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Statistical Analysis of the Risk Factors for
Single Toe Amputation Patients in Wound Healing

Hyung-Jin Chung, Su-Young Bae, Woo-Jin Shin?, Jun-Ho Lee

Department of Orthopedic Surgery, Inje University College of Medicine, Seoul, Korea

Purpose: This study compared and analyzed the risk factors that affect a wound healing group and healing failure group.

Materials and Methods: From 2010 to 2018, 39 patients who had suffered a single toe amputation were evaluated retrospectively. The
patients were divided into two groups (wound healing group and healing failure group - within at least 3 months following the amputa-
tion). Regarding the possible risk factors, age, gender, Wagner and Brodsky classifications, duration of diabetes mellitus, whether the
patient had peripheral arterial occlusive disease (PAOD) or cardiovascular disease, body mass index, HbAlc, total cholesterol, estimated
glomerular filtration rate (¢GFR), blood urea nitrogen (BUN), smoking, and alcohol were investigated.

Results: The mean duration of diabetes mellitus was 140 months in the healing group and 227 months in the healing failure group, and
the duration of diabetes was significantly longer in the failure group (p=0.009). A significant difference in eGFR was observed between
the two groups (59.17 mL/min/1.73 m” in the healing group and 31.1 mL/min/1.73 m” in the failure group) (p=0.022). Sixteen patients
with PAOD were found, all 10 patients in the healing failure group were PAOD patients.

Conclusion: To reduce the additional complications in single toe amputation patients, the underlying disease and appropriate treatment
are the most important factors. In addition, a more proximal level of amputation also should be considered in cases of patients with

PAOD, high BUN and low eGFR, and patients with long-term diabetes.

Key Words: Toe amputation, Diabetes mellitus, Arterial occlusive disease

N OB
et #4415 A2gol Yol Feke 7 S Arhze]
B9 AAZ Ak A2 kA el At HE Al F

Received February 1,2019 Revised March 6, 2019  Accepted March 6, 2019
Corresponding Author: Hyung-Jin Chung

Department of Orthopedic Surgery, Inje University Sanggye Paik Hospital, 1342
Dongil-ro, Nowon-gu, Seoul 01757, Korea

Tel: 82-2-950-1399, Fax: 82-2-950-1398, E-mail: orthoman@paik.ac.kr
ORCID: https://orcid.org/0000-0002-7745-7194

*Current affiliation: Department of Orthopedic Surgery, Gwangju Veterans
Hospital, Gwangju, Korea

Financial support: None.
Conflict of interest: None.

Copyright ©2019 Korean Foot and Ankle Society. All rights reserved.

Aol A 71sA, n-8A, BAA s gl = qlof At e
o] AL AlFaH sfiof st Ak £ 3 FHF, Alesolvt
Aok §l9]e] &5 glo] & Fevto g FFHl A8
= A A A edol At W9 AR Ak o] A
F 4323 ofxtelAl= 3 arle] ti ol

71E A7 Aisd 2, R sfdolv A xA X5E
Ak o A=Eo] e =
of Adeke] vl o] FopA|aL §lo
AL U Ha1E Q)
oF 3p, WhALA A, AL A A A
A e 7912 Aol sl Zlo] Fasith A &

3

M= A A2 d7e] hof siAlg BEA S5s FAE T

N

o

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.jkfas.org


http://crossmark.crossref.org/dialog/?doi=10.14193/jkfas.2019.23.1.18&domain=pdf&date_stamp=2019-03-15

Hyung-Jin Chung, et al. Risk Factor Analysis for Toe Amputation Patients in Wound Healing 19

S Sk B7] Qo] Bl Fsste 75 Hel Abel TS
24 3 JHISES S Aol QA Frhel ofe] ATE F

A et o] F B AFoll FE vIAE A=l et AT

Jo
2
o
o
il

N
&
%0,
rlr
2
1)
fo
rO
il
tilo
M
1
QL
£
Jo
o,
e
rO
by
11f
fllo

1.9+ T

20104 3¥HH 20184 7€7HA] @A S5 A= A
St gAY ol Ul dste] vl 4] Hekeg ARt 37
174 2 24P} 753 % 391 (394 o] FAES tide
Act. o] T EHAZA MM o] Heke: 220, FoEA| oA 2] A
149, YA oM o] Ak 3ot 2 A7 d73
of Afe] E s FH3LY] Hshe] At AN
Tl 23] Flste] o F71% 9 A AL
° & A5t o] FojRL

e =
o

re lo L hu
Mo o
ol
2
ol
o
o

o

HFTE B A A 5% olF B A2
=

Fr 3
A FA] 71 Well el Aol glid 73

i3 ols}
oH, 3 A A e e F Y ool ddd 9=
(stump revision)o|u} oA o] AHE da g YA P

7, A7 ol (dehiscence) 52 HEF o2 X|&2Q At el

7 aew 99 A9 Felsheirh

2) HE X0 SYE & & Us XNEY ZAL

I A AR 2R G - 713 g3k A A (HbALe), BT
g s} Qladl FARe] A 24 AP O = o] AV}
Ron ol FRkE ASSS HEAAS, dxeHEd 7,
v 5571248, 7HE3 vk T2 (chronic kidney disease) 2
T2 AR pro] AL 7IEE S o] T ARk uE
S AR, GAF Bl Al vheow 2AF e, B

