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Abstract

:

Preservation of the meniscal volume is crucial in meniscus repair. The goal of this study was to evaluate the clinical outcome of repeated intra-articular platelet-rich plasma (PRP) injections after arthroscopic repair of a traumatic meniscal tear. We retrospectively reviewed 61 primary meniscal repairs in 61 patients (PRP group: 30; non-PRP: 31) from 2017 to 2018. Patients in the PRP group received repeated intra-articular PRP injections in week 2,4,6 after the primary meniscus repair. Subsequent meniscal repair treatment or meniscectomy, knee arthroplasty, and IKDC changes of less than 11.5 points were defined as healing failures. After following up for at least 24 months, the IKDC score was 75.1 ± 13.6, and the Lysholm score was 80.6 ± 14.9 in the PRP group and 72.6 ± 15.8 (IKDC) and 77.7 ± 17.2 (Lysholm) in the non-PRP group. Healing rates of the PRP and the non-PRP groups were 93.3% (Kaplan-Meier 91.6%) and 87.1% (Kaplan-Meier 84.7%), respectively (log rank test p = 0.874). Our study is the first to use multiple intra-articular PRP injections to facilitate meniscal healing after meniscal repair. Though selection bias may be present in this study, the PRP group had similar functional outcome and healing rate compared to non-PRP group.
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1. Introduction


Meniscus tears are commonly diagnosed sports injuries. Normally, treatment options include partial meniscectomy and meniscal repair. Some studies have advocated preserving the meniscus as much as possible [1,2,3,4,5]. In some research, partial meniscectomy is correlated with worse outcomes [6]. However, meniscal tissue is poorly vascularized and has low healing capacity. Some authors have suggested that the failure rate is between 20% and 25% in isolated repair patients [7,8,9,10,11]. At the same time, meniscal repair with anterior cruciate ligament (ACL) reconstruction results in a significantly better healing rate [12,13,14]. One hypothesis is that bone tunnel bleeding may have an important role for meniscal tear healing. This has led to the current focus on biological augmentation, such as platelet-rich plasma (PRP) extracellular matrix or mesenchymal stem cells. PRP contains various growth factors that could theoretically enhance soft tissue healing [15,16,17,18].



In vitro studies have demonstrated improved tenocyte proliferation with use of PRP [19,20]. In the clinical setting, the protocol for PRP augmentation varies greatly. Few authors have compared the outcome of meniscal repair with and without PRP augmentation. Joshua et al. injected PRP mixed with thrombin and calcium chloride intraoperatively, demonstrating a reduced failure rate in isolated meniscal repair, while the protective effect was insignificant in patients who concomitantly received ACL reconstruction [21]. Justin et al. also introduced PRP during arthroscopic surgery and sutures into the meniscal tissue. Their results showed no difference in reoperation rate, functional outcome, or return-to-work rate [22].



Most studies applied PRP a single time with scaffolds intraoperatively. While multiple PRP injections have been used in the management of osteoarthritis [23], no studies have reviewed patients receiving multiple intra-articular PRP injections after meniscal repair. Mihai et al. used intra-articular PRP injection for adolescent grade II meniscus tears. The procedure was only performed once and was found to be effective in improving clinical outcomes [24]. Cook et al. designed an animal model with ACL and meniscal deficiencies. All dogs received leuko-reduced PRP (ACP) or saline at 1, 2, 3, 6, and 8 weeks after insult. The results of the treatment showed significant benefits for ACL repair, range of motion improvement, and pain alleviation [25]. Despite these promising results, injections of PRP alone seemed ineffective in enhancing meniscal healing. Herein, our hypothesis is that multiple intra-articular PRP injections after meniscal repair would promote healing and slow the progression of osteoarthritis. The goal of our study was to compare the clinical outcomes of multiple intra-articular PRP injections after meniscal repair to those of patients who do not receive a PRP injection.




2. Materials and Methods


This study was approved by the Biomedical Institutional Review Board of the Chang Gung Hospital. We reviewed a total of 108 primary meniscal repairs on 108 patients at a single institution who received first-time arthroscopic meniscal repair with and without concomitant ACLR by a single surgeon from January 2017 to January 2018. The PRP group included 40 patients, and the non-PRP group initially included 68 cases. All patients underwent complete radiographic analysis, including knee X-rays and MRI, and received clinical evaluations before surgery. Meniscal allograft transplants were excluded. If a patient underwent osteotomy, collateral ligament reconstruction, or PCL reconstruction, or if a patient sustained old femur/tibia fracture or procedures on the contralateral meniscus or contralateral knee, they were excluded. Using these criteria, three patients in the PRP group and 24 in the non-PRP group were excluded. During the follow-up, seven patients in the PRP group and 13 in the non-PRP group were lost to follow-up. A total of 61 primary meniscal repairs on 61 patients (PRP group: 30; non-PRP: 31) were ultimately included.



