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        Abstract



        
          Background:


          Articular cartilage has an exceptionally poor capacity for healing, but Autologous Matrix Induced Chondrogenesis is a procedure with a substantial body of literature that demonstrates its performance in chondral and osteochondral repair. However, data concerning dynamic postural stability after cartilage repair procedures is lacking.

        


        
          Objective:


          Therefore, the present study was designed to assess postural stability following cartilage repair in the knee.

        


        
          Methods:


          20 adults had undergone Autologous Matrix Induced Chondrogenesis for the treatment of full-thickness cartilage defects, with minimum 36 months of follow-up. Clinical outcomes were evaluated by patient reported outcome measures while dynamic postural stability was assessed using the star excursion balance test. The untreated, contralateral limbs served as controls.

        


        
          Results:


          At a mean follow-up of 43 months, patients reported a Visual Analog Score for pain of 1.6±2.2, a mean Lysholm score of 78.5±17.9 and a mean Knee Osteoarthritis Outcome Score of 143.3±16.1. The star excursion balance test showed no significant difference between limbs.

        


        
          Conclusion:


          With no difference in dynamic postural stability, our results indicate that this treatment provides a positive clinical outcome, with no deficits in postural stability when compared to the contralateral, untreated leg.
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      1. INTRODUCTION


      It is no surprise to state that neuromuscular control is essential to maintaining balance as well as producing desired movements. The neuromuscular system is comprised of a variety of sensorimotor units and the central integration and processing of various components provide for overall functional joint stability and control of movements [1]. Stability and balance are based on inputs from a host of afferents that provide input to the central nervous system, which then affects muscle control to maintain postural stability [2]. This is all done unconsciously, yet if there is a deficit in proprioceptive input, the neuromuscular pathways can be impacted, potentially leading to the development of risk factors that may contribute to injury [3].


      Among the tissues in the knee joint, mechanoreceptors have been previously documented in detail [4, 5], with peripheral receptors (mechanoreceptors) being found within joints, ligaments, tendons, muscles, and skin [6]. It has been stated that this afferent system controls motion with a high degree of regulation against internal and external disturbances and maintains joint stability [7]. However, there is little understanding of the role, if any, that articular cartilage may play in proprioception. There has been some indication that chondrocytes may contain mechanoreceptors [8], while an earlier article had proposed a chondrocyte mechanoreceptor model [9]. More recently, Donnell et al. (2019) stated that subchondral bone may provide ingrowth of sensory nerves into the articular cartilage [10].


      However, there has been little research into articular cartilage's role in neuromuscular control and joint stability. Dynamic postural stability (DPS) has already been documented to be affected by a variety of lower extremity injuries [11-14]. However, very little data has been presented, which has assessed DPS regarding chondral lesions. Unfortunately, articular cartilage has a very limited capacity for intrinsic repair [15]. Full-thickness cartilage lesions may be associated with significant pain and impaired function, and if left untreated, these defects will fill with biomechanically incompetent fibrous tissue, eventually leading to premature osteoarthritis [16]. While it is generally recognized that symptomatic articular cartilage defects ought to be restored, these lesions remain a difficult medical problem to treat [17]. As a result, cartilage defects, with their associated degenerative changes, maybe a major source of disability and present a significant socioeconomic burden [18].


      A recent paper investigated the proprioceptive function of patients with isolated articular cartilage lesions of the knee [19]. The authors reported that patients with isolated articular cartilage lesions of the knee demonstrated a significant proprioceptive deficit as compared to a control cohort with normal knees. These authors further hypothesized that a proprioceptive deficit may lead to altered gait, with the resultant unphysiological joint loading, thereby leading to degenerative changes within the joint [19]. As a treatment for chondral lesions, a variety of surgical techniques have been developed that aim to restore the articular surface and tissue specific integrity, thereby restoring joint function and preventing progressive joint degeneration [17, 20]. Among these techniques, our clinic uses a one-stage procedure in which a bone marrow stimulation procedure is enhanced by covering the treated site with porcine-derived collagen I/III membrane. This procedure, known as autologous matrix induced chondrogenesis (AMIC), has already been shown to result in positive outcomes [21-23].


      While the patient reported outcomes measures (PROM) have been encouraging, it would add to our knowledge base if there was an objective assessment of biomechanics following treatment. To this end, we sought to evaluate the proprioceptive function of patients who had undergone AMIC by assessing their dynamic postural stability (DPS) using the untreated knee as a control.

