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Abstract

:

This study aimed to compare the outcomes of arthroscopic rotator cuff repair (ARCR) surgery between younger and older patients. We performed this systematic review and meta-analysis of cohort studies comparing outcomes between patients older than 65 to 70 years and a younger group following arthroscopic rotator cuff repair surgery. We searched MEDLINE, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and other sources for relevant studies up to 13 September 2022, and then assessed the quality of included studies using the Newcastle–Ottawa Scale (NOS). We used random-effects meta-analysis for data synthesis. The primary outcomes were pain and shoulder functions, while secondary outcomes included re-tear rate, shoulder range of motion (ROM), abduction muscle power, quality of life, and complications. Five non-randomized controlled trials, with 671 participants (197 older and 474 younger patients), were included. The quality of the studies was all fairly good, with NOS scores ≥ 7. The results showed no significant differences between the older and younger groups in terms of Constant score improvement, re-tear rate, or other outcomes such as pain level improvement, muscle power, and shoulder ROM. These findings suggest that ARCR surgery in older patients can achieve a non-inferior healing rate and shoulder function compared to younger patients.
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1. Introduction


Rotator cuff tears (RCTs), one of the most common sources of shoulder pain, can occur due to traumatic injuries, degenerative overuse, or a combination of both [1]. Arthroscopic rotator cuff repair has been popular for some time and provides optimal outcomes after RCT [2]. However, the re-tear rate remains variable, ranging from 7.1 to 46.4%, despite improvements in surgical techniques and implant designs [3,4,5]. In addition, age has been recognized as a significant predictor of increased re-tear rate and poor shoulder function after rotator cuff repair [6].



Optimal treatment for rotator cuff tear in the elderly remains the subject of some controversy [7]. Some authors suggest conservative treatment with physical therapy and exercise as the way to achieve pain elimination and functional restoration [8,9,10]. However, surgical treatment has become increasingly popular with the elderly as they seek to improve or restore shoulder function in order to participate in demanding activities [11]. Surgical options for RCTs in the elderly population include reverse total shoulder arthroplasty (RTSA) and arthroscopic rotator cuff repair (ARCR) surgery depending on the size, tendon quality, and reparability of tears. RTSA is indicated for massive irreparable RCT with or without glenohumeral osteoarthritis [12] and provides satisfactory clinical and functional improvements [13,14]. However, it is not very cost-effective [15] and can lead to significant complications [16,17,18]. RTSA may be considered a secondary or salvage procedure after primary ARCR failure, except for those with very poor tendon condition and advanced arthropathy [19].



Concerning ARCR surgery, older individuals usually have several risk factors which may affect outcomes after RCT repair, such as decreased bone density [4], impaired tendon vascularity, progressed fatty infiltration [20], and comorbidities [4,21]. All the above factors may compromise the healing ability of the tendon and hence increase the re-tear risk following RCT repair surgery. Despite the re-tear rate being as high as 25–34% [22], ARCR surgery on rotator cuff tears in older people still produces significant functional improvement and positive changes to the quality of life [23,24,25,26,27], even in patients with massive RCT [25]. Therefore, age may not be the only factor related to poor prognosis in ARCR surgery [26,27]. A recently published systematic review indicated promising clinical outcomes of ARCR surgery in the elderly [28,29]; however, we are unsure how these elderly patients’ outcomes compared with younger patients since the review did not include studies with a younger control [29] and did not have a meta-analysis [28,29].



Moreover, after controlling for sex and tear size, the clinical and structural outcomes of ARCR in elderly patients with symptomatic full-thickness rotator cuff tears are comparable to those in younger patients with at least 1-year follow-up [30]. Thus, our study aimed to summarize the evidence of outcomes after ARCR surgery in elderly patients compared with a younger group and to better understand the clinical outcomes of older patients who received arthroscopic rotator cuff repair. In addition, this study hypothesized that ARCR surgery could achieve non-inferior outcomes in elderly patients compared to younger ones.