All surgery was performed under general anesthesia using standard procedures (rasping, reduction, and fixation). The all-inside technique with a FastFix device (Smith and Nephew, Cordova, TN, USA) was primarily used. If patients had a bucket-handle tear extending from the posterior horn middle body, an inside-out suture was applied first for better reduction. Additional outside-in sutures may have been placed for middle body or anterior horn repair. Demographic data is listed in Table 1. The tear pattern, surgical technique, and other intraoperative finding are listed in Table 2. Pure bucket-handle tears were categorized into longitudinal tear patterns. The use of PRP after meniscal repair was primarily based on the decision of the senior surgeons rather than specific criteria. Complex tear patterns, large defects, concomitant cartilage injuries, and long durations before surgery were the primary reasons for using PRP injections.



For the PRP injection protocol, we arranged the intra-articular injection at the outpatient clinic 2, 4, and 6 weeks postoperatively. Thirty patients received one course (three doses) of PRP injection after meniscal repair. Among these, 17 underwent concomitant ACL reconstruction (13 isolated meniscal repairs) at the index surgery. In the other group, 31 patients received meniscal repair (17 patients with ACLR and 14 patients with isolated meniscal repair) without subsequent PRP injection. All patients had follow-up for more than 24 months (average 33.0 ± 6.9 months).



2.1. Platelet-Rich Plasma Augmentation


PRP injection was performed using the Regen Kit (REGENLAB, RegenACR-C Classic, Le Mont-sur-Lausanne, Switzerland). The Regen Kit is a fully enclosed system that maintains sterility throughout the entire process and uses a dual spin system. To prepare PRP with concentrations four to six times the average of normal values, 10 mL of blood was first drawn from the patient’s upper limb cubital vein using an 18 G needle; subsequently, 5 mL of acid citrate dextrose solution-A was added to the sample as an anticoagulant. Local anesthetic agent was not injected. The patient was placed in a supine position with the knee at 90 degrees of flexion. The skin of the injection site was prepared and draped, and liquid PRP was injected under sterile conditions using a 23 G needle through the anterolateral portal. Limited movement was allowed for 24 h. Resting or ice packing for 3 days was recommended in cases of pain or swelling. Patients did not take nonsteroidal anti-inflammatory drugs (NSAIDs) for two weeks before the next course of PRP injection.




2.2. Outcome Measurement


Mean follow-up time for both the PRP-augmented and non-PRP groups was 39.0 ± 6.9 months (range, 24.1–44.6 months). Functional outcomes were assessed preoperatively and at 24 months postoperatively with the International Knee Documentation Committee (IKDC) score and Lysholm score. An IKDC score change of less than 11.5 points was categorized as a failed surgery according to a previous study [26]. We also compared pain scores before and 1, 3, 6, and 12 months after the operation. Clinical outcome data were also collected and were available for 100% of patients in the non-PRP and PRP groups.




2.3. Radiographic Evaluation


As the meniscus serves as the shock absorber in the knee joint, an intact structure protects the hyaline cartilage and avoids early osteoarthritic changes. We compared standing knee X-rays preoperatively and postoperatively. We included the alignment measurement (tibiofemoral angle, joint line congruency angle) and Kellgren-Lawrence grade. Radiographic evaluation was performed and rechecked by three authors of this study (CP Yang, KT Hung, and CJ Weng). The radiographic measurements are listed in Table 3.



Statistical Analysis


We used the Statistical Package for the Social Sciences (IBM SPSS Statistics 23.0) (IBM Inc., Armonk, NY, USA) and Microsoft Office Excel (Microsoft Office 2016). All categorical data were analyzed using Fisher’s exact test. The VAS score, IKDC and Lysholm score were analyzed using the two-tailed Mann–Whitney U test or unpaired t-test. Results were considered statistically significant at a p value < 0.05.






