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A Study of the Correlation between
Spinal Curvatures, Plantar Pressure and Foot Angles

Young-Joon Eun, O.M.D., Yun-Kyung Song, O.M.D., Hyung-Ho Lim, O.M.D.
Dept. of Oriental Rehabilitation Medicine, Oriental Medical College, Kyungwon University

Objectives : The purpose of this study was to identify spinal curvatures, plantar pressure and foot angles in a walking.

Spinal curvatures were measured by using radiograph.
Results : The cervical lordotic angle is significantly difference with left and right plantar pressure(p=0.027).

right plantar pressure(p=0.027). The other plantar pressure were no difference from spinal curvatures and foot angle in a walking.

Key Words : Plantar Pressure, Spinal Curvature, Foot Angle

Methods : 19 outpatients under 19 years old were included. Plantar pressure and foot angle in a walking were measured by using Gaitview AFA-50.

The thoracic kyphotic angle is significantly difference with left and right plantar pressure(p=0.026). Cobb’ s angle is significantly difference with left and

Conclusion : There were no correlation between plantar pressure, spinal curvatures and foot angle. We consider that needed more additional study.
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Fig. 1. Gaitview AFA-50(front).

Fig. 2. Gaitview AFA-50(back).
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Fig. 3. Plantar Pressure in a Standing.
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Fig. 4. Plantar Pressure in a Walking.
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Table T . Characteristics of Subjects

Sex
Men(n=8) Wemen(n=11) Total(n=19)

Age 14.50+2.00 14.64+2.25 14.58+2.09
Cervical lordotic angle(®) 36.50+15.88 38.82+13.80 37.84+14.33
Thoracic kyphotic angle(®) 28.13+5.49 20.91+10.06 23.95+9.02
Lumbar lordotic angle(®) 36.50+6.87 36.73+9.81 36.63+8.47
Ferguson’ s angle(®) 35.38+7.62 32.91+9.82 33.95+8.82
Cobb’ s angle of T-spine(°”) 9.00+7.15 13.73+10.48 11.74+9.31
Cobb'’ s angle of L-spine(®) 9.00+5.76 10.64+7.80 9.951+6.88

Values represent the mean=+S.D.
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Table II. Characteristics of Subjects
Sex
Total(n=19)
Men(n=8) Wemen(n=11)
Plantar pressure in a standing(%) Fore foot 50.45+5.025 0.74+3.425 0.62+4.04
Hind foot 49.55+5.02 49.26+3.42 49.38+4.04
Left foot 50.79+3.69 50.74+3.70 50.76+3.59
Right foot 49.21+3.69 49.26+3.70 49.24+3.59
Plantar pressure in a walking(%) Fore foot 56.14+£3.59 54.90+2.53 55.42+2.99
Hind foot 43.86+3.59 4510+2.53 44.58+2.99
Left foot 50.08+1.33 49.38+2.03 49.67+1.76
Right foot 49.92+1.33 50.62+2.03 50.33+1.76
Left foot angle in a walking(®) 4.54+5.16 8.15+3.85 6.63+4.69
Right foot angle in a walking(®) 10.05+5.52 9.83+4.18 9.92+4.64
Values represent the mean=+S.D.
Table [II. Correlation between Fore-Hind Plantar Pressure, Spinal Curvatures and Foot Angles
Plantar pressure in a standing P-value
Fore foot (n=11) Hind foot (n=8)
Cervical lordotic angle(®) 38.55+17.91 36.88+8.24 0.772
Thoracic kyphotic angle(®) 22.82+8.93 25.,50+9.52 0.408
Lumbar lordotic angle(®) 39.00+8.89 33.38+7.13 0.264
Ferguson’ s angle(®) 35.64+8.93 31.63+8.68 0.320
Cobb’ s angle of T-spine(®) 10.00+7.25 14.13+11.68 0.590
Cobb' s angle of L-spine(°) 8.00+5.50 12.63+8.04 0.229
Left foot angle in a walking(®) 5.84+4.67 7.72+4.79 0.409
Right foot angle in a walking(") 10.79+5.40 8.72+3.32 0.160
Values represent the mean=+S.D.
The data were analysed by Mann-Whitney U Test
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Table V. Correlation between Left-Right Plantar Pressure, Spinal Curvatures and Foot Angles

