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Objective: To investigate the short-term clinical efficacy of robot-assisted retrograde drilling and arthroscopic microfracture for osteochondral lesions of the talus (OCLT).



Methods: This study was divided into two groups: experimental group: robot-assisted retrograde drilling group; control group: arthroscopic microfracture group. A total of 6 OCLT patients who were treated with robot navigation-assisted retrograde drilling and 10 OCLT patients who were treated with arthroscopic microfracture between October 2020 and October 2021 were retrospectively analyzed. There were 11 males and five females, with a mean age of 36 years. The patients were followed up for 6–12 months to compare the changes in the OCLT lesion area by magnetic resonance imaging (MRI), visual analogue scale/score (VAS) and American Orthopedic Foot and Ankle Society score (AOFAS) before and after surgery.



Results: All 16 patients were followed up for an average of 8 months, and no complications such as joint infection, nerve injury, or active bleeding occurred during the follow-up period. Only one patient suffered discomfort involving transient postoperative pain in the operative area, but did not experience long-term numbness or chronic pain. Postoperative MRI revealed that none of the patients had severe signs of osteonecrosis, osteolysis or cystic changes of the talus, with lesion areas smaller than those before surgery. The difference was statistically significant (P < 0.01). The patients in the experimental group showed a more significant improvement in the last 3 months than in the first 3 months of the follow-up period. At the last follow-up, the VAS score was 3 points in the experimental group and 2.2 points in the control group, and the AOFAS score was 88.6 points in the experimental group and 88 points in the control group, all of which were significantly higher than those before operation, and the differences were statistically significant, but there was no statistically significant difference between the groups.



Conclusion: Both robot navigation-assisted retrograde drilling and arthroscopic microfracture for bone marrow stimulation (BMS) to treat OCLT in all patients obtained satisfactory effects in the short term. In addition, the follow-up revealed that with excellent efficacy and few complications, robot navigation-assisted retrograde drilling was safe and minimally invasive, and greatly reduced operative time. Consequently, robot navigation-assisted retrograde drilling for BMS was a safe and effective procedure for the treatment of OCLT.
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1 Background

Osteochondral lesions of the talus (OCLT) are lesions involving the articular cartilage and subchondral bone of the talus, most of which are associated with chronic micro-injuries following ankle trauma and are prevalent in the athletic population (1). As previously reported, approximately 50%–73% of patients already have OCLT at initial diagnosis of acute ankle sprain (2, 3) and then develop typical clinical and imaging manifestations over time. According to the staging method proposed by Berndt and Harty, OCLT can be classified into four grades based on x-ray findings (4). In the past, severe grade III and IV OCLT were mainly treated by surgery. However, controversy remained concerning the treatment of grade I and II OCLT in the early and middle stages, and specific treatment attempts also varied. Recent studies concluded that conservative treatment was not effective for OCLT, even if the injury was mild, because of the difficulty of repairing the articular cartilage after injury, combined with a lack of blood supply from the talus itself (1). In recent years, it has been recommended that even minor grade I or II injuries should be treated by surgery as much as possible, or that the indications for surgery should be relaxed in order to allow early repair of cartilage damage. As a result, methods such as incisional or arthroscopic microfracture and retrograde drilling for bone marrow stimulation (BMS) are also widely applied (5). Minimally-invasive surgery is always the common pursuit of doctors and patients under the premise of ensuring complete treatment of lesions. Therefore, micro-fractures, cartilage or bone transplantation assisted by ankle arthroscopy and the use of surgical robots has emerged for the treatment of OCLT. In this paper, a novel surgical procedure is introduced from the perspective of surgical robots involved in the minimally-invasive treatment of early OCLT and the experience and gains of our team are reported.

The application of surgical robots in the field of ankle surgery has rarely been reported. It is believed that surgical robots will be more and more involved in foot and ankle surgery and even orthopedic surgery with further development of the technology and concept. Thus, the application of robot-assisted surgical treatment for early OCLT was expounded in this paper.



