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Background

Pressure ulcers, also known as bedsores, are common injuries to the skin and subcutaneous tissues in patients who are bedridden or wheelchair-bound, with a particularly high incidence among elderly patients with diabetes. These chronic wounds often lead to increased morbidity, prolonged hospitalization, and reduced quality of life. Traditional treatments for pressure ulcers have limited efficacy. In recent years, autologous concentrated growth factor (ACGF) has emerged as a promising regenerative medicine approach, showing potential in promoting wound healing through enhanced cell proliferation, accelerated angiogenesis, and improved tissue regeneration.





Objective

This study aims to evaluate the effectiveness of ACGF in treating pressure ulcers in elderly diabetic patients by comparing wound healing, symptom relief, and inflammatory markers with those receiving conventional therapy.





Methods

This analysis included 51 elderly patients aged 60 years or older with diabetes and pressure ulcers. Patients were divided into two groups: 26 received standard wound care (Control Group, CG), and 25 received ACGF treatment in addition to standard care (Treatment Group, TG). ACGF was prepared using a standardized protocol and applied directly to the wound site. Pain levels (VAS scores), wound healing (PUSH scores), and inflammatory markers (WBC, CRP, PCT, and IL-6) were compared between the two groups before treatment, 14 days, and 28 days after treatment.





Results

VAS Scores: Before treatment, there was no significant difference between the two groups (TG: 6.92 ± 0.86, CG: 6.69 ± 1.01, P=0.392). At 14 days post-treatment, the VAS scores in the TG were significantly lower than those in the CG (TG: 3.52 ± 0.51, CG: 4.46 ± 0.58, P<0.001). By 28 days, the VAS scores in the TG further decreased (TG: 1.24 ± 0.44, CG: 1.58 ± 0.70, P=0.046). PUSH Scores: Before treatment, there was no significant difference between the two groups (TG: 14.84 ± 1.72, CG: 14.19 ± 1.92, P=0.211). At 14 days, the TG showed a significantly lower PUSH score than the CG (TG: 6.52 ± 0.71, CG: 8.23 ± 0.77, P<0.001). By 28 days, the PUSH scores in the TG continued to decrease (TG: 2.52 ± 0.59, CG: 3.39 ± 0.50, P=0.001). Inflammatory Markers: Before treatment, there were no significant differences in WBC, CRP, PCT, and IL-6 levels between the two groups (P>0.05). At 14 days post-treatment, the TG exhibited significantly lower levels of WBC (TG: 7.44 ± 1.56, CG: 8.60 ± 1.98, P=0.024) and PCT (TG: 0.63 ± 0.45, CG: 1.29 ± 0.48, P<0.01). By 28 days, the TG also showed significant reductions in CRP (TG: 5.93 ± 9.74, CG: 18.63 ± 6.62, P<0.01) and IL-6 (TG: 3.35 ± 1.89, CG: 5.56 ± 2.22, P<0.01).





Conclusion

This study suggests that ACGF is an effective adjunctive treatment for pressure ulcers in elderly diabetic patients. By significantly enhancing wound healing and reducing inflammatory responses, ACGF could serve as a valuable addition to standard care protocols for this vulnerable population. Further prospective studies are warranted to confirm these findings and explore the underlying mechanisms of ACGF in wound healing.





Clinical Trial Registration

https://www.medicalresearch.org.cn, identifier MR-32-24-019758.





Keywords: autologous concentrated growth factor, pressure ulcers, elderly patients, diabetes, wound healing, regenerative medicine




1 Introduction

Pressure ulcers, also known as bedsores, are common skin and subcutaneous tissue injuries in patients who are bedridden or in wheelchairs, typically occurring at bony prominences (1, 2). The incidence of pressure ulcers among hospitalized patients can reach 10% to 30%, and it is even higher in long-term care institutions (3). Pressure ulcers not only cause significant pain to patients but also greatly reduce their quality of life, prolong hospitalization, and increase medical expenses. With the aging population, the incidence of chronic diseases, especially diabetes, is rising among elderly patients, leading to an increased prevalence of pressure ulcers (2). Diabetic patients are particularly at risk because hyperglycemia leads to microvascular and neuropathic changes, impairing blood supply and sensation in the skin and subcutaneous tissues, reducing their tolerance to pressure and friction, thus significantly increasing the risk of pressure ulcer development (4, 5). Studies have shown that the incidence of pressure ulcers in diabetic patients is 1.5 to 2 times higher than in non-diabetic patients (6). Furthermore, diabetic patients have poor wound healing abilities, making the treatment of pressure ulcers particularly challenging (7). Therefore, effective treatment methods are urgently needed to improve healing outcomes and alleviate patient suffering in diabetic elderly patients with pressure ulcers.

