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Deduction of Withers Heigtht from the Length
of the Bone in the Horse

Shigeyuki HAvAsHIDA and Chithei YAMAUCHI

(Laboratory of Veterinary Anatomy)
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Table 1. Greatest length

Classification of horse | T T3 ‘ Hb | Mo H ! M Hb Hb Hb | Hb Hb | Hb

Sex ? ) 2 3 3 3 ¢ 3 { Q ? @

Age Sy. 4 15 15 28 11 8 20 10 5 12 5
Withers height 109.5 115.0!i 126.0| 132.0| 133.5| 136.0| 137.0| 138.0| 138.0 139.0i 140.0| 141.0
Cranial base 41.5 — — 485 47.0 — —\ 48.00 48.0, 47.5/ 525 52.5
Cranii 45.8 - —| 54.0, 52.1 - — 52.00 515 51.0f 55.5] 55.0
Mandibula 37.0 — — 43.5] 42.6 — —  43.0 430 422 46.00 46.0
Scapula 26.00 278 33.2 333 33.0 329 332 35.0 328 358 347 350
Humerus 24.3] 26.00 272 28.2 295 283 29.3 30.0 312 298 309 31.2
Antebrachii 345/ 36.3 387 387 41.7 413 415 42.00 42.0 43.0, 44.5| 43.6
Radius 28.7) 29.9 31.7] 31.4 33.7 345 340 34.2| 34.6) 35.0f 36.7, 35.0
Metacar pus 18.5/ 19.6 —| 215/ 229, 225/ 241 23.8 237 23.1] 228 3.8
Phalanx 1 (anterior) 7.2 7.6 — — —] 8.7 9.2 8.7 8.8 8.7 8.8 8.7
Phalanx 11 (anterior) 3.8 3.9 — — — 4.5 4.9 4.6 4.1 4.8 4.6 4.9
Phalanx 111 (anterior) 33 3.6 - — — — 4.2 4.0 4.1 4.2 3.8 4.1
Coxae 34.0 — — — — — 405 —| 425 43.00 420 —
Femur 32.8 351 380 37.4| 40.6 39.1] 388 41.6 41.2! 41.2) 415 41.8
Tibia 30.4 31.1] 34.2 336 356 356 357 365 359 36.7 36.4 37.0
Talus 5.1 54 5.8 — — 6.1 6.4 — 6.2 7.1 5.9 6.6
Cal caneus 9.2 9.5 109 — 10,9 11.6 -— 115/ 111 110 —
Metatarsus 225 23.6) 26.6] 263 27.00 26.7] 29.3 29.4 279 27.6] 291 281
Phalanx 1 (posterior) 6.9 7.4 7.7 — 8.6 8.9 8.4 8.6 84 8.3 8.6
Phalanx 11 (posterior) 3.8 3.9 46 — — 5.0 5.1 4.8 5.0 5.1 4.6 5.0
Phalanx 111 (posterior) 3.3 3.4‘ 3.5 — — — 43 4.0 4.2 4.1 3.7 4.1

T-Tokara pony, Mo-Mongol horse, H-Hokkaido native horse, M-Misaki horse, Hb-Half blood,
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of the bone (em)
Hb | Hb | Hb | Hb | Hb | Hb | Hb | Hb | A Hb[ Hb | Hb | Hb | Hb | Hb | Th
P — . | SRRV (—— U e IS S . - e
| 1

818 8 21 % |8 8 5|8 88|65 6|86

6 4 8 7 8 6 4 |10 | 9 8 ! 7115 6 8 5 | 23
1440 144.0 1450 1450  145.0| 146.0 148.0| 148.0| 1485 | 149.0| 150.0| 151.0| 151.0| 152.0| 152.0 158.0

‘ j |
50.5 510/ 495 49.0 535 500 510 525 500 55.0 535 5200 555 500 55.0 52.2
545/ 560 535 523 57.0 520 552 562 555 590 59.0 57.0| 60.5 545 585 575
44.0 450 — 430 4700 —| 450/ 460 445 480 | 462 480 450, 475 463
875 342 364 365 384 362/ 339 375 373 381 37.0 377 382 362 | 387
827, 320 314 310 — 313 312 333 321 323 338 335 319 328 333 348
| ‘

452 456/ 438 437 — 452 464 452 460 457 468 462 465 452 462 477
36.5 37.90 361 355 37.7 367 375 37.3 371 37.0 380 380 377 383 37.0 397
247 257) 237 248 243 251 250 249 254 261 235 257 249 239 241 262
91 94 ss‘ 91 95 90 93 97 98 97, 93 97 94 90 98 98
18 53 49| 56 49 50 55 48 55 52 54 51 52 55 54
41 48 41 46 54 38 46 43 41 47 47 42 44 46 52 45
442 420 —| 440 — — | 455 4500 | | 455 - 470 470 473
42.6, 432 411 436 — 423 424 435 435 435 441 420 433 445 453 4638
384 400 371 375 - 368 386 389 392 392 400 392 — 3905 400 42.0
66 72 69 66 — — —| 67 66 65 — 75 — 71 71 74
121 123 124 123 — — 120 131 122 124 — 130 — 126 129 133
201 3041 287 290 286 290 298 201 297 307 27.6 306 296 282 288 307
87 94 86 89 91 87 92 93 92 97 90 96 93 88 96 94
50 54 52 50 56 50 51 55 51 57 54 55 54 54 53 56
M 18 44 48 49 40 46 44 43 47 48 48 48 44 48 48

i
|
1
!