2 Patients and methods


2.1 General information

The clinical data of six patients who were treated by “robot navigation-assisted(TINAVI) retrograde drilling” and 10 patients who were treated by “arthroscopic(LINVATEC) microfracture” by the same team at our department between October 2020 and October 2021 were retrospectively included. This study was divided into two groups: experimental group: robot-assisted retrograde drilling group; control group: arthroscopic microfracture group. The patients comprised 11 males and five females, aged from 25 to 50 years, with a mean age of 36 years and disease course from 6 months to 2 years. All patients had a clear history of trauma and repeated multiple sprains of the ankle joint, with varying degrees of activity restriction and positive results for the ankle drawer test and inversion stress test on the affected side. Imaging by x-ray, computed tomography (CT) plain scan, 3D reconstruction and magnetic resonance imaging (MRI) examination of the ankle joint performed before surgery revealed no obvious signs of fracture of the talus but there were osteochondral injuries of different sizes and degrees, which all supported the clinical diagnosis of OCLT. The indications of retrograde drilling by the robot surgery should be: (1) The patient had ankle pain, and MRI or CT showed clear damage of talus cartilage. (2) Preoperative MRI or CT or intraoperative arthroscopy revealed that the osteochondral surface of the talus was intact, and subchondral lesions were the main problem and the main root cause of the patient's symptoms, which was the Helple stage of osteochondral injury of the talus. (3) Patients with a definite diagnosis of OCLT based on preoperative MRI, with a lesion diameter ≤15 mm or area ≤150 mm2. The indications of arthroscopic microfracture should be: (1) The patient had ankle pain, and MRI or CT showed significant damage to the talus cartilage. (2) Preoperative MRI or CT or intraoperative arthroscopy showed that the osteochondral surface of the talus was incomplete, with lacerations or dissociations. Preoperative MRI confirmed the diagnosis of OCLT in patients with lesion diameter ≤15 mm or area ≤150 mm2.



2.2 Inclusion and exclusion criteria

The inclusion criteria were (1) patients with a definite diagnosis of OCLT based on preoperative MRI, with a lesion diameter ≤15 mm or area ≤150 mm2. (2) Patients undergoing preoperative physical examination with or without chronic ankle instability. (3) Those with good compliance who could be followed up as scheduled after surgery.

The exclusion criteria were (1) patients with contraindications to surgical intervention, (2) those with definite fracture, bone disease or infection near the ankle joint, (3) those with a previous history of ankle surgery on the affected side or who were participating in other clinical trials and (4) those who were unwilling or unable to complete follow-up visits as scheduled.




3 Methods


3.1 Robot navigation-assisted retrograde drilling

All the surgeries were performed by the same team of foot and ankle surgeons and the affected ankle was subjected to appropriate traction using a traction frame with the patient in the supine position under epidural anesthesia or general anesthesia + nerve block anesthesia. The anteromedial approach to the ankle joint was used as the observation approach to insert the arthroscopic lens. The anterolateral approach was used as the operation approach under guidance of the arthroscopic lens inserted to probe the ankle joint and clear hyperplastic synovium, bony redundancy and free bodies, etc. Additionally, the OCLT lesion was probed under microscopic vision to ensure that the cartilage surface of the talus was intact and free from breakage, defects, freeing and separation, etc. and the integrity of the anterior talofibular ligament was investigated. The arthroscope was then removed, and the robot system was placed in position and calibrated to locate the key points of the ankle joint. During the operation, the ankle joint was photographed in frontal, lateral and oblique views using a fluoroscope, and 3–8 optimal paths for retrograde drilling were marked on the computer based on the overall positioning of the ankle joint identified by the robot (Figure 1), then retrograde drilling was performed under robot navigation. If the lesion was located in the medial talus, the posterior lateral approach was selected as the drilling approach (Figure 2), and the anterior medial approach was selected if the lesion was located in the lateral talus. After drilling, the positive and lateral views of the ankle joint were observed under a fluoroscope to ensure the accuracy and depth of each path. The anchor-nail suture (Smith & Nephew Smith) was performed under fluoroscopy if the anterior talofibular ligament needed to be repaired or reconstruction. Whether it is necessary to anchor and renew the ligament needs to be combined with these 4 evaluation criteria to make a decision. The evaluation criteria is: (1) Preoperative anterior drawer tests of the ankle joint. (2) MRI to assess ATFL integrity. (3) ATFL tension and integrity were examined by arthroscopy. (4) Medical history collection. Whether the ligament needs to be repaired or reconstructed depends on the following criteria. Criteria for ATTL repair: There was no history of recurrent ankle sprains within 1 year, MRI indicated the presence of ligament morphology, and the ligament was detected under arthroscopy but appeared to be relaxed. Criteria for ATTL reconstruction: The patient had a 1-year history of recurrent ankle sprain, MRI showed no ligament shape, no ligament was found under arthroscopic exploration, and only scar tissue structure around the ligament existed.


[image: Figure 1]
FIGURE 1
Three optimal paths for retrograde drilling were marked on the computer based on the overall positioning of the ankle joint identified by the robot.



[image: Figure 2]
FIGURE 2
With the aid of the robot, retrograde drilling through the posterior lateral approach according to the designed paths.




