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RAG Z2L AAA A AE (thyroid cartilage) ¥} BF
(cricoid cartilage), 7|3 (trachea), 7]3A] (bronchus)
A AESAT AEG PSS 2 FER 10%
TRlof Bk oh3 FEEE o s ASs] A &
A3 7| 2= (tracheal cartilages or rings)?] 4=
Heoz AU, o8 S0 A" B2 (Mitu-
toyo, Japan)E ©|-8&35}%] 0.1 mm7HA] &4 5t} (Fig. 1).
Ao A HEgE 7134 T7HA ASEEE, & 718
o] HA| 4o| (length)@} 7]3AZ2] 4= (number of tracheal
rings), A XA, G4, doAA 71HAE9 AFA
£ (anteroposterior diameter)¥} 7}2X] & (transverse di-
ameter), ¥°] (vertical height of tracheal ring), =4 o]
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Fig. 1. Measurement methods. (A) Extraction of the thyroid car-
tilage, cricoid cartilage, trachea, and bronchi from cadaver. (B)
Length of trachea.

-
e
—
B
Tracheal —— Tracheal
length k = length

Fig. 2. Measurement method of the trachea. (A) Length of trachea & number of tracheal rings. (B) Vertical height of tracheal rings. (C) In-

ter-rings distance of trachea.
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Fig. 3. Measurement method of the trachea. (A) Anteroposterior
diameter. (B) transverse diameter. (C) Distance between posterior
end of tracheal rings. L: left, R: right.

(distance between posterior end of rings), 7| 2o A AA|~
A, AR~ SR, R~ DA, SR~ BoAA 7]
TAFZ Ato]9] 744 (inter-rings distance of trachea)= ZZ}
gttt (Figs. 2, 3). HAFe} oA} Ato]o] FA8H {9
2 @ Z 9 = (Graphpad)ol| A A& Z2 T prism
(20159 WA) AFE3}9] student’s t test (two-tailed,
unpaired)2 HF8HoH, £ = B £F A2 2 (Mean+
SEM)Z 7|&3h3ith

[N

D oox

2

=1 43Rl A4l 48 (AL 33, oA 1509 HtA

GA7F 70A] (50~91A), HR7F 74A) (47~92A)) K.
< Aol mekA 771R] ASFEES S35
7189 FeE £ A= oh33 Zth(Tables 1~6). 7]
T AA dolo] Hgh "R} oApo A 22 104.0+1.4
mm (86.6~118.4 mm), 102.3%1.9 mm (90.1~115.7 mm) £,
GALe} o2} Afolof] FATA ZpolE HolA| QFA|TE, H
A7} AR 7]01A 2po]7} ufe T (Tables 1~4). 7|2
HZY = AL 16.87], A7} 18AAR, AZPZL FAHE
t} A2 47} Wokth(P<0.01, Table 4).

AR et A, G, eiilA 71 BAEY] SFAES
Ao\ ZkzF 22.0, 22.4, 199, 19.6 mmo] AL, o= ol A 2+
Z} 177,174, 16.4, 16.3 mm=, FA7} oJ#}bof| vlgte] 7]
AZol YFAE0] AT (Table 5, Fig. 4). ARt THAA,
A, GoAA 7| BAZ9] IR A EL FALol|A ZH2E 225,
20.9, 20.6, 22.1 mmo|aL, A=} A 22+ 18.3, 16.8, 16.7,
169 mm=E, @A} ojztof| H|gto] 7|HAE9] 7= A0l
ATk (Table 5, Fig. 5). AR &} ohAlA|, @4, dopaln 718
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=9 Hetylols dAkolA 242 132,116, 12.1, 15.5 mm
o]1al, o=l Z+2t 87,77, 6.7, 82 mmE, FA} o=}
o wlste] 7|#AZ2] RAutylo|7} B5 Zith(Table 5, Fig.
6). AR AR, G4, doAA 7|THAZ Hetyolrt
TIRAFolA AR Sz v &2 FAA ZH2F 58.5, 557,
58.9, 70.2%°]Q31, SR A Z+Zt 47.9, 457, 40.1, 48.8%F,
T}(Table 6). AR} XA, G4, EotAlA] 7| BAdZ9] =
ol IRoA 27} 6.5, 4.0, 4.3, 47 mmo|QaL, oJA}of| A
247} 47,4.0,37,39 mm=E, $RA7} oJz}o] wlsle] 7)o
Z9 EFol7t Eokou AR 7|FAZolAMT FATHC R
T 7hel §2lgt AolE UERH ST (Table 5, Fig. 7). AA
o EA, ARt AXA, dRjet G, oAt do
AR 718AE Ato] 7+ FAtet ozt Atolof| {-4Jgt &}
o]& Ho]A] ¢Sk} (Table ).
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3l Lee [4]= AFEIGSEES o83ty A= 126%11
mm, %A= 11628 mm, Song 5 [17]2 5 TAMAZE
Yo R P2 13327 mm, &= 12915 mm, Na 2]+ 2
T4 718A WAAE S ol &3l EA = 1182 mm, A=
1053 mm, Lee®} You[l]= 234 $54E AHE3s] 3+
= 119216 mm, QA= 112429 mmZ A7} AR}HT} 7]
I Zol7t Aty B ustgch B dAFtoA 71 Zole]
TS G o7 oA ZHZE 10448 (86.6~118.4), 102+7
(90.1~1157) mm& o2 AT SEct Zgka, Yz}l oz}
Atolol] BAIEHA {9482 HolA] ghokom, gate] 79 o
Aol Hste] ZHQIAR1 Zpol7t wl-e- Firt. o]Ft 2ol 7]

