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Abstract  

Objectives: A chronic complication of type-2 diabetes mellitus (DMT-2) is Diabetic Foot Ulcer (DFU). The main treatment 
used in DFU is wound cleansing, followed by dressing the wound as a local control to increase tissue granulation and 
epithelialization. This study aims to compare the efficacy of the combination of Hyaluronic Acid with Platelet Rich Fibrin 
(HAPRF) and Platelet Rich Fibrin alone in DFU. 
Methods: We conducted a randomized controlled trial from July 2019 to April 2020. The study was approved by the Ethics 
Committee of the Faculty of Medicine of Universitas Indonesia ID 0855 / UN2.F1 / ETIK / 2018. Informed consent was 
obtained from the patients. 
This was a randomized clinical study to compare the efficacy of  HAPRF and PRF in DFU one  week post debridement. 
Twenty DFU  samples were collected divided into 2 treatment groups: topical treatment using HAPRF compare with PRF 
alone. Assessment for wounds improvement was recorded using a digital camera 48 mega pixel with an accuracy of 
0.1% on day-0, 3, 7, and 14. The results of the wound photographs were processed using ImageJ software. The granulation 
area (GA) and wound area (WA) were evaluated by IBM SPSS software v.20. The general data description was presented in 
median (range) value and parameter’s differences were conducted using Mann–Whitney test  
Results: The two treatment groups showed insignificant difference in characteristics between both group before intervention. 
The mean granulation width after two weeks of use HAPRF was 97.4%  and  PRF  was 81.9%. Statistical analysis using 
Mann Whitney test showed granulation area of  HAPRF group was significantly different compared with PRF group on day-
3(p=0.047) , day-7 ( p = 0.004) and day-14 (  p < 0.001). At the end of the wound healing process, the HAPRF group was 
significantly different compared with PRF group on ∆ day 0−3 ( p=0.048), ∆ day 0−7 ( p = 0.039), and ∆ day 0−14 (  p = 
0.023). 
Conclusions: HAPRF improves wound healing rate through increasing granulation tissue and epithelialization compared 
with PRF only in diabetic foot ulcer after 2 weeks post debridement compared to PRF. 

Keywords: Diabetic ulcer, Hyaluronic Acid,  Platelet Rich Fibrin, Granulation Area, Delta Wound  Area 

                                                 
* Corresponding author e-mail: citamirta@yahoo.com. 

1. Introduction 

Diabetic foot ulcer (DFU) is one of diabetes mellitus 
type-2 (T2DM) complications causing tissue damage that 
is difficult to heal. In the last decade, diabetic ulcer 
became serious problem, in both the medical and 
economic fields, and estimated around 15% offering in 
DMT2. This situation will increase morbidity and 
mortality (Amstrong D, 2017) 

Standardized therapy previously used for diabetic ulcer 
includes optimal blood glucose levels control, debridement 
sharply, offloading/pressure reduction, antibiotic infection 
controlled, ischemic correction, and wound dressing ( 
Abott CA, 2002). 

Chronic wound healing processes such as DFU are 
different from acute wounds and require more complex 
management. The moist atmosphere in DFU increases the 
rate of granulation formation and epithelialization as well 
wound repair (Jeffcoate WJ et al. 2018) The principle of 
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treating wounds with moist was introduced in 1960, and 
since then much research was carried out by applying the 
gel on chronic wound treatment (Mill et al. 2014). The 
Hyaluronic Acid (HA) compound will bind to the 
extracellular matrix tissue which can help the wound 
healing process, and support tissue regeneration. HA has 
been used for a long time in ophthalmology connective 
tissue diseases, joints inflammatory and rheumatoid 
arthritis (Price RD  et al. 2005). 

Previous studies on the use of HA for acute wound care 
showed faster healing process. Meanwhile for chronic 
wound such as DFU,   there was not much evidence to 
support this (Kartika et al, 2020). Platelet Rich Fibrin 
(PRF) contained source of growth factor (GF) obtained 
alpha granule (Reksodiputro, 2018). Another study states 
that hyaluronic acid (HA) is a biopolymer contained in the 
extracellular matrix of the bone, cartilage and skin tissue. 
Accordingly, HA and platelet concentrate are involved in 
the pathophysiology underlying wound healing. The aim 
of this study was to evaluate the clinical efficacy by 
measuring the development of ulcer area as well as 
looking at the safety by looking epithelialization signs 
from HA+PRF and PRF alone in the treatment of Diabetic 
Foot Ulcer. Research on the use of HA+PRF combination 
to treat diabetic ulcers has not been fully reported (Shi, 
2018).  

