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Abstract
BACKGROUND
The effectiveness of Platelet-Rich Plasma (PRP) in the treatment of patients with Achilles tendon rupture (ATR) and Achilles tendinopathy (AT) has been controversial. 

AIM
To assess PRP injections’ effectiveness in treating ATR and AT.

METHODS
A comprehensive review of relevant literature was conducted utilizing multiple databases such as Cochrane Library, PubMed, Web of Science, Chinese Science and Technology Journal, EMBASE, and China Biomedical CD-ROM. The present investigation integrated randomized controlled trials that assessed the effectiveness of platelet-rich plasma injections in managing individuals with Achilles tendon rupture and tendinopathy. The eligibility criteria for the trials encompassed publications that were published within the timeframe of January 1, 1966 to December 2022. The statistical analysis was performed utilizing the Review Manager 5.4.1, the visual analogue scale (VAS), Victorian Institute Ankle Function Scale (VISA-A), and Achilles Tendon Thickness were used to assess outcomes.

RESULTS
This meta-analysis included 13 randomized controlled trials, 8 of which were randomized controlled trials of PRP for AT and 5 of which were randomized controlled trials of PRP for ATR. PRP for AT at 6 wk [weighted mean difference (WMD) = 1.92, 95%CI: -0.54 to 4.38), I2 = 34%], at 3 mo [WMD = 0.20, 95%CI: -2.65 to 3.05, I2 = 60%], and 6 mo [WMD = 2.75, 95%CI: -2.76 to 8.26, I2 = 87%) after which there was no significant difference in VISA-A scores between the PRP and control groups. There was no significant difference in VAS scores between the PRP group and the control group after 6 wk [WMD = 6.75, 95%CI: -6.12 to 19.62, I2 = 69%] and 6 mo [WMD = 10.46, 95%CI: -2.44 to 23.37, I2 = 69%] of treatment, and at mid-treatment at 3 mo [WMD = 11.30, 95%CI: 7.33 to 15.27, I2 = 0%] after mid-treatment, the PRP group demonstrated better outcomes than the control group. Post-treatment patient satisfaction [WMD = 1.07, 95%CI: 0.84 to 1.35, I2 = 0%], Achilles tendon thickness [WMD = 0.34, 95%CI: -0.04 to 0.71, I2 = 61%] and return to sport [WMD = 1.11, 95%CI: 0.87 to 1.42, I2 = 0%] were not significantly different between the PRP and control groups. The study did not find any statistically significant distinction between the groups that received PRP treatment and those that did not, regarding the Victorian Institute of Sport Assessment - Achilles scores at 3 mo [WMD = -1.49, 95%CI: -5.24 to 2.25, I2 = 0%], 6 mo [WMD = -0.24, 95%CI: -3.80 to 3.32, I2 = 0%], and 12 mo [WMD = -2.02, 95%CI: -5.34 to 1.29, I2 = 87%] for ATR patients. Additionally, no significant difference was observed between the PRP and the control groups in improving Heel lift height respectively at 6 mo [WMD = -3.96, 95%CI: -8.61 to 0.69, I2 = 0%] and 12 mo [WMD = -1.66, 95%CI: -11.15 to 7.83, I2 = 0%] for ATR patients. There was no significant difference in calf circumference between the PRP group and the control group after 6 mo [WMD = 1.01, 95%CI: -0.78 to 2.80, I2 = 54%] and 12 mo [WMD = -0.55, 95%CI: -2.2 to 1.09, I2 = 0%] of treatment. There was no significant difference in ankle mobility between the PRP and control groups at 6 mo of treatment [WMD = -0.38, 95%CI: -2.34 to 1.58, I2 = 82%] and after 12 mo of treatment [WMD = -0.98, 95%CI: -1.41 to -0.56, I2 = 10%] there was a significant improvement in ankle mobility between the PRP and control groups. There was no significant difference in the rate of return to exercise after treatment [WMD = 1.20, 95%CI: 0.77 to 1.87, I2 = 0%] and the rate of adverse events [WMD = 0.85, 95%CI: 0.50 to 1.45, I2 = 0%] between the PRP group and the control group.

CONCLUSION
The use of PRP for AT improved the patient’s immediate VAS scores but not VISA-A scores, changes in Achilles tendon thickness, patient satisfaction, or return to sport. Treatment of ATR with PRP injections alone improved long-term ankle mobility but had no significant effect on VISA-A scores, single heel lift height, calf circumference or return to sport. Additional research employing more extensive sampling sizes, more strict experimental methods, and standard methodologies may be necessary to yield more dependable and precise findings.
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Core Tip: Achilles tendon rupture (ATR) and Achilles tendinopathy (AT) are commonly seen in orthopaedic outpatient clinics. The effectiveness of Platelet-Rich Plasma in the treatment of patients with ATR and AT has been controversial. This study aims to inform the decisions of physicians faced with challenges when making treatment choices.