BAZYET T2 GPANLY, AFIDF RIS 5
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Table 1. The total data of the tracheal measurements

Anterior-posterior diameter (mm)

Gender  Age Tracheal length (mm)  No. of tracheal rings
1 5 10 15
50 95.73 18 19.65 2328 21.20 18.87
51 92.36 16 21.85 20.90 1991 19.40
51 104 .47 20 23.89 22.40 19.63 20.49
51 113.57 15 19.08 20.64 19.99 17.95
53 93.65 15 17.68 19.16 17.83 18.98
54 111.90 18 2277 22.87 22.32 19.95
55 106.88 18 21.15 20.02 16.30 16.54
59 105.17 18 22.84 25.81 19.32 17.75
59 95.45 17 30.02 27.90 26.96 2744
59 103.29 17 18.09 20.66 17.56 16.45
59 103.47 18 17.88 2145 19.92 17.49
60 103.61 13 21.52 21.37 17.93 -
62 107.55 15 21.39 2478 21.10 18.05
66 - 15 18.79 19.21 17.51 19.33
66 102.05 15 21.75 21.68 18.78 18.37
67 104.86 16 26.16 24.39 20.73 20.04
Male 67 95.35 16 27.94 20.65 20.48 21.29
67 104.07 18 2420 26.57 21.60 2251
72 117.03 19 23.80 20.90 18.70 17.69
76 98.83 15 17.83 18.85 17.35 17.46
77 108.60 19 30.00 25.00 21.60 27.22
78 93.63 16 - - - -
78 109.82 16 24.86 26.59 2342 22.06
79 114.36 18 19.08 21.74 20.37 22.08
83 106.44 17 26.14 21.25 19.28 19.15
85 103.31 16 19.23 2526 19.71 18.94
86 94.58 18 18.61 17.58 15.11 15.99
87 112.07 16 25.46 28.27 2244 23.40
88 - 14 20.04 2197 18.73 -
89 105.73 19 20.49 20.14 18.99 15.02
90 118.40 20 19.05 19.78 18.49 15.96
91 86.63 17 20.58 2281 19.49 19.68
101 112.30 16 21.07 22.85 2234 22.58
47 97.13 19 17.34 162 14.38 135
50 105.37 18 14.65 1391 14.15 14.78
53 93.35 19 15.71 14.39 1391 15.07
65 97.27 18 16.07 16.46 14.74 15.74
74 115.36 17 15.71 1643 15.99 1491
76 103.83 19 20.87 23.59 21.15 2224
76 104.62 20 16.00 16.69 1442 11.12
Female 77 113.58 16 2041 17.27 18.61 19.15
80 100.12 18 17.81 20.93 16.71 15.81
81 105.68 17 19.27 19.64 17.1 17.89
81 103.33 19 1535 16.96 16.25 16.36
82 106.61 20 23.96 2242 213 2229
83 90.11 16 15.04 14.86 12.85 10.52
90 105.55 19 18.82 1545 16.95 17.72
92 91.90 17 18.64 16.03 17.75 18.03
AL, Lee [41= AHFE22HE oF L5em 3PS 1

gt 713 Zole] A2 ARKloA 79| shEel 7| HE |
(carina, bifucation of trachea)?] 9X= E9H3] & 4+ 3l
ouf WNATE TSI o] HRoletn X
Song 5 [17]2 7|BA2F & AKIONA 7]#e] A% J%Q
2137] o3y AFE (vocal fold)5E 7|124A7A] 2

AFo ofef] H= HAgste] 7| z;o]e e

A
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Table 2. The total data of the tracheal measurements
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Transverse diameter (mm)

