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Abstract

Purpose and background: The prevalence of diabetes mellitus is increasing 

every year in Taiwan. Many complications of DM have a great impact on the 

individuals with DM for life time. Neuropathy, sensory loss and muscle deficit 

make DM patients change there gaits and postures. These changes of walking 

mechanism maybe affect their plantar pressure abnormally. Alternant plantar 

pressure applies on different areas of plantar side of feet repeat and repeat. 

Finally, patients may suffer form foot ulceration without definite trauma. 

Individuals with DM have a higher rate of foot ulceration and lower extremity 

amputation than those without diabetes.  

Result form previous research, foot ulceration of DM patient is associated with 

1)neuropathy 2)avescular disease. Physical examinations for neuropathy and 

avescular disease combine with plantar pressure can predict the possibility of 

foot ulceration of DM patients. Furthermore, plantar pressure can also provide 

clinicians and health professionals a direct evidence to make up a proper 

decision.

The purpose of this study was to determine the pattern of DM patient’s plantar 

pressure during level walking. By separating plantar pressure to 10 regions, and 

discus pressure associated parameters of these region with other clinical data, 

the relationships between plantar pressure and result of clinical examinations 

could be found. 

Methods: 432 subjects with DM patients participated in this study. DM 

patients with neuropathy, foot deformity and unable to walk independently 



IV

were excluded. HbAlc and the fasting blood glucose level(A.C.) were 

measured. And all of the subjects completed the pressure data collection and 

history taking. 

Result: We found that subjects with DM have increased mean pressure on 2nd

metatarsal bone and 3rd metatarsal bone. Mean load rate on heel was higher 

than other areas. Impulse on 2nd metatarsal bone was the highest of foot. 

Maximum peak pressure was located on 2nd metatarsal and 3rd metatarsal done.  

Discussion: The highest plantar pressure was located on forefoot 2nd metatarsal 

bone area. As HbA1c increased, mean pressure and max peak pressure 

increased.

Key words: Diabetes mellitus(DM), plantar pressure, neuropathy, deformity, 

ulceration. 
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(life time)

(sensory loss)
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(van Deursen, 2004)

(dependent rubor)

(ulceration)

( , 1994)

15% (Reiber, 1996)

(Incidence) 1%~4%(Reiber, 2001)

4%~10%

10 30 (Reiber, 2001)
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13% 40%

45% 65% 39% 80% (Reiber, 

2001)
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2005 Singh 24
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1666 2 (Lavery et al., 2003)
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(Fernando et al., 1991)

(Abouaesha et al., 2001)

(Abboud, Rowley & Newton, 

2000)

2005 Singh 24

VPT test monofiliment fiber touch test
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(Boulton, 2004)

(Caselli, et al, 2002)

(intrinsic muscle)
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) 1992 Veves
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(3) (4)

(Sarnow et al., 1994; Donaghue et al, 1995; Vijay, 1998; 

Hughes, Rowland, & McMeekin, 2000)

2002 Caselli

(fore

foot) (rare foot)

F/R

F/R

2004 Pataky 5
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2005 Singh EBSCO MEDLINE National Guideline 

Clearinghouse database (diabetes)

(foot ulcer) (infection) (prevention)

1980 2004

24
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( , 2001) 

2004 Armstrong
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(van Schie et al, 2005)

(Donaghue, 1996)

(Baumhauer et al, 1997)
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1996 Donaghue
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6

(Baumhauer et al, 1997)

(Dai et al, 2006)

(Ramdharry et al, 2006) (Kimmeskamp & Henning, 

2001)

(Weist, Eils & Rosenbaum, 2004) 2006 Mao
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( , 2003)
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(fore foot) (rare foot)
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(2nd toe) (3-5th toe)
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(pressure)

(pressure-time integral) (impact)

(gait cycle)

(Donaghue, 1996; Armstrong, 

2004)
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 3-1: 
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.

.

1. 5

2. Footscan  (Footscan plate system, RSscan 

International., Belgium) 

Footscan 3D system Footscan 0.5m plate

Footscan gait software

 3- 1:
 Dimensions 

 L x B x H (m) 

 Active sensor surface

 L x B (m)

 Amount of 

 sensors (#)    

 Sensitivity

 (N/cm2)

 Max. Frequency

 (Hz) 

 0,5 x 0,4 x 0,008    0,48 x 0,32  4096  0,27 - 127  500

( : RSscan International., Belgium. : http://www.rsscan.com/)
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 3-2: 0.5m
( : RSscan International., Belgium. : http://www.rsscan.com/)

3.

Astra5400 scanner (maxium technologies inc., TW) 

(Clinical Examination) 

(Plantar pressure measurement) 

(History taking) 



- 23 -

3-4-1 (Clinical Examination) 

(Physical Examination)

(Laboratory Examinations)

VPT test (Vibration Perception Threshold Test) 10-g Semmes-Weinstein 

monofilament touch test (Touch-Test Sensory Evaluator; North Coast 

Medical, Morgan Hill, CA) (Palpation dorsalis pedis 

posterior tibia )

(Laboratory Examinations)

(HbA1c)

3-4-2 (Plantar pressure measurement) 

(2 step protocol)
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5

1-3

40 6-8
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 3-3: ( 1cm 0.05mm) 

.