2. Materials and Methods


2.1. Search Strategy and Study Selection


We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines [31] and the recommendation of the Cochrane collaboration [32] to conduct this systematic review and meta-analysis. We searched online databases including MEDLINE, Embase, Cochrane CENTRAL, and other sources using the keywords: “rotator cuff injury”, “rotator cuff tear”, “seventy”, and “70” for all eligible studies up to 13 September 2022. The details of the search strategy are listed in Supplementary File S1. We also searched the reference list of potentially eligible studies for relevant records. Furthermore, we searched the trial register (www.Clinicaltrial.gov, 13 September 2022) for ongoing trials and consulted experts in this field for ongoing studies. No language limitations were applied.




2.2. Inclusion and Exclusion Criteria


Studies comparing the outcomes of rotator cuff repair surgery in patients older than 65 years with those in a younger group were included in this study. Study designs with a single cohort without a comparative group, review studies, and case series were excluded. Non-human studies were also excluded.



Two reviewers (YCH and LTK) independently selected the potential studies. First, any irrelevant studies were excluded after checking the titles and abstracts. Second, the full texts of potential studies were checked against the inclusion/exclusion criteria. Third, discrepancies between the reviewers were resolved through discussion, and a third reviewer (WWH) was consulted in cases of disagreement.




2.3. Quality Assessment


We used the Newcastle–Ottawa Scale (NOS) to assess the quality of non-randomized studies [33]. Appraisal criteria included participant selection, comparability, and outcomes. The same two reviewers assessed each of the factors independently, and in case of disagreement, a third reviewer was consulted.




2.4. Data Extraction


Data were extracted from the included studies by two independent authors using the predefined data tables. Relevant data included patient characteristics, sample size, surgical technique, duration of follow-up, and outcomes. The outcomes included functional assessment, re-tear rate, joint range of motion, pain level, and muscle strength. We contacted the relevant author for more information if the data could not be extracted directly from the original studies. If not, we calculated the data and converted them to applicable data. The primary outcome was shoulder pain and function, and the secondary outcomes were re-tear rate, abduction muscle power, shoulder range of motion (ROM), quality of life, and complications. If outcomes were reported at more than one time point, we extracted endpoint data for the following time periods: short-term follow-up (up to six months following surgery), interim follow-up (more than six months and up to one year after surgery), and long-term follow-up (more than one year after surgery). The interim follow-up became the main time point of this review.




2.5. Data Analysis


This study used Review Manager 5.4 software (Review Manager Version 5.1.6, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2020) for the meta-analysis. To report the synthetic outcomes, we used an odds ratio (OR) with a 95% confidence interval (CI) and mean difference (MD) with a 95% CI for dichotomous outcomes and continuous outcomes, respectively. A p-value of <0.05 was set as the threshold of statistical significance. We used X2 and I2 statistics to assess statistical heterogeneity with a p < 0.10. I2 values of 0–24.9%, 25–49.9%, 50–74.9%, and 75–100% were set to indicate no, low, moderate, and high heterogeneity, respectively [32]. We performed subgroup analyses where there was significant heterogeneity or clinical heterogeneity. We also estimated the inter-study variance using tau-squared (τ2) statistics [32]. We used a random-effects model meta-analysis due to the inherent clinical heterogeneity of the included studies [34]. We preferred to report improved clinical outcomes when both final outcomes and changes were available. In studies that did not report standard deviations for changes from baseline in continuous variables, we calculated a correlation coefficient from a study with detailed information and used it to impute the standard deviations using the following equation: (γ represents the correlation coefficient [32])


  S  D  c h a n g e   =   S  D  b a s e l i n e     2  + S  D  e n d p o i n t     2  − 2 × γ × S  D  b a s e l i n e   × S  D  e n d p o i n t      













3. Results


3.1. Included Studies


After searching the above databases for all existing studies, we identified 818 records from MEDLINE, 301 from Embase, and 124 from CENTRAL. One additional record was identified from the reference lists of the eligible studies, and no ongoing trials were identified after searching the trial registers and consulting specialists. A total of 1244 records were identified, from which 58 duplicates were removed. After screening all the records by titles and abstracts, 1161 were excluded. We assessed the remaining 25 full-text articles and excluded 20 records for the stated reasons (Figure 1, Supplementary File S2). Ultimately, five studies were included in the qualitative synthesis and meta-analysis.