Gender Age

Vertical height of tracheal ring (mm)

1 5 10 15 1 2 5 10 15
50 22.13 24.68 2222 23.70 343 347 271 3.68 2.99
51 18.79 16.88 18.28 18.80 4.62 3.95 7.12 3.67 427
51 21.07 2242 21.89 19.63 795 2.99 295 3.88 352
51 20.57 18.95 17.67 2225 7.96 6.20 578 421 -
53 18.90 17.35 2047 20.37 6.97 5.29 490 442 5.14
54 24.11 20.99 18.58 22.89 6.61 375 3.62 4.49 4.40
55 22.12 2421 2148 21.28 246 232 2.86 3.39 423
59 23.16 21.31 19.48 2262 581 3.14 3.63 4.40 4.17
59 25.26 22.24 21.14 20.06 631 1.60 323 3.68 387
59 2022 14.78 16.80 18.23 6.09 3.03 361 432 3.88
59 2323 2232 2273 24 .54 8.85 329 403 3.59 3.96
60 23.64 21.81 20.63 - 505 323 338 3.79 -
62 25.90 2647 25.50 27.88 12.52 3.06 4.62 447 6.69
66 2232 23.95 2422 28.87 6.84 426 2.86 4.18 4.40
66 2232 21.15 20.03 26.17 521 3.85 3.81 523 6.89
67 24.90 21.05 2121 2243 5.55 335 426 381 3.53
Male 67 2555 23.16 19.54 2345 8.71 6.07 433 2.89 5.16
67 29.08 22.50 20.72 20.46 6.19 3.82 4.76 406 347
72 21.18 18.51 20.79 2248 423 321 276 3.02 377
76 19.08 16.81 18.49 19.03 541 398 398 472 402
77 23.06 19.13 18.81 12.95 3.69 371 227 778 3.88
78 20.90 18.85 18.04 2274 7.94 6.07 3.14 4.77 376
78 2575 2483 23.26 2595 593 5.46 547 439 6.37
79 21.66 2234 2477 2332 4.40 253 6.65 247 409
83 22.05 22.55 21.28 22.49 934 2.56 407 448 322
85 18.19 16.09 19.03 1747 7.28 346 3.89 482 523
86 20.19 19.08 19.42 2201 3.16 2.84 335 625 4.13
87 24.63 19.37 20.11 24.08 938 473 4.17 441 521
88 23.18 19.14 20.80 - 7.53 3.83 335 498 -
89 2351 17.77 19.18 24.08 7.83 229 2.96 3.16 276
90 22.67 23.63 20.50 18.74 544 3.84 535 6.40 443
91 2326 2535 20.30 2426 777 321 327 3.64 3.40
101 21.17 17.96 2250 22.51 7.19 4.12 387 501 507
47 17.90 15.65 15.93 15.16 3.26 251 1.86 2.04 251
50 15.56 14.55 14.51 1543 5.61 3.1 4.15 438 4.11
53 14.38 14.12 15.18 14.09 521 3.13 398 2.94 3.00
65 20.12 15.34 14.89 1421 248 2.67 426 4.44 4.94
74 17.66 19.26 1747 18.67 483 7.98 407 328 3.19
76 21.17 15.55 16.86 14.72 348 375 3.81 4.11 3.57
76 17.40 16.90 20.26 17.97 5.89 435 3.66 321 5.69
Female 77 19.25 15.46 18.87 2595 6.64 437 44 478 4.04
80 20.84 21.26 17.96 17.01 191 2.38 327 3.84 422
81 17.07 15.50 14.32 15.40 371 345 2.5 22 3.05
81 18.09 16.33 17.74 16.81 2.35 2.50 291 29 3.57
82 2345 21.64 19.32 18.08 3.05 3.15 522 3.34 3.30
83 15.36 17.02 16.64 1835 8.87 435 548 5.02 525
90 16.02 15.49 13.83 13.78 6.75 301 6.61 325 3.10
92 1891 17.54 16.09 1742 5.67 297 3.26 5.62 4.78
Na[2]& HolA ¥AAES T4 A=Y ot YL vt= (219} Lee®t You [1]7} Bt Zo|7} 2 Ay} 742} of
2 Ay 7|34 FE QK] ol Y2 o &obg 7| 27,97 mm ARtk Kamel 5 [18]0] wAMERIS] 7|3 4
AWAIZ L 2 7|84 FE W vhs71R]9] dol& Ao £ S B alof oo, 602 ERfollA A %%
T Fpol2 A1 dolg AR WA V1T ol G2 ol 83kel 4T 71 ol A 105 mm, }

