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DIAGNOSIS AND TREATMENT OF DIABETIC FOOT LESIONS :
FROM THE VIEWPOINT OF PLASTIC AND RECONSTRUCTIVE SURGEONS

Kunitoshi Nivomiya and Go UMEDA

Department of Plastic and Reconstructive Surgery, The Jikei Daisan Hospital

Leg and foot are known as regions with relatively poor blood circulation.
Diabetic foot legions have complex causes and are sometimes difficult to treat. So recovery from diabetic

foot lesions is thought to be very difficult.

Amputation below or above knee is occasionally necessary.

The main etiologics of diabetic foot lesions are divided into four categories, peripheral arterial disease
(PAD), peripheralneuropathy (PN), neuro—ischemia and infection.

These wounds constitute combinations of four lesions. Wound treatment must be conducted according to

proper assessment of diabetic foot legion.

Severe PAD with ulcers in the lower extremities is associated with an increased risk of limb amputation.
The TASC Guidelines emphasize the importance of revascularization during the treatment of diabetic foot
with severe PAD. If ischemia is detected, immediate vascular reconstruction should be indicated.

Treatment of diabetic foot lesions requires collaboration among multiple specialties.

We, as plastic and reconstructive surgeons, should demonstrate leadership using our expert knowledge

and skill in relation to wound treatment.

(Tokyo Jikeikai Medical Journal 2017;132:1-11)
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Make to reduce ! Increasing Diabetes Mellitus

Correct knowledge for DM is prognosticated the crisis and prevented
for the complications.

Internal Medicine Characteristics of DM
1) high blood sugar 2) no subjective symptoms
3) typical complications and progression

!

diabetic retinopathy, nephropathy, arteriosclerosis

Ophthalmic
diabetic retinopathy
1) simple, pre-proliferate, proliferate  2) no symptoms in early
3) terminal stage in emergence of any symptoms
4) crisis in several to few decades

Visual impaired

Conference for Promoting the DM
1) Promotion of family doctors and disease diagnosis cooperation
2) Promotion of visits recommended and enhancement of leaderships
3) Improve the treatment outcomes

Fig.1. A lecture open to the public in the Japan Medical
(2005/09/19, Tokyo).
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K TERERIEDOHIE /R EDMEZITOLEND 5.
2. PN

B pRR R, EE RIS, AR EIC
ST 5%,

1) BEfREEE @8RS v > MEREARICX

% [ JE iR DK )

SRR, SRR & EL R OREIRIE S N ITid A
K< OEEIRS v+ > B D, KREOFAEE
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4) FEZH RS K D RN

TEB R T K > TRIC R a M 7a &
DORENFHOMBENELZ 5. ZOMEICELD, &
HEOZER NI Z U, hammer toe Z 1 claw toe 25

ischemic ulcer neuropathic ulcer

Skin temperature cold warm
Hypertrophy - +

Skin condition dry wet

Skin smooth - gloss callosity *rhagades
Pain + —

Infection + / - +

Toe deformity rare many

Sensory disturbance - +

Fig.2. Clinical findings of ischemic and neuropathic ulcer.

Normal skin

Fig.3. A~V shunt disorder according to autonomic disturbance'”.
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b. Ulcer on the great toe
Fig.4. Ulcer on the weight-bearing region.

a. Ulcer on the heel

Epithelization disorder

a. Histological finding of the planter region (HE stain) b. Ulcer on the heel

Fig.5. Histological finding of planter region and ulcer on the
heel.

a b
Fig.6. Ulcer and deformity on the foot and toe.
a. Ulcer on the lateral side on the 5th MTPj

b. Toe deformity

Fig.7. Ulcer and callosity on the heel
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EEZD (Fig 1.
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ZENEL, BUOAR R ENALND (Fig. 2).
3. BREEDEH

PAD A OHFITlE, BEMBYWENK IS Z &1
WIS, MTEREM Tk E SN D &G
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VI FRREA I EZDZER

THRIZAE U 2 $HATEES (I3 Rm IS 0 T
i < ENEMEG, MBI, BhRME, FRMER Skk 4
ISSERNH O, YISO D EITHREZETD T
ENEELEEZD (Fig. 8).

