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Histological and Histochemical Follow-up of the Resurfaced Heel Pad,
Reconstructed by Free Flaps

Sang-Soo Kim, M.D., Eung-Ju Kim, M.D., Hee-Kyoung Park, M.D. and Young-Sun Kim, M.D.

Orthopaedic Department, Won-Kwang University Hospital, I-Ri, Korea

The development of the microvascular surgery revolutionalized the reconstructive surgery of the lower ext
tremity. Especially, the defects of the heel and sole, the weight bearing area, were quite difficult and com-
plicate to reconstruct by conventional methods. Many papers reported successful resurfacing the heel pad by
free cutaneous or myocutaneous flaps. However, only few reports were concerning the late results of the re-
constructed free flaps. The authors studied the histological and histochemical changes of the free flaps under
the weight bearing stress in 10 cases.

1. The authors reconstructed 10 cases of the heel pad defects by dorsalis pedis free flaps (5 cases) and

latissimus dorsi myocutaneous flaps(5 cases).

2. Before transfer, the homy layer was very thin(about 0.16—0.2 mm) and had an arrangement of bas-
ket-weave pattern in both flaps. Until one year after transfer, this layer was worn out (0.02—0.08 mm)
However, after one year, this layer became thick (0.05—0.7 mm) and the arrangement was compact
in both free flaps.

3. The granular and prickle cell layers were also increased in thickness after one year.

4, In the suprabasilar area, friction blisters were observed before one year, especially in latissimus dorsi
myocutaneous flap. However, they slowly disappeared after one year and then the epidermis was stabi-
lized.

5. In the dermis, the contents of the amyloid and acid mucopolysaccharides were increased up to the le-
vel of those of the normal heel pad in both flaps.

6. As a conclusion, the transferred free flaps were in distress before one year. But after one year, they
began to adapt well histologically and histochemically to the weight bearing stress.

Key Words : Heel pad defect, Free flap.
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Table 1.

Case matenals

Name Free flap Recepient nerve Transferred nerve
1. YK. Kim dorsalis pedis post tibial n superf peroneal n
2. W.C. Park dorsalis pedis post tibial n superf peroneal n
3. H.S. Moon dorsalis pedis post tibial n superf peroneal n
4. SE. Kim dorsalis pedis post tibial n deep peroneal n
5. ].W. Song lat, dorsi M-C calcaneal n thoracodorsal n
6. K.H. Keum lat. dorst M-C post tibial n thoracodorsal n
7. S.D. Kim lat. dorsi M-C post tibial n thoracodorsal n
8. L Park lat. dorst M-C post tibial n thoracodorsal n
9. SN. Park dorsalis pedis post tibial n deep peroneal n
10. SJ. Lee lat, dorsit M-C post tibial n thoracodorsal n

SK CASE 3
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6 mm in diameter
Fig. 1. Specimen taken from heel.
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dW)e2 A5 cHTable 1). )8 zbzbo] 3|25
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AN BAAY BALAE FATAAC fascicle @
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tive bandage wrappingg &tal & 7% heelo] =)
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Fig. 2, By the tffic accident, this boy (case 3)
sustained of severe crushing injury around his left an-
kle and foot.
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matoxylin-Eosin stain, Van Gieson stain, Gomori re-

ticulum stain, Verhoeff elastic stain, Crystal violet



amyloid stain, PAS stain, Toluidine blue stain, Al-
cian blue stainu}y 0.8 QM54 c}, HrForL
A A} heel pad ¢} Zw| B T3]3 latissimus dorsi
muscle ¥-9]¢] A4} 5| 8-F Fdhod 2L whyor
o4 59 ok

v.g I

Ao RE RE dol4 SW EAge] A
5 heel pad 2 B8 & & 4 9Ugich. A4, A5 q
oAl4] 2 FH-5L A Foll I8 H A7k =g od Al
FHate] AlAR 2 A= g 2F AuER
gkr}. Latissimus dorsi myocutaneous flap 0.2 ) A
5| heel pad(Fig. 4,5) = dorsalis pedis flap ¢ 2 2] 7
3t 7A9(Fig. 2,3) ¥t} o resistent 8l¢ict. =wfelA]
heel strike Alol] n) Y-S ubx|3l7] Yal okatald]
sl 2 g "Wavk slglch. dakdes =z
dlolf 4 % 6~12/0 Y Foll whoy 47L& zk7) A%
et

