SUPPLEMENTARY TABLE 1. Vectors for calculating effective lines of neck muscle pull in Tyrannosaurus rex, with the head and neck held in a neutral posture. Cosines give the proportions of muscle tensions perpendicular to moment arms.

	
	Position vector sums
	
	Vectors orthogonal to moment arms
	

	Muscle
	x
	y
	z
	
	x
	y
	z
	
	Cosine

	m. long. cap. sup.
	318.032
	189.678
	61.102
	
	318.032
	0
	0
	
	0.8474

	m. complexus
	137.808
	-1.481
	50.853
	
	137.808
	0
	0
	
	0.9381

	m. spl. cap.
	32.379
	-6.772
	5.295
	
	32.379
	0
	0
	
	0.9665

	m. long. cap. prof.
	112.707
	-53.772
	-26.654
	
	112.707
	0
	0
	
	0.8827

	m. r. c. v.
	108.185
	-30.182
	13.12
	
	108.185
	0
	0
	
	0.9567

	m. il. cap.: all
	303.379
	175.946
	55.144
	
	303.379
	0
	0
	
	0.8545

	m. il. cap.: rib heads
	290.47
	172.772
	45.403
	
	290.47
	0
	0
	
	0.8518

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C4 TO C5 via pt.
	148.166
	107.401
	20.338
	
	
	
	
	
	

	m. l. c. d.: C4 from C5 via pt.
	5.362
	3.528
	2.858
	
	
	
	
	
	

	m. l. c. d.: C4 from C5 spine
	10.191
	2.352
	7.448
	
	17.676
	8.997
	0
	
	0.7904

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C3 TO C4 via pt.
	212.457
	154.131
	31.831
	
	
	
	
	
	

	m. l. c. d.: C3 from C4 via pt.
	9.103
	4.657
	1.588
	
	
	
	
	
	

	m. l. c. d.: C3 from C4 spine
	9.103
	4.657
	6.738
	
	18.523
	1.482
	0
	
	0.7713

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C2 TO C3 via pt.
	316.323
	200.723
	33.712
	
	
	
	
	
	

	m. l. c. d.: C2 from C3 via pt.
	In line w/C4
	via pt
	
	
	
	
	
	
	

	m. l. c. d.: C2 from C3 spine
	11.144
	-4.676
	6.272
	
	11.144
	0
	0
	
	0.8185

	
	
	
	
	
	
	
	
	
	

	m. trans. cap.: to C3 via pt.
	218.017
	206.164
	22.722
	
	
	
	
	
	

	m. trans. cap.: C3 to C2 via pts.
	11.007
	0
	1.552
	
	38.1
	0
	0
	
	0.978

	m. trans. cap.: C2 via pt.-parietal
	38.1
	-6.773
	4.447
	
	
	
	
	
	


	
	Position vector sums
	
	Vectors orthogonal to moment arms
	

	Muscle
	x
	y
	z
	
	x
	y
	z
	
	Cosine

	m. long. cap. sup.
	352.812
	137.767
	61.102
	
	10.588
	0
	0
	
	0.9196

	m. complexus
	125.493
	-53.541
	50.853
	
	11.428
	-11.428
	0
	
	0.8694

	m. spl. cap.
	28.146
	-22.644
	5.295
	
	14.179
	-17.565
	0
	
	0.9668

	m. long. cap. prof.
	72.954
	-88.618
	-26.654
	
	5.927
	-6.068
	0
	
	0.9706

	m. r. c. v.
	75.353
	-64.629
	13.12
	
	5.927
	-6.068
	0
	
	0.9875

	m. il. cap.: all
	294.37
	105.178
	55.144
	
	10.588
	0
	0
	
	0.9274

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C4 (unobstructed)
	196.387
	77.4562
	15.68
	
	14.39
	3.598
	0
	
	0.9888

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C3 (unobstructed)
	269.609
	106.774
	25.66
	
	13.121
	4.656
	0
	
	0.9955

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C2 (unobstructed)
	369.226
	119.144
	33.712
	