A-Arab, Th Thoroughbred
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Table 2. Correlation coefficient between bone length and withers height (em)

| e
Cranial base +0.83 Phalanx 111 (anterior) 1+0.85
Cranii ’ +0.83 Coxae +0.97
Mandibula ; +0.85 ‘ Femur +0.92
Scapula | +0.92 | Tivia 10.96
Humerus | +0.96 ‘ Talus +0.88
Antebrachii | +0.97 Calcaneus +0.87
Radius } -+0.96 Metatarsus +0.87
Metacar pus { +0.90 Phalanx 1 (posterior) +091
Phalanx 1 (anterior) f +0.81 Phalanx 11 (posterior) +0.91
Phalanx 11 (anterior) +0.85 Phalanx 111 (posterior) +0.89

Each value is significant at 19 level

Table 3. Correlation coeflicients between the length

| \ ( ‘ \ ‘

8 s s 8

| SN T O A S

3 2 = 3 S B - B R

B S S DR R R AR

S |9 = | 2 T < = =
Cranii I+ 094 | | |
Mandibula | +0.98 | + 097 |
Scapula 4083 4078 +0.83
Humerus + 080 | 4+0.79 | +0.85| + 0.89 i
Antebrachii +083 | +081 | +083 +089 | +095 | !
Radius +0.87 | +077 | + 074 +0.87 | +095 | +098
Metacar pus + 067 | +066 | + 058 + 0.86 | + 0.86 | + 0.90 | -+ 0.88
Phalanx 1 (anterior) | +080| +084 +084 +088 +090| +091 +089 +091
Phalanx 11 (anterior) |+ 080 + 081 +082 +084| +084| 1085 +085 | +078
Phalanx 111 (anterior) + 065 + 066 +065 -+ 064 | +072| 4 074 l +0.67 | + 057
Coxae 41082 4083 408 +0.95| +095| +092 -+ 090 -+ 0.80
Femur 1076 + 0731 +078] --0.90 | 4095 | + 095 -+ 094 | +0.86 |
Tibia +079 | +083 4081 +090| +096| + 096 -+ 097 | + 0.89
Talus + 055 +0.63 4062 +0.88| -+ 085 | + 086 086 + 081
Calcaneus +078  +082 + 083 ‘ +0.90 | 4095 +089 | +091 | +091
Metatarsus +0.69  + 067 ‘ +060 +083| +083 | +0.87 +085 +0.96
Phalanx 1 (posterior) +082 4085 +085 +083| 089 +090 +088 -+ 092
Phalanx 11 (posterior) +079 +081 +084 +088 | +0.90| +089 | +089 -+ 0.86
Phalanx 111 (posterior) ‘ +0.88  + 092 ' + 0.89 + 0741 4088 | +0.88 - 0.83 ; + 0.80

Each value is significant at 1% level
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+ 087 4082 +079| -+ 095
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+O78 +083 1 1074 | 4081 +083 4089
TOBBI 4090 +077] 1092 4091 4094 4088
TO9 L H O3 4051 | £ 07 4082 1085 +078 4087 |
+097 | +089 | +075| +086 4086 +080 | +083 4092 4088 |
TOSL| 0921 +079 | 4076 1088 +091 089 | +094 | tos1 ‘ + 004
TO85| 4085 | +086| 4076 +082 003 | 087 | +090| 4074 4001 | 090




Table 4.