ZEEAN 9 RX| sty Ha

1. Z 4 heel pad
z}4) & (horny layer) -2 w9 F7 (3.8 mm) % Fig. 4. The pre-operative finding of left foot in

2 slA WA e} 9]0 m 8% (granular layer) e 7 ;a:e BS.USStl;i:eC(liegi:‘\:ii:ESs’nd toes amputation injuries

Fig. 3. The heel pad area (in case 3) was cove- Fig. 5. The plantar surface was resurfaced by the

red by free domsalis pedis flap. This is the finding of free latissimus dorsi myocutaneous flap. This is the
2 months after operation. finding of one month after operation.

Table 2. Changes of epidermis(Dorsalis pedis flap)

Normal o Normal
dors ped Ly 2Y 25 Y heel pad
Horny layer 0.2 mm 0.08 mm 0.4 mm 0.7 mm 3.8 mm
thickness basket compact compact compact compact
arrangement weave partially
Granular layer 1-2 layer 1 layer 2-4 layer 37 layer 7-12 layers
Prickle cell layer 0.08 mm 0.14 mm 0.2 mm 0.24 mm 0.7 mm
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Table 3. Changes of dermis(Dorsalis pedis flap)

Normal dors ped

1Yy 2y

Normal heel pad

Crystal violet -
Alcian biue +

Verhoeff +#+
Thin, long

- #
+ # +
4 + +

Fragmented

VanGieson
Gomori
P.AS.
Toluidine
Orcein &
Giemsa

non-specific

F ig. 6 The epidermal changes of the dorsalis pedxs free ﬂap under the body welght “Two years after opera-
tion, the horny layer became very thick and had sweat ducts. In the granular and prickle cell layers, layer thic-
kness and cellular hypertrophy were prominent. (Hematoxylin-Eosin stain, 100X ).

~12&0° 2 TFA53 {34 ZZ(prckle cell layer)
8] F7l= 0.7 mmo]gle}. Crystal violet, alcian bl-
ue stain 4} % 4} heel pad = #-& oko|x|u}l amyloid
9} 444 Arlrhacid mucopolysaccharide) 4 2-& 7}
=z ¢lgle}. Elastic stain &) elastin §Fek2 o} 3= n}
ol et
2, Zui2 n|5Ete| Bs|
19 Akl ZujHel gB oF 0.2 mm
Al 9] °}"‘7r“ eklal 18 (basket-weave) T.o}2] 7
502 =ef glrt. IAYFL 1~2508 Hof glu
A ZE-E w9 ¢Fotet(0.08 mm) . Amyloid o}
ALAl A rlel(acid mucopolysaccharide) & 2 &5 )
¢rgtrl, Elastic stain 4F Fej¥o] s|¥= kv 7]
elastic fiber & -3 QIgir}. o] 4l 127 Ysi) Zuf 3k
o] sjHale AAZ3 slelze] ¢5]e gFolzict.
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28} 24 %9 basket weave pattern & papillary
projection o] A x| Wl 2|3 FFHEEE 0.14
mm & F7¢Y% glgdv} (Table 2). olwl: =3}k
amyloid 4 L% }E}} 7] Al 2slgl 2 A 4} heel
pad o] ¢ okyci= Ao}, el# A $(elastic fi-
b e 240 A Ao Fe Wi
okore}(Table 3). o)Al & 247) Yol =(case 1), H3|
o & ol FAAFH (AL E;0.4mm, A3
2~4%, $AEE;0.2mm). sz_%o Folshl
AR AL A4 heel pad o 45} gro] GaA2] AT
(opening) 7} ¢l A} (Fig. 6). Amyliod 9.]» Ab4] A}
% 42E 4 44 heel pad o 4 2F Z7ks]o]
9)5ich(Table 3). whelalf B42) F¥ 5]l
A2k o] Az 7l Topow Aol = och. o] 4
% 3070 YA (case 3), )4 GpHerE Hy

rlo
Ho



Fig. 7. Two and half years after operation, in
the dorsalis pedis free flap of case 1, the findings of
papillary projection were noticed. (Hematoxylin-Eo-
sin stain, 100X).