The treatment of pressure ulcers in diabetic patients presents numerous challenges. First, the hyperglycemic environment provides favorable conditions for bacterial growth, significantly increasing the risk of wound infections, which are often difficult to control once they occur (5, 8). Additionally, microvascular damage and neuropathy caused by diabetes further impair skin blood circulation and sensation, delaying wound healing (9, 10). Although traditional treatment methods such as debridement, antibacterial treatment, and local dressings are somewhat effective, they are limited in treating chronic, difficult-to-heal pressure ulcers in diabetic patients (11). For example, debridement may be insufficient due to the poor tissue repair abilities of diabetic patients, making it hard to completely remove necrotic tissue (12). Local dressings also often fail due to excessive exudate caused by hyperosmotic conditions (13). Overall, the treatment of pressure ulcers in diabetic patients requires not only blood sugar control and improved blood circulation but also the resolution of issues such as wound infection and slow tissue repair (14). However, current treatments have significant limitations when addressing these complex problems, and the treatment is much more difficult than handling a single issue.

Therefore, exploring new treatment options to improve the healing of pressure ulcers in diabetic patients is especially urgent. In recent years, with the rapid development of regenerative medicine, autologous concentrated growth factor (ACGF) has gained attention as an emerging biological treatment technology (15). ACGF was first proposed by Sacco in 2006 and applied clinically (16). It is a concentrated autologous blood product obtained using a special centrifuge, which activates α-granules in platelets through physical acceleration and deceleration, producing a product rich in growth factors and CD34+ cells (17–19). ACGF has shown superior regenerative abilities for bone tissue, soft tissue, and skin, and is widely used in fields such as dentistry and plastic surgery (20). ACGF contains various growth factors, such as TGF-β (transforming growth factor-β), PDGF (platelet-derived growth factor), VEGF (vascular endothelial growth factor), IGF (insulin-like growth factor), EGF (epidermal growth factor), and FGF (fibroblast growth factor), which effectively promote tissue regeneration (21). In addition, ACGF is rich in fibrin, which is viscous, with white blood cells, platelets, and growth factors adhering to the surface and inside of the fibrin scaffold, exerting anti-inflammatory effects, releasing growth factors, and other biological effects (22). ACGF has high tensile strength, is easy to shape, and is rich in CD34+ cells, which play an important role in vascular maintenance, regeneration, tissue repair, and immune regulation. Compared to traditional blood concentrate products (such as PRP and PRF), the presence of CD34+ cells is a significant advantage of ACGF (23).

Given the complex pathophysiology of diabetic pressure ulcers and the limitations of traditional treatments, ACGF is expected to provide a new solution to this clinical problem. Therefore, this study aims to explore the clinical efficacy of ACGF in the treatment of pressure ulcers in elderly diabetic patients, by assessing its impact on wound healing, pain relief, and inflammation, to provide new insights and evidence for the treatment of diabetic pressure ulcers.




2 Materials and methods

This study was conducted in Lianyungang Second People’s Hospital Affiliated to Kangda College, from January 2022 to December 2024. The study was approved by the institutional review board (IRB) of Lianyungang Second People’s Hospital Affiliated to Kangda College, The Ethics approval number is 2022K047, and all patients signed informed consent forms. The aim was to evaluate the effectiveness of autologous concentrated growth factor (ACGF) in the treatment of pressure ulcers in elderly diabetic patients.



2.1 Patient selection

The inclusion criteria comprised:

	Patients aged 60 years or older.

	A confirmed diagnosis of diabetes (Type 1 or Type 2).

	Presence of pressure ulcers classified as grade II or higher according to the National Pressure Injury Advisory Panel (NPIAP) guidelines.

	Patients who provided informed consent for participation in the study.