	13.442
	0.847
	0
	
	0.9655

	
	
	
	
	
	
	
	
	
	

	m. trans. cap.: to C3 via pt.
	133.534
	107.717
	22.722
	
	23.848
	13.406
	0
	
	0.9776

	m. trans. cap.: C2 via pt.-parietal
	31.744
	-25.183
	4.447
	
	15.084
	-18.046
	0
	
	0.9734


SUPPLEMENTARY TABLE 2. Vectors for calculating effective lines of neck muscle pull in Tyrannosaurus rex, with the head and neck held in a ventroflexed posture. Cosines give the proportions of muscle tensions perpendicular to moment arms.

	
	Position vector sums
	
	Vectors orthogonal to moment arms
	

	Muscle
	x
	y
	z
	
	x
	y
	z
	
	Cosine

	m. long. cap. sup.
	314.507
	220.154
	61.102
	
	11.428
	8.465
	0
	
	0.9872

	m. complexus
	116.394
	35.341
	50.853
	
	23.49
	18.2
	0
	
	0.862

	m. spl. cap.
	22.432
	10.581
	5.295
	
	17.074
	16.087
	0
	
	0.9299

	m. long. cap. prof.
	139.983
	13.547
	-26.654
	
	6.35
	5.644
	0
	
	0.7767

	m. r. c. v.
	134.762
	40.69
	13.12
	
	7.62
	6.924
	0
	
	0.899

	m. il. cap.: all
	349.478
	244.969
	55.144
	
	10.993
	12.269
	0
	
	0.9659

	m. il. cap.: rib heads
	332.262
	235.656
	45.403
	
	10.993
	12.269
	0
	
	0.9692

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C4 TO C5 via pt.
	146.191
	102.829
	20.338
	
	
	
	
	
	

	m. l. c. d.: C4 from C5 via pt.
	6.632
	3.81
	3.705
	
	12.841
	9.596
	0
	
	0.8935

	m. l. c. d.: C4 from C5 spine
	9.031
	2.117
	7.448
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C3 TO C4 via pt.
	177.659
	154.093
	25.48
	
	
	
	
	
	

	m. l. c. d.: C3 from C4 via pt.
	7.62
	3.528
	2.539
	
	9.596
	12.136
	0
	
	0.8542

	m. l. c. d.: C3 from C4 spine
	11.148
	1.411
	7.056
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C2 TO C3 via pt.
	248.778
	197.414
	33.712
	
	
	
	
	
	

	m. l. c. d.: C2 from C3 via pt.
	9.596
	2.54
	6.272
	
	8.89
	5.644
	0
	
	0.8059

	m. l. c. d.: C2 from C3 spine
	14.111
	-2.54
	6.272
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. trans. cap.: to C3 via pt.
	140.688
	176.246
	23.709
	
	
	
	
	
	

	m. trans. cap.: C3 to C2 via pts.
	8.326
	3.951
	1.552
	
	20.743
	18.667
	0
	
	0.945


SUPPLEMENTARY TABLE 3. Vectors for calculating effective lines of neck muscle pull in Tyrannosaurus rex, with the head and neck held in a dorsiflexed posture. Cosines give the proportions of muscle tensions perpendicular to moment arms.
SUPPLEMENTARY TABLE 4. Vectors for calculating effective lines of neck muscle pull in Tyrannosaurus rex, on the right side with the head and neck flexed to the right. Cosines give the proportions of muscle tensions perpendicular to moment arms.

	
	Position vector sums
	
	Vectors orthogonal to moment arms
	

	Muscle
	x
	y
	z
	
	x
	y
	z
	
	Cosine

	m. long. cap. sup.
	204.640
	189.678
	149.619
	
	16.295
	0
	23.49
	
	0.7567

	m. complexus
	42.959
	-1.481
	86.131
	
	16.295
	0
	23.49
	
	0.9896

	m. spl. cap.
	17.565
	-6.772
	10.581
	
	16.295
	0
	23.49
	
	0.8662

	m. long. cap. prof.
	115.147
	-53.772
	75.918
	
	16.295
	0
	23.49
	
	0.8647

	m. r. c. v.
	99.624
	-30.182
	107.667
	
	16.295
	0
	23.49
	
	0.9699

	m. il. cap.: all
	201.264
	175.946
	155.081
	
	16.295
	0
	23.49
	
	0.7835

	m. il. cap.: rib heads
	196.466
	172.772
	145.909
	
	16.295
	0
	23.49
	
	0.774

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C4 TO C5 via pt.
	133.526
	107.401
	45.006
	