2. Methods 

This study had been approved by The Institutional 
Board of the Faculty of Medicine Universitas, Indonesia 
(No. 0855/UN2.F1/ETIK/2018). This open-label 
randomized controlled trial was conducted at Koja District 
Hospital and Gatot Soebroto Hospital from July 2019 to 
April 2020.  

2.1. Study Subjects 

DFU subjects age >18 years old, suffer chronic wound 
(more than 4 weeks) on lower limbs. Wagner-2 criteria, 
and ulcer size <40 cm2 were recruited and randomly 
assigned for HA+ PRF group, PRF group and control 
group. Subjects including International Working Group on 
the Diabetic Foot (IWGDF) score infection > 2 ( 
moderate- high infection) , platelet level < 150 103/µL, 
Hemoglobin A1C (HbA1c) >12.0%, impaired kidney 
function hemophilia, sickle cell anemia, leukemia, 
peripheral arterial disease, or with incomplete data were 
excluded. On day-0, day-3 and day-7, fluid samples were 
collected using cotton swabs and photographs were taken. 
The examination was performed at the Integrated 
Laboratory, Faculty of Medicine, Universitas Indonesia.  

2.2. PRF and HA+PRF Production 

To generate PRF and HA+PRF, from the blood 
peripheral collection and proceed to produce platelet rich 
fibrin (PRF), each patient had  around 20 cc cubit vein 
from each patient’s arm without anticoagulant tube and 
centrifuge 200G around 8 minutes. We separated fibrin 
and buffy coat by sterile scissor and applied the fibrin to 
the wound ( Dohan, 2009). In HAPRF group, process 
continued to make homogenous HA+PRF  by adding HA 
0.075%  to PRF with comparison 0.6 cc: 1 cc use vortex 
machine. Every three days, the same protocol was used, 
and a picture was taken to evaluate wound assessment. 

2.3. Application of  PRF or HA+PRF in DFU 

The wound was first cleaned and debrided. Assessment 
for Wound Area (WA) and Granulation Area (GA) were 
made before any fibrin gel application, recorded as day-0.  
After the assessment, 1 mL of fibrin gel (HA+PRF, or  
PRF alone) was applied topically on the wound area of 10 
cm2. A sterile gauze was then applied to cover the wound 
as a secondary dressing to maintain moisture. The 
treatments were applied for 3 times on day-0, 3 and 7. 
After day-7, only a standard NaCl 0.9% therapy was given 
to the subjects until day-14 

2.4. Assessment for Wounds Improvement 

The wound’s area improvement was recorded using a 
digital camera, 48 mega pixels with an accuracy of 0.1% 
on day-0, 3, 7, and 14. The results of the wound 
photographs were processed using Image-J (National 
Institutes of Health, Bethesda, MD, USA), and the GI was 
evaluated. GI was counted as the ratio between granulation 
area to wound area, in percent.  

2.5. Statistical Analysis 

IBM SPSS software v.20 (IBM Coorporation, Armonk, 
NY, USA) was used for all statistical analysis. Statistical 
significance was determined at the 5% level. The general 
data description was presented in mean±SD and the 
median (range) value. The parameter’s differences were 
conducted using Mann–Whitney u test and independent t-
test and the graphs created using GraphPath7 software. 

3. Results 

We got around 25 DFU patients, meanwhile only 20 
subjects got included in this study in which 8 (40%) were 
male and 12 were (60%) female. Twenty subjects with 
DFU were involved in this study. The subjects were 
randomly divided into two groups according to fibrin gel 
applied (HAPRF and PRF alone). HAPRF group had five 
women and five men, while the PRF group had six women 
and four men. The subjects’ characteristics were already 
presented in our previous publication (Kartika, 2020). 
There were no significance differences between the two 
groups’ characteristics. 

The effect of topical therapy of both groups was 
evaluated during two weeks after treatment by measuring 
the width of granulation tissue. Table 1 shows that there 
was a significant increase in granulation tissue area in 
HAPRF group compared with PRF alone in day- 3 (p= 
0.047), day-7 (p = 0.004) and day-14 (p< 0.001) 
Furthermore, Accordingly, Figure 1 shows the increase of 
granulation area in HAPRF compared with PRF in day-3, 
day-7 and day-14. 
Table 1. Mean Presentation of Granulation Area   Based on 
Intervention 

Intervention        HAPRF           PRF   p- value 

Day-0 
Day-3 

42.1 (18.4−57.8) 

62.2 (33.6−81.3) 

34.8 (14.1−58.9) 

47.7 (28.3−73.0) 