Exclusion criteria included:

	Patients with active infections at the wound sites.

	Patients receiving systemic corticosteroids or immunosuppressive therapy within the past three months.

	Patients with coagulopathy or other contraindications for blood product administration.

	Patients with significant cognitive impairment that prevented informed consent.



A total of 55 elderly patients, aged 60 years and older, diagnosed with diabetes mellitus and suffering from grade II or higher grade were included. Four patients were excluded, and a total of 51 patients were enrolled in this study (Figure 1).
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Figure 1 | Preparation of ACGF: (a) Centrifuge and Tubes: The Medifuge Silfradent centrifuge and specific tubes from Silfradent are used. (b) Centrifugation of Blood: After centrifugation, the CGF tube is obtained, Red parentheses indicate the parts related to ACGF. (c) The separated ACGF, as indicated by the red arrow.

Patients were divided into two groups: 26 received standard wound care (Control Group, CG), and 25 received ACGF treatment in addition to standard care (Treatment Group, TG). A balance test was performed on the baseline characteristics of the two groups (continuous variables were tested using t-tests or Wilcoxon rank-sum tests, and categorical variables were tested using chi-square tests or Fisher’s exact tests) to ensure that the differences in key variables between the two groups were not statistically significant (P>0.05), thereby enhancing the comparability between the two groups. The CG included 13 males and 13 females; the average age was (78.88 ± 9.06) years; the number of pressure ulcers was 29; the pressure ulcer stages were: II stage 5, III stage 14, and IV stage 10. The TG included 15 males and 10 females; the average age was (73.88 ± 10.92) years; the number of pressure ulcers was 26; the pressure ulcer stages were: II stage 3, III stage 9, and IV stage 14. Comorbidities assessed by the Charlson score (24) include cerebrovascular disease, cardiovascular disease, renal impairment, etc. The nutrition score was assessed according to the Mini Nutritional Assessment-Short Form(MNA-SF) (25). There were no significant differences in gender, age, pressure ulcer stages, comorbidities and nutrition score between the two groups (P>0.05), They are comparable (Table 1).


Table 1 | Comparison of the general data between the two patient groups.
	Groups
	Example number
	Gender (male/female)
	Age
	Pressure ulcer stages (II/III/IV)
	Charlson score
	MNA-SF



	TG
	25
	15/10
	73.88 ± 10.92
	3/9/14
	5.48 ± 1.74
	10.80 ± 1.73


	CG
	26
	13/13
	78.88 ± 9.06
	5/14/10
	5.00 ± 1.23
	10.15 ± 1.71


	T／χ２
	 
	0.515
	-1.784
	2.096
	-1.238
	1.339


	P
	 
	0.473
	0.081
	0.351
	0.222
	0.187










2.2 Treatment protocol

A highly individualized hypoglycemic plan should be developed by comprehensively considering multiple factors of geriatric patients, such as cardiac function, liver and kidney function, complications and comorbidities, hypoglycemia risk, frailty state, body weight, and the preferences of patients and their families. The glycemic control targets are as follows: HbA1c ≤ 8.5%, fasting blood glucose ≤ 8.5 mmol/L, and 2 - hour postprandial blood glucose < 13.9 mmol/L. Priority should be given to using metformin and other medications with a low risk of hypoglycemia. For elderly T2DM patients with atherosclerotic cardiovascular disease (ASCVD) or high - risk factors, SGLT2 inhibitors (SGLT2i) or glucagon - like peptide - 1 receptor agonists (GLP - 1RA) with evidence of ASCVD benefits should be the first choice. In elderly T2DM patients with heart failure or chronic kidney disease (CKD), SGLT2i should be preferred. For elderly T2DM patients with CKD who cannot tolerate SGLT2i, GLP - 1RA with evidence of CKD benefits can be chosen. For elderly patients with severe conditions or poor response to oral medications, long - acting basal insulin should be used, and blood glucose levels should be regularly monitored before and 2 hours after each meal. Treatment strategies should be adjusted in a timely manner based on blood glucose changes.