() LIt A

A Ad & 2] Aoty Aa F A4 (hemoglo-
bin), WM& S=(white blood cell count), =47 F*(neutrophil
count), C-9H3-A] Tl (C-reactive protein), Z%H¥ (total protein),
&Hl (albumin), & ZFd|22H E(total cholesterol), N Q A2
Z(blood urea nitrogen, BUN)Z ZAF3}FQILH, rE3F A dole]d
(creatinine) & ARSI AR, A A AFol 2718k 1&gk 7
Q¥ (Modification of Diet in Renal Disease study) O 2 AF=3F 3=
A AVA] ol3-glestimated glomerular filtration rate (eGFR)=1.86
X (serum creatinine) — 1,154 X (age) —0.203, multiply by 0.742 for
female, mL/min/1,73 m’]2 Wgks}o] 71231900}

ost T vl A AAE 24 L A1BSGO,
ZA] H|oFol| thall Wagner E-7"} Brodsky Zlo]-318 E-7E o]
|3t AR 7S5

-

o]3t 2 FFATH(SPSS for Windows ver, 10.0; SPSS Inc., Chicago,
IL, USA).

2 A 2wl AP EE RS & 204207 2 BE
oA A Ak F 25 o|ujo] MALE AlEA L, A X
7ol FEHE IS F 109(108) 2 2R ] A
S daw JPd A7) 30, Aokt APeS daw Pd F$v)
20], ZrFolut g AH A AR 3N o) A BB A|&S
oo} Y 97} 5o = Bl = Ack(Table 1).

o
2]
ck

-

www.jkfas.org



20

Vol. 23 No. 1, March 2019

Table 1. Status Table of 39 Toe Amputation Patients

Patient Age  Wound Cardio= Pulmo- Liver  Renal . . - Wagrjer dsky rodsky Amputation
no. Sex (yr) healing PAOD va.scular nary  gisease disease Dialysis king Alcohol clasgﬁ— (d pth) (isc . level
disease disease cation m|a)
1 M 51 Y N Y N N N N Y N 4 1 C 2nd MP
2 M 75 N Y N N N N N Y Y 2 2 B 1st PP
3 M 60 N Y Y N N N N N N 4 1 C 4th DP
4 M 66 N N Y N N N N Y Y 2 1 C 1st PP
5 M 63 Y Y Y N Y Y Y N N 4 3 C 1st MP
6 F 63 Y N Y N N Y N N N 4 3 C 1st MP
7 M 70 Y N N N N N N Y Y 4 3 C 4th MP
8 M 48 Y N N N N N N Y Y 3 3 B 1st DP
9 M 73 Y N Y N N N N N N 2 2 B 2nd PP
10 F 72 Y N N N N N N Y N 4 3 C 4th PP
11 F 64 Y N Y N N Y Y N N 4 3 C 4th PP
12 M 64 Y Y N N N N N Y N 3 3 C 4th PP
13 M 48 Y N Y N N N N N N 3 3 C 1st PP
14 M 51 Y N N N N N N Y N 4 3 C 1st PP
15 M 68 Y N Y N N N N N N 3 3 B 5th PP
16 M 64 Y N N N N N N N N 2 2 B 3rd PP
17 M 74 N Y Y N N Y N N N 4 3 C 1st PP
18 M 58 Y N N N N N N N N 4 3 C 1st PP
19 M 87 N Y Y N N Y Y N N 4 3 C 3rd PP
20 F 77 N Y Y N N Y Y N N 3 2 B 1st PP
21 F 47 Y N N N N N N N N 3 3 B 2nd MP
22 F 52 Y Y N N N N N Y Y 4 3 C 1st PP
23 M 43 Y Y N N N N N N N 4 3 C 1st PP
24 M 88 Y Y N N N Y Y N N 4 3 C 2nd MP
25 M 76 N N Y N N Y Y N N 3 2 B 4th MP
26 M 69 Y Y N N N N N Y Y 4 3 C 3rd MP
27 M 84 Y N N N N N N N N 4 3 B 1st MP
28 F 66 N N Y Y N N N N N 2 3 B 2nd PP
29 M 80 Y N N N N Y N N N 2 2 B 1st PP
30 M 70 N N Y N N N Y N N 2 2 B 4th MP
31 M 56 Y N N N N N N N N 4 3 C 2nd PP
32 F 85 Y N N N N N N N N 3 3 B 4th MP
33 M 82 Y N N N N N N N N 4 3 B 2nd DIP
34 M 57 N Y N N N N N Y Y 2 2 B 2nd MP
35 M 58 Y Y Y N Y Y N Y Y 3 3 C 4th MP
36 M 58 Y Y N N N Y N Y Y 3 3 C 4th PP
37 F 78 Y Y N N N Y Y N N 3 3 C 2nd MP
38 F 57 Y Y N N N N Y N N 2 2 B 3rd PP
39 M 84 Y N N N N N N N N 2 2 B 2nd PP
PAOD: peripheral arterial occlusive disease, M: male, F: female, Y: yes, N: no, MP: metatarsophalaneal joint, PP: proximal phalanx, DP: distal