3. Results


3.1. Descriptive Statistics


There were 44 men (72%) and 17 women in this study with a mean age of 36.4 ± 12.3 years old and BMI of 25.2 ± 3.2 kg/m2. In the PRP group, there were 25 men and 5 women with a mean age of 37.3 ± 11.2 years. In the non-PRP group, there were 19 men and 12 women with a mean age of 35.6 ± 13.4 years. The two groups showed no significant differences. The tear pattern, ACL status, suture technique, and knee joint alignment were not significantly different between the PRP-treated and non-PRP-treated groups. However, the average suture number was 3.9 ± 1.6 in the PRP group and 2.2 ± 1.1 in the non-PRP group (p < 0.001). This was compatible with the senior surgeon’s criteria that patients with more complex tear patterns, large tear sizes, and devascularized tissue were indicated for PRP injection. All demographic data are listed in Table 1. The tear pattern, surgical technique, and other intraoperative finding are listed in Table 2.




3.2. Functional Outcome and Meniscus Healing Failure


Preoperative IKDC and Lysholm scores were not different between the two groups. In the postoperative follow-up, the IKDC score was 75.1 ± 13.6, and the Lysholm score was 80.6 ± 14.9 in the PRP group. Changes after surgery and PRP injection were 25.5 ± 10.4 in the IKDC group and 27.8 ± 11.7 in the Lysholm group. In the non-PRP group, the postoperative IKDC score was 72.6 ± 15.8, and the Lysholm score was 77.7 ± 17.2. Changes after surgery without PRP were 22.7 ± 10.0 for IKDC and 24.4 ± 11.1 for Lysholm. Postoperative functional score and changes in these scores were not different between the two groups. The functional outcome data are listed in Table 4.



Patients in the PRP group had higher NRS pain scores than those in the non PRP group preoperatively (PRP: 3.7 ± 1.1 (2–6); non-PRP: 2.7 ± 0.8 (1–5), p< 0.001). Pain scores were determined at 1, 3, 6, and 12 months postoperatively and were not different. The pain score comparison is shown in Figure 1.



As mentioned above, we defined meniscal healing failure as subsequent meniscal repair or meniscectomy, or subsequent total knee arthroplasty. In addition, IKDC change scores of less than 11.5 points were categorized as failed operations. Until the last follow-up, only one patient in the non-PRP group received revision meniscus repair. However, two patients in the PRP group and another three patients in the non-PRP group had a change in IKDC of less than 11.5. Using this definition, healing rates of the PRP and non-PRP groups were 93.3% (Kaplan-Meier 91.6%) and 87.1% (Kaplan-Meier 84.7%), respectively (log rank test p = 0.874). The description of all failure cases is listed in Table 5.




3.3. Radiographic Result


In the preoperative knee AP view, neither alignment measurement nor Kellgren-Lawrence grading were significantly different. The X-ray was rechecked after 2 years of follow-up. Similar to the preoperative condition, the X-ray at the last follow-up also exhibited no difference in the alignment measurement and Kellgren Lawrence grading. Radiographic results are shown in Table 4. We observed that three patients in the PRP group and one patient in the non-PRP group had improved KL grades at the last follow-up. However, as the Kellgren Lawrence grade only focuses on the Knee AP view, we were unsure whether these changes were due to poor X-ray quality.





4. Discussion


The meniscus plays an important role in the knee joint, as it plays a role in shock absorption and transmission, joint stabilization, proprioception, lubrication and nutrition of the articular cartilage [27]. Biomechanical studies have shown that a loss of meniscal integrity leads to changes in kinematics and loading of the knee joint. Even a loss of only 15–34% of the meniscus tissue increases the load on the hyaline cartilage by up to 350% [28]. Vascularization and nutritional status of the injured meniscus area, as well as the type of meniscus tear, are important indicators for the success of meniscus reconstruction. The inner 2/3 of the meniscus (“white-white”) is nourished by diffusion of factors from the synovial fluid, while the peripheral “red-red zone” has a vascular supply. Between the white-white zone and the red-red zone is a red-white transition zone. Due to its avascular nature, meniscal healing is a critical issue after injury. In the primary meniscal repair setting, some studies regarding isolated repair in ligament-stable knees observed variable clinical healing or success rates ranging between 33% and 76% [8,10,11]. As many researchers suggest, concomitant ACL reconstruction surgery may improve the healing rates of a repaired meniscus compared to isolated repair [9,12]. Research has focused on promoting healing with external stimulants, such as fibrin clots, fibrin glue, synovial grafts, periosteum and mesenchymal stem cells [29,30,31,32,33]. PRP has been widely used in sports medicine with a variety of properties and applied methods.