The systolic blood pressure control target for elderly diabetic patients included in this study is below 150 mmHg to reduce the risk of cardiovascular diseases. Blood pressure should be closely monitored to prevent orthostatic hypotension, postprandial hypotension, and excessively low diastolic pressure. Antihypertensive drugs of choice are ACE inhibitors (ACEI) or angiotensin receptor blockers (ARB), with monitoring of serum potassium and creatinine levels. If blood pressure cannot be controlled with ACEI or ARB monotherapy, calcium channel blockers, thiazide diuretics, or β - blockers can be added to enhance the antihypertensive effect. Low - density lipoprotein cholesterol (LDL - C) should be controlled below 2.6 mmol/L using statin therapy. For patients with diabetic nephropathy, a daily intake of high - quality protein at 0.8 g/kg is recommended, along with sodium restriction. Consuming < 5 g/d of sodium chloride or < 2 g/d of sodium helps lower blood pressure and the risk of cardiovascular diseases. Multidisciplinary comprehensive management of elderly diabetic patients with CKD should be carried out in collaboration with nephrologists.

Patients were divided into two groups:

	CG: Received standard wound care: Assess the patient’s overall condition and evaluate the wound. Perform surgical debridement, prepare the wound bed, use sensitive antibiotics for prevention, apply specialized support surfaces for pressure offloading, and dress the wound with sterile dressings.

	TG: In addition to standard wound care, the TG group underwent ACGF therapy for pressure ulcer treatment.



Preparation of Autologous Concentrated Growth Factor (ACGF): ACGF was prepared according to a standardized protocol. The centrifugation equipment used was a Mediuge concentrated growth factor from Italian company Salfadent and Zihe fibrinogen centrifugal manufacturing machine. Using a CGF-specific centrifuge tube Mediuge 9 ml vacuum centrifuge tube, the blood collection tube was produced by Greiner from Austria Bio-One Manufacturing. The process involved:

	Blood Collection: Approximately 20–30 mL of venous blood was drawn from each patient into sterile tubes containing an anticoagulant (EDTA or sodium citrate).

	Centrifugation: Blood samples were automatically continuously centrifuged with variable speed in four stages, first accelerated for 30 seconds, centrifuged at 2,700 rpm for 2 minutes, then at 2,400 rpm for 4 minutes; centrifuged at 2,700 rpm for 4 minutes; centrifuged at 3,000 rpm for 3 minutes, and finally decelerated for 36 seconds to stop, using a centrifuge(The MediFuge CGF centrifuge manufactured by Sefadent, Italy). This step separated the blood components into three layers: red blood cells at the bottom, a middle layer containing concentrated growth factors (the buffy coat), and plasma at the top.

	Extraction of Growth Factors: The buffy coat was carefully extracted using a sterile syringe and transferred to a separate sterile container for application (Figure 2).

	Application: ACGF was applied directly to the wound bed during each dressing change, typically once a week.



[image: Bar graph comparing VAS scores between CG and TG groups before treatment, 14 days after, and 28 days after treatment. Both groups show similar scores before treatment. After 14 and 28 days, TG scores significantly decrease compared to CG, with p-values less than 0.05. Error bars indicate variability.]
Figure 2 | Preparation of ACGF: (a) Centrifuge and Tubes: The Medifuge Silfradent centrifuge and specific tubes from Silfradent are used. (b) Centrifugation of Blood: After centrifugation, the CGF tube is obtained, Red parentheses indicate the parts related to ACGF. (c) The separated ACGF, as indicated by the red arrow.




2.3 Observation indicators and data collection

All of the observation indicators were measured at three stages: before treatment, 14 days after treatment, and 28 days after treatment.



2.3.1 VAS score

Evaluate the pain level of two groups using the VAS score, with a maximum score of 10 points. The higher the score, the more severe the pai (26). The VAS was administered as a 10-cm written horizontal line, with endpoints labeled “0 = no pain, 1 = slight pain, 3 = mild pain, 5 = moderate pain, 7 = severe pain, 10 = worst possible pain”. Participants were instructed to mark the line corresponding to their pain level, with research assistants blinded to the study hypothesis.




