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Abstract

:

Background: The use of postoperative MRI to assess the healing status of repaired menisci is a long-standing issue. This study evaluates and compares functional and MRI outcomes following an arthroscopic meniscus repair procedure with the aim of postoperative MRI diagnostic accuracy clarification in young patients. Methods: A total of 35 patients under 18 years old who underwent isolated meniscus repair were included. The Pedi-IKDC score, Lysholm score, and Tegner activity index (TAS) were compared between the groups formed according to the Stroller and Crues three-grade classification of postoperative MRI-based evaluations. Grade 3 MRI views were classified as unhealed, grade 2 as partially healed, and grade 1 as fully healed within the repaired meniscus, whereas grade 3 cases were considered unsuccessful due to MRI evaluation. Results: MRI assessment revealed 4 cases of grade 1 (11.4%), 14 cases of grade 2 (40.8%), and 17 cases of grade 3 (48.0%) lesions. Pedi-IKDC and TAS scores were significantly higher among MRI grade 2 patients than among MRI grade 3 patients (p < 0.05). Weak negative correlations between MRI grades and all functional scales were found (p < 0.05). ROC analysis showed that Pedi-IKDC and TAS scores could correctly classify 77% and 71% of MRI grade 3 patients, respectively. The optimal cut-off values to detect grade 3 patients were 88.74 for the Pedi-IKDC score and 4.5 for the TAS score. Conclusions: To conclude, established functional score cut-off values may help identify unhealed meniscus repair patients.
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1. Introduction


The prevalence of meniscal injuries in adult patients is high [1]. It is less common in pediatric patients, although studies have shown that meniscal injuries are on the rise even in children population [2,3,4]. This might be attributed to improved diagnostic availability and increased engagement in high-demand sports activities, which is known as the most common cause of meniscus tear situations in skeletally immature patients [2,5]. Previously, the most prevalent method of treating this pathology was arthroscopic partial meniscectomy [1]. Over the recent decades, the importance of the meniscus as an intra-articular structure has been realized [5,6,7], and multiple studies have introduced long-term outcomes such as the accelerated development of degenerative osteochondral lesions after arthroscopic partial meniscectomy [8,9]. Therefore, the meniscus tear treatment has changed considerably in response [1,6]. To preserve as much meniscus tissue as possible, numerous repair methods were developed. Furthermore, it is crucial to provide appropriate treatment for meniscus tears in young individuals in order to prevent the eventual development of knee osteoarthritis following a meniscus injury [2]. Particularly in pediatric patients, meniscus repair procedures have been promising good and excellent outcomes due to better tissue healing potency [2,3].



The assessment of the meniscus healing process continues to be a matter of concern [7,8,9,10,11,12]. Clinical and functional outcomes are typically employed to assess the state of meniscus recovery [13]. In most cases, the functional and clinical condition of young individuals improves significantly after meniscus suturing [14,15,16]. However, if the patient continues to experience persistent symptoms following this type of treatment, further tests are conducted to assess the healing condition or retear of the meniscus [12]. In such cases, the magnetic resonance imaging (MRI) test is extensively utilized and readily available [12]. It has been widely accepted that clinical and imaging investigation prior to meniscus tear treatment is essential, and MRI has been the most popular and convenient diagnostic tool for detecting meniscus tears [3]. Preoperative MRI has been established to be highly reliable and accurate [3,17,18]. Inversely, the use of postoperative MRI for the assessment of the healing status of repaired menisci has long been debated by orthopedics and radiologists [9,10,11,19]. Several studies have demonstrated that MRI is not a reliable diagnostic tool for long-term follow-up evaluations of healing after meniscus suturing procedures [20,21]. Alternative diagnostic procedures such as magnetic resonance (MR) or computed tomography (CT) arthrography, as well as second-look arthroscopy, have been proposed as more effective than traditional MRI. However, their invasive nature and the associated risks of ionizing radiation make them unsuitable for routine usage, particularly in young patients [19,22,23,24]. Therefore, conventional MRI is still a test that is frequently referred to patients with functional restrictions or long-term clinical difficulties after a meniscus repair treatment because it is noninvasive and easily accessible. Since the MRI assessment is often used in order to determine the course of treatment, it is crucial to determine if the functional outcomes reflect the postoperative MRI imaging and to clarify the diagnostic accuracy of MRI after meniscal repair based on the patient’s functional outcomes. A lack of studies has been undertaken to investigate the connection between functional outcomes and postoperative MRI, and no study has been conducted on the subset of very young individuals who underwent meniscus repair. In order to distinguish clinically based failed cases and look for the connections to MRI results, we analyzed all cases using self-reported functional scores and MRI results.