INTRODUCTION
Achilles tendon rupture (ATR) and Achilles tendinopathy (AT) are commonly seen in orthopaedic outpatient clinics. These conditions have serious complications and are treated clinically, mainly by conservative treatment. However, this treatment is ineffective and prone to recurrence[1]. The cause is regular unreasonable or excessive exercise, which leads to repeated friction or overstretching of the Achilles tendon and its surrounding tissues beyond the repair capacity of the tendon itself, caused inflammatory reactions in the tendon tissue. Chronic inflammation leads to the tendon’s collagen fibres and fatty tissue degeneration. This effect is diminished and can lead to spontaneous ATR[2].
The component of Achilles tendon tissue included tendon cells and fibrin collagen. Due to the lack of blood supply to the Achilles tendon, its healing rate is significantly lower than other damaged connective tissues[3].
AT and ATR are usually treated by surgical or non-surgical methods, which included non-steroidal anti-inflammatory drugs (NSAIDs), steroid hormone blocking treatment, low-frequency ultrasound stimulation, and hypothermia therapy. Steroid and lidocaine-blocking therapies brought excellent anti-inflammatory and analgesic results, which made it become the most popular treatments in physic therapist. However, collagen necrosis and decline in the Achilles tendon’s mechanical properties may caused by repeated injections[4-6]. Gastric ulcers is one of likely complications of prolonged use of NSAIDs. Therefore, the clinical use of these drugs in the treatment of Achilles tendon rupture and AT has been controversial[7]. Growth factors have been identified to play a vital role in ATR, Therefore Certain researchers suggested the utilization of platelet-rich plasma (PRP) as a potential treatment for conditions affecting the Achilles tendon[8,9].
PRP injections, which are increasingly used in clinical practice, are platelet concentrates that often contain various growth factors within them. In some cases, an increase on following growth factors were noticed, including epidermal growth factor, platelet-derived growth factor (PDGF), transforming growth factor-b1, basic fibroblast growth factor, vascular endothelial growth factor, insulin-like growth factor and hepatocyte growth factor[10]. Therefore, platelet-rich plasma has attracted the curiosity of numerous researchers as a tissue regeneration-inducing factor[11-14]. Several current investigations have demonstrated that PRP is useful in the treatment of orthopedic injuries, including syndrome of the carpal tunnel[15-17], Rotator cuff rupture[18-20], AT[21,22], Achilles tendon injury[23], etc. Animal experimentation has demonstrated that PRP injections speed up the histopathological recuperation of the Achilles tendon, boost the overall strength of the tendon, relieve the inflammatory response, and facilitate tendon regeneration[24,25].
PRP has been shown to increase the histopathological recovery of the Achilles tendon in humans. However, the role of PRP in human Achilles tendon healing remains controversial[21,22,24-28]. Overall, additional research is required to investigate and uncover the efficacy of PRP treatment for individuals with AT to inform and guide clinical decision-making. This study aimed to determine whether PRP injection is viable for patients with AT. Treatment success depends on measuring Achilles tendon function scores, pain levels, return to sport rates, complication rates and the time taken to return to the pre-injury functional range. There are few studies on the effects of PRP injections on Achilles tendon disease. This study aims to inform the decisions of physicians faced with challenges when making treatment choices.

MATERIALS AND METHODS
In accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses standards, before initiating the investigation, we drafted a protocol delineating our objectives, criteria for eligibility literature search methodologies, statistical assessments, and outcome measures. The registration number for PROSPERO is CRD 42023388903.

Study design
This study employed meta-analysis to compile quantitative research on the efficacy of PRP for treating AT. The research was conducted in a structured manner, and the methodology employed in this study involved several steps. (1) A study strategy and criteria aligned with the study’s objectives were developed; (2) The primary databases of interest were searched using specific search terms and formulas; (3) The studies were screened for eligibility based on the predetermined criteria; (4) The quality of the literature was evaluated using the Jadad scale to eliminate those of inferior quality; (5) Involves using a data extraction form to extract the required data meticulously; (6) Entails the utilization of Review Manager 5.4.1 for data examination; and (7) Involves analyzing and interpreting the results and marking decisions.

Data collection 
The inclusion criteria were restricted to the following conditions: (1) The investigation focused on patients with AT or ATR; (2) The study intervention involved administering a local PRP injection to the experimental group; (3) Various outcome indicators, including the Victorian Institute Ankle Function Scale (VISA-A) score, visual analogue scale (VAS) for pain, variations in Achilles tendon thickness, rate of returning to sports activities, patient satisfaction, return to sport, ankle flexion, return to pre-injury heel-rise height, and incidence of adverse events, were utilized in this study; and (4) The focus of this research is on randomized controlled trials (RCTs) published prior to December 2022.

Exclusion criteria
The study excluded trials with the following criteria: (1) Non-randomized trials; (2) A follow-up duration of less than 6 wk; (3) No control group; (4) Used PRP with other drugs; and (5) Did not report results.