 0.921 
0.047* 

Day-7 78.9.1(90.8−65.8) 64.6 (37.2−69.9)  0.004** 

Day-14 97.7  (89.4−99.6) 79.2(46.0.4−81.9)  <0.001*** 
*Data median (min-max), Mann Whitney test 
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Figure 1. The increasing of granulation area between HAPRF and 
PRF  

Furthermore, this study examined epithelialization 
growth by measuring wound area in day-3 until day -14. 
Table 2 shows that in the HAPRF group there was a 
significant reduction in wound area compared to PRF 
alone in day-3 (0.049), day-7 (p = 0.039) dan day-14 ( p = 
0.025)   
 Table 2. Mean of Wound Area ( WA) between  the intervention 

Intervention         HA+PRF 

(n = 10) 

PRF 

(n = 10) 

 p-value 

Before* 

Day-3* 

31.9 (21.9–39.9) 

21.7 (15.6–31.2) 

32.7 (29.3–9.7) 

30.4 (21.4–6.5) 

 0.848 

0.049 

Day-7 ** 14.9 (8.6–16.3) 21.6 (24.4–5.6)  0.039 

Day-14 *** 8.1(6.6–11.6) 15.6 (19.0–3.0)  0.025 

∆ day 0−3 

∆ day 0−7 

∆ day 0−14 

-10.2(-6.3 − -8.7) 

-17.9(-13.3 − -5.9) 

-23.8(-15.3 − -23.6) 

-2.3 (-7.9 − -3.2) 

-11.1(-4.9 – -24.1) 

-17.1(-10.3 − -6.7) 

 0.048 

0.039 

0.023 
* Data median (min-maks), Mann Whitney test 

There is a decrease of wound area measurement in the 
wounds that use HA+PRF as topical therapy in DFU 
(Figure 2). Figure 3 shows the DFU which use topical 
HA+PRF has wound measurement smaller than the use of 
topical PRF only. 

 

 
Figure 2. Mean of Wound Area (WA) showed the decrease of 
wound area between HAPRF vs PRF 

 

 

  

 
Figure 3. HA+PRF topical in DFU ( Before and after treatment) 

4. Discussion 

In the last decade, diabetic foot ulcers have been a 
serious problem because chronic wound care is needed 
with many complications that arise. About 16 million 
people in the US have T2DM, of which 15% have 
complications of DFU, while 12% of them undergo 
amputation. According Mill Jr 2014, the process of healing 
chronic wounds such as diabetic foot ulcers is more 
complicated so additional therapy may be considered as 
the therapy of choice. Topical therapy requirements must 
be able to protect the DFU surface from infection 
contamination and keep the wound moist so that it can 
produce faster granulation and epthelialization (Shi , 
2018).  

In presentation of granulation tissue,  it was found  that 
in the  HAPRF group, there was an increase of granulation 
tissue formation  in  day-7 (83.1%) and day-14 ( 97.4%). 
In the PRF group, there was also an increase in the 
granulation tissue formation in day-7 (68.3%) and day-14 
(81.9%). There was a significant difference in the 
granulation tissue formation in HAPRF group compared 
with PRF only in day-3 , day=7  and day-14 (p < 0.05, 
Mann Whitney test ). 
    In this study, there were many growth factors trapped 
in HAPRF compared to PRF alone. Although in PRF 
alone, there were concentrates of immune and platelet 
growth factors trapped in the fibrin membrane that induce 
healing and immunity, but with the addition of HA, there 
would be an induction effect of growth factor from platelet 
alpha granules as an anti-inflammatory. It would increase 
the granulation tissue formation in DFU healing adan 
induce tissue response growth and tissue regeneration. 
Many biologically active substances are contained in 
platelet concentrates and affect tissue repair mechanisms 
such as cell proliferation, differentiation, and  chemotaxis. 
In addition, there was also an increase in intracellular 
matrix deposition, angiogenesis substance, immune 
modulation, antimicrobial activity, and wound tissue 
remodeling (Sudmann EA 2014). 

Platelet-rich fibrin supports three key wound healing 
mechanisms of "angiogenesis", "immunity", and 
"epithelial proliferation", and thus implies their use to 
protect open wounds and promote healing (Pochini, 2016). 
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PRF releases any many growth factors namely 
Transformation Growth Factor β- 1 (TGF β-1), Platelet 
Derivate Growth Factor-AB (PDGF-AB), Vascular 
Endothelial Growth Factor (VEGF), and other important 
angiogenesis factor such as  matrix cellular glycoproteins 
Thrombospondin-1 for 7 days ( Dohan, 2009). It is 
believed that GF is contained in platelets concentration 
seven times higher compared with non-diabetic patients. In 
addition, PRF also contains EGF, FGF, and three 
important pro inflammatory cytokines such as IL-6, IL-1β 
and TNF-α. PRF's has ability to promote rapid 
angiogenesis and remodeling of wound tissue which is 
easier to adhere to connective tissue (Pochini, 2016). 