	12.701
	0
	6.245
	
	0.7884

	m. l. c. d.: C4 from C5 via pt.
	5.502
	3.528
	7.618
	
	
	
	
	
	

	m. l. c. d.: C4 from C5 spine
	5.291
	2.352
	13.544
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C3 TO C4 via pt.
	171.491
	154.131
	85.285
	
	13.688
	0
	9.454
	
	0.7711

	m. l. c. d.: C3 from C4 via pt.
	5.714
	4.657
	5.291
	
	
	
	
	
	

	m. l. c. d.: C3 from C4 spine
	4.232
	1.568
	9.735
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C2 TO C3 via pt.
	223.27
	200.723
	117.663
	
	11.712
	0
	9.596
	
	0.7668

	m. l. c. d.: C2 from C3 via pt.
	7.83
	1.482
	8.253
	
	
	
	
	
	

	m. l. c. d.: C2 from C3 spine
	6.349
	-4.676
	12.697
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. trans. cap.: to C3 via pt.
	185.773
	206.164
	88.163
	
	5.291
	0
	3.598
	
	0.6978

	m. trans. cap.: C3 to C2 via pts.
	8.043
	0
	5.503
	
	
	
	
	
	

	m. trans. cap.: C2 via pt.-parietal
	12.841
	-6.773
	16.792
	
	
	
	
	
	


SUPPLEMENTARY TABLE 5. Vectors for calculating effective lines of neck muscle pull in Tyrannosaurus rex, on the left side with the head and neck flexed to the right. Cosines give the proportions of muscle tensions perpendicular to moment arms. 

	
	Position vector sums
	
	Vectors orthogonal to moment arms
	

	Muscle
	x
	y
	z
	
	x
	y
	z
	
	Cosine

	m. long. cap. sup.
	400.604
	189.678
	137.133
	
	23.716
	0
	0
	
	0.735

	m. complexus
	142
	-1.481
	52.27
	
	16.295
	0
	23.49
	
	0.8187

	m. spl. cap.
	19.406
	-6.772
	11.851
	
	16.295
	0
	23.49
	
	0.8766

	m. long. cap. prof.
	93.134
	-53.772
	133.068
	
	16.295
	0
	23.49
	
	0.9493

	m. r. c. v.
	113.736
	-30.182
	102.306
	
	16.295
	0
	23.49
	
	0.9549

	m. il. cap.: all
	166.943
	175.946
	61.949
	
	16.295
	0
	23.49
	
	0.5835

	m. il. cap.: rib heads
	152.997
	172.772
	58.562
	
	16.295
	0
	23.49
	
	0.5684

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C4 TO C5 via pt.
	161.822
	107.401
	8.042
	
	12.701
	0
	6.245
	
	0.7653

	m. l. c. d.: C4 from C5 via pt.
	10.783
	3.528
	2.116
	
	
	
	
	
	

	m. l. c. d.: C4 from C5 spine
	15.327
	2.352
	-1.27
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C3 TO C4 via pt.
	117.611
	154.131
	15.381
	
	13.688
	0
	9.454
	
	0.5425

	m. l. c. d.: C3 from C4 via pt.
	10.442
	4.657
	4.374
	
	
	
	
	
	

	m. l. c. d.: C3 from C4 spine
	11.369
	1.568
	1.481
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	m. l. c. d.: C2 TO C3 via pt.
	173.532
	200.723
	28.359
	
	11.712
	0
	9.596
	
	0.5704

	m. l. c. d.: C2 from C3 via pt.
	12.063
	1.482
	5.502
	
	
	