This is the first study using multiple intra-articular PRP injections in meniscal repair. The results showed significant improvement compared to preoperative status in both the PRP injection and control groups (ΔIKDC score: PRP group: 25.5 ± 10.4; non-PRP group: 22.7 ± 10.0, p = 0.291/ΔLysholm score: PRP group: 27.8 ± 11.7; non-PRP group: 24.4 ± 11.1, p = 0.253). The postoperative function scores and improvement in the PRP group showed no significant difference compared to non-PRP group. In addition to functional outcome, we also examined the failure rate of meniscal healing. Most previous studies used clinical signs, such as subsequent meniscectomy, revision meniscal repair, or subsequent total/partial knee arthroplasty, to determine procedure success. Kaminski R et al. defined treatment failure as no visible healing during a second-look arthroscopy or less than 50% healing of the tear width versus unstable repair on magnetic resonance imaging review [34].



MRI is the most accurate tool for the evaluating meniscal injury [35]. However, we did not repeat the MRI, as a previous study did not support using MRI for the detection of meniscal healing. Nicolas et al. identified some abnormal hypersignals presented on MRI examination ten years after meniscal repair [36]. Conversely, we used change in IKDC score as a criterion of successful healing. We used the criteria proposed by James et al. in 2006, suggesting that a change in score of 11.5 points had the highest sensitivity, and a change in score of 20.5 points had the highest specificity to define a successful improvement in knee function [26]. Using these definitions, although only one patient received revision meniscus repair, two patients in the PRP group and four in the non-PRP group were considered to have failed healing. The healing rate was 93.3% (Kaplan-Meier 91.6%) in the PRP group and 87.1% (Kaplan-Meier 84.7%) in the non-PRP group (Log rank test p = 0.874).



In research published by Justin el al., 35 isolated arthroscopic meniscus repairs from between 2008 and 2011 were assessed [22], 15 (43%) of which were augmented with PRP, and 20 (57%) of which were performed without PRP augmentation. PRP was sutured into the repair site during the setting of an inside-out repair. In their results, the reoperation rate was not different between the PRP (27% (4 of 15)) and non-PRP group (25% (5 of 20); p = 0.89). Functional outcome measures were not different between the two groups (mean IKDC score, 69; with PRP and 76 without PRP; p = 0.288; mean, Tegner Lysholm Knee Scoring Scale, 66 with PRP and 89 without PRP; p = 0.065). A recent study published by Joshua el al. reviewed 550 patients (28.8 +/− 11.2 years) who received meniscal repair surgery with PRP (n = 203 total) or without PRP (n = 347) and with (n = 399) or without (n = 151) concurrent ACL reconstruction [21]. The 3-year survival rate was 17.0% of patients without PRP and 14.6% of patients with PRP (p = 0.60). Considering isolated meniscal repairs (20.3% failures at 3 years), PRP was independently associated with a reduced risk of failure. Among meniscal repairs with concomitant ACL reconstruction (14.1% failures at 3 years), PRP was not independently associated with risk of failure, and there was no difference between PRP preparation systems (p = 0.78). In our study, we included patients with both isolated meniscal repair and repair with concomitant ACL reconstruction because traumatic meniscus injury is commonly detected with ligament injuries, especially ACL tears. The incidence of traumatic meniscus tears in patients with an injured ACL ranged between 57% and 96%. We considered that inclusion of these patients would make the model a more approximate clinical scenario. In addition, the number of concomitant ACL reconstructions was not different between the two groups (PRP: 50%, non-PRP: 54.8%, p = 0.866) in our study. As a result, the current study findings may help further define the role of multiple PRPs in knee meniscal repair.



