCSWVWT (Table 4, 5)

Class I ## & Class T & O Hic B W T,
overjet 3T N TOKREHKEFEMAEL T
Class UM HERICKEBEE R L 12, KA
BEENTHEEREXAONLTHIER, ICT



SHHETRERIC & 7o IHERET O BT RE & BRIEESUE & OBhE 257

Table 2. Angular analysis in skeletal Class I group

oc mA B me VA

Mean *+ S.D. Mean * S.D. Mean * S.D. Mean + SD. Mean £ S.D.
FH to SN 77+ 31 78 % 27 76+ 25 17+ 27 64+ 27
Y-axis 639 + 34 63.3 £ 36 639 £ 3.0 643 = 3.1 673 3.0
SNA 805+t 30 816+ 3.1 813 % 31 814+ 3.1 814 = 43
SNB 76.0 £ 25 763 = 25 766 £ 29 771+ 24 774 28
ANB 45+ 16 50+ 1.7 48+ 18 43+ 18 37 16
FH to NF 32+ 20 26+ 37 29+ 36 3.1x 35 31t 23
Mand. plane 315 £ 51 303+ 49 309 = 29 325 46 340+ 39
Gonial 1299 = 28 127.7 £ 35 1280 £ 5.1 1267 = 42 1282 = 56
Ramus 781 44 825+ 43 822t 5.0 824 = 45 846+ 45
Interincisal 1485+ 9.8 1320 = 97 1246 £ 6.5 1231 = 75 1188 £ 77
U-1to FH 957 £ 6.9 1045t 7.3 1107 £ 57 1122+ 49 1108 £ 5.1
L-1 to Mand. 854+ 64 911 + 57 938 + 52 943 * 52 952+ 64

Unit : degree

FH to SN ; FH to SN plane angle, FH to NF ; FH to Nasal floor, Mand. plane ; Mandibular plane angle,
Gonial ; Gonial angle, Ramus ; Ramus inclination, Interincisal ; Interincisal angle, U-1 to FH ; U-1 to FH
plane angle, L-1 to Mand. ; L-1 to Mandibular plane angle

Table 3. Angular analysis in skeletal ClassIl group

nc mA mB mc VA

Mean = SD. Sig. Mean = S.D. Sig. Mean £ S.D. Sig. Mean £ SD. Sig. Mean = S.D. Sig.
FH to SN 67 £ 23 82+ 39 61+ 32 73* 22 65+ 26
Y-axis 638 £ 43 65.6 £ 3.8 655 = 3.6 66.6 + 4.1 672+ 27
SNA 826+ 26 * 839+ 25 * 833+ 22 * 839+ 33 * 841 27 *
SNB 750+ 29 749 £ 29 757+ 30 76.8 £ 3.1 765 = 2.6
ANB 75+ 13 ** 89 12 *x* 76+ 10 ** 72+ 11 ** 76+ 13 **
FH to NF 02+ 27 ** 03 29 * 08+ 28 * 11+ 30 15+ 35
Mand. plane 286 = 45 280 55 284+ 55 291 & 43 * 308 50 *
Gonial 1322 = 6.0 1292 = 30 1283 = 55 1249 = 42 1253 = 54
Ramus 818+ 44 * 851t 34 * 860 40 * 847+ 4.1 850 £ 50
Interincisal 1015 = 89 ** 108.7 £ 172 ** 1161 £ 57 ** 1152+ 71 ** 1127+ 86 *
U-1 to FH 1174 = 68 ** 117.7 £ 100 ** 1233+ 55 ** 1226 = 52 ** 1243 £ 74 **
L-1 to Mand. 894+ 70 916+ 7.3 934 = 5.1 956 X 6.4 962+ 7.2

Unit : degree
Sig. ; Significance level of the mean difference between skeletal Class I group and skeletal ClassI
group, * : p<0.05, ** : p<0.01
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Table 4. Linear analysis in skeletal Class I group
nc mA mB mcC VA

