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      Abstract


      Purpose: In knee arthroscopy, two portals were traditionally used to perform surgery. In the last decade, the novel technique of single-portal knee arthroscopy has been investigated with promising results. This randomized control trial comparing single-portal to double-portal knee arthroscopy reports surgical time as the primary outcome. Secondly, post-operative knee function for up to 12 months is measured using a validated questionnaire. Third, post-operative pain scores and medication use are also reported.


      Methods: All participants were selected from the Orthopaedic Sports Medicine Clinic's patient population. Participants were assigned to either Group 1 (single-portal; experimental) or Group 2 (two-portal; control) using a block randomization scheme (block size of 10). The same surgeon (J.H.) performed all surgeries. For the single-portal technique, a Parallel Portal Cannula (Stryker Endoscopy) was utilized. Surgical time was recorded and compared between groups. International Knee Documentation Committee (IKDC) forms were used pre-operatively to gather patient information. At 1, 3, 6, and 12 months post-operatively, IKDC forms were used to measure knee function. On the first and fourth day post-operatively, patients reported their pain score and medication use by telephone. In the first 14 days post-operatively, patients also maintained a log of daily pain scores and medication use.


      Results: Pre-operative physical function differed significantly between the two groups. Average surgical time for single-portal knee arthroscopy was not statistically different when compared to double-portal knee arthroscopy. No patients required conversion from single-portal to double-portal technique. IKDC knee function increased over 12 months postoperatively for all patients but did not differ between the two treatment groups. Self-reported pain scores, overall medication use, and narcotic medication use decreased significantly postoperatively for all patients but did not differ between the two treatment groups. Adjusting for pre-operative physical function did not alter the results.


      Conclusion: Single-portal knee arthroscopy has possible technical advantages for meniscus and articular cartilage pathology that requires minimal surgical instrumentation.
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      Trial registration: CTG, NCT02648971. Registered 15 December 2015,


      https://clinicaltrials.gov/ct2/show/study/NCT02648971


      Introduction


      Arthroscopy revolutionized orthopaedic surgery in the 20th century by offering a minimally invasive alternative to open surgical techniques [1]. Currently, two or three portals are used in knee arthroscopy: One to permit the passage of an arthroscope for visualization of the knee joint and others to pass the instruments used for surgical correction. Classically, three portals were used until the benefit of less invasive, two-portal knee arthroscopy was demonstrated [2]. The relationship between fewer portals and improved outcomes reinforced a modern tenet of surgery: The less invasive, the better [3].


      As a result, a new single-portal technique for knee arthroscopy was developed in 2013 and updated with new devices two years later [4,5]. Later, in a prospective, non-randomized study comparing single-portal with double-portal knee arthroscopy, the single-portal group self-reported decreased pain and increased function post-operatively. However, it must be noted that objective data, namely surgical time, was not reported. Additionally, the patients' functional outcomes were neither measured with a validated questionnaire nor past three months post-operatively.


      The current prospective, double-blind, randomized clinical trial primarily reports surgical time of single-portal knee arthroscopy in comparison to double-portal knee arthroscopy. The secondary outcome of knee function after single-portal arthroscopy is measured by validated questionnaires (International Knee Documentation Committee forms) for up to 12 months post-operatively. Tertiary outcomes include patients' self-reported postoperative pain, overall medication use, and narcotic medication use. It was hypothesized that patients who underwent single-portal knee arthroscopy would show post-operative improvement in all metrics without increased surgical time.


      Methods


      Study design


      The local International Review Board approved this study, and all participants provided informed consent. The study was designed as a double-blind, randomized clinical trial: Before the study was terminated due to low enrollment, a total of 36 patients were recruited with 18 patients undergoing single-portal knee arthroscopy and 18 undergoing double-portal knee arthroscopy. All patients were pre-operatively seen and screened by the lead surgeon (J.H.). Participants were assigned to either surgical technique using a block randomization scheme (block size of 10). A randomization website was used to determine each participant's assignment before surgery. The website documented the name of the person who logged on to perform the randomization and the date and time of the log in; the website also documented the patient's name, medical record number, and study treatment allocation. One day prior to surgery, the surgeon logged onto the randomization website to uncover the patient's assigned group. The patient's assignment was then forwarded to the operating room staff so that all members of the surgical team were prepared for a knee arthroscopy with the particular technique. One surgeon (J.H.) performed all surgeries. At the outset of the study, the surgeon had been performing knee arthroscopy as a fellowship-trained surgeon for 3 years. Additionally, the surgeon trained for the new technique in an industry-sponsored session; a device representative was also present in the room for all single-portal surgeries.