Therefore, the aim of this prospective study is to evaluate and compare functional outcomes and MRI results with respect to MRI signal changes in pediatric patients after arthroscopic repair of an isolated meniscus tear.




2. Materials and Methods


A prospective study has been conducted under the agreement of the Vilnius Regional Bioethics Committee (Number 2021/51353825) and the Vilnius University Hospital Santaros Clinics Bioethics Committee. The study included patients with traumatic meniscus tears who met the study’s inclusion criteria and received arthroscopic meniscal surgery between May 2021 and December 2023 at the Children’s Orthopaedics and Traumatology Department of Vilnius University Hospital Santaros Clinics. Prior to enrollment, all patients’ parents or official carers gave informed consent. Twelve-year-old and older patients were required to provide additional consent. Age under 18 years old, a traumatic isolated full-thickness meniscus tear longer than 1 cm verified by preoperative MRI and arthroscopically, and no previous surgery on the injured knee were the inclusion criteria. Developmentally challenged patients and those not able to read or interpret Lithuanian were excluded from this study.



There were meniscus tears in two red–white and red–red zones, as well as a mix of them due to the meniscus’s bloodstream. Three anatomic components of a meniscus were determined: the anterior horn, the body, and the posterior horn. This classification was used to group all tears due to injury location in tears situated in the posterior horn, posterior horn-body, and all parts of the meniscus. Different meniscus injury patterns were involved.



2.1. Functional Evaluation


For functional knee evaluation, the Paediatric International Knee Documentation Committee (Pedi-IKDC) and Lysholm knee scores were applied, and the Tegner activity scale (TAS) was used to determine the patient’s degree of sports activity. All scores were fulfilled preoperatively and at the last follow-up, with a median duration of 13 months (11–15) in combination with a postoperative MRI examination.




2.2. MRI Evaluation Protocol


All participants of this study underwent postoperative MRI at the final follow-up, with a median of 13 months (11–15). The MRI was performed using 1.5-T MR equipment (SIGNA voyage system). Four main diagnostic sequences were analyzed, including sagittal proton density fast spin echo with fat saturation (Sag-PD FSE FS), sagittal T2-weighted fast spin echo (Sag-T2W FSE), coronal proton density fast spin echo with fat saturation (Cor- PD FSE FS), and coronal T2-weighted fast spin echo (Cor-T2W FSE), with the following parameters: the thickness of the slices was 3 mm, the repetition time ranged 2863 ms to 4389 ms, the field of view (FOV) was 180 mm, the gap between slices was 0.3 mm, the number of slices ranged from 28 to 31, and the total scan time was 15 min.



Signal changes on postoperative MRI were graded using the Stoller and Crue three-stage classification [17,25]. Grade 0 was defined as a normal meniscus; the meniscus demonstrated low signal intensity in the images. Grade 1 was described as an intrameniscal signal with irregular margins that did not connect or communicate with an articular surface. Grade 2 was defined as a linear signal that did not abut or communicate with an articular surface. A linear or complex signal intensity that abutted or communicated with an articular surface was classified as grade 3. In summary, grade 3 was deemed unhealed, grade 2 partially healed, and grade 1 fully healed due to MRI assessment. A musculoskeletal imaging radiologist (A.B.) and an experienced orthopedic surgeon (A.Š.) performed the MRI evaluation independently and were blinded to functional evaluation. The intraclass correlation coefficient (ICC) was calculated for interobserver reliability. The overall consensus was reached for each case by both observers. Based on the MRI assessment, only cases with MRI grade 3 evaluation were considered unsuccessful. The grades of postoperative MRI for each of the three MRI groups are presented in Figure 1, Figure 2 and Figure 3.