3.2 Arthroscopic microfracture

All surgeries were performed by the same team of foot and ankle surgeons and the affected ankle was subjected to appropriate traction using a traction frame with the patient in the supine position under epidural anesthesia or general anesthesia + nerve block anesthesia. The anteromedial approach to the ankle joint was used as the observation approach to insert the arthroscopic lens. The anterolateral approach was used as the operation approach under guidance of the arthroscopic lens inserted to probe the ankle joint and clear hyperplastic synovium, bony redundancy and free bodies, etc. Additionally, the OCLT lesion was probed and the cartilage and subchondral bone were cleaned, measured and photographed, and microfracture was performed on the bone with a suitable type of microfracture cone, subject to visible bone marrow fluid overflow. The anchor-nail suture was performed under fluoroscopy if the anterior talofibular ligament needed to be repaired or reconstruction. The evaluation criteria were the same as in the robot-assisted retrograde drilling surgery group. Techiniques of ATFL reconstructive surgery: (1) Part of peroneal short tendon was transplanted; (2) The transplanted tendon was fixed in the distal fibula and lateral talus with interface screws; (3) Hold the ankle joint in a neutral position when fixing the tendon. Techiniques of ATFL repair surgery: (1) Ensure that the quality of residual ATFL is sufficient for suture; (2) Anchor implantation point should be at ATFL anatomical footprint as far as possible; (3) Hold the ankle joint in a neutral position while tying and stitching.



3.3 Postoperative management

Regardless of the surgical procedure, the affected ankle joint was fixed in a neutral position for 2 weeks immediately after surgery, and postoperative symptomatic treatment such as pain relief, cold therapy and physiotherapy was given. The patients were followed up regularly at 1, 3, and 6 months after surgery, and MRI of the ankle joint was repeated for changes in OCLT area (expressed as a percentage of postoperative area reduction compared to preoperative area), and scales such as Visual Analogue Scale/Score (VAS) and American Orthopedic Foot and Ankle Society score (AOFAS).



3.4 Statistical analysis

SPSS 25.0 software was adopted for statistical analysis, and quantitative data are expressed as mean ± s. Quantitative data were subject to normality and homogeneity of variance tests, and t-tests were applied for comparison of data meeting the definitions of normality and homogeneity of variance. Data not meeting normality and homogeneity of variance were analyzed using the Mann-Whitney U test. Count data are expressed as the number of cases (%) and tested using the Chi-square test or non-parametric test. Regression analysis effect values and 95% confidence intervals (CI) were applied to illustrate the core results. P < 0.05 was considered statistically significant.




4 Results

All patients were diagnosed with OCLT, with a mean lesion size of 5.1 × 7.2 mm on preoperative MRI. Sixteen patients were followed up for 6–12 months, with a mean follow-up period of 8 months. No patient suffered complications such as joint infection, nerve injury, or active bleeding during follow-up, while one patient suffered from discomfort involving transient postoperative pain in the operative area. All patients showed better postoperative VAS scores, AOFAS scores, and reduced lesion areas on MRI than those before operation, with the differences being statistically significant (P < 0.01). Arthroscopic ATFL repair was performed in 4 of the 6 robot-assisted surgery groups, and arthroscopic ATFL repair was performed in 5 of the 10 arthroscopic microfracture groups, and arthroscopic ATFL reconstruction was performed in 2 of the 10 arthroscopic microfracture groups.

The following is a case of OCLT located on the medial side of the talus. Preoperative CT and MRI confirmed that the OCLT was located on the medial side of the talus, with an area of about 15 mm2 (Figure 3). Intraoperative arthroscopic exploration did not show surface collapse, separation or rupture of the talus cartilage, so the patient adopted robot-assisted retrograde drilling surgery. Reexamination of CT immediately after surgery (Figure 4) showed the ideal paths of retrograde drilling surgery, which accurately reached the damaged area of talus cartilage. Reexamination of CT 2 months after surgery showed that talus cartilage injury was repaired and subchondral bone filling was full (Figure 5). MRI review 5 months after surgery showed that the damaged site of the talus cartilage was repaired satisfactorily, the edema area was significantly reduced compared with that before surgery, and the pain symptoms of the patient had completely disappeared (Figure 6).


[image: Figure 3]
FIGURE 3
Preoperative CT and MRI image data.
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FIGURE 4
Immediately CT after surgery showed the ideal paths of retrograde drilling surgery.
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FIGURE 5
Talus cartilage injury was repaired and subchondral bone filling was full 2 months after surgery.



[image: Figure 6]
FIGURE 6
MRI review showed that the talus cartilage was repaired satisfactorily and the edema area was significantly reduced 5 months after surgery.



4.1 OCLT lesion location

Of the 16 patients included in the study, seven patients had lesions located in zone 4 (medial), one in zone 7 (posterior medial) four in zone 3 (anterolateral) and the remaining four patients had lesions located in zone 1 (anteromedial). No severe signs of local necrosis, osteolysis or cystic degeneration of the talus were observed in any of the patients (Tables 1, 2).