      All participants were selected from the Wake Forest Orthopaedic Sports Medicine Clinic's patient population. Inclusion criteria specified men and/or women between ages 21 and 60 who are undergoing a primary knee arthroscopy procedure for meniscus or articular cartilage pathology. Exclusion criteria specified patients with previous reconstructive procedures, lateral retinacular release, microfracture, active knee infection or sepsis at the time of surgery, ligamentous instability, advanced degenerative or inflammatory arthritis, cancer, pregnancy, BMI > 40, or any other condition that may interfere with recovery from knee arthroscopy. Patients receiving Workers' Compensation were also excluded.


      Surgical technique


      For the standard two-portal knee arthroscopy, the lateral viewing portal was established followed by placement of a medial portal under direct visual inspection. Standard diagnostic arthroscopy was then performed followed by chondroplasty or meniscectomy with motorized shaver (Smith and Nephew) and meniscal punches.


      If the patient was randomized to the single-portal technique, a single medial portal was established in every case. A Parallel Portal Cannula (Stryker Endoscopy) was utilized, which functions as a "double-barrel" system for entry into the joint. Using this cannula both the camera and the instruments such as shaver and meniscal punch could be inserted into the knee through the same portal (Figure 1). The shavers have a pre-bend which allows separation of the surgeon's hands and freedom of movement during the procedure.


      A tourniquet was typically used for both techniques. Per standard documentation, the surgeon recorded the intra-operative diagnosis and surgical correction performed for each patient. The type of surgery and length of surgery, measured from incision time to closing time, were recorded.


      Each patient was sent home with the same standard post-operative instructions. For pain control, patients were instructed to use narcotic pain medication as prescribed (all patients received the same prescription for hydrocodone-acetaminophen unless contraindicated). Patients were instructed to use over-the-counter medications, like acetaminophen, once the pain was manageable. Wound care instructions were given, and all patients were scheduled for follow up 10 days after surgery for a wound check. Those who had a meniscus repair were non-weight-bearing for 4-6 weeks. Others who had a meniscectomy or correction of an articular cartilage defect were permitted to bear weight as tolerated. All patients were given a referral to physical therapy.


      Data collection


      The International Knee Documentation Committee (IKDC) Forms were used to collect data and include the following: Demographic Information, Current Health Assessment, Knee History Form, Surgical Documentation, Knee Examination, and Subjective Knee Form.


      Demographic Information collected data on sex, age, height, weight, race, smoking status, education level, and activity level. The Current Health Assessment is identical to the Short Form-36 except one question about emotional well-being. This form collects data on general health, concurrent medical conditions, physical functioning, social functioning, and emotional well-being.


      The Knee History Form records the current injury to the knee, findings on imaging, and previous knee surgeries. Surgical Documentation includes an intra-operative diagnosis and diagrams as well as descriptions of the articular cartilage status, meniscus status, and ligament status. The surgeon also documented the performed surgical corrections here. The Knee Examination form used in this study recorded effusion, crepitus (by compartment), and range of motion as well as motion deficit.


      The IKDC Subjective Knee Form was used to evaluate knee function. This form contains 19 questions that require approximately five minutes to complete [6]. It is a reliable and valid knee-specific measure of symptoms, function, and sports activity appropriate for patients with a variety of knee pathology [7,8].


      Pain was scored on a visual slider scale from 0, being no pain, to 10, being the worst pain ever experienced. Pain and medication use (overall and narcotic) was self-reported in a diary as well as reported to the study coordinator via phone.


      Follow up


      The design of the study included six visits: Preoperative, two weeks postoperative, one month postoperative, three months postoperative, six months postoperative, and one year postoperative. At the preoperative visit, patients completed three International Knee Documentation Committee (IKDC) forms: Demographic Information, Current Health Assessment, and Subjective Knee Form. The surgeon completed the Knee History Form. Two weeks postoperative, patients returned for a standard care follow-up; they returned their pain diaries in which they logged daily pain scores as well as daily pain medication use for the first two weeks after surgery. At the one-month and three-month postoperative visits, patients completed the Subjective Knee Form. At the six-month and one-year postoperative visits, patients completed the Subjective Knee Form as well as the Current Health Assessment Form. At every visit, patients received the abbreviated IKDC physical examination in addition to any standard of care examination that was done.