    


    
      

      2. METHODS


      
        

        2.1. Patients


        Adult patients who had undergone surgery for full thickness chondral or osteochondral lesions in the knee (Outerbridge Classifcation III or IV) were included in this study. The index procedure was performed by 1 of 3 trained orthopaedic surgeons, using a mini-open approach [24]. After debridement, a 1.2-mm drill was used to perforate the subchondral bone plate to a depth of 1 cm, thereby mobilizing bone marrow stem cells into the defect. Care was taken to leave areas of the intact subchondral bone plate between the drill holes. A bilayer type I/III collagen membrane (Chondro-Gide®, Geistlich Pharma AG, Wolhusen, Switzerland) was then placed over the treated area and a fibrin sealant was then applied.


        Patients with a minimum follow-up of 36 months were included in this study. Having concomitant surgeries and poor compliance at the time of AMIC. Relevant comorbidities and current injuries were exclusion criteria. Individuals with bilateral cartilage defects or limb pain that would affect their gait were also excluded.

      


      
        

        2.2. Clinical Outcomes


        In order to gain a subjective assessment of the clinical outcomes, we used 2 instruments to gather the PROMs. While the visual analogue scale (VAS) for pain is well established and used in many fields, we additionally used an instrument specific to the knee. The Lysholm scale has been validated as an acceptable tool for outcomes assessment of various chondral disorders [25].

      


      
        

        2.3. Star Excursion Balance Test


        The star excursion balance test (SEBT) is a simple yet reliable tool to detect dynamic balance deficits [26]. The participants were requested to perform a series of single limb squats during which the non-stance limb touches the farthest points point along the directional axes (anterior, posterolateral, posteromedial) marked on the floor [13]. A schematic of the test is depicted in Fig. (1). The sum of the maximum of each reaching distance normalized to leg length equals the composite reach distance [14]. Additionally, the maximum anterior reaching distance was measured and compared with the non-operated limb, as previous research has indicated this may be predictive of a lower extremity injury [14].


        Means and standard deviations were calculated for the baseline characteristics, SEBT reaches distance and limb length. As reach distance has been associated with limb length, reach distance was normalized to limb length to allow a more precise comparison between patients. In order to express reach distance as a percentage of limb length, the normalized value was calculated as reach distance divided by limb length and then multiplied by 100. Composite reach distance was the sum of the 3 reach directions divided by 3 times limb length, then multiplied by 100 [14].

      


      
        

        2.4. Statistical Analysis


        Statistical analysis was conducted with Graph Pad Prism 7 (Graph Pad Software, San Diego, USA). With regard to the SEBT, a t-test was used for the comparison of index limbs to control. In order to evaluate any relationship between Lysholm scores and SEBT results, the Pearson product moment test was used for the correlation analysis. Level of significance was set at p <0.05.


        [image: ]
Fig. (1)

        A depiction of the reaching directions in the modified star excursion balance test.
      

    


    
      

      3. RESULTS


      
        

        3.1. Demographics


        From our patient database, we randomly selected 50 patients who met the inclusion criteria. Of these, 22 patients gave informed consent to participate in this study but 2 patients were excluded due to bilateral knee pain, leaving 20 patients (9 female, 11 male). The mean age was 38 ± 15 years, while the mean BMI was 25.7 ± 4.2. The cartilage lesions (all grade III or IV) had a mean size of 2.6cm2 (range: 1-3.4). The mean post-surgical follow-up was 43 months (range: 36-47 months).

      


      
        

        3.2. Clinical Outcome


        We recorded 2 PROMs. The mean VAS at the time of follow up was 1.6 ± 2.2 (range: 0-7). Only 3 patients reported pain ≥5. The mean of the KOOS was 143.3 ± 16.1 (range: 116-166), while the mean Lysholm score was 78.5 ± 17.9 (range: 53-100). Only 3 patients, all female, presented a Lysholm score <65. The lowest Lysholm score among our patients (a Lysholm score of 26) was reported by a patient who was 70 years old at the time of surgery.