TABLE 1 Basic information of patients who underwent robot navigation-assisted retrograde drilling.

[image: Table 1]


TABLE 2 Basic information of patients who underwent arthroscopic microfracture.

[image: Table 2]



4.2 VAS score

Six patients who underwent robot navigation-assisted retrograde drilling had effectively improved VAS scores at 1, 3, and 6 months after surgery (P < 0.05), and the difference was statistically significant. It was noted in the follow-up that 10 patients who underwent arthroscopic microfracture surgery had lower VAS scores at 1, 3 and 6 months after surgery than those before surgery, with the difference being statistically significant. However, there was no significant difference between the experimental group and the control group (Table 3).


TABLE 3 VAS scores of each group of patients before and after surgery.

[image: Table 3]



4.3 AOFAS scores

Among the 16 patients included in the study, six patients who underwent robot navigation-assisted retrograde drilling exhibited a gradual increase in their AOFAS scores at the 1, 3, and 6 month postoperative follow-up visits compared with those before surgery. Ten patients who underwent arthroscopic microfracture showed gradual increases in their VAS scores at 1, 3 and 6 months after surgery, and these differences were statistically significant. However, there was no statistically significant difference between the two groups (Table 4).


TABLE 4 AOFAS scores of each group of patients before and after surgery.
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4.4 Changes in OCLT lesion area on postoperative MRI compared with those before surgery

Of the 16 patients followed up, six patients in the experimental group exhibited smaller lesion areas than those before surgery based on imaging data at 1, 3 and 6 months and the patients in the experimental group exhibited more significant improvement in the second 3 months than in the first 3 months. Ten patients in the control group had smaller lesion areas than those before surgery at the 1, 3 and 6 month follow up. However, the control group showed more significant changes in the first 3 months than in the second 3 months, which differed from the experimental group (Table 5).


TABLE 5 Percentage change (%) in lesion area (mm2) on MRI of each group before and after surgery.
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5 Discussion

Flick and Gould (6) revealed that in 98% of cases, OCLT was associated with traumatic events, especially chronic, microscopic and recurrent trauma, with the most common being ankle sprain. In many patients, OCLT is accompanied by symptoms such as ankle ligament relaxation, injury and even absorption (6). In fact, a study on the treatment of OCLT involving 1,804 physicians in 79 different countries around the world demonstrated that most surgeons did not treat OCLs alone, but rather included ankle ligament repair or reconstruction in their treatment (7).

Researchers focusing on OCLT lesions have found that if the surface of the talus fornix joint was divided into block boxes, most injuries occurred in zone 4 (i.e., the medial zone) (8). The talus has no muscular attachment and is covered with cartilage over 60% of its surface, which provides a good contact surface for movement and weight-bearing in the ankle joint, especially the tibial talar joint, but also greatly limits the blood supply to the talus itself and the cartilage attached to it. As a result of these anatomical features once the talar bone or cartilage is damaged, it cannot effectively repair itself, regardless of whether the original blood supply is damaged or not. Traditionally, immobilization, physiotherapy, oral medication and joint injections are still adopted for the treatment of OCLT of grades I and II and surgical intervention is considered only after conservative treatment is not effective. However, conservative treatment of OCLT is often not effective due to the anatomical characteristics of the talus itself as described above. Nearly 50% of OCLT patients receiving conservative treatment have been reported to have a poor outcome or even failed treatment (9). Therefore, it is suggested that active surgical intervention be adopted for early to mid-stage OCLT, or corresponding surgical indications should be relaxed with the aim of facilitating lesion repair through surgery.

For surgical treatment, small area osteochondral injuries (generally ≤15 mm in diameter) are generally treated using procedures such as microfracture and retrograde drilling procedures for bone marrow stimulation (BMS) to promote healing of the bone wound, and the cartilage defect is repaired in the form of fibrocartilage at a later stage. BMS surgery for OCLT exhibits remarkable short-term efficacy. A study by Steman et al. found that 88% of patients resumed bracing movement after surgery (10). A study by Hurley et al. also demonstrated that 86.8% of patients receiving BMS surgery returned to normal exercise within an average of 4.5 months (11). Moreover, a retrospective study by Van Eekeren found that 76% of such patients also returned to normal exercise over a longer (mean 118 months) follow-up period (12), indicating that BMS still provided satisfactory results, although the effectiveness of BMS declined over the longer term. In a study involving 105 cases of ankle OCLT, Chuckpaiwong et al. noted that for all 73 patients with lesion diameters <15 mm, BMS achieved satisfactory results with VAS and AOFAS as indicators, but showed sharply reduced efficacy for patients with lesion diameters ≥15 mm. Furthermore, they specifically noted that BMS was not effective for lesions larger than 20 mm (13).