Plantar pressure in a standing

Plantar pressure in a walking

- P-value : P-value
Fore foot (n=10)  Hind foot (n=9) Fore foot (n=7) Hind foot (n=11)

Cervical lordotic angle(°)  31.80+13.33 4456+12.87 0.027* 39.43+1212 3555+15.93 0.650
Thoracic kyphotic angle(®)  26.20+6.70 21.44+10.92 0.368 27.00+7.75 21.18+9.35 0.238
Lumbar lordotic angle(®) 34.40+7.53 39.11+£9.20 0.220 36.57+4.08  37.09+10.81 0.751
Ferguson’ s angle(®) 31.00+8.78 37.22+8.07 0.129 34.43+6.68 34.00+10.56 0.964
Cobb’ s angle of T-spine(°) 10.90+11.20 1267+721  0.390 8.00+4.36 14.73+10.97 0.204
Cobb’ s angle of L-spine(®)  9.00+8.29 11.00+520 0.286 8.14+5.58 11.36+7.83 0.466
Left foot angle in a walking(®) 5.60+4.51 7.78+487  0.327 5.68+4.25 7.72+4.90 0.342
Right foot angle in a walking(’) 9.76+6.11 10.10£255  0.683 11.98+5.47 8.49+3.93 0.221

Values represent the mean+S.D.

The data were analysed by Mann-Whitney U Test
*: Significant is the 0.05 level (2-tailed).

t : 1 subject has the same distribution in a walking



Table V. Correlation between Fore-Hind Plantar Pressure, Spinal Curvatures and Foot Angles in Normal
Group and lll-balanced Groups

. . Plantar pressure in
Plantar pressure in a standing

a walking*
Fore foot Hind foot  P-value Fore foot  P-value
Under 5% Under 5%
(n=11) over 5% over 5% (n=2) over 5%
- (n=5) (n=3) - (n=17)

Cervical lordotic angle(°) 39.55+16.18 37.20+1550 32.67+1.16 0.884 37.50+9.19 37.88+15.02 0.894
Thoracic kyphotic angle(®) 23.82+895 2520+7.19 22.33+14.84 0.970 30.50+0.71 23.18+9.25 0.258
Lumbear lordotic angle(”) 3755+952 3540+6.50 3533+9.87 0.847 3750+495 36.53+890 0.739
Ferguson' s angle(®) 3391+9.73 3340+862 35.00+8.66 0.938 38.00+1.41 33.47+9.22 0.689
Cobb' s angle of T-spine(°)  11.27+10.36 10.80+8.35 15.00+9.17 0.719 1250+0.71 11.65+9.87 0.641
Cobb’ s angle of L-spine(”) 845+7.70 10.00+5.34 15.33+4.16 0.165 850+0.71 10.12+7.28 0.894
Leftfoot angle in awalking(") 6.03+4.97  528+3.81 11.11+296 0.194 554+6.71 6.76+4.66 0.595
Right foot angle in a walking(") 8.85+4.01  13.01+6.31 8.69+1.31 0.192 10.98+0.27 9.80+491 0.89%4
Values represent the mean+S.D.

The data were analysed by Kruskal Wallis Test

* : There was no hind foot over 5% group.

Table V1. Correlation between Left-Right Plantar Pressure, Spinal Curvatures and Foot Angles in Normal
Group and lll-balanced Groups

Plantar pressure in a standing Plantar pressure in a walking
Left foot Rightfoot  P-value Leftfoot  Rightfoot P-value
Under 5% Under 5%
over 5% over 5% over5%  over5%
(n=10) (n=2)
(n=5) (n=4) (n=17) (n=1)