      


      
        

        3.3. Star Excursion Balance Test


        The mean of the normalized composite reach distance of the index limbs was 91.14 ± 8.88cm versus 92.82 ± 8.86cm for the control limbs. Statistical analysis of the SEBT revealed no significant differences in the normalized composite reach distance of index limbs compared to contralateral limbs (p = 0.479), which was also independent of gender overall (p= 0.543), as depicted in Fig. (2). The bilateral difference in the anterior reach distance exhibited a mean of 3.89 ± 3.3 cm, which was likewise independent of gender (Fig. 3). There was no relationship between Lysholm scores and the SEBT (p = 0.1, r2 = 0.009), as shown in Fig. (4).


        [image: ]
Fig. (2)

        Depicted are the results of the composite reach distance, relative to leg length, in cm. No gender specific dimorphism was observed. Scores are presented as medians; the ends of the boxes define the 25th and 75th percentiles.

        [image: ]
Fig. (3)

        This depicts the bilateral difference of the anterior reach distance (cm). No gender specific dimorphism was noted. Scores are presented as medians, with the boxes showing the 25th and 75th percentiles.

        [image: ]
Fig. (4)

        The correlation between the Lysholm scores and the normalized composite reach distance. There was no association noted between the 2 measures.
      

    


    
      

      4. DISCUSSION


      To the best of our knowledge, this has been the first study reporting results regarding the bilateral difference in DPS following cartilage repair procedures in the knee. Our results indicate that DPS is bilaterally comparable following AMIC for the repair of chondral lesions. Until now, most studies reporting the outcome after cartilage repair have focused on functional outcome measures by established clinical outcome scores [27] and/or MRI scans [28]. The results of the functional outcome scores in our series have shown positive outcomes after the index procedure, which agrees with our previously reported results in midterm follow up [23]. The PROMs that we have reported are consistent with previously published data, in which a significant decrease in pain, as assessed by VAS, was noted in several studies following AMIC, with follow-up even in the longer term [23, 27]. With regard to PROMs, the Lysholm scale has been validated as a patient-administered instrument to measure the domains of symptoms and complaints in daily activities [29], and our results are in agreement with the literature, where the Lysholm improved significantly, relative to baseline, following AMIC procedure [30, 31]. In contrast to the Lysholm score, the KOOS score holds 42 items in five separately scored subscales [32]. The statistically and clinically significant improvement in KOOS that we noted is also in agreement with the results that were published in a recent meta-analysis [31].


      While the results of all PROMs that we used are consistent with published literature concerning the repair of the chondral and osteochondral lesions in the knee, there is also a need to assess more objective measures with regard to the patient’s outcomes.


      One aspect of motor function that may be important, especially as it relates to injury recurrence, is dynamic postural stability (DPS). The Star Excursion Balance Test (SEBT) was therefore selected to evaluate motor control strategies during a standardized motor task, as it functions as an index of DPS and has been frequently used to study motor control [26, 33] and shows excellent inter- and intra-rater reliability [34]. We noted no difference in SEBT measures when compared between operated and contralateral knees, which indicates that patients had achieved normal DPS. This may be relevant to the possibility of reinjury. Previous data have indicated that DPS may be predictive of ACL injuries [35], while other researchers have stated that a deficit in postural stability could be a risk factor in ankle sprains [36]. However, we cannot be sure whether the return to normal DPS is attributable to the surgical technique employed in these patients, their rehabilitation programme or even their baseline status.


      The somatosensory system is essential to provide feedback for postural control and, subsequently, DPS [37]. As it pertains to cartilage lesions of the knee, it has been recently reported that articular cartilage lesions have a major influence on knee proprioception [19]. In that study, patients with confirmed articular cartilage lesions showed significantly worse scores in unilateral postural stabilometry than uninjured controls. As a notable point, the patients even exhibited a decreased proprioceptive control of the unaffected knee. This differs from our results but may be due to their patients being pre-operative, while ours were ≥3 years post-operative. As we did not have pre-operative DPS results, it would be purely speculative to state whether our patients regained DPS; however, this may be a clinically relevant topic for future study.


      Among our patient cohort, we did not see a difference in the composite reach distance or the anterior reach distance when we compared the index versus the contralateral knees. It had been previously reported, among a prospective cohort, that patients who exhibited an anterior right/left reach distance difference greater than 4 cm were 2.5 times more likely to sustain a lower extremity injury, while those with a composite reach distance of less than 94.0% of their limb length were 6.5 times more likely to have a lower extremity injury [14]. As a cohort, the mean side-to-side difference was 3.8 cm, while some patients exceeded this threshold, as depicted in Fig. (3). Likewise, it was reported that a composite reach index of less than 94% leg length was associated with an elevated risk of re-injury [14], and while there were several of our patients who met this criterion, none had reported a re-injury at the time of follow-up.