For OCLT involving large areas (namely, 15 mm or more in diameter or 150 mm2 or more in area), BMS has been proven to not be an effective treatment and to have a high risk of surgical failure. In fact, for patients with large injuries or cases in which the above treatments have failed, osteochondral grafting, such as cartilage grafts, bone grafts with periosteum, or chondrocyte implantation (the most common type being matrix-induced autogenous chondrocyte implantation, MACI) are applied to promote healing of the bone wound and ultimately repair the cartilage defect in the form of fibrocartilage or hyaline cartilage. Autogenous osteochondral implantation has been demonstrated to be effective in the treatment of large-area osteochondral defects, and can be used to repair the lesion with intact hyaline cartilage and subchondral bone. In a study involving 50 patients with large lesions, Shim et al. reported a case that after a mean follow-up period of 118 months, all 18 patients receiving autologous osteochondral grafts showed good efficacy, while in contrast all 32 patients receiving BMS exhibited unsatisfactory efficacy. They believed that the large lesion size was an important factor in the failure of the BMS procedure (14). A meta-analysis by Dexter et al. also indicated that autologous osteochondral grafts enabled patients to return to daily activities and physical activity earlier (15). However, this donor-site sacrifice procedure has extremely strict requirements on the donor site. Indeed, the greatest complication of this procedure is still observed at the donor site. Osteochondral tissue implantation from a non-weight-bearing area of the knee joint results in complications of slow recovery of the cartilage in the donor area, and pain and limitation of movement due to osteochondral destruction during this period (16). Osteochondral allograft transplantation can also be used, but widespread adoption is unlikely due to its susceptibility to rejection. Periosteal bone grafting was first proposed as an option for the repair of OCLT by Prof. Qinwei Guo and team and they reported that this procedure had no significant disadvantages compared with traditional osteochondral grafting, and satisfactory outcomes were achieved during the 5-year postoperative follow-up period (17), while similar conclusions were reached by a team in China in a subsequent study. However, it is considered that there is still a lack of large-scale clinical evidence to support this approach. For large osteochondral lesions, grafting is not the only technique available. Several surgical techniques have been proposed to avoid the donor-site morbidity. For example AMIC technique is widely use for this pathology. In a study involving 63 patients with large lesions, Ben et al. reported A-AMIC yielded clinical improvements at a minimum follow-up of 60 months in patients with symptomatic OLTs, with clinical improvement peaking in the first 2 years, followed by a plateau period (18).

In this study, both microfracture surgery and robot-assisted retrograde drilling achieved satisfactory short-term clinical efficacy, and the study results show that robot-assisted retrograde drilling surgery is a safe, effective, minimally invasive and innovative new surgical method. Surgical methods for osteochondral injury of talus are very diverse, among which microfracture and robot-assisted retrograde drilling have proved their effectiveness and superiority in clinical practice, and have also been widely reported in the field of foot and ankle surgery and sports medicine. The robot-assisted retrograde drilling procedure compared in this paper is a bold innovation in the mode of retrograde drilling surgery, but the principle is essentially the same as retrograde drilling. In this paper, there are indeed differences in the integrity of cartilage among patients in the two surgical methods, which in theory may cause deviations in the results, especially in terms of medium and long-term efficacy. However, in terms of short-term efficacy, there is no literature that clearly indicates that the integrity of surface cartilage may cause deviations in the results. The comparison of this study is the difference in short-term efficacy between the two surgical methods. The removal of cartilage did not bias the results of this study.

The MACI procedure is a safe and reliable treatment for OCLT, and a study on OCLT patients who underwent MACI, with a follow-up period ranging from 2 to 12 years, found that MACI showed satisfactory long-term effects, with most patients having significant increases in AOFAS scores and postoperative functional recovery after surgery. On the other hand, given the cost expenditure and actual results, MACI is not considered to have significant advantages over traditional procedures such as microfracture and autologous osteochondral implantation, and therefore is not recommended as the preferred treatment option for OCLT (16).