1. bM presence or not

2. Infection presence or not
Phlegmone
Osteomyelitis
Necrotizing facilitis

3. Compartment syndrome

IS

. Tumors ( Malignancy )
5. Collagen diseases

RA

SLE

SSc

biopsy

6. Venous disorder Venogram, Doppler examination
Trendelenburg test, Perthes test etc.
7. Arterial disorder
1) Exploration of artery (dorsal pedis and posterior tibia artery)
Examination of ABPI

0.3- ulcer, pain in rest
0.7-0.4  intermittent claudication
1.0-0.8  numbness, cold

2) Thermography
3) Skin perfusion pressure
under 30mmHg revascularization

4) Assessment of PAD
angiography
MR-A,CT-A
Fig.8. Diagnosis of the foot and lower extremity lesions
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6. EEIREREDOHE

P2 FRIRA2E  (chronic venous insufficiency:
CVD 3 bHEN @ WRED — DT, Tk
BB DE—MHAOD40-50% D BEL, 5%0
FBIRMEES R EOREEZETHEEDNTND Y.,
Trendelenburg test, Perthes test75 & @ A& B 2% () #
BRHIEEIRE R E 2TV AR 2D 2K %
fTOZENEETH 5.
7. BIRMEBEOHE

FAREAZEICE R 9 5 N E EEEE, EFak
TE DKL ENEIMERICH 2. Z OIEEITE
ORERFDEIMICERT 2720 #IEETH D Z
ENEL, BEICHET 2720 F OFHIFEET
H5.

D BiROfA (S EIR, ZICEEIR
2) ABPIOHIEIL, EREAZEO—DOHZ &2
578, RIGERDPHZE - S5 %313 % (Fig. 9).

0.3LF B, LEEREE
0.4-0.7 FaIER PR B 7
0.8-1.0 LU, Wik

) =BT TT1—

4) FZ & #E i E I E  (Skin perfusion pressure :
SPP) (Fig. 10)
RGBT A E s U IMER B RE 2 4R T 2 /2
WITI, KRGHEEWE ZE 3 5. Castronuovo
513, SPPORIEIC K SAIGZMEL, SPPA
40mmHg PL | & T IFEF 100% DB RNE S
570%, 30mmHg PL K TGRS 2RI D>
T5EHREL TS (Fig. 11) .

5) #REMIEL R /7 E (Transcutaneous oxygen
tension : TepO2)

& i
Fig.9. Mesurrement of ankle brachial pressure index (ABPI) and
clinical findings.
ABPI Clinical findings

1.0-0.8 numbness, cold extremity
0.7-0.4 intermittent claudication
0.3~ ulcer, gangrene

Fig.10. Instrument of Skin perfusion pressure (SPP).
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Kyl &y

0 5 10 5! 20 25 30 35 40 45 50
SPP (mmHg)

Fig.11. Cure rate of wound care in using SPP*”,

0, +4e +2H,0

Epidermal
0.5-0.8mm

artery

Fig.13. CT angiography(CTA) is shown.
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T, R TOREA 10 mmHg A N T, BEK
A%H10 mmHg LN ThIUSEILITHD, Yk
DRREMESENEE Z 5N TS (Fig. 12)272,
6) PAD DT

FAREAZE N DN 2 Y15, CT angiography
(CTA), MR angiography (MRA) (Fig.13) 72&
DOBREZITD. - PARERALZHD 55,
BHARAEAL 1T K 2 51 B DA PR AL 28 C R 73 IR
BB EE, MEEZRAEZITY, RO
BIOIMENIEEE, /N1 IS AR OIS ERETT 5.

VI. B B & 3 &

PR ERE O TR A TIE, SR, Ry
FRREE, WUNMERMEE, REEIIRERS E OB
DORFNBEET 5720, TORRREIIEME TIBHIC
T HEM DL N, T TI9FEIHIANS
20154E8 A 31 HE TD 204 T, HEZERE
BRI TR A B & R B = E R K2
JEE IR R R CARD  THERIGME S IRZE D
1B ZAT > TIER 2 Mt U 7z

X. # R

FEFNL 17061 TH - 7=, BiE116H1T, W2
BN 30 91 % (CEH961.45%) T, M3 5441,
IR IGAENRIT 33 % -89 1% (F1566.95%) Tdh o /-
FEBERAIT, REREAY20BE, FE2REAY1SHE, HE3RE
IN24ft, HEABEAY21HE, HESBEEAY200E, A
34, BEEAY43 61, HEEFEAY25 6, THEAY27ET
H-o7 (Fig. 14).

Great toe
2M toe
31 toe
4t toe
5th toe

Dorsal side
Planter side
heel

Lower extremity 27

Fig.14. Foot and toe lesions.



BRI L LI DS & 9 7

BH IR, KRRRYIEAS 1661 (5 961, 227 H1),
FREGIEr AYs2 1 (B a1pl, 1B, EEY)
Winss2 @l (B 2461, Z28f1), BEUIKiA 98K (5
80 41l, 18 i) Tddr > 7z, Hl A 25 51 (5 15 44,
106, FETEFTom (Beml, Z3fl),
EFiipl (Bofl, 26 Th-ol. RIFHEE
DA TIEFEEITO =DV 3961 (5B 2141, 22 1841)
Thorz. FiEEZ1—5m CEE25E) THo
7= (Fig. 15).