      The principal drawback to our research is that we did not have values for DPS prior to surgery. Another limitation to this study is the extent to which the findings can be generalized beyond the cases studied. The number here is too limited for broad generalization, however, this be seen as a fruitful avenue for future research under the same theme.

    


    
      

      CONCLUSION


      Our data represents, to the best of our knowledge, the first study reporting results of dynamic postural stability following cartilage repair in the knee. These results show that besides a positive clinical outcome, the AMIC technique enables normal dynamic postural stability when compared to the contralateral, unoperated limbs.

    

  


  
    
      LIST OF ABBREVIATIONS


      
        
          	

          	
        


        
          	DPS

          	= Dynamic Postural Stability
        


        
          	VAS

          	= Visual Analogue Scale
        

      

    


    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      The study was approved by the institutional ethical committee (AZ 15-349).

    


    
      HUMAN AND ANIMAL RIGHTS


      No animals were used for studies that are the basis of this research. All the humans used were in accordance with the Helsinki Declaration of 1975.

    


    
      CONSENT FOR PUBLICATION


      Informed consent was obtained from all individuals and participation was voluntary.

    


    
      STANDARDS OF REPORTING


      STROBE guidelines were followed.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      The data supporting the results and findings of this study are available within the article.

    


    
      FUNDING


      None.

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    We would like to thank Takanobu Oshima for his editorial assistance.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Lephart S.M., Pincivero D.M., Rozzi S.L.. Proprioception of the ankle and knee., Sports Med.. 1998; 25(3): 149-155.

        [CrossRef] [PubMed]
      


      
        	[2]

        	Luu B.L., Inglis J.T., Huryn T.P., Van der Loos H.F.M., Croft E.A., Blouin J.S.. Human standing is modified by an unconscious integration of congruent sensory and motor signals., J. Physiol.. 2012; 590(22): 5783-5794.

        [CrossRef] [PubMed]
      


      
        	[3]

        	Vrbanić T.S., Ravlić-Gulan J., Gulan G., Matovinović D.. Balance index score as a predictive factor for lower sports results or anterior cruciate ligament knee injuries in Croatian female athletes--preliminary study., Coll. Antropol.. 2007; 31(1): 253-258.

        [PubMed]
      


      
        	[4]

        	Zimny M.L.. Mechanoreceptors in articular tissues., Am. J. Anat.. 1988; 182(1): 16-32.

        [CrossRef] [PubMed]
      


      
        	[5]

        	Zimny M.L., Wink C.S.. Neuroreceptors in the tissues of the knee joint., J. Electromyogr. Kinesiol.. 1991; 1(3): 148-157.

        [CrossRef] [PubMed]
      


      
        	[6]

        	Hogervorst, Brand R.A.. Mechanoreceptors in joint function., J. Bone Joint Surg. Am.. 1998; 80(9): 1365-1378.

        [CrossRef] [PubMed]
      


      
        	[7]

        	Solomonow M., Krogsgaard M.. Sensorimotor control of knee stability. A review., Scand. J. Med. Sci. Sports. 2001; 11(2): 64-80.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Knight M.M., McGlashan S.R., Garcia M., Jensen C.G., Poole C.A.. Articular chondrocytes express connexin 43 hemichannels and P2 receptors - a putative mechanoreceptor complex involving the primary cilium?, J. Anat.. 2009; 214(2): 275-283.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Mobasheri A., Carter S.D., Martín-Vasallo P., Shakibaei M.. Integrins and stretch activated ion channels; putative components of functional cell surface mechanoreceptors in articular chondrocytes., Cell Biol. Int.. 2002; 26(1): 1-18.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Donell S.. Subchondral bone remodelling in osteoarthritis., EFORT Open Rev.. 2019; 4(6): 221-229.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Clagg S., Paterno M.V., Hewett T.E., Schmitt L.C.. Performance on the modified star excursion balance test at the time of return to sport following anterior cruciate ligament reconstruction., J. Orthop. Sports Phys. Ther.. 2015; 45(6): 444-452.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Delahunt E., Chawke M., Kelleher J., Murphy K., Prendiville A., Sweeny L., Patterson M.. Lower limb kinematics and dynamic postural stability in anterior cruciate ligament-reconstructed female athletes., J. Athl. Train.. 2013; 48(2): 172-185.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Gribble P.A., Hertel J., Plisky P.. Using the Star Excursion Balance Test to assess dynamic postural-control deficits and outcomes in lower extremity injury: a literature and systematic review., J. Athl. Train.. 2012; 47(3): 339-357.