Cervical lordotic angle(*) 4320+14.04 2720+1374 37.75+1021 0.129 37.69+1531 37.00+12.73 4200  0.967
Thoracic kyphotic angle(’) ~ 24.50+7.79  30.00+3.39 15.00+11.05 0.077 2281+925 3250+354 2500 0279
Lumbar lordotic angle(") 33504645 39.00+583 4150+1368 0311 37.44+891 34.00+424 2900 0411
Ferguson’ s angle() 30.70+748 3560+853 40.00+1061 0190 3594+7.89 2650+212 17.00  0.095
Cobb' sangle of T-spine(*) ~ 1340+11.30 6.20+4.38 14504640 0248 1350+9.03 3.00+42 4100 0.077
Cobb’ sangle of L-spine(°’) ~ 11.00+£865 6.20+£327 1200+356 0262 1081+£7.05 650+495 300  0.347
Leftfootangle inawalking(’) 6.01+3.66  437+599 11.02+287 0.118 7.10+455 0.93+0.16 1063  0.167
Right foot angle in a walking(’) 10.31+£3.90 10.08+7.26 8.75+3.33 0.828 1023+479 7.74+571 935 0728

Values represent the mean+S.D.
The data were analysed by Kruskal Wallis Test
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Table VI. Correlation between Cervical Lordotic Angle, Plantar Pressure and Foot Angles

a =X

Hypolordosis(n=10)  Normal(n=3)  Hyperlordosis(n=6)  P-value

Fore foot 49.27+4.51 50.74+3.75 52.81+2.65 0.279

Hind foot 50.731+4.51 49.26+3.75 47.1942.65 0.279

Plantar pressure DFH* -1.47+£9.02 1.48+7.50 5.62+5.29 0.279
in a standing posture(%) Left foot 51.49+4.51 50.70+£2.14 49.58+2.28 0.775
Right foot 48.511+4.51 49.30+2.14 50.42+2.28 0.775

DLR! 2.97+9.03 1.41+4.29 -0.84+4.56 0.775

Fore foot 54.56+2.18 55.841+3.87 56.6613.78 0.569

Hind foot 45.44+2.18 44161+3.87 43.34+3.78 0.569

Plantar pressure DFH* 9.11+4.36 11.67+7.74 13.39+7.55 0.569
in a walking posture(%) Left foot 49.60+1.52 48.68+2.99 50.30+1.54 0.491
Right foot 50.40+1.52 51.32+2.99 49.701+1.54 0.491

DLR! -0.81+3.04 -2.63+5.98 0.59+3.08 0.491

Left foot angle in a walking(®) 7.45+4.93 5.36+4.96 5.92+4.75 0.677
Right foot angle in a walking(®) 9.15+5.55 12.12+£3.62 10.10+£3.57 0.677

Values represent the mean=+S.D.

The data were analysed by Kruskal Wallis Test
* DFH : Differentce between fore and hind foot
t DLR : Differentce between left and right foot



Table VII. Correlation between Thoracic kyphotic Angle, Plantar Pressure and Foot Angles

Hypokyphosis(n=8) Normal(n=11) P-value
Fore foot 51.48+4.13 49.99+4.04 0.322
Hind foot 48.52+4.13 50.01+4.04 0.322
Plantar pressure DFH! 2.95+8.27 -0.01+8.09 0.322
in a standing posture(%) Left foot 48.70+2.13 52.26+3.76 0.026*
Right foot 51.30+2.13 47.74+3.76 0.026*
DLR? -2.59+4.27 4.51+7.53 0.026*
Fore foot 55.89+3.15 55.08+2.98 1.000
Hind foot 4411+3.15 44.92+2.98 1.000
Plantar pressure DFH! 11.78+6.30 10.16£5.95 1.000
in a walking posture(%) Left foot 49.18+1.34 50.03+2.00 0.215
Right foot 50.82+1.34 49.97+2.00 0.215
DLR? -1.63+2.68 0.06+4.00 0.215
Left foot angle in a walking(°) 8.38+3.60 5.36+5.12 0.186
Right foot angle in a walking(°) 8.95+4.26 10.62+4.98 0.869
Values represent the mean=+S.D.
The data were analysed by Mann-Whitney U Test
* : Significant is the 0.05 level (2-tailed).
t : DFH : Differentce between fore and hind foot
# : DLR: Differentce between left and right foot
Table [X. Correlation between Lumbar Lordotic Angle, Plantar Pressure and Foot Angles
Hypolordosis(n=18) Normal(n=1) P-value
Fore foot 50.52+4.13 52.31 0.465
Hind foot 49.48+4.13 47.69 0.465
Plantar pressure DFH* 1.05+8.26 4.62 0.465
in a standing posture(%) Left foot 50.99+3.55 46.60 0.144
Right foot 49.01+3.55 53.40 0.144
DLR t 1.98+7.09 -6.80 0.144
Fore foot 55.57+3.01 52.81 0.201
Hind foot 44.43+3.01 4719 0.201
Plantar pressure DFH* 11.13+6.02 5.62 0.201
in a walking posture(%) Left foot 49.68+1.81 49.58 0.715
Right foot 50.32+1.81 50.42 0.715
DLR t -0.64+3.62 -0.83 0.715
Left foot angle in a walking(®) 6.27+4.53 13.27 0.144
Right foot angle in a walking(") 9.75+4.71 13.03 0.201

