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    Abstract
Background: Plantar fasciitis is the most common cause of chronic pain beneath the heel in adults, which may cause significant discomfort and disability. Local corticosteroid injections are a popular method of treating the condition but only seem to be useful in the short term and only to a small degree. Autologous platelet-rich plasma (PRP) is rich in growth factor, which stimulates reparative process unlike corticosteroids. Materials and Methods: A total of 30 patients were allocated in each group. Group A consisted of patients who received single 2 ml local corticosteroid injection, that is 80 mg methylprednisolone acetate, and group B consisted of patients who received single 3 cc autologous PRP injection locally. Results: The postinjection mean Foot and Ankle Ability Measure (FAAM) score was significantly higher at 4 weeks, 8 weeks, and 12 weeks in the steroid group as compared to that in the PRP group, but at 24 weeks, the mean FAAM score was significantly higher in the PRP group as compared to that in the steroid group. This shows that the maximum effect of PRP on the FAAM score was at 24 weeks, whereas in the steroid group, it was at 12 weeks. Also the maximum effect of PRP on Visual Analog Scale was at 24 weeks, whereas in the steroid group, it was at 12 weeks. There was 39.21% reduction in mean plantar fascia thickness in the steroid group and 43.27% reduction in the PRP group. Conclusion: Autologous PRP therapy is better than local corticosteroid injection in the long-term effect.
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    Introduction


    Plantar fasciitis (PF) is the widely accepted most common foot condition treated by healthcare providers[bookmark: ft1][1] and accounts for 15% of all foot disorders,[bookmark: ft2][2] and is the most common cause of heel pain with more than 10% of the population suffering from it in their lifetime.[bookmark: ft3][3] PF accounts for 7–14% of all sporting injuries[bookmark: ft4][4] and is an especially common injury in runners and jogger athletes affecting as many as 25% of athletes.[bookmark: ft5][5] Also known as the painful heel syndrome, it occurs in both males and females with a higher predominance in young male athletes and middle-aged obese females.[bookmark: ft6][6] The etiology is poorly understood and unknown in approximately 85% of cases[bookmark: ft7][7] and probably multifactorial, which includes chronic inflammation, degeneration and microtrauma of the plantar fascia, overuse syndrome, entrapment of lateral plantar nerve, heel pad atrophy, and seronegative arthritis-induced inflammation.[bookmark: ft8][8]


    Various methods have been advocated for treating PF, including rest, non-steroidal anti-inflammatory drugs (NSAIDs), night splints, foot orthosis, stretching protocols, and extracorporeal shock wave therapy (ESWT). Local corticosteroid injection at the site significantly reduces plantar fascia thickness within 2 weeks to 1 month. Cochrane review shows that local corticosteroid injection therapy has short-term benefit only and treatment effect lasts for not more than 6 months. Complications of palpation-guided steroid injection are plantar fascial rupture, fat pad atrophy, calcaneal osteomyelitis, and lateral plantar nerve injury secondary to injection. However, these complications have not been reported following ultrasonographic-guided injections.[bookmark: ft9][9]


    Platelet-rich plasma (PRP) is promoted as an ideal autologous biological blood-derived product, which can be exogenously applied to various tissues where it releases high concentrations of platelet-derived growth factors that enhance wound healing, tendon healing, and bone healing. In addition to this, PRP possesses antimicrobial properties that may contribute to the prevention of infections.[bookmark: ft10][10] Injection of PRP at the attachment of the fascia to the os calcis might induce a healing response. Autologous PRP is rich in growth factor, which stimulates reparative process unlike corticosteroids. Studies have revealed significant relief of pain and improvement of function, which is comparable to the effect of corticosteroids.[bookmark: ft11][11] The purpose of this study was to assess the role and efficacy of autologous PRP injection in the treatment of PF and compare it with corticosteroid injection.