3.2. Study Characteristics


The five studies with a total of 671 participants (197 in the older group and 474 in the younger group) were included in the qualitative systematic review [20,30,35,36,37] (Table 1). The included studies were published between 2010 and 2019, and the enrolled sample sizes ranged from 56 to 238. All the included studies examined the outcomes following rotator cuff repair surgery. An older patient group was compared with a younger group in all of the studies. In addition, there were two prospective cohort studies [20,35], two retrospective cohort studies [36,37], and one retrospective case–control study [29]. The follow-up period of these studies was at least one year. All patients received ARCR, except 30 from Rhee’s study [37], who received open repair. The outcomes and measurements included Constant score, UCLA score, DASH score, re-tear rate, the shoulder joint ROM, shoulder pain severity measured with the visual analog scale (VAS), muscle strength, and quality of life. The details of the included studies are shown in Table 1.




3.3. Details of Surgery


The tear size and fatty infiltration of the rotator cuff were documented in the included studies. Four studies [30,35,36,37] reported the tear size using the DeOrio and Cofield classification [38]. Large to massive tears in the included studies ranged from 24% to 58%.



The fatty infiltration was graded by the Goutallier grade [39]. Gwark et al. [30] used the Global Fatty Degeneration Index (GFDI), which is an average Goutallier grade of all four rotator cuff muscles, to report the fatty infiltration status of included patients, while Moraiti et al. [20] reported fatty infiltration of the supraspinatus, infraspinatus, and subscapularis muscles separately.



About the surgical technique for rotator cuff repair, in the older group, 115 patients received arthroscopic single-row (SR) repair, 76 patients received arthroscopic double-row (DR) or trans-osseous suture equivalent (TOE) repair, and 5 patients received open rotator cuff repair surgery. In the younger group, 262 patients had arthroscopic SR repair, 187 patients had arthroscopic DR or TOE repair, and 25 received open rotator cuff repair surgery (Table 2).




3.4. Study Quality


We used the NOS scale to assess the quality of the five included studies. All of the studies achieved three points for selection since the selected controls were all hospital controls. Two studies [20,36] received one point for comparability due to a lack of controls for additional factors other than age. All the studies received three points for assessing exposure except Gwark et al. [30], as their non-response rate differed between the two groups. Details of the studies’ quality assessment can be accessed in Supplementary File S3.




3.5. Primary Outcome


All the results are summarised in Table 3.



3.5.1. Pain Reduction


Two of the included studies [30,37] with 450 patients reported pain levels measured by VAS. The meta-analysis result showed no significant difference between the two groups concerning the level of pain reduction (MD: −0.33; 95% CI: −0.80 to 0.15; p = 0.18; I2 = 0%) (Figure 2). Therefore, we are uncertain whether the older patients had better pain reduction than the younger patients after surgery.




3.5.2. Function Improvement One Year after Surgery


	
Patients ≥ 70 years of age versus patients < 70 years of age.






Three of the included studies [20,30,37] with 530 patients reported shoulder function at one year with Constant scores. The meta-analysis revealed no significant difference in the improvement of the Constant score between the two groups (MD: −0.30; 95% CI: −2.84 to 2.24; p = 0.68; I2 = 0%, Figure 3). Therefore, we are uncertain whether there was any difference in shoulder function improvement one year after surgery between the two groups.



	
Patients ≥ 65 years of age versus patients < 65 years of age.






Osti et al. [36] applied the UCLA score as a function measurement and reported no significant difference between the two groups. Nicholson et al. [35] used the DASH and OSS scores to assess shoulder function. Neither of the two scores showed a significant postoperative difference between the groups.





3.6. Secondary Outcomes


3.6.1. Re-Tear Rate


	
Patients ≥ 70 years old versus patients < 70 years old.






Three of the included studies [20,30,37] with 530 patients reported a re-tear rate. One used MRI [37], and the other two [20,30] used ultrasound for the evaluation. The result of the meta-analysis revealed there was no significant difference between patients older than 70 and those younger than 70 in the re-tear rate (44/140 vs. 134/390; OR: 0.98; 95% CI: 0.47 to 2.02; p = 0.95; I2 = 54%) (Figure 4). Therefore, we are uncertain whether there was a difference in the re-tear rate between the two groups.