£ A7Ect oF 14~15 mm A3t 4249] 7]# ZolE Na

mmO| R, AR (1074 & 79 4AF 3h)olA SR
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Table 3. The total data of the tracheal measurements

Distance between posterior end of rings (mm)

Inter-ring distance (mm)

Gender  Age

1 5 10 15 1~2 5~6 10~11 15~16

50 17.86 1945 17.08 19.44 2.79 1.73 1.18 1.77

51 11.42 6.56 9.55 12.70 247 2.68 1.76 1.09

51 12.76 13.15 10.36 10.57 0.82 1.59 0.92 2.15

51 494 1.68 3.28 10.07 0.95 2.00 1.87 -

53 - - - - 221 1.27 1.00 -

54 14.59 8.51 11.25 20.92 0.89 2.78 1.92 1.99

55 13.08 1541 12.76 16.87 3.08 2.84 4.13 0.92

59 17.36 17.24 17.43 20.46 1.51 1.92 1.76 235

59 12.63 6.76 8.04 10.08 1.50 1.60 1.86 0.85

59 6.15 6.77 8.04 9.90 1.93 0.19 0.93 1.11

59 1641 15.94 13.28 20.08 1.90 1.33 3.11 1.84

60 12.66 11.57 12.24 - 0.53 1.07 0.58 -

62 11.23 14.48 15.75 22.99 427 1.38 3.69 -

66 14.58 1642 19.98 21.53 0.71 3.50 1.82 -

66 15.55 14.72 14.82 18.34 238 1.89 1.57 -

67 13.66 10.28 10.92 11.34 1.49 1.28 0.61 1.90

Male 67 9.77 0.57 6.04 742 344 1.78 1.48 0.89

67 15.57 10.18 5.79 7.05 1.65 1.07 1.69 1.82

72 11.26 13.65 13.49 19.52 1.11 0.60 2.30 249

76 - - - - 1.50 1.59 0.21 0.87

77 18.13 12.94 8.86 742 1.44 1.84 1.44 1.26

78 13.10 10.92 18.11 20.02 3.14 2.06 0.90 151

78 14.57 14.14 14.80 17.32 441 0.30 2.12 4.87

79 12.49 11.12 11.33 17.64 273 1.67 3.85 1.38

83 12.36 21.14 19.48 22.90 1.75 1.22 2.02 3.28

85 7.39 6.93 10.62 11.92 431 1.36 0.95 2.37

86 13.84 10.00 731 6.01 0.72 1.67 1.00 1.05

87 - - - - 1.00 1.40 2.08 1.07

88 9.63 12.27 10.74 - 0.18 1.56 1.16 -

89 21.98 13.65 17.79 24.79 2.58 1.86 142 337

90 2147 8.41 427 10.27 217 1.96 0.94 048

91 10.98 12.84 13.20 18.12 1.05 1.60 0.71 3.59

101 8.39 10.74 17.64 19.10 3.04 141 0.20 -

47 7.16 449 207 5.78 221 2.16 2.16 1.82

50 392 2.35 4.25 8.37 0.65 0.60 0.54 1.14

53 2.96 - - - 091 0.97 122 127

65 6.05 4.11 0.51 5.63 1.13 0.42 0.86 0.66

74 10.24 11.59 13.32 14.72 1.29 1.38 2.00 1.03

76 10.81 7.93 4.64 6.13 2.00 135 0.86 1.11

76 8.90 791 8.94 497 217 173 142 2.19

Female 77 11.87 9.39 14.71 23.36 1.10 0.24 1.78 0.98

80 11.05 11.2 3.87 2.65 3.13 4.06 1.10 197

81 651 9.86 5.89 8.10 141 3.15 251 272

81 12.22 791 9.66 7.17 137 1.39 2.05 1.11

82 1321 10.67 6.36 7.19 1.06 1.62 1.23 1.29

83 7.52 592 6.52 5.12 1.99 0.60 2.00 1.12

90 8.35 7.17 5.24 7.62 275 2.86 1.16 126

92 10.31 6.9 7.65 8.63 072 1.07 174 147
B Zolt A 103mm, oA 96 mmE, AHHVEFFELS  F9 250092 PO E ARHAFBEL o] §5te] WA
o]-&3t 71 Ao|7t AlAlolM SA7 At Y BFoA  AZe '3}‘% 011*1TE1 7| B2 -7 Xé'& 71¢ dol= ¢
oF 2mm A= ek £ A7 FANSANA ANL o A} 107.8£132 mm, SiZ7} 101, 8mm d2prt o
gato] 243 7|13 Pol dAlE AR vlkstgont  Rpmct 7| Hojst Ak of w— o v o)