        [CrossRef] [PubMed]
      


      
        	[14]

        	Plisky P.J., Rauh M.J., Kaminski T.W., Underwood F.B.. Star Excursion Balance Test as a predictor of lower extremity injury in high school basketball players., J. Orthop. Sports Phys. Ther.. 2006; 36(12): 911-919.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Chen F.S., Frenkel S.R., Di Cesare P.E.. Repair of articular cartilage defects: part I. Basic Science of cartilage healing., Am. J. Orthop.. 1999; 28(1): 31-33.

        [PubMed]
      


      
        	[16]

        	Houck D.A., Kraeutler M.J., Belk J.W., Frank R.M., McCarty E.C., Bravman J.T.. Do focal chondral defects of the knee increase the risk for progression to osteoarthritis? A review of the literature., Orthop. J. Sports Med.. 2018; 6(10)[CrossRef] [PubMed]
      


      
        	[17]

        	Salzmann G.M., Niemeyer P., Hochrein A., Stoddart M.J., Angele P.. Articular cartilage repair of the knee in children and adolescents., Orthop. J. Sports Med.. 2018; 6(3)[CrossRef] [PubMed]
      


      
        	[18]

        	Salmon J.H., Rat A.C., Achit H., Ngueyon-Sime W., Gard C., Guillemin F., Jolly D., Fautrel B.. Health resource use and costs of symptomatic knee and/or hip osteoarthritis., Osteoarthritis Cartilage. 2019; 27(7): 1011-1017.

        [CrossRef] [PubMed]
      


      
        	[19]

        	Al-Dadah O., Shepstone L., Donell S.T.. Proprioception deficiency in articular cartilage lesions of the knee., Knee Surg. Relat. Res.. 2020; 32(1): 25.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Fu N., Dong T., Meng A., Meng Z., Zhu B., Lin Y.. Research progress of the types and preparation techniques of scaffold materials in cartilage tissue engineering., Curr. Stem Cell Res. Ther.. 2018; 13(7): 583-590.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Gille J., Behrens P., Volpi P., de Girolamo L., Reiss E., Zoch W., Anders S.. Outcome of autologous matrix induced chondrogenesis (AMIC) in cartilage knee surgery: Data of the AMIC Registry., Arch. Orthop. Trauma Surg.. 2013; 133(1): 87-93.

        [CrossRef] [PubMed]
      


      
        	[22]

        	Gille J., Reiss E., Freitag M., Schagemann J., Steinwachs M., Piontek T., Reiss E.. Autologous matrix-induced chondrogenesis for treatment of focal cartilage defects in the knee: A follow-up study., Orthop. J. Sports Med.. 2021; 9(2)[CrossRef] [PubMed]
      


      
        	[23]

        	Gille J., Schuseil E., Wimmer J., Gellissen J., Schulz A.P., Behrens P.. Mid-term results of autologous matrix-induced chondrogenesis for treatment of focal cartilage defects in the knee., Knee Surg. Sports Traumatol. Arthrosc.. 2010; 18(11): 1456-1464.

        [CrossRef] [PubMed]
      


      
        	[24]

        	Benthien J.P., Behrens P.. Autologous matrix-induced chondrogenesis (AMIC). A one-step procedure for retropatellar articular resurfacing., Acta Orthop. Belg.. 2010; 76(2): 260-263.

        [PubMed]
      


      
        	[25]

        	Kocher M.S., Steadman R.J., Briggs K.K., Sterett W.I., Hawkins R.J.. Reliability, validity, and responsiveness of the Lysholm knee scale for various chondral disorders of the knee., J. Bone Joint Surg. Am.. 2004; 86(6): 1139-1145.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Kanko L.E., Birmingham T.B., Bryant D.M., Gillanders K., Lemmon K., Chan R., Postic M., Giffin J.R.. The star excursion balance test is a reliable and valid outcome measure for patients with knee osteoarthritis., Osteoarthritis Cartilage. 2019; 27(4): 580-585.