	
Patients ≥ 65 years old versus patients < 65 years old.






Nicholson et al. [35] reported a re-tear rate of 3.6% for patients older than 65 and those younger than 65 (1/28 vs. 2/56). There was no statistically significant difference in the re-tear rate between the two groups.




3.6.2. Abduction Muscle Power


	
Patients ≥ 70 years old versus patients < 70 years old.






Two studies [30,37] reported abduction muscle power, measured by a handheld digital myometer. Meta-analysis revealed no significant difference between those older and younger than 70 years old (MD: 0.31 Kg; 95% CI: −0.13 to 0.75 Kg; p = 0.17; I2 = 0%) (Figure 5).



	
Patients ≥ 65 years old versus patients < 65 years old.






None of the included studies reported this outcome.




3.6.3. Shoulder Range of Motion Improvement


	
Patients ≥ 70 years old versus patients < 70 years old.






Three of the included studies [20,30,37] with 530 patients reported shoulder ROM as one of the outcomes. The result showed there was no difference in the improvement of shoulder ROM between the groups older and younger than 70 in terms of forward flexion (MD: −3.29; 95% CI: −9.00 to 2.24; p = 0.26; I2 = 0%) and abduction (MD: 4.05; 95% CI: −2.35 to 10.45; p = 0.21; I2 = 0%). The group of patients older than 70 had a better improvement in terms of external rotation than the group younger than 70 (MD: −1.15; 95% CI: −2.11 to −0.19; p = 0.02; I2 = 0%) (Figure 6).



	
Patients ≥ 65 years old versus patients < 65 years old.






Osti et al. [36] reported no significant difference between groups of over and under 65 in forward flexion, external rotation, and internal rotation.




3.6.4. Quality of Life


Osti et al. [36] assessed the quality of life using the SF-36 self-administered questionnaire. It showed a significant improvement compared to the preoperative scores, but no significant difference in all categories between the groups over and under 65 years old. Nicholson et al. [35] demonstrated an EQ-5D score for assessing the quality of life. There was no significant difference after 12 months and 24 months postoperatively between the groups over and under 65 years old.




3.6.5. Complications


None of the included studies reported this outcome.






4. Discussion


This study’s principal findings indicated no significant difference between the older and younger patient groups in terms of pain and shoulder function improvement. These two groups had similar re-tear rates, abduction muscle power, quality of life, and complications within two years after ARCR. They also showed no significant difference in shoulder ROM, except in the degree of external rotation, which failed to reach clinical significance. In sum, ARCR in senior patients had a non-inferior outcome compared to younger patients.



This study further indicated that the improvement in the Constant score was equivalent between the two groups. This finding was consistent with the previous studies [5,40]. Witney-Lagen et al. [40] reported that elderly patients benefited as much from ARCR as the younger patients. Similar improvements in shoulder function, pain, and satisfaction were also observed in both elderly and control patients. A recently published database study [5] reported that the improvement in shoulder function from baseline was no different between patients aged ≥70 vs. <70 years, although patients aged ≥70 years had a significantly lower shoulder function compared with those <70 years. Moreover, Kukkonen et al. [41] demonstrated an estimated minimum clinically important difference of 10.4 points as the threshold for the Constant score in patients with rotator cuff tears. All the enrolled studies had a mean improvement of Constant score over this threshold, which indicated that all the patients had clinically significant improvements in shoulder function after the surgery.