2.3. Surgical Procedure


All participants in this study underwent arthroscopic meniscal repair surgery. A traditional two-portal approach was utilized. Three common suturing techniques were employed for meniscus repair, chosen based on the tear’s location and type, in order to provide optimal fixation and adaptability. The sutures were made either all-inside with internal anchors (Fast-Fix, Smith & Nephew) or inside–outside (Meniscus Needles, Arthrex) or outside–inside with a 2–0 number fiberwire suture and needles. No extra incisions were made if only the all-inside technique was used. Additional incisions between sutures on the skin were created in cases where either inside–outside or outside–inside techniques, or both, were performed. The sutures were orientated in various ways depending on the tear pattern, with the goal of aligning them vertically to enhance fixing strength. Table 1 shows the distribution of suturing methods and the number of sutures.




2.4. Statistics


Statistical analysis was performed with SPSS 24.0 IBM. The normality of the variables’ distribution was tested using the Shapiro–Wilk test. Because of the absence of normally distributed variables, nonparametric tests were used. Spearman correlation was used to analyze the relationship between MRI results and functional scales. The Mann–Whitney test was employed to compare the functional scores, patients’ age, and length of follow-up time according to the grade determined by the MRI. The chi-square test was used to assess the association between the grades determined with MRI and patients’ gender, meniscus side, meniscus injury location, and meniscus injury pattern. The Wilcoxon rank test was used to compare functional outcomes before the treatment and at the last follow-up. A significance level of 0.05 was used to reject the null hypothesis. Measures of central tendency were presented as follows: median (first quartile–third quartile). The Youden indexes from the receiver operator characteristic (ROC) curve analysis were conducted to determine the cut-off values of functional scales for classifying the MRI grade 3 patients. The area under the curve (AUC) and its 95% confidence intervals (CI) for the ROC curve were calculated to assess the diagnostic power of each functional scale. The ICC degree of agreement was categorized as follows: >0.80, almost excellent reproducibility; 0.61 to 0.80, good reproducibility; 0.41 to 0.60, moderate reproducibility; and 0.40, poor reproducibility.





3. Results


This study included 35 patients (35 menisci). More than half of them—60.0% (n = 21)—were boys, and 40.0% (n = 14) were girls. The median age was 16 (15–17) years. The median of injury-to-repair time was 8 (4–24) weeks. The medial meniscus was injured in 24 cases and lateral in 11 cases. The distribution of the injury pattern of meniscal injuries was as follows: bucket handles 16 (45.7%), vertical-longitudinal 9 (25.7%), horizontal cleavage 2 (5.7%), and 8 (22.9%) were complex-type tears. The posterior horn was involved in 17 cases, the posterior body in 15 cases, and in 3 cases, the hole length of the meniscus was involved. Table 1 provides the descriptive data that were collected.



Pedi-IKDC and Lysholm functional scores increased significantly after the procedure from 42.38 to 91.84 (p < 0.001) and 58.05 to 94 (p < 0.001), respectively. The TAS median score was 4 (3–7) preoperatively and 4 (3–6) at the most recent follow-up (p = 0.002). According to the TAS score, 66% of the patients have returned to preinjury activity level. Postoperative MRI assessment revealed 4 cases of grade 1 (11.4%), 14 cases of grade 2 (40.8%), and 17 cases of grade 3 (48.0%) lesions. Interobserver reliability based on the intraclass correlation coefficient (ICC) was good (ICC = 0.74, 0.46–0.86).



Pedi-IKDC and TAS scores were significantly higher among MRI grade 2 patients than among MRI grade 3 patients (respectively, p = 0.018, p = 0.021). Additionally, the Pedi-IKDC score was significantly higher among MRI grade 1 patients compared with MRI grade 3 patients (p = 0.02). Table 2 provides the entire statistical differences between the MRI groups due to functional scores. Table 3 indicates the comparison of MRI groups based on patients’ age, gender, meniscus side, time from injury to repair time, meniscus injury location, meniscus injury pattern, suture technique, suture number, and length of follow-up time. Spearman correlation coefficients were calculated between all functional scores and the MRI grades. The correlations were found to be significant (p < 0.05). The negative weak correlations between MRI grades and all functional scales were found: for the Pedi-IKDC scale, R = −0.498; Lysholm scale, R = −0.32; and TAS scale R = −0.323, p < 0.05.