Search method
Searches were conducted in Cochrane Library, PubMed, Web of Science, Chinese Science and Technology Journal, EMBASE, and China Biomedical CD-ROM without restriction on language. The search terms were “PRP”, “Platelet Concentrate”, “platelet gel”, “ATR”, “Achilles tendon injury”, “AT”, and “AT”, all the full text from 1966 to 2022 was download, carefully read.

Literature screening
At least two individuals conduct separate literature searches using predetermined keywords and formulas to access databases. The literature screening process outcomes were then consolidated through literature management tools, with duplicate papers being eliminated and insignificant literature being excluded based on title lists. Potentially appropriate research was downloaded and thoroughly read, with the final choice of literature determined by inclusion and exclusion criteria. In the event of divergent results, a third person was invited for Arbitration and selection.

Quality evaluation of the included studies
The present study conducted a methodological analysis of previous research about the research design protocol, randomization approach concealment, blinding implementation, and the incidence of missed visits. The Jadad scale was employed for this purpose. The total score achievable on this scale was seven. Research studies that obtained a cumulative score ranging from one to three were categorized as low-quality, while those that obtained a cumulative score ranging from four to seven were classified as high-quality. Studies with a score ≥ three or higher were deemed eligible for participation in this investigation[29-31].

Statistical analysis
Review Manager 5.4.1 (Revman 5.4) served as the statistical tool for this investigation. Following the evaluation criteria, all admissible data from the literature were extracted and inserted into Revman 5.4 for analysis. The risk difference or the odds ratio was used to describe count data (such as adverse events and return to sport rate).
All metrics (such as VISA-A score, ankle mobility, VAS score, etc.) were reported as weighted mean difference (WMD)[32]. The study assessed heterogeneity utilizing the I2 index, which served as an indicator of the degree of heterogeneity. Studies with I2 values below 31% were deemed homogeneous, while those with I2 values above 56% were considered more heterogeneous. Studies with I2 values between 56% and 70% could not be excluded from heterogeneity. When I2 values were below 50%, the fixed-effects model Peto method was employed to combine effect sizes. Conversely, when I2 values exceeded 50%, the random-effects model DerSimonian-Laird method was utilized for calculation. In cases where there was significant heterogeneity among groups, meta-analysis was abandoned in favor of descriptive analysis.

RESULTS
A total of 16 publications were screened, and 3 were excluded through further evaluation: 1 trial design protocol with no outcome indicators. One was a retrospective case-control study and not a true RCT trial. 1 had no primary outcome indicators. A total of 13 publications were included in the final results (Figure 1).
All 13 RCTs, comprising 857 cases, were included in this study. All trials were published in full text, with 13 being in English and none in Chinese. Eight trials included 526 subjects in a randomized controlled trial of PRP for AT, and five included 349 subjects in a randomized controlled trial of PRP for ART. All had modified Jadad scores greater than 3. Saline were used in eight studies as a control group, and blank controls were used in five studies; 12 were double-blind RCTs, and one was a single-blind RCT; the basic characteristics of the related literature are listed in Table 1. Every included studies were compared at baseline, and there found no significant differences in age, weight, gender and treatment between the two comparable groups. Regarding the risk of bias, Figures 2 and 3 shows the assessment results of the included studies.

Results of the analysis of AT
VISA-A rating: The VISA-A score changes were accurately and fairly stated in 8 articles, including 526 patients. The combined statistic was calculated using a random effects model due to statistical heterogeneity between studies (I2 = 76%, P = 0.00001), The study revealed that the VISA-A score was greater in the PRP group as compared to the placebo group [WMD = 1.20, 95%CI: -0.94 to 3.34, P = 0.27]. No important statistical improvement was observed in the VISA-A score among those who had PRP therapy (Figure 4).

Change in Achilles tendon thickness: Changes in Achilles tendon thickness were accurately and appropriately reported by 98 individuals across 3 articles. Due to statistical heterogeneity among studies (I2 = 61%, P = 0.08), we applied a model with random effects to calculate the pooled statistic, which indicated that the PRP group had thicker Achilles tendons than the placebo group [WMD = 0.34, 95%CI: -0.04 to 0.71, P = 0.08], a difference not supported by statistical evidence. This indicates no significant improvement in AT thickness in the PRP group (Figure 5).

VAS score: Changes in VAS score were accurately and appropriately reported by 93 individuals across 3 articles. The result shows there was a statistical heterogeneity among those studies (I2 = 56%, P = 0.02), we used a random effects model to determine the pooled statistic, the result indicated that the VAS scores in PRP group was greater than the placebo group [WMD = 11.74, 95%CI: -7.45 to 16.02, P < 0.00001], with a significant statistical difference. According to this result, PRP treatment group brings significantly promotions on VAS scores compare to the placebo group (Figure 6).