Surgical robots have been a hot spot for clinical innovation since their emergence, with the aim of integrating precise navigation and positioning of human anatomy with specific operational control (19). The concept of minimally-invasive surgery (MIS) has been constantly developed in various surgical specialties and has become an accepted surgical procedure to reduce patient pain since surgical robots were first involved in neurosurgical tumor resection in the form of computer-assisted positioning in 1985 and the first lumpectomy was performed in the same year (20). It was reported that in 2016, surgical robots were involved in more than 750,000 surgeries in the United States, mostly in urology and gynecology (19). Specifically in orthopedics, it was reported that in 1986, commercial surgical robots were first involved in improving the outcomes of total hip replacement and since then, the use of surgical robots has spread and they can now be found in traumatic fracture, spine, joint replacement, and other specialty surgeries following developments in the technology (21–23). Robot navigation-assisted retrograde drilling for OCLT allows for precise drilling to avoid the disadvantages of blindness and uncertainty of conventional retrograde drilling, so as to reduce the amount of fluoroscopy and thus shorten operative time. Further, with the aid of a robot, the drilling depth can be measured accurately to avoid the complications of cartilage surface destruction resulting from blind retrograde drilling, thereby effectively protecting the hyaline cartilage of the talus. However, robot navigation-assisted retrograde drilling also has some disadvantages. The lead surgeon must be proficient in the use of the navigation system due to its complex operation requirements. At the same time, accurate installation of the positioner of the robot navigation system and comprehensive capture of the signal during the operation are the absolute core requirements of its accuracy. A slight displacement of the positioner during the operation will easily lead to inaccurate route design, thus resulting in the failure of drilling. Therefore, it is particularly important to install an intraoperative positioning system to maintain absolute stability of the lower extremity as a prerequisite for the accuracy of the robot.

Our study found that robot navigation-assisted retrograde drilling is an advanced and effective method for the treatment of talar cartilage injuries. Compared with the arthroscopic microfracture group, patients undergone navigation-assisted retrograde drilling accepted significantly higher percentage of postoperative area reduction at 1 and 3 months. The possible explanation is that the primary structure of cartilage was preserved during the navigation-assisted retrograde drilling, which isolated the treated lesion area from the synovial fluid at an early stage. In the arthroscopic microfracture treatment group, after removal of the impaired cartilage layer, the fresh wound of microfractured talus was directly exposed to synovial fluid, the blood exudation from wound surface may recruit additional inflammatory factors. Therefore, in early stage, mesenchymal stem cells derived from the medullary cavity will received the dual effects of the physical impact of the joint fluid and the inflammatory response, which limited its early proliferation and osteogenic differentiation effects. With the progress of cartilage repair, the scar tissue and new cartilage would reconstruct on the surface of the arthroscopic microfracture wound and form a dome-like structure, which provided similar conditions for the chondrogenic transformation of mesenchymal stem cells as the navigation-assisted retrograde drilling group did. Therefore, at 6 months, the percentage of lesion repaired for both reached similar levels. The limitations of this study are as follows: small sample group, lack of power analysis (no conclusions can be made on not-statistically-significant differences), very short follow-up (it is not predictable that these results are stable over time). This study only compared and analyzed the difference in efficacy between robot-assisted retrograde drilling surgery and microfracture surgery, if the traditional retrograde drilling surgery group is added, the results of this study will be more convincing.



6 Conclusion

In this paper, 16 cases of early- and middle-stage OCLT in patients with or without bone cysts were included. Among them, six cases were treated by retrograde drilling for BMS and 10 cases were treated by arthroscopic microfracture surgery and all had satisfactory outcomes over a mean postoperative follow-up period of 8 months. Moreover, the follow-up revealed that with excellent efficacy and few complications, robot navigation-assisted retrograde drilling was safe and minimally invasive, and greatly reduced operative time. Consequently, robot navigation-assisted retrograde drilling for BMS was a safe and effective procedure for the treatment of OCLT.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Shen Zhen's second people hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

XQC: Conceptualization, Data curation, Formal Analysis, Writing – original draft, Writing – review & editing. JL: Formal Analysis, Investigation, Methodology, Software, Writing – original draft. TW: Data curation, Investigation, Methodology, Project administration, Writing – original draft. ZZ: Conceptualization, Formal Analysis, Project administration, Resources, Visualization, Writing – original draft. YL: Conceptualization, Data curation, Formal Analysis, Writing – original draft. XC: Formal Analysis, Methodology, Project administration, Resources, Visualization, Writing – original draft. WL: Data curation, Formal Analysis, Funding acquisition, Methodology, Project administration, Resources, Visualization, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This study was supported by the Natural Science Foundation of Guangdong Province (2023A1515010102), Guangdong Provincial Key Clinical Discipline-Orthopedics (2000005), the Sanming Project of Shenzhen Health and Family Planning Commission (SZSM202311008), Shenzhen Science and Technology Planning (GJHZ20210705142007023), the Shenzhen Key Medical Discipline Construction Fund (SZXK025).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Looze CA, Capo J, Ryan MK, Begly JP, Chapman C, Swanson D, et al. Evaluation and management of osteochondral lesions of the talus. Cartilage. (2017) 8(1):19–30. doi: 10.1177/1947603516670708