	
	
	

	m. l. c. d.: C2 from C3 spine
	15.237
	-4.676
	3.386
	
	
	
	
	
	


	
	M. trans. cap.: dorsiflexion
	M. trans. cap.: lateroflexion

	
	cos
	R (m)
	T (Nm)
	cos
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	
	

	F: concentric
	0.978
	0.31
	2306.3
	0.978
	0.077
	572.86

	F: isometric
	0.978
	0.31
	2882.9
	0.978
	0.077
	716.07

	F: eccentric low
	0.978
	0.31
	3843.7
	0.978
	0.077
	954.76

	F: eccentric high
	0.978
	0.31
	4612.5
	0.978
	0.077
	1145.7

	
	
	
	
	
	
	

	Dorsiflexed
	
	
	
	
	
	

	F: concentric
	0.9872
	0.31
	2238
	0.9872
	0.077
	578.24

	F: isometric
	0.9872
	0.31
	2901
	0.9872
	0.077
	722.81

	F: eccentric low
	0.9872
	0.31
	3880
	0.9872
	0.077
	963.74

	F: eccentric high
	0.9872
	0.31
	4655.9
	0.9872
	0.077
	1156.5

	
	
	
	
	
	
	

	Ventroflexed: to C3 via pt. x C2 via pt. to parietal
	
	
	

	F: concentric
	0.9515
	0.31
	2243.8
	0.9515
	0.077
	557.33

	F: isometric
	0.9515
	0.31
	2804.8
	0.9515
	0.077
	696.67

	F: eccentric low
	0.9515
	0.31
	3739.5
	0.9515
	0.077
	928.89

	F: eccentric high
	0.9515
	0.31
	2243.8
	0.9515
	0.077
	1114.7

	
	
	
	
	
	
	

	Flexed right side
	
	
	
	
	
	

	F: concentric
	0.6978
	0.31
	1645.5
	0.6978
	0.077
	408.73

	F: isometric
	0.6978
	0.31
	2056.9
	0.6978
	0.077
	510.91

	F: eccentric low
	0.6978
	0.31
	2742.6
	0.6978
	0.077
	681.22

	F: eccentric high
	0.6978
	0.31
	3291
	0.6978
	0.077
	817.46

	
	
	
	
	
	
	

	Extended left side
	
	
	
	
	
	

	F: concentric
	0.7653
	0.31
	1804.7
	0.7653
	0.077
	448.27

	F: isometric
	0.7653
	0.31
	2255.9
	0.7653
	0.077
	560.34

	F: eccentric low
	0.7653
	0.31
	3007.9
	0.7653
	0.077
	747.11

	F: eccentric high
	0.7653
	0.31
	3609.3
	0.7653
	0.077
	896.54

	
	
	
	
	
	
	

	Neck dorsiflexion (bilateral): Center of rotation between C7 and C6
	
	

	
	F (N)
	cos
	F x cos
	R (m)
	T (Nm)
	

	F: concentric
	15214
	0.9872
	15019
	0.27
	4107.8
	

	F: isometric
	19018
	0.9872
	18774
	0.27
	5069
	

	F: eccentric low
	25357
	0.9872
	25032
	0.27
	6758.7
	

	F: eccentric high
	30428
	0.9872
	30039
	0.27
	8110.4
	


SUPPLEMENTARY TABLE 6. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. transversospinalis capitis of the modeled Tyrannosaurus rex. 

	
	M. comp.:      dorsiflexion
	lateroflexion
	M. spl.:        dorsiflexion
	lateroflexion

	
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.9381
	0.15
	875.35
	0.25
	6220.7
	0.9665
	0.22
	400.8
	0.051
	92.913

	F: isometric
	0.9381
	0.15
	1094.2
	0.25
	7775.9
	0.9665
	0.22
	501
	0.051
	116.14

	F: eccentric low
	0.9381
	0.15
	1458.9
	0.25
	10368
	0.9665
	0.22
	668
	0.051
	154.85