Mean * S.D. Mean * S.D. Mean * S.D. Mean £ S.D. Mean * S.D.
N-Me 1025 = 4.2 1079 = 46 113.0 + 5.1 1195 = 54 12565 £ 66
N-ANS 49.1 = 3.1 499 = 28 513 * 35 559+ 35 564 = 27
ANS-Me 618+ 37 634+ 34 653 + 47 678 £ 4.7 69.8 + 3.7
N-S 63.2 = 24 650 £ 23 66.1 = 28 684 & 29 70.0 = 2.7
A'-Ptm’ 439+ 24 452 £ 21 462+ 26 478 £ 25 49.1 £ 286
Gn-Cd 1006 £ 4.6 1025 = 4.7 1065 = 4.0 1145 = 59 1174 £ 45
Pog'-Go 644+ 34 67.7 = 43 702 = 44 748 £ 43 784 £ 39
Cd-Go 480 + 39 496 = 39 504 = 39 546 = 3.8 585+ 49
Overjet 24+ 09 28+ 10 27 11 3.0 07 29+ 09
Overbite 25+ 07 22+ 09 23+ 10 24 % 10 26+ 1.0
Unit : mm
Table 5. Linear analysis in skeletal ClassII group

oc mA mB mc VA

Mean = S.D. Sig. Mean £ S.D. Sig. Mean = SD. Sig. Mean = S.D. Sig. Mean £ S.D. Sig.
N-Me 1054 £ 44 * 1105 = 49 1138 + 54 1183 = 53 1234 £ 55
N-ANS 488 £ 3.1 501 = 22 519 = 27 551 & 26 558 £ 3.2
ANS-Me 60.3 = 4.9 621 = 57 630 = 4.3 653 = 44 678 = 6.6
N-S 640 £ 27 651 % 29 659 £ 3.2 66.8 + 24 689 + 27
A-Ptm’ 457+ 28 * 466 £ 20 * 479+ 24 * 493+ 21 * 510+ 29 *
Gn-Cd 1005 = 4.3 1019 = 46 1030 £ 52 * 1049 = 51 ** 1099 = 48 **
Pog’-Go 646 = 4.0 653t 26 * 677 32 * 715 33 ** 748 & 41 **
Cd-Go 481+ 35 490 £ 23 498 = 37 527 £ 3.2 554 41 *
Overjet 35 05 ** 60 23 ** 62+ 21 ** 58 £ 22 ** 5o+ 23 **
Overbite 28+ 04 27 23 27+ 15 26+ 2.0 32 11

Unit : mm

Sig. ; Significance level of the mean difference between skeletal Class I group and skeletal ClassIl

group, * : p<0.05, ** : p<0.01
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Table 6. Airway analysis in skeletal Class I group
nc mA mB mc VA

Mean £ S.D. Mean * S.D. Mean £ S.D. Mean = S.D. Mean * S.D.
Airway percent (%) 444 + 123 469 * 14.1 515 + 174 56.7 = 13.7 60.7 + 15.8
D-ADI (mm) 188 + 50 201 £ 5.7 20x 55 232+ 52 244 £ 53
D-AD2 (mm) 144 = 42 158+ 4.0 173 £ 44 185+ 39 198+ 40
D-PTV (mm) 63+ 39 76+ 38 88+ 44 104 = 4.7 120 = 5.1
Upper pharynx (mm) 77+ 39 79+ 38 84+ 43 9.7+ 31 119+ 38
Lower pharynx (mm) 118t 26 11.3+ 25 115 31 116 = 3.1 120 = 3.2
Exp. (Pos)(cmH:0/L/sec) 37 11 30 08 27 08 23+ 07 21+ 07
Insp. (PoscmH20/L/sec) 33 % 1.0 27 08 25 07 22+ 08 20 07
Exp. ; Expiration, Insp. ; Inspiration
Table 7. Airway analysis in skeletal ClassIl group

ocC mA mB mc VA

Mean £ S.D. Sig. Mean = S.D. Sig. Mean * S.D. Sig. Mean £ S.D. Sig. Mean = S.D. Sig.
Airway percent (%) 542 + 106 * 61.3 £ 128 ** 694 = 116 ** 723 £ 106 ** 743 = 100 **
D-AD1 (mm) 155+ 53 * 167+ 48 * 181+ 48 * 195+ 50 * 207+ 51 *
D-AD2 (mm) 119+ 384 * 130+ 36 * 148% 33 * 155+ 34 * 17.8 £ 32 **
D-PTV (mm) 33+ 40 * 43+ 37 ** 53+ 48 * 65 44 * 81+ 43 *
Upper pharynx (mm) 44 + 32 ** 55+ 35 * 60+ 31 * 73+ 33 * 93+ 38 *
Lower pharynx (mm) 128+ 38 128 £ 35 129 £ 28 13.0 = 29 126 £ 3.1
Exp. (Pos)(cmH:0/L/sec) 43 1.2 37 09 * 34 07 ** 27+ 03 * 23% 02
Insp. (Pos)(cmH.0/L/sec) 40 =% 12 35+ 08 ** 31+ 07 ** 27+ 03 * 22% 07

Sig. ; Significance level of the mean difference between skeletal Class I group and skeletal Classl

group, * : p<0.05 ** :p<001
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