Selection of patients receiving PRP injections has varied in different studies. The abovementioned series of Joshua et al. is the largest study on PRP augmentation in meniscal repair to date. They had a total of 550 patients, with 203 treated with PRP and 347 without PRP. Selection of patients receiving PRP was based on the year of surgery. They did not use PRP before 2010 and started to apply this procedure from January 2010 to February 2015. Demographic results showed a significant difference only in tear pattern, with a larger proportion of vertically oriented tears in the non-PRP group compared to the PRP group (96% vs. 73%, p < 0.001) [21]. In the study performed by Justin et al., surgery was performed by three different surgeons; two used PRP augmentation on their patients, while the other did not. The selection criteria were not mentioned in their study. The author admitted that it was uncertain as to whether PRP was used on more difficult tears. The demographic data of their study also exhibited significant differences, including BMI and age, which may affect collagen and cartilage degeneration of the knee [22]. In our study, the patients in both groups were not randomized, as the senior surgeon was likely to select a more complex tear pattern and poorer vascularity for PRP augmentation. Although the demographics showed no difference between the two groups, there might be some selection bias in that the PRP group had less healing potential. However, the functional outcomes and failure rate of the two groups were not different. Kaminski et al. published the first double-blind, placebo-controlled study comparing PRP augmentation and non PRP patients after repair of unstable, complete vertical meniscus tears [34]. They examined 17 patients in the PRP group and 18 in the non-PRP group. PRP or placebo was introduced to the tear site intraoperatively. They re-examined the patients after 18 weeks. The meniscal healing rate was significantly higher in the PRP-treated group than in the control group (85% vs. 47%, p = 0.048). In addition, the IKDC score, WOMAC score, and KOOS were also significantly better in the PRP-treated group. These previous studies and our study may provide a glimpse of the effect of PRP.



While most research used PRP augmentation intraoperatively with fibrin or other scaffolds directly at the tear site, we applied intra-articular injection in the outpatient department for a number of reasons. In a previous animal study, the repaired meniscus showed a synovial pannus at 2 weeks and a gradual increase in strength until 12 weeks. Cell lineage is mostly fibroblastic during the first 6 weeks [37,38]. We hope to facilitate meniscal healing in this stage. This stage relies on a variety of growth factors with chemotactic and mitogenic functions that stimulate further cellular and vascular proliferation [39]. Kobuna et al. studied microangiography in dogs and found that vessels located on the femoral surface and the inner part of the meniscus reached the sutured area. At 6 weeks, lesions exhibited healing with fibrovascular tissue [40]. We hypothesized that a repeated injection of PRP in the first 6 weeks would enhance vascularity and prevent nonhealing. As the procedure can be easily and regularly performed in outpatient clinics, we chose the intra-articular method rather than direct administration at the tear site. The other reason for selecting this method was because we worried that the PRP clot would be lost with fluid pumping or leak from the tear cleft during repair. We believe that the intra-articular method is sufficient to supply growth factors to the injured site. Mihai et al. used intra-articular injection for isolated grade II meniscus tears in adolescent patients without surgical intervention [24]. There were a total of 30 patients with a mean age of 13.93 years old. Their protocol contained only one dose of PRP injection, and patients were followed up for 3 months. The mean value before injection on the numerical rating scale (NRS) of pain was 7.73, while the number after treatment was 2.0. After treatment, 76.7% of patients had “excellent” and “good” outcomes, while before injection, only 3% of the patients had a “good” score. In an animal study published by James et al., 12 dogs received partial ACL transection and meniscal release in one knee [25]. At 1, 2, 3, 6, and 8 weeks after surgery, dogs were administered intra-articular injections (2 mL) of either leuko-reduced PRP (n = 6) or saline (n = 6, control group). The comfortable range of motion (CROM), pain, effusion, kinetics, and radiographic, arthroscopic and histological assessments were assessed at the 6-month endpoint. The control group exhibited significantly (p < 0.04) more CROM loss and pain (p < 0.01) in the affected hind limbs than PRP-treated dogs. Arthroscopically, saline-treated knees showed moderate to severe synovitis, further ACL disruption, and medial compartment cartilage loss, while PRP-treated knees showed evidence of ACL repair and less severe synovitis. However, meniscal healing was not affected by PRP injection, nor did it slow the development or progression of OA compared to controls. In contrast to our study, this animal model treated meniscal repair with only PRP injection without repair. We believe that prior to biological augmentation, strong and stable repaired tissue is the primary determinant for meniscal healing. However, the positive effect of multiple intra-articular injections into the poorly vascularized ACL in this study still gives us more confidence in this augmentation method after meniscal repair.



There are some limitations to our study. First, this was a retrospective study, and patients were not randomly selected. In addition, selection of PRP injection was based on the senior surgeon’s criteria. We believe that the healing potential in this group was lower. However, the functional result and failure rate showed a trend that was better than that of the non-PRP group. Second, the mean follow-up time was only 2 years. To evaluate the protective effect of the healthy meniscus of cartilage, longer follow-up for the detection of early osteoarthritis changes is necessary. On the other hand, we thought 24 months was enough for the evaluation of clinical function and early failure.