	F: eccentric high
	0.9381
	0.15
	1750.7
	0.25
	12441
	0.9665
	0.22
	780.34
	0.051
	180.9

	Dorsiflexed
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.862
	0.15
	804.34
	0.25
	6220.7
	0.9299
	0.22
	385.62
	0.051
	89.394

	F: isometric
	0.862
	0.15
	1005.4
	0.25
	7775.9
	0.9299
	0.22
	482.03
	0.051
	111.74

	F: eccentric low
	0.862
	0.15
	1340.6
	0.25
	10368
	0.9299
	0.22
	642.7
	0.051
	148.99

	F: eccentric high
	0.862
	0.15
	1608.7
	0.25
	12441
	0.9299
	0.22
	750.78
	0.051
	174.05

	Ventroflexed
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.8694
	0.15
	811.24
	0.25
	6220.7
	0.9668
	0.22
	400.92
	0.051
	92.941

	F: isometric
	0.8694
	0.15
	1014.1
	0.25
	7775.9
	0.9668
	0.22
	501.15
	0.051
	116.18

	F: eccentric low
	0.8694
	0.15
	1352.1
	0.25
	10368
	0.9668
	0.22
	668.21
	0.051
	154.9

	F: eccentric high
	0.8694
	0.15
	1622.5
	0.25
	12441
	0.9668
	0.22
	780.58
	0.051
	180.95

	Flexed right side
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.9896
	0.15
	923.4
	0.25
	6220.7
	0.8662
	0.22
	359.21
	0.051
	83.27

	F: isometric
	0.9896
	0.15
	1154.3
	0.25
	7775.9
	0.8662
	0.22
	449.01
	0.051
	104.09

	F: eccentric low
	0.9896
	0.15
	1539
	0.25
	10368
	0.8662
	0.22
	598.68
	0.051
	138.78

	F: eccentric high
	0.9896
	0.15
	1846.8
	0.25
	12441
	0.8662
	0.22
	699.35
	0.051
	162.12

	Extended left side
	
	
	
	
	
	
	
	
	

	F: concentric
	0.8187
	0.15
	763.93
	0.25
	6220.7
	0.8766
	0.22
	363.52
	0.051
	84.27

	F: isometric
	0.8187
	0.15
	954.92
	0.25
	7775.9
	0.8766
	0.22
	454.4
	0.051
	105.34

	F: eccentric low
	0.8187
	0.15
	1273.2
	0.25
	10368
	0.8766
	0.22
	605.86
	0.051
	140.45

	F: eccentric high
	0.8187
	0.15
	1527.9
	0.25
	12441
	0.8766
	0.22
	707.75
	0.051
	164.07


SUPPLEMENTARY TABLE 7. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. complexus (M. comp.) and M. splenius capitis (M. spl.) of the modeled Tyrannosaurus rex.

	M. l.c.d. C2:                                        Dorsiflexion
	Lateroflexion

	
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	

	F: concentric
	0.8185
	0.12
	191.28
	0.11
	175.34

	F: isometric
	0.8185
	0.12
	239.09
	0.11
	219.17

	F: eccentric low
	0.8185
	0.12
	318.79
	0.11
	292.23

	F: eccentric high
	0.8185
	0.12
	382.55
	0.11
	350.67

	Dorsiflexed
	
	
	
	
	

	F: concentric
	0.8059
	0.12
	188.33
	0.11
	172.64

	F: isometric
	0.8059
	0.12
	235.41
	0.11
	215.8

	F: eccentric low
	0.8059
	0.12
	313.89
	0.11
	287.73

	F: eccentric high
	0.8059
	0.12
	376.66
	0.11
	345.27

	Ventroflexed
	
	
	
	
	

	F: concentric
	0.9655
	0.12
	225.63
	0.11
	206.83

	F: isometric
	0.9655
	0.12
	282.04
	0.11
	258.53

	F: eccentric low
	0.9655
	0.12
	376.05
	0.11
	344.71

	F: eccentric high
	0.9655
	0.12
	451.26
	0.11
	413.65

	Flexed right side
	
	
	
	
	