phalanx, DIP: distal interphalangeal joint.
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Table 2. Comparison between Wound Healing Group (HG) and Healing
Failure Group (FG) in Patients Factors

Table 5. Comparison between Wound Healing Group (HG) and Healing
Failure Group (FG) in Laboratory Factors

Variable HG (n=29) FG (n=10) p-value HG (n=29) FG (n=10) p-value
Age (yr) 63.37 (43~88)  70.09 (56~87) 0.123 Hemoglobin (g/dL) 11.31+£2.08 11.91£1.91 0.427
Male:female 20:9 9:1 0.189 White blood cell (10°/ul)  10.26+3.37 10.41+563 0.151
Smoker/non-smoker 8(27.6) 5(50.0) 0.195 Neutrophil count (10%/ul)  6.30+3.13  6.45+3.09 0.896
Drinker/non-drinker 6(20.7) 3(30.0) 0.363 C-reactive protein (mg/dL)  4.33+5.54 518+7.65 0.707
BMI (kg/m2) 23.22+3.56 21.49+2.34 0.161 Protein (g/dL) 7.10+0.70 741084 0.258
Values are presented as mean (range), number only, number (%), or Albumin (g/dL) 3'56f0'52 3'78f0'33 0.220
mean +standard deviation. Total cholesterol (mg/dL)  146.65+32.07  152+42.30 0.678

BMI: body mass index.

Table 3. Comparison between Wound Healing Group (HG) and Healing
Failure Group (FG) in Diabetes Mellitus (DM) Factors

HG (n=29) FG (n=10) p-value
DM duration (yr) 11.68+7.70  18.92+0.25 0.009
HbA1c (%) 8.17+2.71 7.04+0.84 0.206
Treatment of DM
PO 24 9 0.100
Insulin 5 1

Values are presented as mean = standard deviation or number only.

Table 4. Comparison between Wound Healing Group (HG) and Healing
Failure Group (FG) in Comorbidity Factors

HG (n=29)  FG(n=10) p-value
Cardiovascular disease 14(93.3) 5(50) 0.084
PAOD 6(26.1) 10 (100) 0.0001
Pulmonary disease 0(0) 1(11.1) 0.072
Liver disease 2(6.8 0(0) 0.424
Renal disease 8(27.6) 4 (40) 0.348
Dialysis 6(26.1) 3(30) 0.441

Values are presented as number (%).
PAOD: peripheral arterial occlusive disease.
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59.17£3493  31.1£20.04 0.022

Values are presented as mean=standard deviation.
BUN: blood urea nitrogen, eGFR: estimated glomerular filtration rate.

Table 6. Comparison between Wound Healing Group (HG) and Heal-
ing Failure Group (FG) in Wound-related Factors; Infection and Wound
Culture

HG (n=29)

Infection 26(89.7) 10 (100) 0.051
Wound culture 0.263

FG(n=10)  p-value

Staphylococcus group 8(27.6) 5(50.0)
Streptococcus group 2(6.9) 1(10.0)
Pseudomonas group 2(6.9) 2(20.0)
Others 11(37.9) 2(20.0)

Values are presented as number (%).

Table 7. Comparison between Wound Healing Group (HG) and Healing
Failure Group (FG) in Wound-related Factors; Wound Classification

HG (n=29) FG(n=10) p-value
Wagner (2+3/4+5) 14/15 7/3 0.240
Brodsky
Depth (1+2/3) 6/23 7/3 0.281
Ischemia (A+B/C+D) 11/18 6/4 0.230
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