5. Conclusions


Ours is the first clinical study to use multiple intra-articular PRP injections to facilitate meniscal healing after meniscal repair. However, selection bias may be present in this study. After a follow-up of more than 2 years, the PRP group had similar functional outcome and healing rate compared to non-PRP group. A prospective, randomized control study with long-term follow-up is needed in the future to confirm the benefits of this application.
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Figure 1. Patients in the PRP group had higher NRS pain scores than those in the non PRP group preoperatively. After the operation, the pain score showed no difference between two groups. 
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Table 1. Demographic data.
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All Patients

(n = 61)

	
with PRP

(n = 30)

	
without PRP

(n = 31)

	
p Value






	
Demographics

	

	

	

	




	
Male

	
44

	
25

	
19

	
0.055




	
Female

	
17

	
5

	
12

	




	
Age, yr, mean ± SD

	
36.4 ± 12.3

	
37.3 ± 11.2

	
35.6 ± 13.4

	
0.610




	
Body mass index, kg/m2, mean ± SD

	
25.2 ± 3.2

	
25.7 ± 3.2

	
24.8 ± 3.3

	
0.307




	
Smoking

	
6

	
3

	
3

	
1.000 **




	
Injury to surgery, wk, mean ± SD (range)

	
81.5 ± 145.8

	
105.6 ± 169.9

	
58.3 ± 116.1

	
0.286 *




	
(1.0–579.4)

	
(2.4–579.4)

	
(1.0–521.9)




	
Follow-up time, mo, mean ± SD (range)

	
33.0 ± 6.9

	
28.9 ± 5.9

	
38.9 ± 5.4

	
<0.001 *




	
(24.1–44.6)

	
(25.2–38.3)

	
(24.1–44.6)








PRP, platelet-rich plasma; SD, standard deviation; * Mann Whitney U test was applied for data not following normal distribution. ** Fisher’s exact test was applied.
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Table 2. Intraoperative status.
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	All Patients

(n = 61)
	with PRP

(n = 30)
	without PRP

(n = 31)
	p Value





	Intraoperative medial cartilage grading
	
	
	
	



	Grade 0
	43
	18
	25
	0.137 **



	Grade 1
	5
	4
	1
	



	Grade 2
	7
	5
	2
	



	Grade 3
	4
	1
	3
	



	Grade 4
	2
	2
	0
	



	Intraoperative lateral cartilage grading
	
	
	
	



	Grade 0
	50
	26
	24
	0.222 **



	Grade 1
	2
	1
	1
	



	Grade 2
	5
	3
	2
	



	Grade 3
	4
	0
	4
	



	Grade 4
	0
	0
	0
	



	Meniscus condition
	
	
	
	



	Discoid meniscus
	8
	4
	4
	1.000 **



	Meniscus side
	
	
	
	



	Medial
	15
	11
	4
	0.077



	Lateral
	34
	13
	21
	



	Both
	12
	6
	6
	



	Tear pattern
	
	
	
	



	Longitudinal
	29
	16
	13
	0.337 **



	Horizontal
	9
	5
	4
	



	Radial
	4
	0
	4
	



	Complex
	16
	8
	8
	



	Root
	3
	1
	2
	



	ACL status
	
	
	
	



	Concomitant ACL reconstruction
	34
	17
	17
	0.866



	Repair technique
	
	
	
	



	All-inside
	42
	15
	27
	0.005 **



	All-inside + Inside-out
	11
	9
	2
	



	All-inside + Outside-in
	5
	3
	2
	



	All-inside + Inside-out + Outside-in
	3
	3
	0
	



	Total number of sutures, mean ± SD
	3.0 ± 1.6
	3.9 ± 1.6
	2.2 ± 1.1
	<0.001







PRP, platelet-rich plasma; SD, standard deviation; ACL, anterior cruciate ligament; ** Fisher’s exact test was applied.
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Table 3. Comparison of radiographic finding.
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	All Patients

(n = 61)
	with PRP

(n = 30)
	without PRP

(n = 31)
	p Value





	Preoperative radiographic measurement
	
	
	
	



	Tibiofemoral angle, degrees, mean ± SD
	3.9 ± 2.6
	3.6 ± 3.0
	4.2 ± 2.3
	0.342



	Joint line congruency angle, degrees, mean ± SD
	1.8 ± 1.0
	2.0 ± 1.2
	1.5 ± 0.8
	0.057