	F: concentric
	0.7668
	0.12
	179.19
	0.11
	164.26

	F: isometric
	0.7668
	0.12
	223.99
	0.11
	205.33

	F: eccentric low
	0.7668
	0.12
	298.66
	0.11
	273.77

	F: eccentric high
	0.7668
	0.12
	358.39
	0.11
	328.52

	Extended left side
	
	
	
	
	

	F: concentric
	0.5704
	0.12
	133.3
	0.11
	122.19

	F: isometric
	0.5704
	0.12
	166.62
	0.11
	152.74

	F: eccentric low
	0.5704
	0.12
	222.16
	0.11
	203.65

	F: eccentric high
	0.5704
	0.12
	266.59
	0.11
	244.38


SUPPLEMENTARY TABLE 8. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. transversospinalis cervicis, inserting on C2, of the modeled Tyrannosaurus rex.

	M. l. c. d. C3:                                             Dorsiflexion
	           lateroflexion

	
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	

	F: concentric
	0.7713
	0.15
	225.31
	0.1
	150.2

	F: isometric
	0.7713
	0.15
	281.63
	0.1
	187.76

	F: eccentric low
	0.7713
	0.15
	375.51
	0.1
	250.34

	F: eccentric high
	0.7713
	0.15
	450.61
	0.1
	300.41

	Dorsiflexed
	
	
	
	
	

	F: concentric
	0.8542
	0.15
	249.52
	0.1
	166.35

	F: isometric
	0.8542
	0.15
	311.9
	0.1
	207.94

	F: eccentric low
	0.8542
	0.15
	415.87
	0.1
	277.25

	F: eccentric high
	0.8542
	0.15
	499.05
	0.1
	332.7

	Ventroflexed
	
	
	
	
	

	F: concentric
	0.9955
	0.15
	290.8
	0.1
	193.87

	F: isometric
	0.9955
	0.15
	363.5
	0.1
	242.33

	F: eccentric low
	0.9955
	0.15
	484.66
	0.1
	323.11

	F: eccentric high
	0.9955
	0.15
	581.6
	0.1
	387.73

	Flexed right side
	
	
	
	
	

	F: concentric
	0.7711
	0.15
	225.25
	0.1
	150.17

	F: isometric
	0.7711
	0.15
	281.56
	0.1
	187.71

	F: eccentric low
	0.7711
	0.15
	375.41
	0.1
	250.28

	F: eccentric high
	0.7711
	0.15
	450.5
	0.1
	300.33

	Extended left side
	
	
	
	
	

	F: concentric
	0.5425
	0.15
	158.47
	0.1
	105.65

	F: isometric
	0.5425
	0.15
	198.09
	0.1
	132.06

	F: eccentric low
	0.5425
	0.15
	264.12
	0.1
	176.08

	F: eccentric high
	0.5425
	0.15
	316.94
	0.1
	211.3


SUPPLEMENTARY TABLE 9. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. transversospinalis cervicis, inserting on C3, of the modeled Tyrannosaurus rex.

	M. l. c. d. C4:                                            Dorsiflexion
	Lateroflexion

	
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	

	F: concentric
	0.7904
	0.18
	277.06
	0.106
	163.16

	F: isometric
	0.7904
	0.18
	346.33
	0.106
	203.95

	F: eccentric low
	0.7904
	0.18
	461.77
	0.106
	271.93

	F: eccentric high
	0.7904
	0.18
	554.13
	0.106
	326.32

	Dorsiflexed
	
	
	
	
	

	F: concentric
	0.8935
	0.18
	313.2
	0.106
	184.44

	F: isometric
	0.8935
	0.18
	391.5
	0.106
	230.55

	F: eccentric low
	0.8935
	0.18
	522.01
	0.106
	307.4

	F: eccentric high
	0.8935
	0.18
	626.41
	0.106
	368.88

	Ventroflexed
	
	
	
	
	

