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Relationship between the Diurnal Temperature Range and Wound
Healing of Diabetic Foot: Animal Study

Sung Hun Won, Dong-Il Chun, Jaeho Cho*, In Keun Park’, Young Yi'

Department of Orthopedic Surgery, Soon Chun Hyang University Seoul Hospital, Seoul,
*Department of Orthopaedic Surgery, Hallym University Chuncheon Sacred Heart Hospital, Chuncheon,
"Department of Orthopedic Surgery, Inje University Seoul Paik Hospital, Seoul, Korea

Purpose: Diabetic foot ulcers are closely related to body surface heat, which can be affected easily by temperature differences. This study
examined the correlation between the healing process of diabetic wounds and abnormal diurnal temperature through an animal study.

Materials and Methods: Rats in the abnormal diurnal temperature group and control group were given a 10 mm sized full-thickness
skin ulcer. Wound size progression was observed in both groups. H&E and Masson’s trichrome staining was performed at 14 days after
wound formation, and the number of vessels per unit area and histology analysis were performed. The changes in the ulcer were mea-
sured through three dimensional cross-section area using INSIGHT" devices.

Results: The wound recovery period (granulation ingrowing) was 24 days in the abnormal diurnal temperature model and 20 days in
the control group. The thickness of scar tissue was 402+23.19 pm in the control group and 424.5+36.94 um in the diurnal temperature
model. Neovascular formation was counted as 5.1+0.97 for the control group and 4.16+0.94 for the diurnal temperature model group.

Conclusion: Delayed and inferior diabetic wound healing was observed in the abnormal diurnal temperature group, which was charac-
terized by greater diurnal variations than the typical growth environment.
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Figure 1. Schematic diagram describing wound formation in diabetic rat.
Two full thickness skin ulcers with same size (A) were made on the bilateral
infrascapular regions (B).
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Figure 3. Histologic analysis of the scar tissue for control group (A) and
diurnal temperature group (BJ. Collagen fibers were stained with Masson'’s

e A7 A A8 F 3Y A BT QAo 42 trichrome staining (left; magnification, x100) and wound cross section was
Z)AZNA 94.22%+3.23%9F 103%+12.84% (p=0.0331)Z = stained with hematoxylin and eosin (H&E) staining (right; magnification,

x100). The control group showed higher degree of fibrosis and collagen fiber

AEloH 69 A BT Aol A ZHzE 89.22%+2.05% formation compared with the diurnal temperature group.
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Figure 2. Comparison of wound recovery in diurnal temperature group and control group. (A] Significantly delayed wound recovery was detected in the diur-

nal temperature group since three days after the wound formation. (B) Extent of wound recovery was evaluated by estimating the circumferential area of the
wound.
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Table 1. Changes in Neovascular Formation and Scar Tissue Thickness in Diurnal Temperature Group and Control Group

Diurnal temperature group (n=9)

Control group (n=9)

Variable p-value*
Mean+SD Median (IQR) Mean+SD Median (IGR) Range
Neovascular count
9 days 3.480.95 35(2.6,4.1) 2.3~5.1 4.08+1.02 4.1 3.4, 4.2) 2.8~6 0.2876
18 days 4.1620.94 3.9(3.6,43) 3.2~6.1 5.1£0.97 5.1(4.8,6) 3.2~6.2 0.0566
Depth (um)
9 days 368.2+26.64 368(351.25, 387.75) 324~411 353.5+15.62 357 (341, 362.75) 330~377 0.2478
18 days 424.5+36.94 430.5 (394.25, 447) 367~480 402+23.19 411.5(383.25, 417) 366~430 0.1457

SD: standard deviation, IQR: Interquartile range.
*p-value by Mann-Whitney U test.
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Figure 4. (A) Neovascular formation of the
wound tissue. Greater amount of neovascu-
lar formation (arrow) was found in control
group (C) compared with diurnal tempera-
ture group (B) with statistically significance
(H&E stain, x100).
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