ojze] 79 gH=¢lo] oF 6mm © AUtk Mi F[19]0] &

By ZFolA oF 3mm F=H 7| ZJ_OW A3t o7t



Table 4. Metric values of the trachea

Numbers of

Gender Age Length (mm) tracheal rings
Male 70 1040x14 16.8+£0.3
Female 74 1023+1.9 18.1£0.3
P value - wk
Data are mean = SEM. ** : P<0.01.
Table 5. Metric values of the trachea
Parameter (mm) Ring Male Female P value
number
1 2197x£0.61 17.71x0.67  ***
Anteroposterior 5 22401048 1742+0.75  #**
diameter 10 1985040 1642+£0.65  ***
5 19.60x0.54 16.34%+0.87 *%
1 22.54+£041 1825x0.62  ***
Transverse 20.84+0.51 16.77£0.58  ***
diameter 10 20.60+0.35 16.66x0.50 - ***

15 22.12+£0.57 1687x0.77  ***

8.73+0.78  *¥*
7.67+0.74 o
6681105  ***

1 13.19+£0.72
11.61+0.84
10 12.14+0.83

Distance between
posterior end of

rings 15  1553+107 824+137 %%
1 647+036 464+050  **

. . 2 3714019 3574035 -
t\r/"“}‘fall i‘i‘;lght of 5 3974019 396+030 -
acheal rings 10 4314018 3.69+026  —
15  466+037 388+024  —

1~2 1984019 159+0.19 -

Interrine dist 5~6  163+0.11 157027 -
plerTng AISance 4 11 161+0.16 150+0.14  —
15~16 1814020 140+044 -

Data (mm) are mean + SEM. **: P<0.01, ***: P<0.001.

Table 6. Ratio of the distance between posterior end of tracheal
rings

Ratio (%) Ring number Male Female
Distance between ! 8.5 479
. . 55.7 45.7
posterior end of rings/
Transverse diameter 10 8.9 40.1
verse dlamete 15 702 488
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Fig. 4. Anteroposterior diameter of the tracheal rings. **: P<0.01,
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Fig. 5. Transverse diameter of the tracheal rings. ***: P<0.001.
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Table 7. Comparison of tracheal dimensions
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Fig. 7. Vertical height of tracheal rings. **: P<0.01.

Korean (Kim IS, 2015)

New Zealander (Kamel KS et al., 2009)

Parameter (mm) Cadavers CT Cadavers

Male Female Male Female Male Female
Length 104 102.3 105.1 98.3 103.0 96.0
No. of tracheal rings 16.8 18.1 - - 17.0 15.0
Anteroposterior diameter of first tracheal ring 220 15.6 22.6 19.2 209 15.6
Transverse diameter of first tracheal ring 225 18.3 27.1 229 21.6 172
Vertical height of second tracheal ring 37 3.6 — - 39 3.6
Distance between posterior end of first rings 220 17.7 17.7 11.8
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Morphometric Study of the Trachea in Korean

Ik Sung Kim, Jeong Min Lim', Ok Hee Chai, Eui-Hyeog Han, Hyoung Tae Kim,
Chang Ho Song

Department of Anatomy, Chonbuk National University Medical School, Jeonju, Korea
1Ministry of National Defense Agency for Killed in Action Recovery & Identification, Seoul, Korea

Abstract : This morphometric study of the trachea was performed to provide the basic data necessary for
shielding crico-thyroid membrane incision, tracheal intubation and tracheotomy in korean bodies 48 (33 male, 15
female). Tracheal measurement included the number, the length, the anteroposterior and transverse diameters of
trachea, and the height of tracheal cartilages, and the inter-rings distances of cartilages.

The length of trachea was 104.0%+ 1.4 mm in male and 102.3+ 1.9 mm in female, but there was no significance
between males and females. All of the anteroposterior and transverse diameters, and the height were longer in
males, compared with females, in the first, fifth, tenth and fifteenth tracheal cartilages. The anteroposterior and
transverse diameters of the first and fifteenth tracheal rings, and the height of the first tracheal ring differed
significantly male’s from female’s. The distances between posterior end of rings of the first, tenth and fifteenth
tracheal cartilages were broader in males. The inter-rings distances of tracheal cartilage were also wider in the
male, and showed significant differences in the 1st~2nd and 10~11th. These results suggest that this might be
useful as a clinical basic data for the emergency physician, anesthetist, and associated medical doct

Keywords : Cadaver, Trachea, Tracheal cartilage, Morphometry
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