	F: concentric
	0.9888
	0.18
	346.61
	0.106
	204.11

	F: isometric
	0.9888
	0.18
	433.26
	0.106
	255.14

	F: eccentric low
	0.9888
	0.18
	577.68
	0.106
	340.19

	F: eccentric high
	0.9888
	0.18
	693.22
	0.106
	408.23

	Flexed right side
	
	
	
	
	

	F: concentric
	0.7884
	0.18
	276.36
	0.106
	162.75

	F: isometric
	0.7884
	0.18
	345.45
	0.106
	203.43

	F: eccentric low
	0.7884
	0.18
	460.6
	0.106
	271.24

	F: eccentric high
	0.7884
	0.18
	552.73
	0.106
	325.49

	Extended left side
	
	
	
	
	

	F: concentric
	0.7653
	0.18
	268.27
	0.106
	157.98

	F: isometric
	0.7653
	0.18
	335.33
	0.106
	197.47

	F: eccentric low
	0.7653
	0.18
	447.11
	0.106
	263.3

	F: eccentric high
	0.7653
	0.18
	536.53
	0.106
	315.96


SUPPLEMENTARY TABLE 10. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. transversospinalis cervicis, inserting on C4, of the modeled Tyrannosaurus rex.

SUPPLEMENTARY TABLE 11. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. longissimus capitis superficialis (M. l. c. s.) and profundus (M. l. c. p.) of the modeled Tyrannosaurus rex.

	
	         M. l. c. s.     Dorsiflexion
	Lateroflexion
	     M.  l.  c. p.   Ventroflexion
	Lateroflexion

	
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.8474
	0.12
	649.79
	0.25
	1353.7
	0.9567
	0.11
	320.09
	0.08
	232.79

	F: isometric
	0.8474
	0.12
	812.23
	0.25
	1692.2
	0.9567
	0.11
	400.11
	0.08
	290.99

	F: eccentric low
	0.8474
	0.12
	1083
	0.25
	2256.2
	0.9567
	0.11
	533.48
	0.08
	193.99

	F: eccentric high
	0.8474
	0.12
	1299.6
	0.25
	2707.4
	0.9567
	0.11
	640.18
	0.08
	465.58

	Dorsiflexed
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.9872
	0.107
	674.98
	0.25
	1577.1
	0.899
	0.11
	300.78
	0.08
	218.75

	F: isometric
	0.9872
	0.107
	843.72
	0.25
	1971.3
	0.899
	0.11
	375.98
	0.08
	273.44

	F: eccentric low
	0.9872
	0.107
	1125
	0.25
	2628.4
	0.899
	0.11
	501.31
	0.08
	182.29

	F: eccentric high
	0.9872
	0.107
	1350
	0.25
	3154.1
	0.899
	0.11
	601.57
	0.08
	437.5

	Ventroflexed
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.9196
	0.107
	628.76
	0.25
	1469.1
	0.9875
	0.11
	330.39
	0.08
	240.29

	F: isometric
	0.9196
	0.107
	785.95
	0.25
	1836.3
	0.9875
	0.11
	412.99
	0.08
	300.36

	F: eccentric low
	0.9196
	0.107
	1047.9
	0.25
	2448.4
	0.9875
	0.11
	550.66
	0.08
	200.24

	F: eccentric high
	0.9196
	0.107
	1257.5
	0.25
	2938.1
	0.9875
	0.11
	660.79
	0.08
	480.57

	Flexed right side
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.7567
	0.12
	580.24
	0.25
	1208.8
	0.9699
	0.11
	324.51
	0.08
	236

	F: isometric
	0.7567
	0.12
	725.3
	0.25
	1511
	0.9699
	0.11
	405.63
	0.08
	295.01

	F: eccentric low
	0.7567
	0.12
	967.06
	0.25
	2014.7
	0.9699
	0.11
	540.84
	0.08
	196.67

	F: eccentric high
	0.7567
	0.12
	1160.5
	0.25
	2417.7
	0.9699
	0.11
	649.01
	0.08
	472.01

	Extended left side
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.735
	0.12
	563.6
	0.25
	1174.2
	0.9549
	0.11
	319.49
	0.08
	232.35