The ROC curve analysis was performed to classify patients with MRI grade 3 who were estimated to have unsuccessful outcomes after meniscus repair surgery based on MRI scans. The statistically significant classification of MRI grade 3 patients was achieved only on Pedi-IKDC and TAS scores (respectively, p = 0.005 and p = 0.027). Respectively, the ROC analysis and the area under the ROC curve revealed that Pedi-IKDC and TAS scores could correctly classify 77% and 71% of the MRI grade 3 patient group defined by MRI staging. The areas under the curve for both scores were >0.7, and thus, they were considered acceptable. The optimal cut-off values for the classification of MRI grade 3 patients based on MRI results were 88.74 and 4.5 for the Pedi-IKDC and TAS scores, respectively. The statistical data and graphical representation of ROC analyses are presented in Figure 4.




4. Discussion


The current study was conducted to reveal if postoperative MRI findings and functional outcomes correlate, with the goal of analyzing conventional MRI signal changes based on functional scores after a repaired meniscus in young patients. In our study, like in many others, the preoperative functional scores altered significantly following the meniscus repair operation. However, the primary focus of this study was on comparing these functional outcomes with MRI data, rather than on meniscus repair’s overall success rates, which are widely disparate in the literature [13]. As a result, the evaluation of MRI views was the first critical step in our research. The MRI staging classification chosen in our study is the most widely used and is based on histological evidence of meniscal injuries [17,25]. The MRI findings in our study indicated that almost 50% of the meniscus remained unhealed, classified as grade 3. Other studies have demonstrated similar MRI conclusions following a meniscus repair procedure [11,18,26]. The primary objective of this study was to analyze potentially significant differences between all three MRI grades of patients regarding all functional scores. The comparison of the functional scores with respect to the MRI grades demonstrated that individuals with MRI grade 2 had significantly higher Pedi-IKDC and TAS scores compared with those with MRI grade 3. This implies a link between functional outcomes and MRI results. However, the weak correlations revealed in our study do not provide evidence of a strong concordance between MRI results and functional outcomes. As a consequence, our study’s focus turned to patients with MRI grade 3 findings who were judged as unhealed within the repaired meniscus and deemed as failed cases based on MRI assessment in this study. The ROC curve analysis demonstrated that the classification of MRI grade 3 patients based on Pedi-IKDC and TAS scores was found to be statistically significant. This investigation specifically focused on distinguishing between grade 2 and grade 3 patients. The area under the curve showed a greater level of agreement of MRI grade 3 patients with the Pedi-IKDC score compared with the TAG score, indicating a slight overall classification power. In our opinion, the most practical part of the ROC analysis was the determination of the optimal cut-off values for the scores, which were found to be useful in the classification of the MRI grade 3 patients. According to the findings, individuals who self-report a Pedi-IKDC score of up to 88.7 and a TAS score of up to 4.5 could be detected as MRI grade 3 patients on postoperative MRI images and suspected of having unhealed tissue within the treated meniscus.



The importance of this topic is primarily related to the meniscus repair procedure, which is currently performed on a regular basis in young, active patients and has highly promising overall outcomes [13]. Consequentially, the postoperative MRI findings are important since young patients used to experience problems after meniscus repair surgery. Shiehel et al. found that the revision rate was primarily related to extremely young age (open physis) and bucket-handle tear pattern, which were prevalent in this study [27]. The same author also discovered that the majority of failures in that age group of patients are the consequence of an acute reinjury within 1 year [28]. These circumstances necessitate a convenient and relevant investigation of the patient and the interpretation of the findings.



To the date, many authors have shown that the postoperative conventional MRI is less reliable than the preoperative MRI in diagnosing meniscus tears [9,17,20,21]. It might be due to the scar tissue formation process, and the signal changes might last for many years, even permanently [23]. As suggested by Miao et al., the diagnostic accuracy of the postoperative MRI could be enhanced through an extended follow-up period [9]. Therefore, the comparatively short mean follow-up period in our study may have an impact on the MRI results. An additional aspect notable of consideration pertains to the categorization of grade 3 patients in accordance with the original Stroller and Crues structure. Both the previous author and Hoffelner et al. proposed in their respective articles an approach of assessing the signal’s intensity and pairing it with the articular fluid signal in MRI grade 3 patients. As a result, if the signal intensity is reduced due to fluid intensity, the meniscus is likely to be healed [9,18].