X. fE 1

REMER &2 BT 5.

KEFI L : 5355%, Lotk

R E S TN LR Y hOYIkR, Lo
YRz EDT T — R 22T, ANLTEKTH
U7z, %2R Tl MR 2 I il 25
M sE5EI (bFGF) #AI (7 1 7T A RO A T L —,
B EisRe 8l AA) Z@HHALZ. k2 n AT
ERAEE SN, B, B B EGES), jER
O ZIRE L, JEMEEARZMERL . WiEH

1995.1.1~2015.8.31

male 116 cases femal 54 cases
A-K amputation 9 7
. 41 11
B-K amputation
. 24 8
Metatarsal amputation
. 80 18
Toe amputation
) 15 10
Skin graft
6 3
Local flap 9 2
Free flap
Conservative 21 18

The number of operatims: 1-5 times ( Mean 2.5 times )

Fig.15. The cases of diabetic foot lesions on the Department of
Plastic and Reconstructive Surgery, The Jikei Hospital
and The Jikei Daisan Hospital.

Fig.16. 53 years old, female type II DM.
a. Ulcer formation and callosity on the left planter side.
b. Artificial dermis was grafted after debridement of the wound.
¢. One month after operation, active ROM excise was started.
d. Two months after operation, ulcer was decreased in size.

{EE THHEZE A (Fig. 16).
FEWI2 1 76 7%, BE

BETRIR D BB HARIZ 25 4EC, BEFRE S L OHE
PRIGVEMIEE, BEPREVERCE, @IiE, fdim i e
EEEHE B D, WREHE, 45 2 BE, 1 5 BEOBHICH L,
HEGIWEIA 217 > 72, iR 5 4E, BIBEMRE SR
B LFTH D (Fig 17).

JERF3 ¢ 465%, ok

B R OO TR IR 1048 T, PERE & L ORl
PRIGVEREREE, BERWVERSE, ®IEZEAD.
HZ P OINEEE A DD, TTU—RY %
FTOERER AR IC K DR Z21To /2. itk
MRSA QGRG0 L, 3EIOTFT T —RY 2%

Fig.17. 76 years old man . I type DM, complication is chronic
renal failure and acute coronary infarction.
a. Artificial dermis was grafted after debridement of the wound.
b. Frontal view
c. One month after operation is appeared.
d. Ulcer size was decreased.

a. Gangrene on the left foot. b. After debridement c. Lateral view

d, e Large defect at the heel region was covered with
free scapular flap.

Fig.18. 46 years old, II type DM. Complications were
retinopathy, renal failure and hypertension.

After operation, MRSA infection was occurred and debridement

was performed three times. Two years after first operation, B-K

amputation was done.
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FoMERO a Y ka— )L DN fEFi#i%
24T FERGIWIR 217> 7= (Fig. 18). Z D% O#%
TR T, BERREZ AR,
SEG4 : 645%, BE

i S EER T L, B PR 77 H A9 T Chopart BS
HICOUMIh 2T > /2. BN L 2R L
fhitg 2 R, ATRBRAMUK R THE L 2. WA
B DM RRIC K O ERE R I3 D 2B
DOFEMMN S 1 H A, THRUIEN zRE2<EIH
7= (Fig. 19). ZO#HORKMIIELF T, #ETH
TLTW5,

XI. & =

BERIRIE R A DI T, AR ZHES
% EEKTH % #ighEE & PAD TR % Rz 1M
Z UMM L 2 e N ORI IS U igg 21T
DMEND B, BIEHEEICHLE IR MR TR S 1
BINIE, WAL RATEEZTTO THIRET %

Fig.19. Fig.19. 64 years old man. II type DM.

Complications were retinopathy and renal failure.

a. Gangrene on the right foot.

b. Lesion was extended dorsal and planter side.
c. Chopar amputation was done.

d. Reconstruction was done using local flap.

Two weeks after amputation, reconstruction was done using
free anterolateral thigh flap. However free flap was necrosis due
to arterial thrombosis. One month after second operation, B—k
amputation was done.
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FiART TN, 20, IMITREISIKNT %k
R RIR A DBE TIE, WERZEH O & MmfT
FEMMELE SN, MESNEEMEREEDD &
IIRBRETOMNEND 5.

Asao™ 13, HIXEERERKZMHIESE =t
DEEFIEL & TR LT 1993400 5 1998 41217
bz O & 2 V) 7z 42 % O BRI R E O
s 2 L Tna, 2 kiud, AERE
CTHEFIEMEP OBEET, U X7 134.6
%, BIEFEBIVINETOBEDH 5 EHE T
HUWHROU 27 PHEEICEWEHREL TWha.,
ODINONORERITIE, HEEREEHIZ 170 17 14 41
(BB, ZMEsH) DOITHZEHT=. BTEZ
FTNWSEEB IO, MEEOHETEDH S
BFZ 4B FIFITH D, EEIBRTNDELD
WKNATVRVBEEEZS.