The synthetic results in the current study showed no significant difference in re-tear rate between those older than 70 years and those younger than 70 years. Nicholson et al. [35] reported a similar result: the re-tear rate was not different between those older than 65 years and those younger than 65 years. However, one of the included studies [20] reported a tendency for older individuals to have a higher re-tear rate, contrary to the other included studies. As the rehabilitation protocols varied across the five studies, the period of postoperative immobilization may have influenced the surgical outcome. Moraiti et al. started an actively-assisted range of motion program at four weeks postoperatively [20], while the other two studies started six weeks after surgery [30,37]. The period of immobilization after rotator cuff repair remained under debate [42,43,44,45]. Hsu et al. [42] indicated no difference in the healing rate between early and delayed rehabilitation after rotator cuff repair. Keener et al. [43] enrolled 124 patients to compare the outcome between two groups receiving either early ROM or delayed ROM within six weeks after index surgery, whereby they found no difference in the healing rate. Notably, Keener only enrolled patients under the age of 65 with small and median tear sizes. Koh et al. [44] performed a randomized controlled trial comparing the effect of 4 weeks and eight weeks of immobilization, which yielded no evidence that a poor healing rate was correlated with a shorter period of immobilization. Additionally, a systematic review published in 2017 indicated that early ROM treatment improves ROM but increases the risk of rotator cuff re-tear and suggested the rehabilitation protocol should be modified according to the tear size [45]. Notably, none of these studies enrolled an aged population [42,43,44,45], which made the judgment of the impact of rehabilitation on the functions and outcomes of the elderly difficult. Since the poor healing potential of aged tendons remains the major concern in this age group, further studies on the elderly may be warranted to address this issue.



Various cuff repair approaches were used in the included studies, including arthroscopic and open repair. Debates persist regarding the choice between arthroscopic and open rotator cuff repair [46,47,48]. Some previous studies have shown no difference between open and arthroscopic repair outcomes. Severud et al. [46] report a long-term retrospective comparison between ARCR and mini-open repair, indicating that ARCR produces outcomes and complications comparable to mini-open repair. Bayle et al. [47] found no advantages of arthroscopic surgery over open cuff repair surgery regarding the clinical outcomes and cuff integrity at 1-year follow-up. A recent meta-analysis [48], comprising six randomized controlled trials, revealed that ARCR and mini-open cuff repair surgery showed no difference in function, pain, and ROM at 3-, 6- and 12-month follow-ups. Thus, the difference in approaches among the studies included in the current study may be ignored.



Different types of repair techniques were also noted in the included studies. However, we opted not to perform subgroup analysis due to the lack of detailed data in each study. Xu et al. [49] included nine studies in their meta-analysis to compare the outcomes of SR and DR repair techniques. They report that the DR technique is superior to SR in terms of a lower re-tear rate, higher American Shoulder and Elbow Surgeons (ASES) score, and greater ROM, especially in tears larger than 30 mm. Another meta-analysis from Sobhy et al. [50] concluded that DR had a better UCLA score and cuff structural integrity. Hein et al. [51] performed a systematic review to compare the re-tear rate of SR, DR, and TOE techniques. Both DR and TOE had a lower re-tear rate than SR. Plachel et al. [52] demonstrated a long-term outcome follow-up, comparing SR and DR. The study reports no difference in terms of Constant score, Western Ontario Rotator Cuff index, and Subjective Shoulder Value between SR and DR. Despite SR having a higher re-tear rate than DR, clinical outcomes were not affected. Ying et al. [53] report no significant difference between the SR and DR groups in terms of Constant or ASES scores; however, DR was better in UCLA scores, tendon healing, and ROM. Overall, the study remains inconclusive about the superiority of particular techniques. Thus, the impact of the difference in cuff repair techniques across the included studies may be ignored unless updated evidence changes the current conclusion on this issue.



This study had several limitations. First, various cuff repair techniques were performed in the included studies, and individual data about surgical techniques were not provided. Furthermore, additional procedures, such as acromioplasty, and tenodesis/tenotomy of the biceps tendon, were not evenly distributed across the included studies. As a result, it is difficult to assess the impact of these different procedures on the outcomes in the two groups, although the differences in surgical methods have rarely been shown to significantly influences clinical outcomes [54,55]. Third, the included studies did not discuss repair conditions. Since the degree of repair integrity is a predictor of shoulder functions after arthroscopic rotator cuff repair [56], future studies on this issue should also document the status of cuff repair. Fourth, since the included studies had follow-up no longer than two years, this study’s evidence showing the older group had a similar re-tear risk to the younger group can only apply within two years after cuff repair surgery. Future studies with a longer follow-up (>2 years) could address the mid-term outcomes in patients over 70 after arthroscopic repair surgery. Finally, none of the included studies reported the degree of cuff tear arthropathy before surgery. Since the degree of concomitant arthropathy is a significant predictor of repair failure and subsequent arthroplasty in this age group [57], we suggest the severity of cuff arthropathy should be recorded and followed. Future studies are needed, but in order to optimize the research effects, they should have identical surgical techniques, recording repair status, and the severity of cuff arthropathy with a longer follow-up period (≥2 years) to minimize the uncertainty from the heterogeneities of the currently available evidence.