Values represent the mean=+S.D.
The data were analysed by Mann-Whitney U Test
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Table X . Correlation between Ferguson's Angle, Plantar Pressure and Foot Angles

Low angle(n=7) Normal(n=12) P-value
Fore foot 51.111+3.345 0.33+4.51 0.866
Hind foot 48.89+3.34 49.67+4.51 0.866
Plantar pressure DFH* 2.23+6.67 0.66+9.02 0.866
in a standing posture(%) Left foot 51.55+3.745 0.30+3.58 0.353
Right foot 48.45+3.74 49.701+3.58 0.353
DLR! 3.10+7.48 0.60+7.17 0.353
Fore foot 55.821+2.50 55.19+3.33 0.499
Hind foot 44.18+2.50 44.81+3.33 0.499
Plantar pressure DFH* 11.63+£5.00 10.38+6.66 0.499
in a walking posture(%) Left foot 49.21+2.60 49.94+1.08 0.237
Right foot 50.79+2.605 0.06+1.08 0.237
DLR! -1.57+5.20 -0.12+2.17 0.237
Left foot angle in a walking(°) 5.65+3.67 7.21+£5.25 0.447
Right foot angle in a walking(®) 8.60+4.45 10.69+4.77 0.612

Values represent the mean=+S.D.
The data were analysed by Mann-Whitney U Test

Table X1. Correlation between Cobb's Angle of Thoracic Spine, Plantar Pressure and Foot Angles

Normal(n=9) Scoliosis(n=10) P-value
Fore foot 51.06+2.69 50.22+5.08 0.870
Hind foot 48.94+2.69 49.78+5.08 0.870
Plantar pressure DFH! 2.12+5.38 0.44+10.15 0.870
in a standing posture(%) Left foot 52.61+3.83 49.10+2.50 0.027*
Right foot 47.39+3.83 50.90+2.50 0.027*
DLR* 5.22+7.66 -1.81+5.00 0.027*
Fore foot 55.95+2.25 54.95+3.59 0.253
Hind foot 44.05+2.25 45.05+3.59 0.253
Plantar pressure DFH! 11.90+£4.50 9.89+7.18 0.253
in a walking posture(%) Left foot 49.81+£2.20 49.55+1.37 0.624
Right foot 50.19+2.20 50.45+1.37 0.624
DLR* -0.37+4.39 -0.90+2.73 0.624
Left foot angle in a walking(°) 5.28+4.86 7.85+4.41 0.288
Right foot angle in a walking(") 9.99+5.26 9.86+4.31 0.806

Values represent the mean+S.D.

The data were analysed by Mann-Whitney U Test
* : Significant is the 0.05 level (2-tailed).

1 : DFH : Differentce between fore and hind foot
¥ : DLR: Differentce between left and right foot
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Table XI. Correlation between Cobb’ s Angle of Lumbar Spine, Plantar Pressure and Foot Angles

Normal(n=10) Scoliosis(n=9) P-value
Fore foot 51.06+2.30 50.13+5.50 0.935
Hind foot 48.94+2.30 49.87+5.50 0.935
Plantar pressure DFH* 2.11+4.59 0.26+11.00 0.935
in a standing posture(%) Left foot 51.67+3.21 49.75+3.90 0.102
Right foot 48.33+3.21 50.25+3.90 0.102
DLR t 3.35+6.42 -0.51+7.80 0.102
Fore foot 55.14+3.02 55.73+3.11 0.870
Hind foot 44.86+3.02 4427 +3.11 0.870
Plantar pressure DFH* 10.29+6.04 11.46+6.23 0.870
in a walking posture Left foot 49.60+1.83 49.76+1.78 0.870
Right foot 50.40+1.83 50.24+1.78 0.870
DLR t -0.80+3.66 -0.49+3.57 0.870
Left foot angle in a walking(°) 5.93+4.94 7.42+4.54 0.568
Right foot angle in a walking(°) 9.59+5.16 10.29+4.27 0.414
Values represent the mean=+S.D.
The data were analysed by Mann-Whitney U Test
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Table XII. Correlation between Foot Aniges in a Walking, Spinal Curvatures and Plantar Pressure