1. HERFERRZED 7O NI —)LEBE

BRI RN DG & LTI, RIFEIE &
BEN D 5. RIEFEIEE L TRERIEE, B
FeglLORFFE2RF6IRTLER > TITD 2 &
LEZTWD, AREAE L TRERZ &L, —
DOt ERD Z &1, BEARANTE > TG
TR EED 2D, WILDXAERDZE

Palpation of dorsal pedis artery
Measurement of ABBI

L4
angiography
4
CTA, MRA, SPP
4
Choice of foot tool I"evascularizarion ‘
L4
Local treatment
3 control of infection

l

| The drainage of imbalanced exudate |

epithelization

Growth of granulation tissue transfer

LT Y ey

Prevention of recurrence

Fig.20. Protocol for the treatment of diabetic foot lesions.
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MEEEEZ TNWD.

DIONNTT D T D BERF TSR DIRED
7O ha—)L &Y (Fig. 20). RAHREREED
FFAMIE, Wound Healing Society D 1 R Z 1 21T
o T2 Semmes-Weinstein (SW) test 27 L4
HEEOEMZHERT 5. MEREEOFHIL, i
POBEE Ry 77—, ABPIOWIEREZE
EIITV, KME D% - BAEEFMT 5. Bk
MZENESEbN D LD THNIL, CTAMRARED
BETHET S, MESEOERMANME L 17T H
T DI DN THRETS S, AT P D # i
IR IUT TN 72 E DX 2 a9 2. B o
YRR E1T S &[RRI R OLE 21T, 8
FBHETUED A SNBRTUIHNENT T — kY
SATS. BETHIUIBR TR E L THAME D
B5%2f75. RER>I—R -2 afi— (=%
Z&® BAAIEEAE, HAKRE) FTRHKRD
2 hO—=)VETW, TORY T 5P 8 (S
OR% 220 NEFEGEE, BA) RE%EH
W ERAEDfRE, b B 2 S
BHER (bFGF) 8# (74 79X R AT L —,
RIS, OA) 2 E2HWNFRRIEER
15, BECE > TR MR EITR 0D HE LA
G OBRIE =I5,

BRI VE A ITHE S 115 D434 (Wagner 77
) #mxrd (Fig. 21) .

LR TIE, Wagner 73 FHICIR > THEREITIN U
ZiREEIT> TWb. Wagner 23 1 [ Tl3, 1#5
HIERPHNUIRKE 2 FEL, HEOHWT
T LGRS UE—RE T 7 L%, REARZ
DU OGRS, pE2ETIE, BEETICHE
SN ED s T, T7U— R &2,
EEBICEREN D IS, BREMMEZ 3 OEERE
EITVWHOEEZTD. 3ETIE, BRENEHIC
LW KT D EHRBIIEEITET B20, HEN
EBIENRO S NDHEEITEENEETEL TN
IRADNEMHRT DI ENEETH D, BBDRIC

Grade 0 Intact skin, although there may be multiple foot deformities and
hyperkeratotic areas.

Grade 1 Superficial ulcer in the skin only.

Grade 2 A deeper ulcer that involves tendon, bone, ligaments, or joints.

Grade 3 A still deeper lesion that progresses to a deep abscess or
osteomyelitis.

Grade 4 Gangrene of some portion of the toes or forefoot.

Grade 5 Gangrene of the whole foot.

Fig.21. Classification of lesions (Wagner) *°.

BRRADHEITEMRZEIL THD LB
L, {B¥ZETTO. BER, FEREOELERD
HHEEIL, BT —E/ R A
Hl, ot DWNIIHESHNALET v L /EEY )
A4y, WEI VA +72 /7100
T RRVUVEWE, NIIVNRT LRPUEYE DG
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This treatment is accelerated wound healing process through the delivery of subatmospheric
Pressure within a closed environment.

. Wound contraction

. Rest and correction of environment

. Drain of imbalanced exudate

. Growth of granulation tissue

. Control infection

. Physical stimulation of tissue

. Adhesion of underming of the wound edge
. Reduction of excessive edema

PNV A WN R

Fig.22. Vacuum-assisted closure (VAC therapy) = Negative
Pressure Wound Therapy (NPWT).

Fig.23.

a. DM gangrene on the right foot.

b. Negative Pressure Wound Therapy (NPWT) is applied after
debridement.

c. Growth of granulation tissue is excellent 4 weeks after

surgery,
d. Skin was grafted over the well granulated tissue.
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Fig.24. Multi—disciplinary team approach.
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