    Materials and Methods


    A randomized, comparative type of study was conducted in the Department of Orthopaedics of Ruby Hall Clinic, Pune, during the period of November 2018 to October 2021. The patients came to Outdoor Department with pain at the plantar medial heel region. A total of 30 patients were allocated in each group. Group A consisted of patients who received single 2 ml local corticosteroid injection that is 80 mg methylprednisolone acetate and group B consisted of patients who received single 3 cc autologous PRP injection locally.


    Patients in the age group of 18–60 years presenting with complaints of heel pain, worse with rising in morning and/or after periods of sitting or lying that presented for 4 weeks or more and whose local examination revealed maximal tenderness at the attachment of the plantar fascia on the medial tubercle of the calcaneus, patients willing to participate in the study, patients willing to forgo any other concomitant conservative treatment modality such as NSAIDs and orthotic devices were included in the study. Patient who underwent surgery for plantar fasciitis, patients with neuropathic symptoms (radiculopathy, tarsal tunnel syndrome, tarsi sinus syndrome), Achilles tendon pathology, patient with complex regional pain syndrome, systemic diseases like rheumatoid arthritis, diabetes mellitus, local or systemic infection, peripheral vascular diseases, metabolic disease such as gout, clotting disorder, anticoagulation therapy, pregnant or breastfeeding female patients, dysfunction of the knee, ankle, or foot, work related or compensable injury, previous treatment with corticosteroid injection in the last 6 months or NSAIDs treatment within the last 7 days were excluded from the study. Informed written consent was taken from every patient. Patient information and history were gathered, and clinical evaluation was done along with the ultrasound (US) evaluation of plantar fascia thickness of both foot. Diagnosis was made on clinical and radiological basis. Initially, all the patients were treated with contrast bath foot stretching exercise and silicon heel pad for 4 weeks. The patients who were not benefited with the initial treatment were included in our study. Institutional ethical committee clearance was obtained.


    Platelet-rich plasma preparation method


    In all, 20 ml of a patient’s own venous blood was collected via blood draw, maintaining the sterile technique, with a syringe and then mixed with 2 ml of acid-citrate-dextrose (anticoagulant). This was then centrifuged at 3000 rpm for 15 min. The blood was then separated into platelet-poor plasma and PRP. The platelet-poor plasma was extracted and discarded. After one more shaking procedure, PRP was withdrawn. The resulting platelet concentrate contained approximately six to eight times the concentration of platelets when compared to the baseline whole blood.


    Injection technique


    The procedure was done on an outpatient basis and with complete aseptic conditions. The site of maximum tenderness was premarked with a sterile marker. Under sterile conditions, patients in group B received a 3 cc PRP injection (consisting of their own plasma) into the origin of the plantar fascia and the site of maximum tenderness [Figure - 1]. About 2 cc of 2% lidocaine was infiltrated prior to the injection. A peppering technique spreading in a clockwise manner was used to achieve a more expansive zone of delivery, with a single skin portal and four to five passes through the fascia itself. Those in group A received 2 ml of methylprednisolone with 2 ml of 2% lignocaine locally at the most tender point. The patients were monitored for 20 min for adverse reactions and then sent home with instructions to limit their use of the feet for approximately 48 h and use opioid for pain. The use of nonsteroidal medication was prohibited. After 48 h, the patients were given a standardized stretching protocol to follow for 2 weeks and a full strengthening program was initiated at this level. After the procedure at 4 weeks, the patients were allowed to proceed with normal sporting or recreational activities as tolerated.
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        	Figure 1: Clinical evaluation of PF, preparation of PRP, and infiltrating of PRP injection in a patient suffering from PF
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    Ultrasonography evaluation of plantar fascia