[bookmark: OLE_LINK1]Patient satisfaction: Enhancements in patient satisfaction were accurately and appropriately reported by 222 patients across four studies. Because there was heterogeneity among due to the heterogeneity among the research papers (I2 = 0%, P = 0.68), the study employed a fixed-effects approach to determine the paired statistic. The findings indicate that the level of patient satisfaction was higher in the group that received platelet-rich plasma compared to the group that received a placebo [Relative risk (RR) = 1.07, 95%CI: 0.84 to 1.35, P = 0.58], but there was no statistically significant difference between the two groups. According to this information, the level of patient satisfaction did not substantially increase in the PRP group compared to the placebo group (Figure 7).

Return to sport rate: 199 patients accurately and reasonably described their exercise resumption rates across 4 publications. The results indicated no statistical heterogeneity among studies (I2 = 0%, P = 0.54), in present study we used a fixed-effects approach to determine the combined statistic, the result indicated that the ratio of return to exercise in the PRP-treated group (experimental group) was greater than in the placebo group (control group) [RR = 1.11, 95%CI: 0.87 to 1.42, P = 0.40]. This suggests that the PRP therapy group did not substantially increase the patient’s return to activity rate compared to the placebo group (Figure 8).

Results of the analysis of the effectiveness of PRP in the treatment of ATR
VISA-A Rating: In total, 274 patients from three different articles gave an accurate and credible description of the value of the change in their VISA-A score. Because the statistical result shows no heterogeneity among the studies (I2 = 39%, P = 0.13), we used a fixed-effects approach to generate the paired statistic. This result indicated that the PRP group had smaller VISA-A Scale scores compared to the placebo group [WMD = -1.28, 95%CI: -3.32 to 0.75, P = 0.22]; there was also no significant difference among both groups statistically (Figure 9).

Single-foot heel height: In three articles, 259 patients accurately and adequately defined the height of a single heel lift. Because the statistical result shows no heterogeneity among those studies (I2 = 0%, P = 0.90), we used a fixed effects approach to determine the overall statistic, the results revealed that the PRP group had a smaller single heel lift height compared to the placebo group. [WMD = -3.51, 95%CI: -7.69 to 0.66, P = 0.10], there was no statistical difference. This result suggested that the PRP group did not substantially enhance the single heel lift height among individuals with ATR (Figure 10).

Calf circumference: Two papers accurately and reasonably reported the calf circumference measurements of 75 patients. The statistical result shows no heterogeneity among those studies (I2 = 24%, P = 0.27), we used fixed-effects approach to determine the paired statistic, the result indicated that calf circumference in the PRP group was greater compared to the placebo group [WMD = 0.17, 95%CI: -1.05 to 1.38, P = 0.79], there was no statistical difference. This suggests that the PRP therapy did not substantially improve calf circumference length in patients with ATR (Figure 11).

Ankle mobility: Ankle mobility was accurately and fairly assessed in 103 patients across 3 articles. The statistical result shows no heterogeneity among each study (I2 = 81%, P < 0.0001), we used a random effects approach to determine the paired statistic, the result demonstrated that ankle mobility in the PRP group was lower compared to the placebo group [WMD = 0.93, 95%CI: -1.60 to -0.26, P = 0.007], the statistically difference was significant. This indicates that the PRP therapy did not substantially increase ankle mobility in individuals with ATR (Figure 12).

Return to sport rate: Two studies included 68 patients who accurately and sufficiently reported the ratio of their return to exercise. The statistical result shows no heterogeneity among those studies (I2 = 0%, P = 1.00), we used a fixed-effects approach to determine the paired statistic, the outcome showed that there was no statistically significant difference in the ratio of return to sport in the PRP group and the placebo group [RR = 1.20, 95%CI: 0.77 to 1.87, P = 0.42]. This suggests that the PRP the therapy did not substantially increase the return-to-sport rate among individuals with ATR (Figure 13).

Incidence of adverse events: A total of 2 publications with 305 patients correctly and reasonably described the incidence of adverse events. The statistical result shows no heterogeneity among the studies (I2 = 0%, P = 0.66), we used a fixed-effects approach to determine the paired statistic, the PRP group’s Achilles tendon re-rupture was greater than the placebo group [RR = 1.21, 95%CI: 0.43 to 3.47, P = 0.71]; no statistical difference existed. The prevalence of pain and distress in the PRP-treated group was greater compared to the placebo group [RR = 1.02, 95%CI: 0.51 to 2.01, P = 0.96]; however, the difference between the groups was not statistically significant. The results showed no statistically significant difference between the PRP-treated group and the control group in terms of re-rupture rate of the Achilles tendon, infection, and incidence of pain and discomfort (Figure 14).