2.3.2 PUSH score

Evaluate the recovery of two groups of pressure ulcer wounds using the Pressure Ulcer Healing (PUSH) score, based on wound area, exudate, and wound type Assessment, with a total score of 0–17 points, where 0 points indicate healing of pressure ulcers, and the smaller the score, the better the recovery effect of pressure ulcer wounds. Wound assessments were performed by trained wound care nurses blinded to the group assignments. Measurements included:

	Wound Size: The area of the wound was calculated using the formula for the area of an ellipse (length × width × π/4). The length: The longest linear distance between two points on the wound margin (regardless of wound contour) and the width: The longest perpendicular distance to the defined length, measured at the widest point of the wound. 0 points for area 0 cm2, 1 points for area <0.3 cm2, 2 points for area 0.3~0.6 cm2, 3 points for area 0.7~1.0 cm2, 4 points for area 1.1~2.0 cm2, 5 points for area 2.1~3.0 cm2, 6 points for area 3.1~4.0 cm2, 7 points for area 4.1~8.0 cm2, 8 points for area 8.1~12.0 cm2, 9 points for area 12.1~24.02, 10 points for area > 24.0cm2.

	Amount of Exudate: 0 points for no exudate; 1 point for a small amount of exudate; 2 points for a moderate amount of exudate; 3 points for a large amount of exudate.

	Tissue Type: 0 points for intact or non-broken skin; 1 point for a superficial ulcer without slough or eschar; 2 points for an ulcer with slough but without eschar; 3 points for an ulcer with eschar.






2.3.3 Inflammatory markers

Including white blood cell count(WBC), c-reactive protein(CRP), procalcitonin(PCT), and interleukin 6. Blood sampling should be preceded by an 8-hour fasting period. 5 ml of fasting venous blood was collected and WBC (*×109/L) levels were measured by Laser Flow Cytometry + Fluorescent Staining (Shenzhen Mindray Medical International Limited, Detection limit *0.99 × 109/L- *100.0 × 109/L); CRP(mg/mL) levels were measured by CardioPhase hsCRP (Siemens Healthcare Diagnostics Products GmbH, OQIY21, Sensitivity 0.175 mg/L, Detection limit 0.175 mg/L), IL-6(pg/mL) levels were measured by Access IL-6 (Beckman Coulter, Inc., A16370, Sensitivity 0.5 pg/mL, Detection limit 0.5 pg/mL)and procalcitonin(ng/mL) levels were measured by Access PCT (Immunotech SAS, A Beckman Coulter Company, C22594, Sensitivity 0.01 ng/mL, Detection limit 0.01 ng/mL).





2.4 Statistical analysis

SPSS 20.0 statistical software was used for data analysis. Missing data in the sample were imputed using the median imputation method. Measurement data is expressed in (x± s) and a t-test is used; The count data is expressed as [n (%)], using the chi-square method inspections. P<0.05 indicates statistically significant differences.





3 Results



3.1 Comparison of VAS scores at different times in the two groups

Before treatment, there was no significant difference in VAS scores between the TG and the CG (6.92 ± 0.86 vs. 6.69 ± 1.01, T=0.864, P=0.392). However, after 14 days of treatment, the VAS scores in the TG were significantly lower than those in the CG (3.52 ± 0.51 vs. 4.46 ± 0.58, T=6.137, P=0.000), indicating a greater reduction in pain levels. This trend continued at 28 days, with the TG showing further improvement (1.24 ± 0.44 vs. 1.58 ± 0.70, T=2.048, P=0.046). These results suggest that ACGF treatment provides superior pain relief compared to standard wound care alone (Figure 3).

[image: Bar graph comparing PUSH scores between control group (CG) and treatment group (TG) before treatment, and at fourteen and twenty-eight days after treatment. Scores decrease over time, with significant differences between groups at fourteen and twenty-eight days (p<0.05), but not before treatment (p>0.05).]
Figure 3 | Comparison of PUSH scores between the CG and TG before treatment, 14 days, and 28 days after treatment. Significant intergroup differences emerged at 14-days and 28-days after treatment (p < 0.05). Data expressed as mean ± SD. Data expressed as mean ± SD.




3.2 Comparison of PUSH scores between the two groups

The PUSH scores, which assess wound healing based on wound size, exudate, and tissue type, showed no significant difference between the two groups before treatment (14.84 ± 1.72 vs. 14.19 ± 1.92, T=1.266, P=0.211). However, at 14 days, the TG demonstrated a significantly greater reduction in PUSH scores compared to the CG (6.52 ± 0.71 vs. 8.23 ± 0.77, T=8.250, P=0.000). By 28 days, this difference was even more pronounced (2.52 ± 0.59 vs. 3.39 ± 0.50, T=5.695, P=0.001), indicating accelerated wound healing in the TG (Figure 4). Two typical cases are shown in Figures 5, 6.