    A diagnostic US machine with a 4 cm wide transducer head and 8 MHz probe was used. The patients were made to sit with their feet over the edge of the table and were allowed to see the examination. The examination consisted of applying ultrasonic gel to the transducer and then to the patients’ skin. The foot was made to relax in a semi-flexed position. US imaging of the plantar fascia consisted of the real-time scanning and obtaining the longitudinal sonograms. The thickness of plantar fascia was measured at the thickest portion from the base of the medial calcaneal tubercle of the affected side where a bright echogenic line was easily visible. A perpendicular measurement was then taken to the top of the image of plantar fascia where the most inferior border of the plantar fascia was discernable from fat. Plantar fascia thickness was measured for both heels before treatment and 6 months after treatment and was then compared. Plantar fascia thickness of more than 4 mm was considered abnormal. We followed up patients at 2 weeks, 4 weeks, 8 weeks, 12 weeks, and after 24 weeks. We used Visual Analog Scale (VAS) and Foot and Ankle Ability Measure (FAAM) for assessment of pain relief in both the groups. Those patients who did not respond to both the treatments at 6 months were taken as treatment failure.


    Statistical analysis


    The sample size was determined by using the mean difference of PRP and steroid groups. The reference literature has shown mean difference as 2.10 and expected standard deviation (SD) as 4.1092. The intergroup statistical comparison of distribution of categorical variables was tested using the chi-square test or Fisher’s exact probability test. The intergroup statistical comparison of means of continuous variables was done using the independent samples t-test. The intragroup comparison of means of continuous variables was done using repeated measures analysis of variance and paired t-test. In the entire study, the P values less than .05 were considered to be statistically significant. The entire data were statistically analyzed using Statistical Package for Social Sciences (SPSS version 21.0; IBM Corporation, Armonk, New York, USA) for MS Windows.[bookmark: ft12][12]


    Results


    The mean ± SD of age of cases studied in Steroid group A and PRP group B was 40.90 ± 9.24 years and 42.57 ± 10.47 years, respectively. The minimum–maximum age range in Steroid group A and PRP group B was 27–58 years and 20–60 years, respectively (P value > .05). Of 30 cases studied in Steroid group A, 13 (43.3%) were males and 17 (56.7%) were females, and out of 30 cases studied in PRP group B, 12 (40.0%) were males and 18 (60.0%) were females. The mean ± SD of body mass index (BMI) of cases studied in group A and group B was 23.10 ± 1.37 kg/m2 and 22.57 ± 1.62 kg/m2, respectively. The minimum–maximum BMI range in group A and group B was 19.30–24.80 kg/m2 and 19.30–24.70 kg/m2, respectively (P value > .05). Of 30 cases studied in group A, 16 (53.3%) had right side and 14 (46.7%) had left side involved, and of 30 cases studied in group B, 15 (50.0%) had right side and 15 (50.0%) had left side involved (P value > .05).