DISCUSSION
PRP is a platelet-rich plasma obtained by centrifugation of whole blood from animals or humans, to which thrombin is added to turn it into a gel, and the platelet concentration of PRP increases on average by a factor of two to six. Platelets contain high levels of growth factors such as growth-like insulin growth factor, PDGF, epidermal growth factor (EGF). Transforming growth factor-β, vascular EGF, etc. Theoretically, when platelet concentrates are activated, PRP injections can release supraphy siological concentrations of various autologous growth factors with healing and regenerative abilities for treating musculoskeletal disorders[33,34]. Theoretical In vitro and in vivo experiments have also demonstrated the mechanobiological properties of PRP to promote the healing of tendon injuries[24,35-37]. Li et al[38] demonstrated that PRP heals tendon tissue by reducing the number of cells, decreasing the number of blood vessels, promoting type I collagen deposition and increasing the glycosaminoglycan content. PRP is also derived from the patient’s own body. Furthermore, PRP is derived from the patient himself and is administered after a short period of in vitro centrifugation. PRP therapies have achieved satisfactory clinical results; however, there are no consistent results on their overall efficacy and inconsistencies in patient outcomes, and new insights challenge the usefulness of PRP for clinical use[39,40].
AT develops from many factors, and this disorder’s exact mechanism is unknown. Most studies suggest that AT is primarily caused by anatomical abnormalities resulting from overexertion, incorrect exercise training, stiffness and weakness of the limbs. Various factors first lead to local inflammation of the Achilles tendon. These effects lead to degenerative changes and eventually to partial or complete Achilles tendon rupture. This meta-analysis found that the use of PRP for AT did not significantly change patients’ VISA-A scores, patient satisfaction, return to sport rates, or Achilles tendon thickness compared to controls, and interestingly, patients’ VAS scores at 3 mo were significantly improved compared to controls but did not significantly change long-term clinical outcomes. (This is similar to De Jonge’s findings.) The randomized controlled trial by de Jonge et al[41] showed that PRP injections did not significantly improve pain and function in patients with tendonitis compared to placebo injections in patients with chronic Achilles tendonitis after 1 year of PRP treatment, and there was no advantage in ultrasound findings. deVos et al[42] conducted a randomized controlled trial utilizing a double-blind method. The study involved 54 patients with chronic inflammatory Achilles tendon disease, all receiving PRP treatment. The study demonstrated that the administration of PRP therapy did not result in significant alterations in the ultrasound echo structure or neovascularisation scores associated with Achilles tendon injuries[42]. Neither study described a clinical benefit of PRP injection over placebo. The study by Krogh et al[22] also concluded that PRP injection had no additional value in treating AT. However, this study raises concerns about the quality of the method. Patients were blinded, but the outcome assessors were aware of the interventions implemented. Furthermore, they reported a 54% decline rate three months after PRP, making it almost impossible to observe a potential late effect of PRP. Interestingly Boesen et al[21] reported a significant improvement in VISA-A scores in the PRP group. This difference may be because Boesen et al[21] considered tendon healing a slow process, so they repeated PRP injections to achieve a prolonged effect of the growth factor on the tendon. Another possibility is that there were differences in the rehabilitation protocols of these studies; for example, Boesen et al[21] prescribed running to start 10 d after PRP injection, while other studies ranged from 4 d (Krogh) to 28 d (deVos)[22,42]. Thirdly, there were differences in the effects of PRP on vascular tendon distribution and tendon thickness, with Boesen et al[21] concluding that PRP administration reduced vascular distribution and tendon thickness within the tendon. de Jonge et al[41] reported an improvement in tendon structure in the PRP and placebo groups, but no significant difference was found between the two groups. These results did not confirm an association between PRP and changes in tendon structure. The results did not confirm an association between PRP and changes in the tendon structure. Finally, it is possible that the location of PRP injections was not uniform, with Krogh et al[22] injecting at the very back of the tendon and de Vos et al[42] injecting at the most severely affected site.
The Achilles tendon is a relatively blood-deprived tissue, with the blood supply to the Achilles tendon coming mainly from the posterior tibial artery return branch[43]. The surface skin blood supply system is fragile. As a result, healing after an injury is slower than in other tissues. Some studies have shown that growth factors can promote tendon repair[44]. Some studies have shown that growth factors can promote tendon repair. Some in vitro experiments have demonstrated that instantaneous injection of plasma-rich protein for tendon injury enhances tendon recovery in rats[45]. Zhang et al[46] found that the premature injection of plasma-rich protein into a tendon injury may have provided sufficient growth factors to promote angiogenesis, which ultimately shortened tendon healing time. However, Zou et al[27] found that leukocyte-rich platelets may be detrimental to treating tendon injuries in rabbits. Leukocyte-rich platelets caused catabolic gene expression, increased protein production, and promoted an increase in inflammatory mediators. This inflammatory mediator induces non-tendon cell differentiation[47,48].
PRP injections in the treatment of ATR as a new treatment method with no consistent results on its overall efficacy. Therefore, we performed a meta-analysis to provide evidence-based information on using PRP injections for ATR. The results showed that the PRP-treated group (experimental group) was not statistically significantly different from the control group in terms of VISA-A score, single heel lift height, return to motion rate, Achilles tendon re-rupture rate, infection, and incidence of pain and discomfort. There was no significant improvement in ankle mobility in the PRP-treated group at 6 mo, and after 12 mo, the results showed that PRP injection improved ankle mobility. Overall, our findings do not support using PRP for ATR; however, this meta-analysis has some limitations, and the findings need to be considered cautiously. This is because differences in PRP preparation methods can lead to differences in the biological characteristics of the final product. The frequency and dosage of PRP injections in the experimental groups varied in many studies, which may lead to uncertainty in clinical outcomes. A study by Keene et al[33] described each component of PRP injections, as well as several representative growth factors; two studies by Schepull et al[28] and Zou et al[27] reported only the platelet concentrations of their PRP injections. Zou’s study showed that PRP positively affected ankle function in short to medium term[27]. However, in a study by De Carli et al[49], there was no difference between the PRP and control groups after acute Achilles tendon rupture surgery as measured by the VISA-A score and the Foot and Ankle Outcome Score. Similar inconsistent results may be due to the inconsistencies in PRP concentrations, preparation protocols and injection sites described above.
Hence, additional research is required to determine the optimal concentration, injection duration, and injection location for PRP for ART and AT. The study results indicate a lack of statistical significance in the impact of PRP on ankle plantarflexion angle, ankle plantar flexion strength, and pain.