Additionally, it is widely recognized that postoperative MRI is less efficient than second-look arthroscopy or MR/CT arthrography in assessing the healing status of a repaired meniscus [19,22,23]. The second-look arthroscopy, if there are any postoperative issues, is the most accurate test, which remains the “gold standard” [19]. There are many studies about the comparison of the MRI findings and the second-look arthroscopy results [9,10,11,19,29,30]. In most cases, the same conclusion is provided: the results of the postoperative MRI and the second-look arthroscopy differ. The overall second-look arthroscopy results are superior to postoperative MRI findings [9,19,29]. However, these methods of testing the knee are less common due to well-known disadvantages, like as invasiveness, time, radiation, and other factors. It could hardly be performed on a regular basis, especially in younger individuals [10,15]. Based on the findings of Yamasaki et al. [11], MRI mapping can be an effective method for meniscal healing evaluation. Although it is still challenging to conduct in everyday practice, this particular sort of MRI gives the benefit of not being invasive. Despite the fact that there are more effective techniques for evaluating the healing process of the meniscus after suturing, the standard MRI is still commonly performed as the initial diagnostic test if symptoms such as joint swelling or pain remain [10,18,20]. Therefore, standard MRI analyses continue to catch everyone’s interest. To accomplish this purpose, Schwach et al. suggested evaluating signal intensity, morphological changes, and tear diastasis alterations rather than classifying MRI results using the Stroller and Crues classification [12]. A negative correlation was discovered between the tear diastasis and the functional scores, demonstrating that a smaller gap after surgery indicated the healing of the meniscus. Our study also revealed negative correlations between the functional scores and MRI grades, indicating a correlation between higher functional scores and greater meniscus healing as measured by MRI grades. Additionally, a number of authors examine the accuracy of MRI by investigating clinical outcomes [29,30,31]. Fauno et al. assessed conventional MRI accuracy by employing clinical criteria and reported that MRI contributes to enhancing the diagnostic accuracy of an unhealed meniscal repair when fewer than three clinical symptoms persist [30]. Only a few studies compared MRI data and functional scores [12,18], perhaps due to the fact that it could be very different in clinical practice. However, this approach of analyzing the postoperative MRI remains very interesting in its practical application.



Several limitations occurred in this study. A strict patient selection process was followed for the initial group, leading to the relatively small sample size in this study. However, the study only included young individuals who have experienced a traumatic meniscus tear and did not have any concomitant knee lesions at the same time. Nevertheless, the limited number of cases could potentially affect the statistical outcomes. Nonetheless, it seems to be similar to those mentioned in the literature [15,18,32,33,34]. The meniscus tear pattern subgroup was left out from the analysis due to the small sample size. Another disadvantage is the 1.5T MRI system, which is frequently replaced by more advanced 3T equipment these days. However, Hoffelnner et al. have found that the evaluation of the meniscus healing process after the meniscus repair procedure does not differ between the systems [18]. An additional underlying weakness of this study is the absence of verification using second-look arthroscopy or MR/CT arthrography, which are recognized as superior techniques for assessing the success rate of meniscus healing.




5. Conclusions


MRI evaluations of the healing process of meniscus in patients with previously repaired menisci correlate with the functional scores. Patients with MRI grade 2 demonstrated significantly higher functional outcomes than those with MRI grade 3, as measured by Pedi-IKDC and TAS scores. Similarly, patients identified as MRI grade 1 demonstrated significantly superior functional outcomes than those classified as MRI grade 3 according to the Pedi-IKDC scale. The application of established functional score cut-off values could assist in the identification of MRI grade 3 patients and suspected unhealed meniscus.
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Figure 1. (A) A preoperative coronal PD-FSE, FS MR image shows (arrows) a bucket-handle-type lateral meniscus tear in a 16-year-old boy. Twelve-month postoperative coronal (B) and sagittal (C) PD-FSE, FS MR images reveal (arrows) a repaired lateral meniscus and no intrameniscal signal alterations—MRI grade 1 due to Crues and Stroller classification. MR—magnetic resonance; FSE—fast spin echo; FS—fat saturation.the figures (MRI views) indicate the meniscus structures in the knee joint and the tears (arrows) within the meniscus tissue. 
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Figure 2. (A) A preoperative sagittal PD-FSE, FS MR imaging of an 11-year-old boy reveals (arrows) a complex (radial + longitudinal) type of lateral meniscus tear. Sagittal PD-FSE, FS (B), and T2-weighted FSE (C) MR images obtained 12 months after surgery, where sagittal PD-FSE, FS (B) indicates (arrow) a partially healed lateral meniscus with persisting intrameniscal signal changes that do not extend into the joint space, and sagittal T2-weighted FSE (C) shows no signal changes—MRI grade 2 due to Crues and Stroller grading. MR—magnetic resonance; FSE—fast spin echo; FS—fat saturation. 