by the greatest lenglh of the bone

Formulas by which withers height can

be deduced

Part | I I I
Cranial bise Y=2.832X Y -2.419X +21.13 |Y - — 0.2241X2+ 24.623X—526.52
Cranii 2.617X 2.354X +14.66 — 0.2049X2 + 24.423X—577.39
Mandibula 3.196X 3.415X— 9.53 — 0.2903X2-+ 28.413X—545.11
Scapula 4.026X 3.306X+25-20 — 0.0709X2-+ 7.999X— 51.60
Eumerus 4.579X 4.317X + 8.12 — 0.2009x2+ 16.291X—168.92
Antebrachii 3.250X 3.265X— 0.57 — 0.0561X2+ 7.923X— 96.51
Radius 3.970X 3.955X + 0.63 — 0.1425X2+ 13.719X—165.42
Metacarpus 5.949X 5.335X+14.76 — 0.3423X2+ 20.871X—160.02
thalanx 1 (anterior) 15.723X 15.409X + 3.06 — 8.5307X2+163.219X—632.27
Fhalanx T ( 7 ) 28.986X 18.835X+50.10 —13.9958X%2+151.408X—260.09
Fhalanx W ( 7 ) 33.113X 15.834X +75.08 —18.8351X2+179.515X—276.61
Corae 3.290%X 3.227X— 2.63 — 0.0705X2+ 9.033Xx—115.58
Femur 3.400X 3.395X + 0.37 + 0.0195X2+ 1.933X+ 27.22
Tibia 3.794X 3.933x— 5.01 — 0.1343X2+ 13.629X—178.91
Talus 21.459X 16.812X + 3.09 — 8.5269X2+125.154X—309.51
Calcaneus 11.919x 10.622X +15.52 — 1.6312X2+ 47.517X—190.65
Metatarsus 4,983 4.935X + 1.63 — 0.0084%X2+ 5.337X— 2.99
Phalanx 1 (postarior) 16.207X 14 .908X +11.39 — 3.2046X2-+ 68.875X—213.94,
Phalanx 1 ( 7 ) 28.011X 21.398X +33.44 — 9.5456X2+112.943Xx—183.11
Phalanx I ( ” ) 32.895X 19.925X +56.10 —11.8515X2+118.462X—145.78
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Table 5. Fitness for deduced formulas
| [
|
\ - S S ‘ . T ¢
TP g | | 5 S 2 £
Part Formula\ ;:) t? % § = | Part !Formulai g '-55 v-(‘ § 5
o S T T : ! - =
| < o © = | | [ 2] © S
‘ 1 - | \
| i | | ‘
|1 2995 299% 339 s%i Phalanx 111 1| 2194 2995 2195 299
Cranial base 11 38 33 21 8 | . 11 29 33 17 21
11 63 17 21 1 (anterior) 111 50 21 21 8
I i 33 38 25 4 L 86 14
Cranii M | 29 42 25 4 | Coxae 11 86 14
o 54 #5017 4 11 79 21
|1 ;i 33 33 33 I ‘ 58 39 4
Mandibula 11 | 33 33 gi Femur : IIIII ‘ gg gg i
nr | os7 1 ‘ |
I | 48 30 19 4 | I 76 16 8
Scapula 1 | e 22 11 4 | Tibia R
mr | 59 33 7 | ou 80
1 67 30 4 I 21 16 16
Humerus Il \ 67 33 Talus 1 11 47 16 32 5
Hr | 70 30 Bt \ a7 37 11 5
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Part Formula] o © s 8, Part Formula < © o 8,
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e — ? — J e — { —
e @ g 8 | | A= R
| \ i
I | & 12 4 1 e 21 16
Antebrachii 11 77 19 4 Calcaneus II 63 26 11
- III 81 19 b I ’ 58 37 5
Lo 7125 4 I 6 14 18 7
Radius 1T 71 21 7 Metatarsus 1 54 14 25 7
111 79 14 7 111 54 21 18 7
I 59 19 19 4 | Phralanx I I 52 32 16
Metacay pus 11 44 37 19 II 52 24 24
III 63 15 22 (posterior) I 60 24 16
Phalanx | I 38 50 8 4 Phalanx 11 I 40 40 8 12
11 38 50 8 4 11 44 44 12
(anterior) l I 58 25 13 4 ‘ (posterior) I11 56 32 12
Phralanx 11 I 33 33 17 17 Phalanx 111 I 20 28 28 24
IT 29 46 13 13 11 44 20 24 12
(anterior) Hr 58 29 8 4 (posterior) | T 52 28 20
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Table 6. Fitness for deduced formula in individual horses (em)
Classification | 1okara 2| Tokara 3\\ Mongol | Misaki | Hokkaido Half blood  Arab ‘\ Thoroug:
Wich‘;‘;‘z“}jgidght 1095 | 1150 t 132.0 ‘ 1360 \L 185 | 180 ‘ -1,48_'5._,?“_”_1.”5,8'0,
Cranial base | 109.4 — “ 140.6 — | 1358 1485 . 1444 148.2
Cranii o4 — 1 1440 — 138.9 1480 1470 149.4
Mandibula 1 1088 | — 1416 — 138.5 U76 1444 | 1484
Scapula | 1085 | 1160 | 1361 134.7 135.1 1487 ' 1482 ) 151.8
Humerus ' 1084 | 1189 | 1307 1311 | 13638 1508 | 1471 154.7
Antebrachii ‘] 100 | 117.2 1 126.2 (\ 135.2 \ 136.5 147.0 \ 1492 | 1538
Radius 095 1150 | 1244 1383 | 1362 1480 | 1475 \ 154.6
Metacarpus | 1080 1176 1306 1365 138.6 475 | 1493 151.8
Femur o116 1190 1266 132.6 137.7 1482 | 1482 | 1603
Tibia a3 1 | 1276 | 1361 1365 | 481 | 100 | 1566
Metatarsus i 1128 | 1183 | 1319 133.5 ‘] 135.3 452 | 1481 152.9
Mean | 1100 | 1171 \ 132.8 1346 \ 1369 1480 | 1475 1530
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FER I X 0 RE A 0B NSRS, Skt BB OSEE AT HITS R 203, T ONIECE & I e 1 0
HEdEy SLhd 5 L Table7 ® X 5iZith. T B OHE AR 106.0~114.0 cm 44 1103
cm ¥ Te O, EEEONT X BN B E AL O SRR E - 105.9 cm (6=4.73) O A D, FM S
S HE 3o C 2L 72t 403 B> (it 99 ~124 cm D 114 om (I, A ISR AR 1278
1414 o, BT 13354 cm @ LT, BRI X B A AL OFBAKET# 133.07 em (0=3.63)
» oL 047 cm THO T, TRAE—BE LTI & I