5. Conclusions


We compared the outcomes between older and younger patients after receiving ARCR surgery. ARCR surgery among older patients had clinical outcomes and functions comparable to those in younger patients. In selected cases, ARCR surgery could achieve non-inferior results in senior patients, compared to younger ones.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/diagnostics13101770/s1. File S1. Database search strategy; File S2. Details of excluded studies; File S3. Newcastle Ottawa Scale for included studies.





Author Contributions


Conceptualization, Y.-C.H. and L.-T.K.; methodology, L.-T.K.; software, L.-T.K.; formal analysis, L.-T.K.; data curation, Y.-C.H.; writing—original draft preparation, Y.-C.H.; writing—review and editing, L.-T.K. and W.-H.H.; visualization, Y.-H.T.; supervision, K.-T.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review and approval were waived for this study due to the design of systematic review and study-level meta-analysis.




Informed Consent Statement


Patient consent was waived due to the design of systematic review and study-level meta-analysis.




Data Availability Statement


All data were publicly available. Data sharing is not applicable to this article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sambandam, S.N.; Khanna, V.; Gul, A.; Mounasamy, V. Rotator cuff tears: An evidence based approach. World J. Orthop. 2015, 6, 902–918. [Google Scholar] [CrossRef] [PubMed]

	



Jensen, A.R.; Cha, P.S.; Devana, S.K.; Ishmael, C.; Di Pauli von Treuheim, T.; D’Oro, A.; Wang, J.C.; McAllister, D.R.; Petrigliano, F.A. Evaluation of the Trends, Concomitant Procedures, and Complications With Open and Arthroscopic Rotator Cuff Repairs in the Medicare Population. Orthop. J. Sports Med. 2017, 5, 2325967117731310. [Google Scholar] [CrossRef] [PubMed]

	



Carr, A.; Cooper, C.; Campbell, M.K.; Rees, J.; Moser, J.; Beard, D.J.; Fitzpatrick, R.; Gray, A.; Dawson, J.; Murphy, J.; et al. Effectiveness of open and arthroscopic rotator cuff repair (UKUFF): A randomised controlled trial. Bone Jt. J. 2017, 99, 107–115. [Google Scholar] [CrossRef]

	



Chung, S.W.; Oh, J.H.; Gong, H.S.; Kim, J.Y.; Kim, S.H. Factors affecting rotator cuff healing after arthroscopic repair: Osteoporosis as one of the independent risk factors. Am. J. Sports Med. 2011, 39, 2099–2107. [Google Scholar] [CrossRef] [PubMed]

	



Maher, A.; Leigh, W.; Young, S.; Caughey, W.; Hoffman, T.; Brick, M.; Caughey, M. Do Age, Demographics, and Tear Characteristics Affect Outcomes After Rotator Cuff Repair? Results of Over 2000 Rotator Cuff Repairs at 5-Year Follow-up. Orthop. J. Sports Med. 2022, 10, 23259671221119222. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, P.M.; Wilson, J.; Dalal, S.; Parker, R.A.; Norburn, P.; Roy, B.R. Rotator cuff repair in patients over 70 years of age: Early outcomes and risk factors associated with re-tear. Bone Jt. J. 2013, 95, 199–205. [Google Scholar] [CrossRef] [PubMed]

	



Nolte, P.-C.; Seiter, M.; Elrick, B.P.; Millett, P.J. Rotator cuff tears in elderly patients: Is repair worthwhile? Ann. Jt. 2021, 6, 20. [Google Scholar] [CrossRef]

	



Ainsworth, R.; Lewis, J.S. Exercise therapy for the conservative management of full thickness tears of the rotator cuff: A systematic review. Br. J. Sports Med. 2007, 41, 200–210. [Google Scholar] [CrossRef] [PubMed]