    Preinjection characteristics between steroid group A and PRP group B are given in [Table - 1]. We have seen that within group comparison for steroid group A, the results of mean FAAM score are statistically significant. The postinjection mean FAAM score increased from preinjection mean FAAM score continuously at 4 weeks, 8 weeks, and up to 12 weeks. However, at the end of 24 weeks, there was a fall in the mean FAAM score when compared to the mean FAAM score at 12 weeks. For within group comparison in PRP group B, the results of the mean FAAM score were statistically significant (P ≤ .05). The postinjection mean FAAM score increased from the preinjection mean FAAM score continuously at 4 weeks, 8 weeks, 12 weeks, and up to 24 weeks. The postinjection mean FAAM score was statistically significant in comparison with the preinjection mean FAAM score at all durations. When both treatment methods were compared, then it was observed that these two methods differed significantly in results. The postinjection mean FAAM score was significantly higher at 4 weeks, 8 weeks, and 12 weeks in steroid group A as compared to that in PRP group B, but at 24 weeks, the mean FAAM score was significantly higher in PRP group B as compared to that in steroid group A. This shows that the maximum effect of PRP on FAAM score was at 24 weeks, whereas in the steroid group, it was at 12 weeks [Table - 2].
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        	Table 1: Preinjection characteristics between PRP and steroid group
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        	Table 2: Intergroup and intragroup comparison of mean FSCR score
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    We have seen that within group comparison for steroid group A, the results of mean VAS score were statistically significant. The postinjection mean VAS score decreased from the preinjection mean VAS score continuously at 4 weeks, 8 weeks, and up to 12 weeks. However, at the end of 24 weeks, there was a rise in the mean VAS score when compared to the score at 12 weeks. For within group comparison in PRP group B, the results of mean VAS score were statistically significant (P ≤ .05). The postinjection mean VAS score decreased from the preinjection mean VAS score continuously at 4 weeks, 8 weeks, 12 weeks, and up to 24 weeks. The postinjection mean VAS score was statistically significant in comparison with the preinjection mean VAS score at all durations. When both treatment methods were compared, then it was observed that these two methods differed significantly in results. The postinjection mean VAS score was significantly lower at 4 weeks, 8 weeks, and 12 weeks in steroid group A as compared to that in PRP group B, but at 24 weeks, the mean VAS score was significantly lower in PRP group B as compared to that in steroid group A. This shows that the maximum effect of PRP on VAS was at 24 weeks, whereas in steroid group A, it was at 12 weeks [Table - 3].
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        	Table 3: Intergroup comparison of mean VSCR score
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    There was 39.21% reduction in mean plantar fascia thickness in steroid group A and 43.27% reduction in PRP group B [Table - 4]. One patient in each group (3.3%) had increase in postinjection plantar fascia thickness. Of 30 cases studied in steroid group A, one (3.3%) had failure. Of 30 cases studied in group B, none had failure.
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        	Table 4: Intergroup and intragroup comparison of mean plantar fascia thickness
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    Discussion


    Chronic heel pain has been a difficult condition to treat for orthopedic surgeons. Traditionally, it has been treated by different modalities such as physiotherapy, use of soft heel footwear and local corticosteroid injections. It is quite well known that pain does not subside quickly but can persist for several weeks and results in significant disability. PRP injection has now become a choice as a treatment alternative for many musculoskeletal conditions. Therefore, we decided to do study on PRP to evaluate its effect and compare it with steroid.


    The method of PRP preparation is based on studies conducted by Mazzocca et al.[bookmark: ft13][13] who concluded that the platelet high spin method results in higher number of growth factors and platelets in the sample. The technique of PRP injection (peppering) was based on the studies performed by Scioli,[bookmark: ft14][14] who found this method to be very effective.


    Smith et al.[bookmark: ft15][15] concluded that the FAAM score is the most extensively validated foot and ankle outcome instrument available, and the score is sensitive to overall health status and comorbidities. That is why we took FAAM scoring as one of our tools for evaluating functional outcome of foot in the postinjection period. In our study, the postinjection mean FAAM score was statistically significant in comparison with the preinjection mean FAAM score at all durations. The postinjection mean FAAM score was significantly higher at 4 weeks, 8 weeks, and 12 weeks in the steroid group as compared to that in PRP group B, but at 24 weeks, the mean FAAM score was significantly higher in PRP group B as compared to that in the steroid group.


    Direct imaging of the PF is possible with MRI and US, and these methods have revealed that PF is thicker in patients with PF than in those without PF. Therefore, the changes in the thickness of the fascia after interventions in patients with heel pain are measurable with imaging techniques. The advantages of US as compared with MRI are that it is noninvasive, cost-effective approach that is also well tolerated by patients, and appropriate for serial follow-up. So we used ultrasonic evaluation of plantar fascia thickness as another tool for follow-up of our patients.[bookmark: ft16][16]


    Gould et al.[bookmark: ft17][17] concluded that VAS is an effective tool and widely used due to its simplicity and adaptability to a broad range of populations and settings. In both the groups, there has been a significant reduction in postinjection mean VAS score from the preinjection mean VAS score over the course of study.