Table 7. Deduced withers height of Chejudo and Kiso horses (em)

? Chejudo | Kiso 1 | Kiso 2 | Kiso 3 \ Kiso 4 | Kiso 5 | Kiso 6 ( Kiso 7

Scapula 1128 | 1414 | 1331 | 1351 ‘ 1201 1278 1405 | 1359
Humerus 1002 | 1354 k 1326 1346 | 1307 1811 1385  137.2
Antebrachii 1108 | 1374 \ 1289 1325 | 1206 1297 1357 1342
Radius 1090 | 1334 | 1284 1333 | 1301 1200 | 1288 1338
Metacarpus | 1074 | 1381 | 1837 1872 1325 1389 1359 1386
Femur 129 | 139 | im4 | 1307 | — 1276 0 1346 1324
Tibia l060 | 1389 | 1305 13858 | 1280 1208 1360 1346
Metatarsus 1140 \ 1363 | 1881 1370 | 1304 1350 1348 1313
Mean 1103 | 1369 | 1315 | 1345 | 1301 | 1811 | 1356 | 1348
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Table 8. Deduced withers height of the ancient horses of Japan (em)
! ! [ | [ i ’
! . v
B B | =

‘ .g g \ g § § S g ‘ § =

5 S 3 3 3 S 03 N 3

i ¥ %% T | 9 = ~ j pS S8 =
Tayui | Yayoi - - — — — 1 — | 1083 | 1083
Yoyama " Jomon | 1105 | 1121 — — — 1 — — | 1m3
Izumi L — |~ a7 e — | 1137
Hiraide | Haiji — | = — | 1146 — — — | 1146
Urigo ‘ Yayoi ! — — — — — 118.0 — 118.0
Nogami © Jomon — e 1204 122.1 1116 — — 1197
Karakami Yayoi — | — — — — 1245 — 1245
Haranotsuji = » — | — | 1236 | 1261 — 1254 — | 1248
Kamoi o - — | 1253 — — — — 125.3
Hirai . Jomon | — ‘ — 127.7 — — | — — 127.7
Atsuta ' Yayoi | — — — 138.1 — | — — 138.1
Tabata A R — — — } — | 1404 | 1404
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Résume

The writers measured the greatest length of skull and limb bones of 28 horses
with withers height covering 109.5 cm~158 cm, examined the relation between
bone length and withers height, investigated the method by which the withers
height of a horse can be deduced from the greatest length of each bone which
belongs to the animal, and obtained the following result :

1) There is a very significant correlation between bone length and withers
height and between one and another of the lengths of all the bones of different
kinds. There is a high degree of correlation between one and another of the bones
lying close to each other and between any of the last-mentioned bones and one
belonging to limbs, anterior or posterior, and corresponding to the last one.

2) The writers determined constants of the formula “Y=aX2+bX+c"” by

which withers height (Y) can be measured by bone length (X) concerning . each
bone.

3) NEHRING has deduced withers height from basilar length of skull, but the
writer believes that withers height can be deduced from the greatest length of
limb bones with greater accuracy.

4) From the deduced formulas, the writers deduced the withers heights of
Japanese native horses whose withers height is unknown and that of Japanese
ancient horses.

Explanation of plates

Fig. 1~Fig. 12 The relation between the greatest length of the bone and withers height
with straight line (Y=aX+b) and parabola line (Y=aX?+bX+c). Ty-Tokara pony No. 2
T3-Tokara pony No.3, Mo-Mongol horse, H-Hokkaido native horse, M-Misaki horse, A-Arab
Th-Thoroughbred.
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