        [CrossRef] [PubMed]
      


      
        	[27]

        	Schagemann J., Behrens P., Paech A., Riepenhof H., Kienast B., Mittelstädt H., Gille J.. Mid-term outcome of arthroscopic AMIC for the treatment of articular cartilage defects in the knee joint is equivalent to mini-open procedures., Arch. Orthop. Trauma Surg.. 2018; 138(6): 819-825.

        [CrossRef] [PubMed]
      


      
        	[28]

        	Niethammer T.R., Altmann D., Holzgruber M., Pietschmann M.F., Gulecyuz M.F., Notohamiprodjo S., et al. Patient reported and MRI outcomes of third generation autologous chondrocyte implantation after 10 years., Arthroscopy.. 2020[CrossRef]
      


      
        	[29]

        	Lysholm J., Tegner Y.. Knee injury rating scales., Acta Orthop.. 2007; 78(4): 445-453.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Bark S., Piontek T., Behrens P., Mkalaluh S., Varoga D., Gille J.. Enhanced microfracture techniques in cartilage knee surgery: Fact or fiction?, World J. Orthop.. 2014; 5(4): 444-449.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Steinwachs M.R., Gille J., Volz M., Anders S., Jakob R., De Girolamo L., et al. Systematic review and meta-analysis of the clinical evidence on the use of autologous matrix-induced chondrogenesis in the knee., Cartilage.. 20191947603519870846[PubMed]
      


      
        	[32]

        	Shamrock A.G., Wolf B.R., Ortiz S.F., Duchman K.R., Bollier M.J., Carender C.N., Westermann R.W.. Preoperative validation of the patient-reported outcomes measurement information system in patients with articular cartilage defects of the knee., Arthroscopy. 2020; 36(2): 516-520.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Bastien M., Moffet H., Bouyer L.J., Perron M., Hébert L.J., Leblond J.. Alteration in global motor strategy following lateral ankle sprain., BMC Musculoskelet. Disord.. 2014; 15(1): 436.

        [CrossRef] [PubMed]
      


      
        	[34]

        	Powden C.J., Dodds T.K., Gabriel E.H.. The reliability of the star excursion balance test and lower quarter y-balance test in healthy adults: a systematic review., Int. J. Sports Phys. Ther.. 2019; 14(5): 683-694.

        [CrossRef] [PubMed]
      


      
        	[35]

        	Paterno M.V., Schmitt L.C., Ford K.R., Rauh M.J., Myer G.D., Huang B., Hewett T.E.. Biomechanical measures during landing and postural stability predict second anterior cruciate ligament injury after anterior cruciate ligament reconstruction and return to sport., Am. J. Sports Med.. 2010; 38(10): 1968-1978.

        [CrossRef] [PubMed]
      


      
        	[36]

        	Grassi A., Alexiou K., Amendola A., Moorman C.T., Samuelsson K., Ayeni O.R., Zaffagnini S., Sell T.. Postural stability deficit could predict ankle sprains: Arthrosc systematic review., Knee Surg. Sports Traumatol. Arthrosc.. 2018; 26(10): 3140-3155.

        [CrossRef] [PubMed]
      


      
        	[37]

        	van Deursen R.W.M., Simoneau G.G.. Foot and ankle sensory neuropathy, proprioception, and postural stability., J. Orthop. Sports Phys. Ther.. 1999; 29(12): 718-726.

        [CrossRef] [PubMed]
      

    

  


  

OEBPS/Images/e187432502206300_F3.jpg
(w9o) @oualayiq yoea y |esaleng

female

male





OEBPS/Images/e187432502206300_F1.jpg
Anterior Anterior

dial P, dial

Left Foot Right Foot





OEBPS/Images/e187432502206300_F2.jpg
o
S

100

(%

I
5

2ouejsiq yoeay aysodwo)

o
@

o
<

o
S

Female

Male

mindex Qcontrol





OEBPS/Images/e187432502206300_F4.jpg
Reach distance (normalized)

110

100

90

80

70

60

Relationship Between reach distance and Lysholm






OEBPS/Images/toorthj.jpg
ISSN:

The Open
Orthopedics
Journal

Dynamic Postural Stability after Cartilage Repair in
the Knee

BENTHAM OPEN