Figure 2. (A) A preoperative sagittal PD-FSE, FS MR imaging of an 11-year-old boy reveals (arrows) a complex (radial + longitudinal) type of lateral meniscus tear. Sagittal PD-FSE, FS (B), and T2-weighted FSE (C) MR images obtained 12 months after surgery, where sagittal PD-FSE, FS (B) indicates (arrow) a partially healed lateral meniscus with persisting intrameniscal signal changes that do not extend into the joint space, and sagittal T2-weighted FSE (C) shows no signal changes—MRI grade 2 due to Crues and Stroller grading. MR—magnetic resonance; FSE—fast spin echo; FS—fat saturation.



[image: Clinpract 14 00047 g002]







[image: Clinpract 14 00047 g003] 





Figure 3. (A) A 14-year-old girl’s preoperative sagittal PD-FSE, FS MR imaging demonstrates (arrows) a medial meniscus tear of the bucket-handle type. Fourteen-month postoperative coronal (B) and sagittal (C) PD-FSE FS MR images establish (arrows) an unhealed medial meniscus with signal changes extending within the joint space—MRI grade 3 according to Crues and Stroller grading. MR—magnetic resonance; FSE—fast spin echo; FS—fat saturation. 
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Figure 4. The application of ROC curve analysis to classify individuals with MRI grade 3 based on the Pedi-IKDC and TAS scores. Pedi-IKDC—Paediatric International Knee Documentation Committee; AUC—area under curve; TAS—Tegner activity score; ROC—receive operating characteristic. 
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Table 1. The characteristics of every participant of this study.
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	Case
	Sex
	Age/y
	Side
	Sutures
	Meniscal Injury Location
	Tear Pattern
	Technique
	MRI Grade
	Time to Operation/w