Limitations
Although clear inclusion and exclusion criteria have been established for this study, the small total sample size and a limited number of trials limit the strength of the evidence. Moreover, there remains a high degree of heterogeneity in the quantitative analysis of these randomized controlled trial studies. Heterogeneity may stem from the degree of tendinopathy, the method used to produce PRP, the cellular composition of PRP, the conditions in which PRP was stored, the method of injection, the dose and frequency of injection and the setting of the control group. The scoring criteria and methods used in the included studies also differed.
This study was unable to analyze PRP in different subgroups due to the heterogeneous nature of PRP production and application techniques and the absence of an standardized classification system. Consequently, a comprehensive investigation into the effectiveness and safety of a specific form of PRP therapy in treating tendinopathies was not feasible.

CONCLUSION
This study showed no significant efficacy of PRP injection alone in patients with ATR and AT. Thirteen high-quality RCT articles were reviewed to reach this conclusion. Future studies should focus on completing RCTs with large sample sizes and standardizing the preparation/procedure of PRP injections. As well as exploring the clinical efficacy of PRP injections combined with minimally invasive AT techniques.

ARTICLE HIGHLIGHTS
Research background
Achilles tendon rupture (ATR) and Achilles tendinopathy (AT) are commonly seen in orthopaedic outpatient clinics. These conditions have serious complications and are treated clinically, mainly by conservative treatment. However, this treatment is ineffective and prone to recurrence. Along with the deep investigation of research, it is found that growth factors promoted Achilles tendon repair. The use of Platelet-Rich Plasma (PRP) was indicated to treat Achilles tendon diseases.

Research motivation
But the effectiveness of PRP in the treatment of patients with ATR and AT has been controversial. 

Research objectives
To determine whether PRP injection is viable for patients with AT and to inform the decisions of physicians faced with challenges when making treatment choices.

Research methods
This study conducted a comprehensive review of relevant literature was conducted utilizing multiple databases such as Cochrane Library, PubMed, Web of Science, Chinese Science and Technology Journal, EMBASE, and China Biomedical CD-ROM. The present investigation integrated randomized controlled trials that assessed the effectiveness of platelet-rich plasma injections in managing individuals with ATR and AT. The eligibility criteria for the trials encompassed publications that were published within the timeframe of January 1, 1966 to December 2022. The statistical analysis was performed utilizing the Review Manager 5.4.1. The Victorian Institute Ankle Function Scale (VISA-A), Visual Analogue Scale (VAS) and Achilles tendon thickness were used to assess outcomes.

Research results
This meta-analysis included 13 randomized controlled trials, 8 of which were randomized controlled trials of PRP for AT and 5 of which were randomized controlled trials of PRP for ATR. PRP for AT at 6 wk, at 3 mo, and 6 mo after which there was no significant difference in VISA-A scores between the PRP and control groups. There was no significant difference in VAS scores between the PRP group and the control group after 6 wk and 6 mo of treatment, and at mid-treatment at 3 mo after mid-treatment, the PRP group demonstrated better outcomes than the control group. Post-treatment patient satisfaction, Achilles tendon thickness and return to sport were not significantly different between the PRP and control groups. There was no significant difference between the PRP and control groups for VISA-A score improvement at 3 mo, 6 mo, and 12 mo for ATR patients. Additionally, no significant difference was observed between the PRP and the control groups in improving heel lift height respectively at 6 mo and 12 mo for ATR patients. There was no significant difference in calf circumference between the PRP group and the control group after 6 mo and 12 mo of treatment. There was no significant difference in ankle mobility between the PRP and control groups at 6 mo of treatment and after 12 mo of treatment there was a significant improvement in ankle mobility between the PRP and control groups. There was no significant difference in the rate of return to exercise after treatment and the rate of adverse events between the PRP group and the control group.