	



Lambers Heerspink, F.O.; van Raay, J.J.; Koorevaar, R.C.; van Eerden, P.J.; Westerbeek, R.E.; van ’t Riet, E.; van den Akker-Scheek, I.; Diercks, R.L. Comparing surgical repair with conservative treatment for degenerative rotator cuff tears: A randomized controlled trial. J. Shoulder Elb. Surg. 2015, 24, 1274–1281. [Google Scholar] [CrossRef] [PubMed]

	



Kukkonen, J.; Joukainen, A.; Lehtinen, J.; Mattila, K.T.; Tuominen, E.K.J.; Kauko, T.; Aärimaa, V. Treatment of non-traumatic rotator cuff tears: A randomised controlled trial with one-year clinical results. Bone Jt. J. 2014, 96, 75–81. [Google Scholar] [CrossRef]

	



Geary, M.B.; Elfar, J.C. Rotator Cuff Tears in the Elderly Patients. Geriatr. Orthop. Surg. Rehabil. 2015, 6, 220–224. [Google Scholar] [CrossRef]

	



Drake, G.N.; O’Connor, D.P.; Edwards, T.B. Indications for reverse total shoulder arthroplasty in rotator cuff disease. Clin. Orthop. Relat. Res. 2010, 468, 1526–1533. [Google Scholar] [CrossRef] [PubMed]

	



Labriola, J.E.; Edwards, T.B. Reverse Total Shoulder Arthroplasty in the Senior Athlete. Oper. Tech. Sports Med. 2008, 16, 43–49. [Google Scholar] [CrossRef]

	



Kennedy, J.; Klifto, C.S.; Ledbetter, L.; Bullock, G.S. Reverse total shoulder arthroplasty clinical and patient-reported outcomes and complications stratified by preoperative diagnosis: A systematic review. J. Shoulder Elb. Surg. 2021, 30, 929–941. [Google Scholar] [CrossRef]

	



Dornan, G.J.; Katthagen, J.C.; Tahal, D.S.; Petri, M.; Greenspoon, J.A.; Denard, P.J.; Burkhart, S.S.; Millett, P.J. Cost-Effectiveness of Arthroscopic Rotator Cuff Repair Versus Reverse Total Shoulder Arthroplasty for the Treatment of Massive Rotator Cuff Tears in Patients With Pseudoparalysis and Nonarthritic Shoulders. Arthroscopy 2017, 33, 716–725. [Google Scholar] [CrossRef] [PubMed]

	



Walch, G.; Bacle, G.; Lädermann, A.; Nové-Josserand, L.; Smithers, C.J. Do the indications, results, and complications of reverse shoulder arthroplasty change with surgeon’s experience? J. Shoulder Elb. Surg. 2012, 21, 1470–1477. [Google Scholar] [CrossRef] [PubMed]

	



Saltzman, B.M.; Chalmers, P.N.; Gupta, A.K.; Romeo, A.A.; Nicholson, G.P. Complication rates comparing primary with revision reverse total shoulder arthroplasty. J. Shoulder Elb. Surg. 2014, 23, 1647–1654. [Google Scholar] [CrossRef]

	



Wall, B.; Nové-Josserand, L.; O’Connor, D.P.; Edwards, T.B.; Walch, G. Reverse total shoulder arthroplasty: A review of results according to etiology. J. Bone Jt. Surg. 2007, 89, 1476–1485. [Google Scholar] [CrossRef]

	



Sheean, A.J.; Hartzler, R.U.; Denard, P.J.; Lädermann, A.; Sanders, T.G.; Zlatkin, M.B.; Burkhart, S.S. Preoperative Radiographic Risk Factors for Incomplete Arthroscopic Supraspinatus Tendon Repair in Massive Rotator Cuff Tears. Arthroscopy 2018, 34, 1121–1127. [Google Scholar] [CrossRef]

	



Moraiti, C.; Valle, P.; Maqdes, A.; Boughebri, O.; Dib, C.; Giakas, G.; Kany, J.; Elkholti, K.; Garret, J.; Katz, D.; et al. Comparison of functional gains after arthroscopic rotator cuff repair in patients over 70 years of age versus patients under 50 years of age: A prospective multicenter study. Arthroscopy 2015, 31, 184–190. [Google Scholar] [CrossRef]