[image: Four images labeled a, b, c, and d show the healing progression of a wound. Image a shows a red, inflamed area with a central opening. Image b displays reduced inflammation and a smaller opening. Image c shows further improvement and decreased redness. Image d depicts almost complete healing with minimal scarring.]
Figure 4 | Case Report 1: (a) Before treatment, PUSH scores =10. (b) 14 days of treatment, PUSH scores =5. (c) 28 days of treatment, PUSH scores =2. (d) The pressure ulcer achieved complete healing, PUSH scores =0.

[image: Sequential images labeled a to d showing the healing progression of a wound on a person's skin. Image a shows an open wound with necrotic tissue. Image b shows reduced necrotic tissue and more granulation. Image c documents further healing with less exposed tissue, marked with measurement lines. Image d displays significant healing with shrinking wound size and measurement markings.]
Figure 5 | Case Report 1: (a) Before treatment, PUSH scores =10. (b) 14 days of treatment, PUSH scores =5. (c) 28 days of treatment, PUSH scores =2. (d) The pressure ulcer achieved complete healing, PUSH scores =0.

[image: Bar chart showing WBC scores in control group (CG) and treatment group (TG) before treatment, and 14 and 28 days after treatment. Scores decrease over time in both groups. Statistical significance is indicated, with p-values greater than 0.05 before treatment and less than 0.05 after treatment.]
Figure 6 | Case Report 2: (a) At admission, fist PUSH scores =15. (b) After standard treatment, the ulcer area increased, exudate increased, and the surrounding skinbecame softened, PUSH scores =17, Subsequently, ACGF treatment was administered. (c) 14 days of treatment, PUSH scores =9. (d) 28 days of treatment, PUSH scores =4.




3.3 Comparison of serum levels of inflammatory factors between the two groups

Inflammatory markers, including WBC, CRP, PCT, and IL-6, showed no significant differences between the two groups before treatment (P>0.05). However, at 14 days, the TG exhibited significantly lower levels of WBC (7.44 ± 1.56 vs. 8.60 ± 1.98, P=0.024) and PCT (0.63 ± 0.45 vs. 1.29 ± 0.48, P<0.01) compared to the CG. By 28 days, reductions in CRP (18.63 ± 6.62 vs. 5.93 ± 9.74, P<0.01) and IL-6 (3.35 ± 1.89 vs. 5.56 ± 2.22, P<0.01) were also observed, suggesting that ACGF treatment effectively mitigates inflammation, which is critical for wound healing (Tables 2–5, Figures 7–10).


Table 2 | Comparison of the WBC (*×109/L) scores between the two groups.
	Periods
	TG (n=25)
	CG (n=26)
	T
	P



	Before treatment
	11.43 ± 3.70
	9.66 ± 3.79
	1.688
	0.098


	14d after treatment
	7.44 ± 1.56
	8.60 ± 1.98
	-2.320
	0.024


	28d after treatment
	7.02 ± 1.55
	7.88 ± 1.07
	-2.315
	0.026








Table 3 | Comparison of the CRP (mg/mL) between the two groups.
	Periods
	TG (n=25)
	CG (n=26)
	T
	P



	Before treatment
	79.07 ± 32.40
	67.14 ± 58.37
	0.907
	0.370


	14d after treatment
	41.17 ± 17.53
	36.15 ± 36.33
	0.632
	0.535


	28d after treatment
	5.93 ± 9.74
	18.63 ± 6.62
	5.423
	0.000








Table 4 | Comparison of the IL-6 (pg/mL) between the two groups.
	Periods
	TG (n=25)
	CG (n=26)
	T
	P



	Before treatment
	65.01 ± 68.12
	41.21 ± 51.43
	-0.565
	0.164


	14d after treatment
	12.30 ± 2.38
	15.24 ± 8.36
	-1.691
	0.097


	28d after treatment
	3.35 ± 1.89
	5.56 ± 2.22
	-3.830
	<0.01








Table 5 | Comparison of the PCT (ng/mL) between the two groups.
	Periods
	TG (n=25)
	CG (n=26)
	T
	P