Research conclusions
This study showed no significant efficacy of PRP injection alone in patients with ATR and AT. Thirteen high-quality RCT articles were reviewed to reach this conclusion. Future studies should focus on completing randomized controlled trials with large sample sizes and standardizing the preparation/procedure of PRP injections. As well as exploring the clinical efficacy of PRP injections combined with minimally invasive AT techniques.

Research perspectives
This meta-analysis reviewed 13 high-quality randomized controlled trials articles and the result suggested that there is no significant efficacy of PRP injection alone in patients with ATR and AT.
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Figure Legends
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Figure 1 Flow diagram of study selection.
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Figure 2 Proportional risk of bias graph: Judgement of the percentage of bias items arising from all included studies.
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Figure 3 Risk of bias summary diagram: Assessment of specific items of bias arising from all included studies.
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Figure 4 Forest plot of change values for Victorian Institute Ankle Function Scale scores. PRP: Platelet-Rich Plasma.
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Figure 5 Forest plot of Achilles tendon thickness variation. PRP: Platelet-Rich Plasma.

[image: ]
Figure 6 Forest plot of change in visual analogue scale scores. PRP: Platelet-Rich Plasma.
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Figure 7 Forest plot of change in patient satisfaction. PRP: Platelet-Rich Plasma.
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Figure 8 Forest plot of patient return to exercise rate. PRP: Platelet-Rich Plasma.
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Figure 9 Forest plot of Victorian Institute Ankle Function Scale scores in patients with Achilles tendon rupture. PRP: Platelet-Rich Plasma.
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Figure 10 Forest plot of single heel lift height in patients with Achilles tendon rupture. PRP: Platelet-Rich Plasma.
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Figure 11 Forest plot of calf circumference in patients with Achilles tendon rupture. PRP: Platelet-Rich Plasma.
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Figure 12 Forest plot of ankle mobility in patients with Achilles tendon rupture. PRP: Platelet-Rich Plasma.
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Figure 13 Forest plot of return to sport rates in patients with Achilles tendon rupture. PRP: Platelet-Rich Plasma.
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[bookmark: _GoBack]Figure 14 Forest plot of the incidence of adverse events in patients with Achilles tendon rupture. PRP: Platelet-Rich Plasma.

Table 1 Characteristics of randomized controlled studies included in this meta-analysis
	Ref.
	Sample size (I/C)
	Achilles tendon lesion
	Location
	Control
	Follow-up
	PRP injection frequency/interval/dose (mL)

	de Vos et al[42], 2010
	27/27
	C-AT (> 2 mo)
	Netherlands
	Saline
	6, 12, 24 wk
	Once/-/4

	de Jonge et al[41], 2011
	27/27
	C-AT (> 2 mo)
	Netherlands
	Saline
	6, 12, 24, 48 wk
	Once/-/4

	Kearney et al[50], 2013
	9/10
	C-AT (> 8 mo)
	United Kingdom
	Blank
	6 wk, 3 mo, 6 mo
	Once/-/3 to 5

	Krogh et al[22], 2016
	12/12
	C-AT (mean 33 mo)
	Denmark
	Saline
	3, 6, 12 mo
	Once/-/6

	Boesen et al[21], 2017
	19/19
	C-AT (> 3 mo)
	Denmark
	Saline
	6, 12, 24 wk
	4 times/2-wk/4

	van der Vlist et al[53], 2020
	39/41
	C-AT (> 6 mo)
	Netherlands
	Saline
	2, 6, 12, 24 wk
	Once/-/NR

	Thermann et al[51], 2020
	17/19
	C-AT (> 6 mo)
	Italy
	Blank
	6 wk, 3, 6, 12 mo
	Once/-/NR

	Kearney et al[52], 2021
	121/119
	C-AT (> 3 mo)
	United Kingdom
	Blank
	2 wk, 3, 6 mo
	Once/-/3

	Schepull et al[28], 2011
	15/14
	A-ATR (< 3 d)
	Sweden
	Blank
	6, 12 mo
	Once/-/10/4

	De Carli et al[49], 2015
	15/15
	A-ATR
	Italy
	Blank
	1, 3, 6, 24 mo
	2 times/2-wk/4

	Zou et al[27], 2016
	16 /20
	A-ATR (< 3 wk)
	China
	Placebo
	3 wk, 3, 6, 12, 24 mo
	Once/-/NR

	Keene et al[33], 2019
	107/109
	A-ATR (< 12 d)
	United Kingdom
	Placebo
	4, 7, 13, 24 wk
	Once/-/4

	Boesen et al[34], 2020
	19/19
	A-ATR (< 3 d)
	Denmark
	Saline
	8 wk, 3, 6, 12 mo
	Once/-/4


PRP: Platelet-Rich Plasma; AT: Achilles tendinopathy; ATR: Achilles tendon rupture.
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2.5.2 12 months after treatment