Fig. 8. The epidermal changes of the lati

o $Ash Tore ATYeE Acloluln AAAU
A4 AFE sl TG AER A AAd
oo ZARAOTE ol oG FANGH
(0.7mm) FAAE} o AUste] ek, Dermal
papilla & H%HO 2 4ASHAA 2 Aolol gato] o
Ao et (Fig. 7).

3. Latissimus dorsi myocutaneous flap 2|
&}

Latissimus dorsi muscle 3-$]¢] s]%4& o] 4 =l
= oo ¥uE 23 YUt (FA%;0.12mm, 3}
A%;8%, A3AN25:0.06mm). 45 Il
X g sl A e} o] 2B ¥ ok(basket weave pat-
tern) 0.2 o] ¢¢ith. Demal layer o F T 9
amyloid 8} b4 Arheol s e, ol 4T 671
ol (case 6), A2 A slHe] AAFR
c} 238 gkotzcH0.08 mm). 2} {IFHES
2 FAYAH Q2 (0.3mm), 3}YFL a2 P
202 5 A=t(Fig. 8).

o]w| suprabasilar area ol] friction blister 71 =A%
9 (Fig. 10) A=)l 4 Bty 4Hf+ fragmented =
o lsl=hFig. 9). F&F 18494 FAEL f5
AZE Yol A FANR (0.5 mm) 2Ysh et
U e 3~6322 Fobslo] dsied TAER
2 0.4mm ¢ F72 sglow (Table 4) supraba-
silar area o] &= friction blister = A 45| git}. Amy-
loid 8} A4 AHriele] k% A4k heel pad 9} 7o)

=

- o

ssimus dorsi myocutaneous free flap under the body weight. In the

findings of one and half years after, all the skin layers and cells became very thick and hypertrophied. (Hemato-

xylin-Eosin stain, 100X) .

- 765—



Fig. 9. The most of the elastic fibers in the der- Fig. 10. The friction blisters(arrows) were obser-

mis were broken into small fragments at 6 months ved in the suprabasilar area at 6 months specimen of
specimen of latissimus dorsi myocutaneous flap in the latissimus dorsi myocutaneous flap in case 5. (He-
case 6. (Verhoeff’s stain, 100X). matoxylin-Eosin stain, 100X) .

Table 4. Changes of epidermis(Lat dorsi myocut flap)

Normal
Normal-L.D.M-C 6 mo 15y heel pad
Horny layer thick- 0.16 mm 0.08 mm 0.5 mm 3.8 mm
ness arrangement basket weave basket weave compact compact
Granular layer 1 layer 1 layer 3-6 layer 7-12 layer
Prickle cell layer 0.06 mm 0.3 mm 0.4 mm 0.7 mm
friction blister
Table 5. Changes of dermis(Lat dorsi myocut flap)
Normal L.D.M-C 6 mo 1.5y Normal heel pad
Crystal violet + -~ + +
Alcian blue + + + +
Verhoeff fragmented
Van-Gieson
Gomori
P.AS non-specific
Toluidine )
Orcein &
Giemsa
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Z7}=) glc} (Table 5). Van Gieson, Gomori, PAS,
Toluidine blue, Alcian blue, Giemsa o34oll= F 3]
33 254 2 wse dlsls

v. 1 Y

Heel 3t Za{ %9 s]¥t Bl AFH3E ¥
£ sibolofd e elsl sgske sy
2 B4£72E AT sich @ebA o] 4912 5]
) %x °l«l AREE o} AHE F% F71%
o stz AAS T gom WA A2 A u
¥ o] 14—5] govt o grbA Wy £ ab &gkt
137 gos o7 Az A Lae obF
Sgc. o] 3919 B4 ARE Yoy sl
thickness skin graft”, full thickness skin graft, local