	Postoperative radiographic measurement
	
	
	
	



	Tibiofemoral angle, degrees, mean ± SD
	4.2 ± 2.1
	3.8 ± 3.0
	4.7 ± 2.1
	0.111



	Joint line congruency angle, degrees, mean ± SD
	1.3 ± 0.8
	1.5 ± 0.7
	1.1 ± 0.9
	0.122



	Preoperative knee Kellgren-Lawrence grading
	
	
	
	



	Grade 0
	10
	5
	5
	0.353 **



	Grade 1
	19
	12
	7
	



	Grade 2
	29
	11
	18
	



	Grade 3
	3
	2
	1
	



	Grade 4
	0
	0
	0
	



	Postoperative knee Kellgren-Lawrence grading
	
	
	
	



	Grade 0
	10
	5
	5
	0.290 **



	Grade 1
	22
	14
	8
	



	Grade 2
	27
	10
	17
	



	Grade 3
	2
	1
	1
	



	Grade 4
	0
	0
	0
	







PRP, platelet-rich plasma; SD, standard deviation; ACL, anterior cruciate ligament; ** Fisher’s exact test was applied.
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Table 4. Functional outcome.
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All Patients

(n = 61)

	
with PRP

(n = 30)

	
with PRP Group

p Value

	
without PRP

(n = 31)

	
without PRP Group

p Value

	
between Group

p Value






	
Preoperative IKDC score

	
49.7 ± 9.4

	
49.6 ± 9.5

	
<0.001

	
49.8 ± 9.5

	
<0.001

	
0.941




	
(29.9–72.4)

	
(32.2–72.4)

	
(29.9–66.7)




	
Postoperative IKDC score

	
73.8 ± 14.7

	
75.1 ± 13.6

	
72.6 ± 15.8

	
0.593 *




	
(34.5–95.4)

	
(34.5–93.1)

	
(39.1–95.4)




	
Δ IKDC score

	
24.0 ± 10.3

	
25.5 ± 10.4

	

	
22.7 ± 10.0

	

	
0.291




	
(2.3–50.6)

	
(2.3–50.6)

	
(5.7–43.7)




	
Preoperative Lysholm score

	
53.0 ± 14.0

	
52.8 ± 12.9

	
<0.001

	
53.3 ± 15.2

	
<0.001

	
0.900




	
(20–80)

	
(29–80)

	
(20–78)




	
Postoperative Lysholm score

	
79.2 ± 16.0

	
80.6 ± 14.9

	
77.7 ± 17.2

	
0.670 *




	
(33–100)

	
(50–100)

	
(33–99)




	
Δ Lysholm score

	
26.1 ± 11.5

	
27.8 ± 11.7

	

	
24.4 ± 11.1

	

	
0.253




	
(7–49)

	
(10–48)

	
(7–49)








PRP, platelet-rich plasma; SD, standard deviation; IKDC, International Knee Documentation Committee. Δ scores were calculated by subtracting the preoperative score from the final score. * Mann Whitney U test was applied for data not following normal distribution.
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Table 5. Failure case characteristics.
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	PRP
	Sex
	Age (yr)
	Side
	Tear Pattern
	ACL

Repair
	Repair Technique
	Number of Sutures
	Δ

IKDC Score
	Δ

Lysholm Score
	Failure Time

(mo)
	Revision Meniscal Repair





	Y
	M
	35.0
	Both
	Longitudinal
	Y
	All-inside + Inside-out
	5
	6.9
	13
	21.0
	N



	Y
	M
	44.7
	Both
	Longitudinal
	Y
	All-inside
	2
	2.3
	16
	24.9
	N



	N
	M
	48.2
	Lateral
	Root tear
	Y
	All-inside
	1
	5.7
	9
	37.4
	N



	N
	M
	18.8
	Medial
	Longitudinal
	N
	All-inside
	1
	9.2
	13
	33.1
	N



	N
	F
	46.1
	Lateral
	Longitudinal
	N
	All-inside
	2
	6.9
	16
	18.6
	N



	N
	M
	26.1
	Lateral
	Longitudinal
	Y
	All-inside
	1
	6.9
	10
	21.2
	Y







PRP, platelet-rich plasma; ACL, anterior cruciate ligament; IKDC, International Knee Documentation Committee. Failure: Change of IKDC score < 11.5 and/or underwent revision meniscus repair.
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