However, in T2DM patients, the platelet quality is 
reported to be greatly decreased due to the state of chronic 
hyperglycemia. The additional HA in PRF might increase 
growth factor release in HAPRF compared with PRF 
alone. Ilio K, (2016) reported that HA can induce the 
release of growth factor from PRP in cases of genu 
osteoarthritisc 

In HAPRF group, there is more increase of 
epithelialization  tissue compared with PRF alone 
(Anderegg 2014). Therefore, the addition of HA, a matrix 
of extracellular components, known as anti-inflammatory, 
will control inflammation biomolecularly in the HAPRF 
combination (Azyenela R, 2015). HAPRF will make a 
moist environment in the DFU; it will support tissue 
regeneration. The combination of HA and GF contained in 
PRP has been published several times in various fields, 
both for the treatment of skin aging and cases of 
osteoarthritis . The combination of HA and PRP can 
reduce proinflammatory cytokines and increase the 
proliferation of articular chondrocytes and chondrogenic 
differentiation through the Erk1 / pathway. Meanwhile in 
PRP though Smad2 / 3 pathway. The clinical application 
of a mixture of PRP and HA may be more effective than 
PRP or HA alone for tissue regeneration ( Longitti, 2014). 

HA scaffolding is used in tissue reconstruction 
techniques to provide a three-dimensional template for 
enhancing cell growth and GF supply. Delayed wound 
healing can be due to both reduced and excessive 
inflammation. Hyaluronic acid (hyaluronan, HA) is a large 
glycosaminoglycan and an essential extracellular 
component of skin. It is active throughout the entire 
process of wound healing being involved in proliferation, 
migration, and tissue remodeling. The combination of HA 
filler and Platelet concentrate can provide a synergistic 
effect, because HA acts as a scaffold and PRP induces 
collagen which is needed for wound repair (Chen 
WY,1999). There is a failure of chronic wound healing in 
T2DM patients and reduction of  fibroblast function ( 
Azyenela Rika, 2016 ). Fibroblasts have decreased ability 
to proliferate and synthesize collagen and do not respond 
to the transforming growth factor1 (TGF-1). Platelet 
derived growth factor (PDGF) derived from platelet rich 
fibrin (PRF) lysates can restore TGF-β receptor 
expression. Increasing the mechanical strength of the 
extracellular matrix with the addition of hyaluronic acid 
(HA) can improve TGF-beta signaling to trigger 
fibroblasts in wound epithelialization (Sundmann, 2014).   

Longinotti, 2014 uses a combination of  Platelet-Rich 
Plasma (PRP) and HA for treating open tendon wounds. In 
this study, HA synergized with PRP promoted rapid 
renovation and better healing, and a significant reduction 

in pain relief. Mateial HA has acts as an anti-inflammatory 
via tissue barrier by scavenging reactive oxygen species 
and inhibiting the inflammatory cell-derived serine 
proteinase. In addition, HA also has anti-edematous effect 
related to the osmotic HA buffer capacity( Chen et al, 
1999). 

Afat et al., (2017) reported that the combination of AH 
with L-PRF reduces edema after oral surgery for molar 
teeth 3. The HAPRF has a mechanism to reduce edema by 
means of HA affecting three main receptors in modulation 
of tissue regeneration, namely migration, proliferation and 
activation of keratinocyte cells (CD44). HAPRF also 
restores epidermal, fibroblast migration, controls 
inflammation, neoangiogenesis and promotes ECM 
deposits such as collagen fibers which contribute to wound 
healing (Price,  2005). 

HA and PRF also work together to reduce 
inflammation due to chronic hyperglycaemia in diabetic 
patients (Sangameswaran, 2010). 

That is to propose that mechanism of  HAPRF in 
increased granulation tissue and epithelialization also 
reduces the inflammation. Due to decreased inflammation 
and wound repair, the combination HAPRF can indirectly 
reduce pain (Sreedam, 2012) (Figure 4). 

 
Figure 4. The proposed  mechanism of HAPRF increases 
granulation tissue  in DFU healing 

5. Conclusion 

Combination of HAPRF increase granulation tissue and 
epithelialization  level on day-3 and day-7 significantly 
compared with PRF alone. It could also promote wound 
healing process in DFU  by increasing angiogenesis, anti-
inflammatory and reduce pain.  This would provide a new 
simple and cheap modality treatment for diabetic wounds 
in clinical practice. 
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