Under 7° on Over 7° on Under 7° on Over 7° on
the left the left P-value the right the right P-value
(n=9) (n=10) (n=4) (n=15)

Cervical lordotic angle(®) 35.89+1593 39.60+13.33 0682 2850+15.70 40.33+13.40 0.210
Thoracic kyphotic angle(®)  27.11+7.18 21.10+9.89 0.164 2025+11.44 2493+846  0.423
Lumbar lordotic angle(®) 34.11+£7.22 38.90+9.23 0205  38.50+9.98 36.13+8.35 0.452
Ferguson’ s angle(®) 31.89+7.08 35.80+10.14 0251 35.00+11.66 33.67+839  0.802
Cobb'’ s angle of T-spine(°) 12.44+11.34 11.10+76 20967 1525+16.58  10.80+6.93  0.920
Cobb’ s angle of L-spine(®)  11.11+7.69 890+6.30 0566 10.25+11.98 9.87+5.49 0.513

Fore foot  52.64+2.97 48.80+4.12 0.060 52.16+2.16 50.21+4.37 0.484
Plantar Hind foot  47.36+2.97 51.20+4.12 0.060 47.84+2.16 49.79+4.37  0.484
pressure DFH* 5.27+5.95 -240+824 0060 51.71+£3.76 50.51+3.64 0.484
in a standing Leftfoot =~ 51.80+3.58 49.83+3.51  0.221 48.29+3.76 49.49+3.64  0.549
posture(%) Right foot ~ 48.20+3.58 50.17+3.51  0.211 55.77+2.18 55.33+3.23  0.549

DLR ¥ 3.60+7.16 -0.35+7.03  0.211 4423+2.18 4467+323  0.549

Fore foot  56.27+3.32 54.65+2.60 0.288  49.94+2.09 49.60+1.74  0.841
Plantar Hind foot  43.73+3.32 4535+2.60 0.288  50.06+2.09 50.40+1.74  0.841
pressure DFH* 12.55+6.64 9.31+519  0.288 4.32+4.31 0.4118.74 0.841
in a walking Leftfoot ~ 50.35+1.79 49.06+1.57  0.191 3.41+7.52 1.02+7.27 0.920
posture(%) Right foot  49.65+1.795 0.94+157  0.191 11.55+4.36 10.66+6.47  0.920

DLR ¥ 0.71+3.58 -1.88+3.15  0.191 -0.12+4.19 -0.79+3.47  0.920

Values represent the mean+S.D.
The data were analysed by Mann-Whitney U Test
Suistaly] sl FEEe PG 1A Aol & AME {FAANA A FA4YS dgsiA st
W ZFAA A QX AN EAdE A HEFE & . IHER Fe] Bade HAF9 JARE 7
AT A7 ARe §A7 Qe A BRE &F A sha A2olde] BRUs 4P WYNA 15
of oA dodth?. F QA= FH tisted @ AR e ool BUAE wEH, o]y
e A HU, 2 AEedAY d3s FAGLA 3 XA Ee] EYAE AN F5u bl
e xEoE A Wslel fg B WEATh  o)g] Aol o] oz sjnahy tioket 1914 o3
o]Z <lall WZF A A FYH FAS A= 1A WAL, o] B AFEL AFelF]
R2HE U] 9% Fle] Rah wol AelA RIS AT 5 AP,
Hop? Zuke BEE AR5ty HF9 A g 94 o] 7152 AAY olFste F Alee AA
st 719 Ao HFA AR AFAAE st FHs ST, oA AA Y 7l el &
FoIGHE AE HgH Sl HES Su) Zoh o), A9 AHE 2Pe) d8) A7 4RE
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