	F: isometric
	0.735
	0.12
	704.5
	0.25
	1467.7
	0.9549
	0.11
	399.36
	0.08
	290.44

	F: eccentric low
	0.735
	0.12
	939.33
	0.25
	1956.9
	0.9549
	0.11
	532.48
	0.08
	193.63

	F: eccentric high
	0.735
	0.12
	1127.2
	0.25
	2348.3
	0.9549
	0.11
	638.97
	0.08
	464.71


	
	M. il. cap.:     Ventroflexion
	Lateroflexion
	M. r. c. v.:     Ventroflexion
	Lateroflexion

	
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)
	cos
	R (m)
	T (Nm)
	R (m)
	T (Nm)

	Neutral pose
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.9381
	0.07
	228.09
	0.185
	602.8
	0.9567
	0.11
	320.09
	0.08
	232.79

	F: isometric
	0.9381
	0.07
	285.11
	0.185
	753.5
	0.9567
	0.11
	400.11
	0.08
	290.99

	F: eccentric low
	0.9381
	0.07
	380.14
	0.185
	1004.7
	0.9567
	0.11
	533.48
	0.08
	193.99

	F: eccentric high
	0.9381
	0.07
	456.17
	0.185
	1205.6
	0.9567
	0.11
	640.18
	0.08
	465.58

	Dorsiflexed
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.862
	0.07
	209.58
	0.185
	553.9
	0.899
	0.11
	300.78
	0.08
	218.75

	F: isometric
	0.862
	0.07
	261.98
	0.185
	692.37
	0.899
	0.11
	375.98
	0.08
	273.44

	F: eccentric low
	0.862
	0.07
	349.3
	0.185
	923.16
	0.899
	0.11
	501.31
	0.08
	182.29

	F: eccentric high
	0.862
	0.07
	419.17
	0.185
	1107.8
	0.899
	0.11
	601.57
	0.08
	437.5

	Ventroflexed
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.8694
	0.07
	211.38
	0.185
	558.65
	0.9875
	0.11
	330.39
	0.08
	240.29

	F: isometric
	0.8694
	0.07
	264.23
	0.185
	698.31
	0.9875
	0.11
	412.99
	0.08
	300.36

	F: eccentric low
	0.8694
	0.07
	352.3
	0.185
	931.09
	0.9875
	0.11
	550.66
	0.08
	200.24

	F: eccentric high
	0.8694
	0.07
	422.76
	0.185
	1117.3
	0.9875
	0.11
	660.79
	0.08
	480.57

	Flexed right side
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.774
	0.07
	188.19
	0.185
	497.35
	0.9699
	0.11
	324.51
	0.08
	236

	F: isometric
	0.774
	0.07
	235.23
	0.185
	621.69
	0.9699
	0.11
	405.63
	0.08
	295.01

	F: eccentric low
	0.774
	0.07
	313.64
	0.185
	828.92
	0.9699
	0.11
	540.84
	0.08
	196.67

	F: eccentric high
	0.774
	0.07
	376.37
	0.185
	994.7
	0.9699
	0.11
	649.01
	0.08
	472.01

	Extended left side
	
	
	
	
	
	
	
	
	
	

	F: concentric
	0.5684
	0.07
	138.2
	0.185
	365.24
	0.9549
	0.11
	319.49
	0.08
	232.35

	F: isometric
	0.5684
	0.07
	172.75
	0.185
	456.55
	0.9549
	0.11
	399.36
	0.08
	290.44

	F: eccentric low
	0.5684
	0.07
	230.33
	0.185
	608.73
	0.9549
	0.11
	532.48
	0.08
	193.63

	F: eccentric high
	0.5684
	0.07
	276.4
	0.185
	730.48
	0.9549
	0.11
	638.97
	0.08
	464.71


SUPPLEMENTARY TABLE 12. Calculation quantities and results for dorsiflexion and lateroflexion moments (T, in Nm) of M. iliocostalis capitis (M il.cap.) and M. rectus capitis ventralis (M. r.c.v.) of the modeled Tyrannosaurus rex. 