	Before treatment
	1.86 ± 1.47
	2.55 ± 1.12
	-1.900
	0.063


	14d after treatment
	0.63 ± 0.45
	1.29 ± 0.48
	-5.089
	0.000


	28d after treatment
	0.18 ± 0.68
	0.88 ± 0.52
	-6.651
	0.000







[image: Bar chart comparing CRP levels in mg/L before, 14 days, and 28 days after treatment for two groups: control (CG) and treatment (TG). Both groups show a decrease over time. Statistical significance is p>0.05 before and at 14 days and p<0.05 at 28 days, indicating significant difference at the last interval.]
Figure 7 | Comparison of CRP concentrations (mg/L) in CG and TG before treatment, 14 days, and 28 days after treatment. Significant intergroup difference observed at 28-day after treatment (p < 0.05). No statistical differences before treatment or 14 days (p > 0.05). Data shown as mean ± SD.

[image: Bar graph showing IL-6 levels (pg/ml) in two groups: CG (orange) and TG (cyan) before treatment, and at fourteen and twenty-eight days after treatment. Notable differences appear at twenty-eight days, with TG showing significantly lower IL-6 levels (p<0.05).]
Figure 8 | Comparison of IL-6 concentrations (pg/mL) in CG and TG before treatment, 14 days, and 28 days after treatment. Significant intergroup difference observed at 28 days after treatment (p < 0.05). No statistical differences before treatment or 14 days (p > 0.05). Data shown as mean ± SD.

[image: Bar graph comparing PCT levels in nanograms per milliliter for control group (CG) and treatment group (TG) before treatment, and 14 and 28 days after treatment. Both groups start similar. At 14 and 28 days, TG shows a significant decrease with p<0.05.]
Figure 9 | Comparison of PCT concentrations (ng/mL) in CG and TG before treatment, 14 days, and 28 days after treatment. Significant intergroup difference observed at 14 days and 28 days after treatment (p < 0.05). No statistical differences before treatment (p > 0.05). Data shown as mean ± SD.

[image: Flowchart of a study with 55 participants recruited. Four were excluded: one on immunosuppressive therapy, one with coagulopathy, and two with cognitive impairment. Fifty-one were allocated into two groups: Control Group (CG) with 26 receiving standard wound care, and Treatment Group (TG) with 25 receiving standard care plus ACGF. All 51 underwent follow-up 28 days post-treatment, evaluating VAS, PUSH, WBC, CRP, IL-6, and PCT, and proceeded to analysis.]
Figure 10 | The flow diagram: A total of 55 elderly patients, aged 60 years and older, diagnosed with diabetes mellitus and suffering from grade II or higher grade were included. Four patients were excluded, and a total of 51 patients were enrolled in this study.





4 Discussions

The treatment of diabetic pressure ulcers has always been a challenging issue in clinical practice (1, 27). Due to the frequent presence of hyperglycemia, microvascular complications, and compromised immune function in diabetic patients, the healing process of pressure ulcers is often slow and prone to infection, with limited efficacy from traditional treatment methods (28). For example, conventional debridement and moist dressing changes can alleviate some symptoms, but they are often insufficient for chronic, difficult-to-heal pressure ulcers in diabetic patients (29). Additionally, pressure ulcer treatment faces challenges such as high costs, difficulty in nursing care, and significant patient suffering (30, 31). Previous research has demonstrated that male patients typically exhibit more severe ulcer characteristics, including greater ulcer depth, higher rates of bone probe positivity, and a greater incidence of systemic infections. Furthermore, male patients are more prone to neglecting routine foot care, a behavior that can adversely affect healing outcomes (32, 33). By contrast, female patients, despite generally being older, tend to engage in more consistent self-monitoring and demonstrate better adherence to recommended treatment protocols. This adherence is reflected in their more favorable healing outcomes and a significantly higher likelihood of healing without the need for major amputation (32, 33). Recent studies, however, indicate that gender does not independently predict pressure ulcer treatment outcomes in elderly diabetic patients (32, 34). In this study, although the two groups exhibited different gender distributions, the difference was not statistically significant, which ensures the comparability of the groups.