      On post-operative days 1 and 4, patients were called and asked to report their pain score, on a scale from 1 to 10 as well as their pain medication use. These calls also functioned to remind patients to complete their daily pain and medicine log for the first two weeks post-operation.


      Statistical analysis


      Data were analyzed by the Biostatistics, Epidemiology and Research Design (BERD) unit of the Clinical and Translational Science Institute at Wake Forest School of Medicine. A pre-study sample size projection based on data from previous studies [6,7] identified a desired sample size of 50 patients per surgical group to yield 84.7% power to detect a clinically significant difference in IKDC scores with a type I error rate of 5%. Given the observed results and the sample size, this study had poor power to detect a meaningful difference between the groups.


      Surgical times were compared using the Student's t-test after examination revealed that the distribution of times was reasonably normal. Baseline characteristics were compared using either a Chi-square test (for categorical variables) or the Student's t-test (for continuous variables). Surgery type was compared using a Fisher's exact test.


      The number of reported IKDC scores at 6 months was 8 (single portal) and 5 (double portal); at 12 months 10 (single portal) and 7 (double portal). General linear or logistic regression models with repeated measures were used to compare the IKDC Subjective Knee Form scores, pain scores, and medication use across time. Any baseline variable found to differ significantly between surgical groups was included in these models as a covariate. The possibility of treating day as a continuous variable with regard to the pain scores and medication use diary was considered. Three figures in Appendix B show the actual average pain scores and percentage of medication and narcotic use across time. Based on these figures, there appears to be a quadratic rather than linear relationship with time for at least pain scores and narcotic use. Thus day was included in those models with a quadratic term.


      Results


      Demographics of the patients who underwent single-portal knee arthroscopy are captured and compared to those who underwent double-portal knee arthroscopy (Table 1). Pre-operative physical function as measured by the Short Form-36 (SF-36) was significantly lower in the single-portal group despite randomization: patients scored nearly 20 points lower on average than those who underwent double-portal knee arthroscopy (p-value = 0.0279). Of the 18 single-portal knee arthroscopies performed, all 18 were non-repairs (e.g. meniscectomy, synovectomy, chondroplasty) while 2 of the 18 double-portal knee arthroscopies were meniscal repairs (p = 0.49). The study had no 'cross-over' patients where a patient randomized to the single-portal technique was found to require a double-portal technique in the operating room.


      Average surgical time for single-portal knee arthroscopy was 28.44 ± 7.6 minutes. Average surgical time for double-portal knee arthroscopy was 38.39 ± 10.9. Single-portal knee arthroscopy was performed 9.95 minutes quicker than double-portal knee arthroscopy; this difference was not statistically significant (p = 0.066).


      For all patients, knee function, as measured by IKDC scores, improved over time (p = 0.028) (Figure 2). Adjustment for baseline physical function and surgery type did not alter the results. The study was too underpowered to detect a difference between treatment groups.


      Pain scores acquired by follow-up telephone calls at Day 4 are significantly lower than at Day 1 for all patients (p = 0.0034). Pain scores differed significantly by surgery type with higher scores at both Day 1 and Day 4 among those with meniscus repair (p = 0.042); however, there is no difference between treatment groups (p = 0.57). Similarly, average pain score in self-reported patient diaries declined in the first 14 days after surgery with no statistically significant difference between groups. Results were not altered by adjustment for pre-operative physical function (Figure 3).


      Medication use reported on follow-up telephone calls decreased significantly on Day 4 when compared to Day 1 for all patients (p = 0.0057); however, there was no difference between treatment groups (p = 0.32). Medication use per patient diaries also declined across the first 14 days with no statistically significant difference between groups (Figure 4). In particular, narcotic use also decreased from Day 1 to Day 4 (p = 0.0003) but did not differ between treatment groups (p = 0.42). In the first 14 days after surgery, narcotic use declined as well with no statistically significant difference between groups (Figure 5). Adjustment for pre-operative physical function did not alter the results.


      Zero patients had serious adverse events (infection, blood loss, cardiorespiratory arrest, or death) related to the surgery. A total of 8 patients had post-operative concerns: 5 were in Group 1 and 3 were in Group 2. In Group 1, all concerns were related to persistent pain which required local injection for relief at post-operative follow-up. In Group 2, 1 patient had drainage from the incision without a diagnosed infection, 1 patient had calf swelling without a deep vein thrombosis, and 1 had persistent post-operative pain requiring a local injection.