4

a.
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 3-4: 

b.

 3-5: 
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c.

500Hz

(area size)

(mean pressure)

(max mean pressure) (start time)

(end time) (timing of max pressure)

(loading rate)

(impulse)

(max peak pressure) (Max P)

(MLR) (Impulse) (MPP)
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d.

1. Hallux(T1)
2. Toe 2-5(T2-5) 
3. 1st Metatarsal bone(MT1) 
4. 2nd Metatarsal bone(MT2) 
5. 3rd Metatarsal bone(MT3) 

6. 4th Metatarsal(MT4) 
7. 5th Metatarsal(MT5) 
8. Mid Foot(MFT) 
9. Medial Heel(MH) 
10. Lateral Heel(LH) 

 3-6: 

3-4-3 (History taking) 



. (2 step protocol) 

Mid

Gait Protocal (Bus & de Lange, 2005)

. (Mean pressure) 

(Max P)

N/cm2

. (Mean Loading rate) 

0

0
TT

PrateLoading
MAX

MAX
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N/cm2 sec

. (Imupulse) 

N sec/ cm2

. (Max Peak Pressure) 

N/cm2

.  (descriptive statistic) 

.  (One-way ANOVA) 

.  (Pearson’ s correlation coefficients) 



- 31 -



- 32 -

500

432

222 210 59.1  12.6 (min:18, 

max:89) 160.9  7.9cm 66.4  11.9kg

 4- 1: (Mean S.D) 

432

(cm) 160.9  7.9 

(kg) 66.4  11.9 

(years) 59.1  12.6 

4 (Max

P) (MLR) (Impulse) (MPP)
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(D’m) (ND)
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 4-2: (Mean±S.D.)

ND MaxP
(N/cm2)

MLR
(N/cm2 s)

Impulse
(N s /cm2)

MPP
(N/cm2)

T1 11.0 3.9 42.9 22.0 2.1 1.1 37.8 16.5

T2-5 2.7 1.2 23.2 21.4 0.4 0.2 13.3 5.4

MT1 10.8 4.3 40.4 19.6 2.6 1.2 26.3 12.3

MT2 19.3 4.7 46.4 16.8 5.2 1.3 48.0 17.1

MT3 22.2 5.5 48.8 17.8 6.2 1.5 51.9 17.4

MT4 14.2 3.6 34.2 11.6 4.1 1.2 35.8 10.1

MT5 8.1 3.1 24.9 13.2 2.2 1.0 22.3 10.8

MFT 4.2 1.6 20.0 10.9 1.1 0.6 15.2 5.7

MH 16.9 3.5 85.4 28.3 4.9 1.2 38.2 9.9

LH 15.3 3.3 75.7 24.3 4.4 1.1 36.9 8.8

D’m: Domain side ND: Non-domain side
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 4-3: (Mean±S.D.)

D’m MaxP
(N/cm2)

MLR
(N/cm2 s)

Impulse
(N s /cm2)

MPP
(N/cm2)

T1 9.9 3.5 47.4 27.3 1.9 1.1 32.9 16.8

T2-5 3.3 1.3 24.8 20.3 0.5 0.3 13.9 5.7

MT1 10.5 3.6 35.1 19.3 2.6 1.0 29.9 12.6

MT2 22.1 5.7 48.8 17.5 6.0 1.5 54.3 17.9

MT3 21.0 5.2 44.5 16.4 5.9 1.4 50.7 15.7

MT4 14.1 3.7 33.6 14.2 4.3 1.4 33.0 11.5

MT5 8.9 3.5 27.3 14.7 2.6 1.2 23.7 12.4

MFT 4.5 1.9 22.2 14.6 1.1 0.8 14.3 5.9

MH 15.4 3.4 80.7 26.0 4.3 1.2 36.6 10.4

LH 15.6 3.4 82.4 31.1 4.5 1.2 36.5 10.7

D’m: Domain side ND: Non-domain side

 4-1: 
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 4- 2: 

 4- 3: 

 4- 4: 
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10 (MaxP)

4-2 4-3 MT2 (

) MT3

MT3 MT2 ( 4-1)

( 4-2)

MT3

MT2

MT3

MT2

MT2 MT3 ( 4-4)
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(laboratory data)

(HbA1c) (A.C.)

201

4-4

 4-4: (Mean  S.D.) 