Schepull 2011 3 5 15 24 4 14 37% 0.80[2.79,3.79) 2011 e+
Zou 2016 1.1 05 16 22 03 20 31.4%  -1.10[1.38,-0.82] 2016 -

Boesen 2020 na 1.3 19 09 218 19 16.9%  -0.40[1.54,074] 2020 o
Subtotal (95% CI) 50 53 52.0% -0.98[-1.41,-0.56] ¢+

Heterogeneity: Tau®=0.04; Chi®= 222 df=2{P=0.33); F=10%
Test for overall effect: Z=4.51 (P = 0.00001)

Total (95% CI) 95 102 100.0% -0.93[-1.60, -0.26] <
Heterogeneity; Tau?= 0.35; Chi*= 26.31, df= 5 (P < 0.0001); F=81% *_1 " 5 ; 5 10’
Testfor overall effect Z= 2.71 (P = 0.007)
Testfor subaroun differences: Chi*= 0.35. df= 1 (P = 0.55). F= 0%

Placebo PRP treatment

DOI: 10.5312/wjo.v14.i6.485 Copyright ©The Author(s) 2023.




image13.png
PRP treatment Placebo Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Decarli 2016 G 19 5 19 33.3% 1.20[0.44,3.27] 2015 e
Boesen 2020 12 ) 10 19 66.7% 1.20[0.77,1.86] 2020 —i—
Total (95% Cl) 34 34 100.0% 1.20[0.77, 1.87]
Total events 18 14
ity: Chi*= = = CR= I + + } } |
Heterogeneity: Chi®=0.00, df=1 (P=1.00), F=0% 01 02 05 ] 5 : 10

Testfor overall effect 2= 081 (P=10.42) Placebo PRP treatment

DOI: 10.5312/wjo.v14.i6.485 Copyright ©The Author(s) 2023.




image14.png
PRP treatment Placebo Risk ratio Risk ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
2.8.1 Rate of re-rupture

Zou 2016 a 16 i 200 50% 0.41[0.02, 948 2016

Keene 2019 G 113 4 116 148% 1.54[0.45,531] 20149 .
Eoesen 2020 1 20 1 20 37% 1.00[007, 14900 2020

Subtotal (95% CI) 149 156 235% 1.21[0.43,3.41] -veiffipe-
Total events 7 ]

Heterogeneity: Chi*= 062, df=2{P=073); F=0%
Test for overall effect Z=037 (P=0.71)

2.8.2 Infection

Zou 2016 i 16 3 20 1M7% 018[0.01,319] 2016

Keene 2019 a 113 3 116 129% 015[0.01,2.81] 20149

Subtotal (95% CI) 129 136 24.6%  0.16 [0.02, 1.27] e aEER——
Total events ] G

Heterageneity: Chi*=0.01, df=1{P=0.93); F=0%
Test for overall effect Z=1.73 (P =0.08)

2.8.3 Pain or discomfort

Decarli 2016 ] 113 10 116 369% 0.892[0.39,219] 2015

Keene 2019 4 15 4 149 150% 1.25[0.41, 377 20149

Subtotal (95% CI) 128 131 51.9%  1.02[0.51, 2.01]

Total events 14 14

Heterogeneity: Chi*= 018, df=1 {P=067); F=0%

Testfor overall effect: Z=0.05 (P = 0.96)

Total (95% CI) 406 423 100.0%  0.85[0.50, 1.45]

Total events 21 26

Heterogeneity: Chi®= 410, df= 6 (P = 0.66); F= 0% 0008 0 ) i ey

Testfor overall effect: Z=0.59 (P = 0.56)
Test for subaroup differences: Chi*=310.df=2 (P=021).F=35.4%

Flacebo PRP treatment

DOI: 10.5312/wjo.v14.i6.485 Copyright ©The Author(s) 2023.




image15.png
9

JSaishideng®




image16.png




image1.png
Cochrane Library, MEDLINE, CNKI,
Wangfang databases) (n = 405)

5 Records identified through

B database searching (PubMed, Duplicate records removed
1) —>

= Web of science, EMBASE, (n = 204)

c

Q

©

Records screened Records excluded
(n = 201) (n = 185)

)]
=
c
o}
[}
=
O

0

Reports excluded:

Reports assessed for Experimental study (n = 1)
eligibility (n = 16) Retrospective case study (n = 1)

No primary outcome indictor (n = 1)

Studies included in
review (n = 11)

gl
[0}
o
=
5}
=
—

DOI: 10.5312/wjo.v14.i6.485 Copyright ©The Author(s) 2023.




image2.png
Random sequence generation (selection hias) _

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance hias) _:.
Blinding of outcome assessment (detection hias) _:.
Incomplete outcome data (attrition hias) _-

Selective reporting (reporting hias) _:l
—:]

Other bias

D% 25% 50% ?5% 1 IJD%

.Low risk of hias DUncIearrisk of hias .High risk of hias
DOI: 10.5312/wjo.v14.i6.485 Copyright ©The Author(s) 2023.