      Discussion


      This randomized clinical trial is only the second to prospectively investigate single-portal knee arthroscopy; it is the first to compare surgical time to the double-portal technique. It is also the first to use IKDC forms in order to standardize data collection with a validated questionnaire [6-8]. Finally, follow-up for one year offered more longitudinal data on this new surgical procedure.


      The novel single-portal arthroscopic technique does not lengthen operating time, which is a known predictor of postoperative pain and is associated with an increased risk of adverse events, including readmission [9-12]. Depending on the surgery, a certain threshold number of cases and/or years of experience is necessary before consistently acceptable outcomes are achieved [13]. For knee arthroscopy, 40% of resident physicians achieved competency after a median of 16 procedures [14]. Thus, the intra-operative time for single-portal surgery in this study can likely be attributed to the lead surgeon's overall arthroscopic experience and dedicated training in this technique, as well as the absence of surgical residents participating in the experimental single-portal surgery.


      The surgeon employed the single-portal technique without significant technical limitations as evidenced by the absence of cross over to a double-portal approach. A single medial port was established each time for consistency though lateral or suprapatellar entry is possible as well. From the medial port, the medial and lateral compartments as well as the patellofemoral joint were easily accessed and fully examined [5]. None of the patients in the single-portal group required multi-step instrumentation, such as stabilization of an osteochondral lesion with pins or meniscal repair with sutures; either of these scenarios would likely require an additional portal for further instrumentation. Thus, there were no cross-over patients in this study. In the future, selecting cases that are anticipated to require minimal instrumentation will be critical to reducing intra-operative conversion of technique; however, the technique is easily converted to a double-portal technique if further instrumentation is deemed necessary by the surgeon [4].


      The technical difficulties of the single-portal technique largely stem from insertion of the scope and the instrument through the same portal. Unlike the double-portal technique where both enter through different portals and can be used 90 degrees to one another, the single-portal technique requires the scope and the instrument to be used in line at 0 degrees. Additionally, given that both the scope and the instrument(s) are close to one another, the scope hand exterior to the joint can impede the instrument hand. The shavers have a pre-bend which allows separation of the surgeon's hands and freedom of movement to better achieve arthroscopic triangulation [5]. Lastly, the instrument can easily cross over the scope, so it is important to keep both the scope and the instrument parallel to avoid this.


      The number of portals has been shown to impact post-operative function: knee arthroscopy with two portals produced greater and quicker recovery of physical function for patients when compared to three portals [2]. In this study, while comparison of physical function between double-portal and single-portal techniques is limited by statistical power, the significant recovery of physical function up to twelve months after single-portal surgery confirms that the novel technique produces the expected functional benefit of knee arthroscopy.


      In a prior prospective study, number of portals was also correlated to post-operative pain: patients who underwent single-portal knee arthroscopy reported less post-operative pain and were less likely to use narcotics for pain relief compared to patients who underwent double-portal knee arthroscopy [15]. The single-portal group also reported less swelling one month after surgery and less portal scarring and tenderness three months after surgery [15]. Such findings are consistent with research that found fibrous scars in the infrapatellar fat pad are accentuated at the portal [16]. In this study, although patients in the single-portal group reported significantly less pain and used less analgesic medication over time post-operatively, the lack of significant difference from the double-portal group challenges the relationship between fewer portals and decreased pain. Underlying knee pathology and subsequent surgical treatment primarily determine post-operative pain; however, there is no significant difference in surgery types between groups. Other factors unmeasured here, including pre-operative resilience and patient expectations, also contribute to post-operative pain and might be further elucidative [17,18].


      This study was designed as a randomized clinical trial but was significantly limited by a small sample size; thus, the study was terminated by Stryker after three years of limited enrollment. The high dropout rate of a small number of patients over the course of the study compromises the reliability of the comparative results. A randomized clinical trial with adequate patient enrollment that compares single-portal to double-portal knee arthroscopy may offer a more reliable comparison between the two techniques.


      In conclusion, single-portal knee arthroscopy benefits patients post-operatively without increasing intra-operative surgical time. Based on this data, single-portal knee arthroscopy has possible technical advantages for meniscus and articular cartilage pathology that requires minimal surgical instrumentation.
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