HbA1c(%) A.C.(mg/dl) 

201 8.0  1.6 160.7  58.0 
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4-4-1

 4-5: 
HbA1c vs. Max P-BW/AREA

ND D’m 
Area r Sig. r Sig.
T1 0.444 >0.001* 0.406 >0.001*
T2-5 -0.021 0.784 0.041 0.612
MT1 0.333 >0.001* 0.396 >0.001*
MT2 0.054 0.469 0.255 0.001*
MT3 0.075 0.310 0.08 0.277
MT4 0.046 0.531 0.053 0.468
MT5 -0.017 0.817 0.087 0.242
MFT -0.003 0.967 0.106 0.164
MH 0.154 0.040* -0.051 0.494
LH 0.120 0.102 0.072 0.327

*: Pearson Correlation, p<0.05 r: correlation coefficient of Pearson Correlation Sig.:

significant D’m: Domain side ND: Non-domain side
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 4- 5: T1

 4- 6: MT1
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 4-7: MH

 4-8: T1
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 4-9: MT1

 4-10: MT2
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 4-6
A.C. vs Max P-BW/AREA 

ND D’m 
Area r Sig. r Sig.
T1 0.0974 0.1186 0.0961 0.1273
T2-5 0.0738 0.2618 0.0474 0.4829
MT1 0.0772 0.2203 0.1094 0.0799
MT2 0.1143 0.0657 0.1386 0.0257*
MT3 0.1054 0.0898 0.1558 0.0120*
MT4 0.0385 0.5367 0.1036 0.0963
MT5 -0.0664 0.2888 0.0475 0.4495
MFT 0.0330 0.6122 0.0415 0.5205
MH 0.0389 0.5325 0.0620 0.3202
LH 0.1113 0.0731 0.1076 0.0841
*: Pearson Correlation, p< 0.05 r: correlation coefficient of Pearson Correlation Sig.: 

significant D’m: Domain side ND: Non-domain side

 4-11: MT2
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 4-12: MT3

4-5 T1

MT1

MT1

MT2

4-6

MT2 (2nd Metatarsal) MT3 (3rd Metatarsal)
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4-4-2

 4-7
HbA1c vs MPP-BW/AREA

ND D’m 
Area r Sig. r Sig.
T1 0.269 >0.001* 0.274 >0.001*
T2-5 -0.049 0.524 0.107 0.183
MT1 0.231 0.002* 0.189 0.012*
MT2 0.116 0.120 0.155 0.040*
MT3 0.029 0.690 -0.053 0.477
MT4 0.035 0.640 -0.048 0.519
MT5 -0.017 0.823 -0.024 0.745
MFT 0.096 0.210 0.124 0.103
MH 0.051 0.493 0.025 0.731
LH 0.020 0.787 0.076 0.301
*: Pearson Correlation, p<0.05 r: correlation coefficient of Pearson Correlation Sig.: 

significant D’m: Domain side ND: Non-domain side
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 4-13: T1

 4-14: MT1
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 4-15

 4-16
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 4-17

 4-8
A.C. vs MPP-BW/AREA 

ND D’m 
Area r Sig. r Sig.
T1 0.0433 0.4890 0.0504 0.4250
T2-5 0.0982 0.1341 0.0447 0.5087
MT1 0.0603 0.3398 0.0651 0.2995
MT2 0.0090 0.8857 0.0567 0.3653
MT3 0.0060 0.9231 0.0928 0.1372
MT4 0.0819 0.1880 0.1061 0.0901
MT5 -0.0813 0.1956 0.0458 0.4670
MFT 0.0936 0.1491 0.1010 0.1209
MH 0.0672 0.2814 0.0321 0.6111
LH 0.0221 0.7228 0.0753 0.2269
r: correlation coefficient of Pearson Correlation Sig.: significant D’m: Domain side ND: 

Non-domain side
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4-7 T1 MT1 (1st Metatarsal)

Toe1 MT1 MT2

4-8
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MT2

(22.1 5.7N/cm2) MT3 (20.9 5.3 N/cm2) (15.6

3.4 N/cm2) MT3(22.2 5.5 N/cm2) MT2

(19.3 4.7 N/cm2) (16.9 3.5 N/cm2)

2005 Pataky

20.5 N/cm2 11.0 N/cm2

13.7 N/cm2 10.8 N/cm2

20.5 N/cm2 22.2 N/cm2 16.0
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N/cm2 8.1 N/cm2 18.7 N/cm2

16.9 N/cm2( ) 15.3 N/cm2 ( )

T1 MT1 (r=0.44

r=0.33) MH

(r=0.15, p=0.04)

T1 MT1 (r=0.41

r=0.40) MT2 (r=0.26, r=0.001)

MT2 MT3

(r=0.14

r=0.16)
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initial contact

MH LH

82.4 31.1 N/cm2 s 85.4 28.3 N/cm2 s

3

-
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pressure-time integral (Kanade, 2006)

MT3 MT2

MT2 MT3

Pataky 2005

PTI(pressure-time integral)

PTI

(Armstrong, 2004)

pressure-time integral

20
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10

MT2 (54.3 17.9 N/cm2) MT3 (51.9 17.4 N/cm2)

1991 Fernado

2001 Peter

2005 Pataky

MT2 MT3

T1

MT1 (r=0.27 r=0.23)

(p>0.001 p=0.002) T1 MT1 MT2

(r=0.27, r=19, r=0.16)

(p>0.001, p=0.01, p=0.04)

( 3 )
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MT2 MT3 MT2 MT3
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(bony landmark)
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