2. Leontaritis N, Hinojosa L, Panchbhavi V. Arthroscopically detected intra-articular lesions associated with acute ankle fractures. J Bone Joint Surg Am. (2009) 91(2):333–9. doi: 10.2106/JBJS.H.00584

3. Saxena A, Eakin C. Articular talar injuries in athletes: results of microfracture and autogenous bone graft. Am J Sports Med. (2007) 35(10):1680–7. doi: 10.1177/0363546507303561

4. Berndt A, Harty M. Transchondral fractures (osteochondritis dissecans) of the talus. J Bone Joint Surg Am. (1959) 41-A:988–1020. PMID: 13849029

5. Ramponi L, Yasui Y, Murawski CD, Ferkel RD, DiGiovanni CW, Kerkhoffs GMMJ, et al. Lesion size is a predictor of clinical outcomes after bone marrow stimulation for osteochondral lesions of the talus: a systematic review. Am J Sports Med. (2017) 45(7):1698–705. doi: 10.1177/0363546516668292

6. Flick A, Gould N. Osteochondritis dissecans of the talus (transchondral fractures of the talus): review of the literature and new surgical approach for medial dome lesions. Foot Ankle. (1985) 5(4):165–85. doi: 10.1177/107110078500500403

7. Guelfi M, DiGiovanni CW, Calder J, Malagelada F, Cordier G, Takao M, et al. Large variation in management of talar osteochondral lesions among foot and ankle surgeons: results from an international survey. Knee Surg Sports Traumatol Arthrosc. (2021) 29(5):1593–603. doi: 10.1007/s00167-020-06370-1

8. Elias I, Jung JW, Raikin SM, Schweitzer MW, Carrino JA, Morrison WB. Osteochondral lesions of the talus: change in MRI findings over time in talar lesions without operative intervention and implications for staging systems. Foot Ankle Int. (2006) 27(3):157–66. doi: 10.1177/107110070602700301

9. Toale J, Shimozono Y, Mulvin C, Dahmen J, Kerkhoffs GMMJ, Kennedy JG. Midterm outcomes of bone marrow stimulation for primary osteochondral lesions of the talus: a systematic review. Orthop J Sports Med. (2019) 7(10):2325967119879127. doi: 10.1177/2325967119879127

10. Steman JAH, Dahmen J, Lambers KTA, Kerkhoffs GMMJ. Return to sports after surgical treatment of osteochondral defects of the talus: a systematic review of 2347 cases. Orthop J Sports Med. (2019) 7(10):2325967119876238. doi: 10.1177/2325967119876238

11. Hurley ET, Shimozono Y, McGoldrick NP, Myerson CL, Yasui Y, Kennedy JG. High reported rate of return to play following bone marrow stimulation for osteochondral lesions of the talus. Knee Surg Sports Traumatol Arthrosc. (2019) 27(9):2721–30. doi: 10.1007/s00167-018-4913-7

12. van Eekeren ICM, van Bergen CJA, Sierevelt IN, Reilingh ML, van Dijk CN. Return to sports after arthroscopic debridement and bone marrow stimulation of osteochondral talar defects: a 5- to 24-year follow-up study. Knee Surg Sports Traumatol Arthrosc. (2016) 24(4):1311–5. doi: 10.1007/s00167-016-3992-6

13. Chuckpaiwong B, Berkson E, Theodore G. Microfracture for osteochondral lesions of the ankle: outcome analysis and outcome predictors of 105 cases. Arthroscopy. (2008) 24(1):106–12. doi: 10.1016/j.arthro.2007.07.022

14. Shim DW, Park KH, Lee JW, Yang Y-J, Shin J, Han SH. Primary autologous osteochondral transfer shows superior long-term outcome and survival rate compared with bone marrow stimulation for large cystic osteochondral lesion of talus. Arthroscopy. (2021) 37(3):989–97. doi: 10.1016/j.arthro.2020.11.038

15. Seow D, Shimozono Y, Gianakos AL, Chiarello E, Mercer N, Hurley ET, et al. Autologous osteochondral transplantation for osteochondral lesions of the talus: high rate of return to play in the athletic population. Knee Surg Sports Traumatol Arthrosc. (2021) 29(5):1554–61. doi: 10.1007/s00167-020-06216-w

16. Weigelt L, Hartmann R, Pfirrmann C, Espinosa N, Wirth SH. Autologous matrix-induced chondrogenesis for osteochondral lesions of the talus: a clinical and radiological 2- to 8-year follow-up study. Am J Sports Med. (2019) 47(7):1679–86. doi: 10.1177/0363546519841574