In this study, we employed autologous concentrated growth factor (ACGF) to treat diabetic pressure ulcers and achieved significant clinical efficacy. The results showed that patients receiving ACGF treatment outperformed the control group, which received only traditional treatment, in terms of pain relief, wound healing speed, and improvement in inflammatory markers. Specifically, the VAS scores in the ACGF treatment group were significantly reduced, indicating effective pain relief, while the significant decrease in PUSH scores reflected accelerated wound healing. Furthermore, inflammatory markers (such as WBC, CRP, PCT, and IL-6) also significantly decreased after treatment, suggesting that ACGF can effectively modulate local inflammatory responses, creating favorable conditions for wound healing. The significant reduction in inflammatory markers in diabetic pressure ulcer patients treated with ACGF is primarily attributed to its rich growth factors and immunomodulatory properties (20, 35). ACGF is rich in various growth factors, such as TGF-β, PDGF, and VEGF, which not only promote cell proliferation and angiogenesis but also regulate inflammatory responses (36, 37). For example, TGF-β can inhibit the release of pro-inflammatory cytokines and reduce the infiltration of inflammatory cells (38). Additionally, the fibrin and CD34+ cells in ACGF form a stable scaffold, providing support for tissue repair while reducing the overexpression of inflammatory factors (39).

In the pathological process of diabetic pressure ulcers, the hyperglycemic environment and microvascular complications often lead to persistent local inflammatory responses, delaying wound healing (40). ACGF modulates the polarization of inflammatory cells, promoting the transition of M1-type macrophages to M2-type, thereby suppressing inflammation and accelerating tissue repair (41, 42). This immunomodulatory effect is particularly important in the treatment of diabetic pressure ulcers, as it effectively alleviates local inflammation and improves the wound microenvironment (43). Meanwhile, VEGF in ACGF enhances vascular permeability and promotes endothelial cell proliferation, accelerating angiogenesis (41, 44). This synergistic effect of multiple factors significantly improves the speed and quality of diabetic ulcer healing. ACGF is derived from the patient’s own blood through centrifugation, avoiding immune rejection. This autologous origin makes it safer for clinical application, reducing the risk of infection and other complications (45).

As the third-generation autologous platelet concentrate, ACGF exhibits substantial advantages over PRP and PRF. Specifically, ACGF clots have approximately 30%–50% higher platelet and associated growth factor concentrations than PRP (35). These growth factors, including PDGF, TGF-β, and VEGF, are critical bioactive molecules for wound healing. Unlike PRP, which releases growth factors rapidly, leading to a brief surge in bioavailability followed by a swift decline, ACGF’s preparation results in a denser, more physiologically structured fibrin network. This network enhances elasticity and durability, enabling sustained growth factor release for up to 30 days (46, 47). Importantly, this fibrin network also offers an optimal scaffold for cell migration, actively promoting the healing process (46, 48). Thus, ACGF therapy helps reduce treatment frequency, lower healthcare costs, and improve patient compliance, particularly for elderly patients with mobility limitations or difficulty attending frequent clinical sessions (49, 50). In summary, ACGF significantly reduces inflammatory markers, accelerates the healing of diabetic ulcers, and improves patient prognosis through multiple mechanisms. Its unique advantages in diabetic ulcer treatment make it a highly promising novel therapeutic approach.

Despite the positive outcomes of this study, there are some limitations. First, the retrospective design and relatively small sample size may limit the generalizability of the results. Second, the 28-day follow-up period is too short to assess the long-term effects of ACGF treatment, such as wound recurrence rates or the durability of healing. Future research should conduct larger-scale, prospective, randomized controlled trials with extended follow-up periods to validate these findings.





5 Conclusions

In conclusion, the results of this study demonstrate that ACGF, as an adjunctive treatment for elderly diabetic patients with pressure ulcers, significantly alleviates pain, accelerates wound healing, and reduces inflammatory marker levels. Through its rich growth factors and anti-inflammatory properties, ACGF effectively improves the wound healing process in diabetic patients. Although the short-term results are encouraging, further research is needed to confirm these findings, optimize treatment protocols, and evaluate long-term efficacy. ACGF represents a promising advancement in the field of regenerative medicine, offering new hope for the wound care of diabetic pressure ulcer patients.
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