    Earlier Lee and Ahmad[bookmark: ft18][18] conducted prospective, randomized, controlled study of 64 patients for 6 months by comparing PRP and corticosteroid injection. The authors found that there is a significant reduction in VAS score for both the groups over a time. At 6 weeks and 3 months, the corticosteroid group had significantly lower VAS score than the PRP group, but the difference was not found out to be significant at 6 months. However, in our study, we found a significant reduction in the mean VAS score at 4 weeks, 8 weeks, and 3 months in the corticosteroid group, whereas at 6 months, there was significant reduction in the VAS score in the PRP group compared to that in the corticosteroid group.


    A study performed by Aksahin et al.[bookmark: ft19][19] compared the effects of corticosteroid injections and PRP injections to treat PF. A total of 60 patients were included who did not respond to conservative treatment for at least 3 months prior to either injection. The patients were placed into two groups of 30 patients each and were treated with a corticosteroid injection and a PRP injection, respectively. No significant difference in pain or patient satisfaction was found, thus demonstrating that PRP injections are equally effective as corticosteroid injections.


    In a study conducted by Tiwari and Bhargava,[bookmark: ft20][20] the cortisone group had a pretreatment mean VAS score of 8.5, which initially improved to 1.1 at 12 weeks post treatment, further increased to 4.9 at 26 weeks, and then continuously increased to near baseline levels of 8.4 at 52 weeks. In contrast, the PRP group started with an average pretreatment 8.6 score, which decreased to 3.4 at 12 weeks and went on declining to 1.2 at 26 weeks and 0.3 at 52 weeks. Naik et al.[bookmark: ft21][21] concluded that in 92 patients who had undergone PRP injection, after 12 weeks, more than 60 patients showed great improvement in pain with their VAS score of pain being below 7; hence, it is good and effective in the treatment of PF, along with being a simple and safe procedure.


    In this study, the reduction of plantar fascia thickness measured by US in both groups is statistically significant post treatment after 24 weeks. Although, the reduction in the thickness was more in the PRP group (43.27%) than in the steroid (39.21%) group, yet it did not reach a significant value. This study outlines that both injecting steroid and PRP are effective and safe modalities in the treatment of PF. The data suggest that steroid injection is better in the short-term period, but in long-term follow-up, PRP therapy is better than steroid (P < .05). The limitations of this study are shorter duration of follow-up and less number of sample size. Also we did not evaluate the platelet concentrate or the contained growth factors in our PRP solution.


    Conclusion


    We conclude that PRP infiltration is an excellent method for long-term follow-up in PF patients, and further study can be done with more number of patients and longer duration of follow-up. Decrease in plantar fascia thickness evokes further research in this field.
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  Figure 1: Clinical evaluation of PF, preparation of PRP, and infiltrating of PRP injection in a patient suffering from PF
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  Table 1: Preinjection characteristics between PRP and steroid group
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  Table 2: Intergroup and intragroup comparison of mean FSCR score
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  Table 3: Intergroup comparison of mean VSCR score
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  Table 4: Intergroup and intragroup comparison of mean plantar fascia thickness
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Parameter Group n Mean +8D Std. error of mean P value

Age (years) Group A 30 40.90 +9.24 1.69 516N
Group B 30 42.57 +10.47 1.91

FSCR score (preinjection) Group A 30 31.73 +6.21 1.13 11388
Group B 30 29.33 +5.31 0.97

VSCR score (preinjection) Group A 30 8.28 +0.61 0.11 .008™
Group B 30 8.70 +0.59 0.11

Plantar fascia thickness (preinjection) Group A 30 5.53 +1.03 0.19 520N
Group B 30 5.74 +1.19 0.22

PRP: platelet-rich plasma, NS: statistically nonsignificant, SD: standard deviation, Std.: standard, FSCR = FAAM: Foot and Ankle Ability Measure,
VSCR = VAS: Visual Analog Score

Values are mean and SD. P value (intergroup) by the independent sample #-test. P value (intragroup) by the paired 7-test. P value < .05 is considered
to be statistically significant

** P value < .01
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