17. Deng E, Shi W, Jiang Y, Guo Q. Comparison of autologous osteoperiosteal cylinder and osteochondral graft transplantation in the treatment of large cystic osteochondral lesions of the talus (OLTs): a protocol for a non-inferiority randomised controlled trial. BMJ Open. (2020) 10(2):e033850. doi: 10.1136/bmjopen-2019-033850

18. Ben E, Barbero A, Maccario C, Indino C, Nocera C, Albagli A, et al. Significant clinical improvement after arthroscopic autologous matrix-induced chondrogenesis for osteochondral lesions of the talus: a 5-year follow-up. Cartilage. (2024) 0(0):0. doi: 10.1177/19476035241240341

19. Troccaz J, Dagnino G, Yang G. Frontiers of medical robotics: from concept to systems to clinical translation. Annu Rev Biomed Eng. (2019) 21:193–218. doi: 10.1146/annurev-bioeng-060418-052502

20. Kall B, Kelly P, Goerss S. Interactive stereotactic surgical system for the removal of intracranial tumors utilizing the CO2 laser and CT-derived database. IEEE Trans Biomed Eng. (1985) 32(2):112–6. doi: 10.1109/TBME.1985.325611

21. Dagnino G, Georgilas I, Morad S, Gibbons P, Tarassoli P, Atkins R, et al. Image-guided surgical robotic system for percutaneous reduction of joint fractures. Ann Biomed Eng. (2017) 45(11):2648–62. doi: 10.1007/s10439-017-1901-x

22. Hu X, Ohnmeiss D, Lieberman I. Robotic-assisted pedicle screw placement: lessons learned from the first 102 patients. Eur Spine J. (2013) 22(3):661–6. doi: 10.1007/s00586-012-2499-1

23. Herry Y, Batailler C, Lording T, Servien E, Neyret P, Lustig S. Improved joint-line restitution in unicompartmental knee arthroplasty using a robotic-assisted surgical technique. Int Orthop. (2017) 41(11):2265–71. doi: 10.1007/s00264-017-3633-9



OPS/images/fsurg-11-1404513-t002.jpg
Sex BMI (kg/ Lesion site (block box) Area (mm?) Staging | ATFC condition | Symptom duration (month)






OPS/images/fsurg-11-1404513-t003.jpg
Control group

Before surgery | 1 month after surgery | 3 months after surgery | 6 months after surgery

Experimental group

P value in control group before and after surgery

P value in exper group before and affer surgery

Difference between groups in the same time period






OPS/images/fsurg-11-1404513-t004.jpg
Control group

Before surgery | 1 month after surgery | 3 months after surgery | 6 months after surgery

Experimental group

P value in control group before and after surgery

P value in experimental group before and after surgery

Difference between groups in the same time period






OPS/images/fsurg-11-1404513-t005.jpg
Before surgery | 1 m

Control group

th after surgery | 3 months after surgery

6 months after surgery
354 327 (7.6%) 26.6 (249%) 82 (76.8%)
group 379 32.0 (15.6%) 24.0 (36.7%) 10.4 (72.6%)
P value in control group before and after surgery <0.0001 <0.0001 <0.0001
P value in experimental group before and after surgery 0.003 0.0007 <0.0001
Differences between groups in the same time period 00717 0459 0.002 0.0031
Experimental group: robot-assisted retrograde drilling group: Control group: arthroscopic microfracture group.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparative analysis of short-term efficacy between robot-assisted retrograde drilling and arthroscopic microfracture for osteochondral lesions of the talus

		1 Background



		2 Patients and methods



		2.1 General information



		2.2 Inclusion and exclusion criteria











		3 Methods



		3.1 Robot navigation-assisted retrograde drilling



		3.2 Arthroscopic microfracture



		3.3 Postoperative management



		3.4 Statistical analysis











		4 Results



		4.1 OCLT lesion location



		4.2 VAS score



		4.3 AOFAS scores



		4.4 Changes in OCLT lesion area on postoperative MRI compared with those before surgery











		5 Discussion



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Comparative analysis of short-term
efficacy between robot-assisted retrograde
drilling and arthroscopic microfracture
for osteochondral lesions of the talus





OPS/images/fsurg-11-1404513-t001.jpg
Gender | BMI (kg/m?” (kg/m) | Lesion site (block box) | Area (mm?) | Staging | ATFC condition | Symptom duration (month)








OPS/images/fsurg-11-1404513-g004.jpg






OPS/images/fsurg-11-1404513-g003.jpg






OPS/images/fsurg-11-1404513-g002.jpg





OPS/images/fsurg-11-1404513-g001.jpg





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-11-1404513-g006.jpg





OPS/images/fsurg-11-1404513-g005.jpg