_r;

flap, cross leg flap, muscle transfer? & Az 4] uhy

3 oM 4% 4o 2% free cutaneous flap™® =
X free myocutaneous flap? ol 23+ A A Fo]| vt
Free flap transfer £ o] %-$} dorsalis pedis flap 5
sensible flape] A-§=cts M. o4 oy}
-2 v i 21§ Sommerald (1978)% & o] F o]
g W E abE gl ghx) X HEFY Fda
& hyperkeratosis 8} #| okl dhgich. E& split
thickness skin graft U flap 545 ofd 48 4]
Yy riekE Sabe BT Bg4A F 5 el
o4 SI%E siehel nad ATV ek o
o] Woltering (1979) " 5-& wh<% split thickness
skin graft & & ]38 3}-@] A717k #AYL Azt sl
ZAo] AZF AL EEolX Azt LSl =t
2 o)4g ASE o4 s8] A As o] A
I HYPE o|HE HGo| Hof o] AT uky
¥ }E 0.0014 inch $7] 8] split thickness skin graft
7b gt wpdelzgbx A3k 9ok 22 Wol
tering” ¢] 7Sl 3§ £49 HF 27t 4.2
cm*E o}F Mo A¥ ALe] dviztE F44 A
A s8-8 A 38 o) 54 F AAR FA
A sl¥ot Aoz A4l At Ehsd A
A A Fo] o4 | Hol Fasjojof sly] wWEoll o
@ 5|47} ARl AHgEH e Fag AR
A, 23 FHg d824 M4 FA
3o 280 HYE Ay alFoll TH]FEE
Lol 5z @o} AL FAL sl F flap wh
akg o] 8¢ 4 alch. A A3l pedicled flap 3} o]
A&zt 76l g fel st ol4Ee A A
AL A YA f2l SNk ol gl 7
Wy o] oy-e AL AYsae ¥ 5w
o2 A8s 3 g chSerafin, 1977). Ze{ v} A f

2] sk ojAl gl g FAY sF AEF A
AgE el 220} S g0k <19 wm

Az v 3+ =8}, Sommerald & £ A
7} 4% 2 olo) 4 free groin flap & ol%xw% .
AR A3k ol A% 1Y FAEA AA gold

Fofo] A LA o2 syt st & =4
dAde FAY AEEF 277 AL FHe A7
AlA o] 94 dorsalis pedis flap 2] ol FEE A3}
A HA/F FEAY A5
cutaneous flap & 0]-8—3}‘93“‘3-3] o] myocutaneous fl-
ap Ao} £ thoracodorsal nerve & %7 4]_73 2] 3
fascicle of] 233l 289 "‘]_73 715 &g &3
A Al slf BIE AEss. AU1A °] #3
Ask A Aol A4 YAHoEE BE ZAGHOLE
&3 Ao shE A E FAL F AT F
%) 7+ 2] u|F9} papillary projection 3 4] 33 &

£ sl¥ o4 ERe dofllr] & HEER AR
Helch 2 2dol & AF 71Fo] glE groin flap
£ AHEEHR] got 2 AFE HlaYg Fu fgov
cutaneous sensory branchy} 6] muscular bran-
chobE gt $7 SFBE L BE S¥e] dg
Fzatelel ARk Tau el ¥ g
715 Bl8o] A7 Aol 2lgk FAAA] oy
o F$) A4 SEE e &R e bR =
ol glol TH7) e of T £ "ol A 4
# %} thoracodorsal nerve 2| gkl gt &3l o
4 AFsfofor ¢ Ao AT,

= latissimus dorsi myo-

viig E

% A4 heel % ZAY 5% AEA 23]
Satolh 22313 015 E ol gk ARG
2245 2A%H 2450 s 1008 24
A3k e 2 AR BASY

1. Dorsalis pedis flap ¢[+} Latissimus dorsi myo-
cutaneous flap & 25 o)Al Heoll & ZralEo] o}F oF
2 FHE TERpolfch. o 2UEL ol 4F 6
Aotk 11 ool o8e] soldA % o
bRATE 1WE FeE A% FAAAA QA
3~ael 2] S| B HAHT EG TFAE 2Dk A
30l 2 48 Asieh

2. 033k FFAEEE 1 Fole A2 v
W ohish AZE AHIE FANH.

3. 670Ys AAA suprabasilar areaol| friction
blister 7+ § A4S AAE 13 FolE L4 Gek.

4. 3155 amyloid ¢} 444 Ariete] F 75
et
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5. 2 9 £ AL £A4%st 2L 5]
$ol A5k % 4 gt papillary ridge o} groove £7

o] Batsigict.

6. A7 5 feluliage AF AL heeld sl
o= e S gloy 2 g zAslatAo
2 & A5 she AE 3AYL 4 9l heel s}
Z2 4] 4 AAgE FL wygoz A8
o
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