	1
	b
	16
	lateral
	3
	P-M
	complex
	all inside
	3
	20



	2
	b
	15
	lateral
	4
	P-M
	bucket handle
	all inside
	2
	12



	3
	b
	15
	medial
	6
	A-P
	bucket handle
	hybrid
	3
	4



	4
	g
	12
	medial
	4
	P-M
	bucket handle
	hybrid
	3
	4



	5
	b
	15
	lateral
	2
	P
	bucket handle
	all inside
	3
	8



	6
	g
	17
	medial
	2
	P
	bucket handle
	all inside
	3
	33



	7
	g
	16
	lateral
	4
	P-M
	bucket handle
	hybrid
	2
	3



	8
	b
	15
	medial
	1
	P
	longitudinal
	all inside
	2
	3



	9
	b
	17
	medial
	5
	P
	bucket handle
	hybrid
	1
	4



	10
	g
	16
	medial
	1
	P
	longitudinal
	all inside
	2
	4



	11
	g
	15
	medial
	6
	P-M
	bucket handle
	hybrid
	2
	3



	12
	g
	17
	medial
	4
	A-P
	bucket handle
	hybrid
	2
	1



	13
	b
	16
	medial
	2
	P
	vertical–longitudinal
	all inside
	3
	8



	14
	b
	17
	medial
	3
	P
	bucket handle
	hybrid
	2
	1



	15
	b
	15
	lateral
	3
	P
	bucket handle
	hybrid
	2
	24



	16
	g
	16
	medial
	3
	P
	horizontal
	all inside
	3
	20



	17
	b
	17
	medial
	2
	P
	longitudinal
	all inside
	2
	77



	18
	g
	17
	medial
	3
	P-M
	complex
	all inside
	2
	6



	19
	g
	17
	medial
	2
	P
	longitudinal
	all inside
	3
	25



	20
	b
	11
	lateral
	2
	P-M
	complex
	all inside
	2
	4



	21
	g
	15
	lateral
	5
	P-M
	bucket handle
	hybrid
	3
	12



	22
	g
	17
	medial
	3
	P-M
	complex
	hybrid
	3
	12



	23
	b
	17
	medial
	3
	P-M
	complex
	all inside
	2
	2



	24
	b
	16
	lateral
	2
	P-M
	horizontal
	all inside
	1
	8



	25
	b
	14
	medial
	3
	P
	bucket handle
	all inside
	3
	16



	26
	g
	14
	medial
	1
	P
	vertical–longitudinal
	all inside
	3
	52



	27
	g
	17
	medial
	2
	P
	longitudinal
	all inside
	2
	12



	28
	b
	17
	medial
	5
	A-P
	bucket handle
	hybrid
	3
	2



	29
	b
	17
	lateral
	1
	P
	complex
	all inside
	3
	8



	30
	b
	15
	lateral
	2
	P
	longitudinal
	all inside
	2
	24



	31
	b
	14
	medial
	2
	P-M
	complex
	all inside
	3
	36



	32
	b
	16
	medial
	3
	P-M
	bucket handle
	all inside
	1
	4



	33
	b
	15
	medial
	2
	P-M
	complex
	hybrid
	3
	32



	34
	b
	17
	medial
	2
	P
	longitudinal
	all inside
	1
	24



	35
	g
	14
	lateral
	4
	P-M
	bucket handle
	hybrid
	3
	2







Abbreviations: b—boy; g—girl; MRI—magnetic resonance imaging; y—years; w—weeks; P—posterior horn of the meniscus; P-M—posterior horn and middle part of the meniscus; A-P—all parts of the meniscus.













 





Table 2. The comparison of patient MRI groups according to different functional scores.
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	Pedi-IKDC

Mdn (Q1–Q3)

92.39 (84.78–97.82)
	Lysholm

Mdn (Q1–Q3)

94 (85–100)
	Tegner

Mdn (Q1–Q3)

4 (3–7)





	MRI grade 1/MRI grade 2
	p
	0.88
	0.75
	0.83



	MRI grade 2/MRI grade 3
	p
	0.018
	0.27
	0.021



	MRI grade 1/MRI grade 3
	p
	0.02
	0.061
	0.35







Abbreviations: MRI—magnetic resonance imaging; Pedi-IKDC—Paediatric International Knee Documentation Committee score; Lysholm—knee scoring, Tegner—Tegner activity index; p—p-value; Mdn—median; Q1—first quartile, Q3—third quartile.













 





Table 3. The comparison of MRI groups of patients based on their characteristics.
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MRI Grades

Grade 1 N = 4 (11.4%)

Grade 2 N = 14 (40.8%)

Grade 3 N = 17 (48.0%)






	
Gender

	

	




	
boys N = 21 (60.0%)/

girls N = 14 (40.0%)

	
p

	
ns




	
Meniscal side

	

	




	
medial N = 24 (68.6%)/

lateral N = 11 (31.4%)

	
p

	
ns




	
Meniscus injury location

	

	




	
back and middle N = 15 (42.9%)/

back N = 17 (48.6%)/

all long N = 3 (8.6%)

	
p

	
ns




	
Meniscus tear pattern

	

	




	
longitudinal N = 9 (25.7%)/

bucket handle N = 16 (42.7%)/

horizontal N = 2 (5.7%)/

complex N = 6 (22.6%)

	
p

	
ns




	
Suture technique

	

	




	
all-inside N = 22 (62.9%)/

hybrid N = 13 (37.1%)

	
p

	
ns




	

	

	
MRI Grade 1/MRI Grade 2

	
MRI Grade 2/MRI Grade 3

	
MRI Grade 1/MRI Grade 3




	
Age

	
P

	
0.36

	
0.32

	
0.13




	
Years/Mds (Q1–Q3)

16 (15–17)




	
Follow-up

	
p

	
0.83

	
0.21

	
0.44




	
Months/Mds (Q1–Q3)

13 (11–15)




	
Injury to repair time

	
p

	
0.45

	
0.07

	
0.34




	
Weeks/Mds (Q1–Q3)

8 (4–24)




	
Suture number

Mds (Q1–Q3)

3 (2–4)

	
p

	
0.91

	
0.95

	
0.92








Abbreviations: MRI—magnetic resonance imaging; p—p-value; ns—not signi