	



Brewer, B.J. Aging of the rotator cuff. Am. J. Sports Med. 1979, 7, 102–110. [Google Scholar] [CrossRef] [PubMed]

	



Diebold, G.; Lam, P.; Walton, J.; Murrell, G.A.C. Relationship Between Age and Rotator Cuff Retear: A Study of 1,600 Consecutive Rotator Cuff Repairs. J. Bone Jt. Surg. 2017, 99, 1198–1205. [Google Scholar] [CrossRef]

	



Bhatia, S.; Greenspoon, J.A.; Horan, M.P.; Warth, R.J.; Millett, P.J. Two-Year Outcomes After Arthroscopic Rotator Cuff Repair in Recreational Athletes Older Than 70 Years. Am. J. Sports Med. 2015, 43, 1737–1742. [Google Scholar] [CrossRef]

	



Worland, R.L.; Arredondo, J.; Angles, F.; Lopez-Jimenez, F. Repair of massive rotator cuff tears in patients older than 70 years. J. Shoulder Elb. Surg. 1999, 8, 26–30. [Google Scholar] [CrossRef]

	



Denard, P.J.; Lädermann, A.; Brady, P.C.; Narbona, P.; Adams, C.R.; Arrigoni, P.; Huberty, D.; Zlatkin, M.B.; Sanders, T.G.; Burkhart, S.S. Pseudoparalysis From a Massive Rotator Cuff Tear Is Reliably Reversed With an Arthroscopic Rotator Cuff Repair in Patients Without Preoperative Glenohumeral Arthritis. Am. J. Sports Med. 2015, 43, 2373–2378. [Google Scholar] [CrossRef] [PubMed]

	



Charousset, C.; Bellaïche, L.; Kalra, K.; Petrover, D. Arthroscopic repair of full-thickness rotator cuff tears: Is there tendon healing in patients aged 65 years or older? Arthroscopy 2010, 26, 302–309. [Google Scholar] [CrossRef] [PubMed]

	



Verma, N.N.; Bhatia, S.; Baker, C.L., 3rd; Cole, B.J.; Boniquit, N.; Nicholson, G.P.; Romeo, A.A. Outcomes of arthroscopic rotator cuff repair in patients aged 70 years or older. Arthroscopy 2010, 26, 1273–1280. [Google Scholar] [CrossRef]

	



Fossati, C.; Stoppani, C.; Menon, A.; Pierannunzii, L.; Compagnoni, R.; Randelli, P.S. Arthroscopic rotator cuff repair in patients over 70 years of age: A systematic review. J. Orthop. Traumatol. 2021, 22, 3. [Google Scholar] [CrossRef]

	



Altintas, B.; Anderson, N.L.; Pitta, R.; Buckley, P.S.; Bhatia, S.; Provencher, M.T.; Millett, P.J. Repair of Rotator Cuff Tears in the Elderly: Does It Make Sense? A Systematic Review. Am. J. Sports Med. 2020, 48, 744–753. [Google Scholar] [CrossRef]

	



Gwark, J.-Y.; Sung, C.-M.; Na, J.-B.; Park, H.B. Outcomes of Arthroscopic Rotator Cuff Repair in Patients Who Are 70 Years of Age or Older Versus Under 70 Years of Age: A Sex- and Tear Size-Matched Case-Control Study. Arthroscopy 2018, 34, 2045–2053. [Google Scholar] [CrossRef]

	



Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. BMJ 2009, 339, b2535. [Google Scholar] [CrossRef] [PubMed]

	



Higgins, J.P.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. Cochrane Handbook for Systematic Reviews of Interventions; John Wiley & Sons: Hoboken, NJ, USA, 2019. [Google Scholar]

	



Wells, G.; Shea, B.; O’connell, D.; Peterson, J.; Welch; Losos, M.; Tugwell, P.; Ga, S.W.; Zello, G.A.; Petersen, J. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Analyses. Available online: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on 1 January 2023).

	



DerSimonian, R.; Laird, N. Meta-analysis in clinical trials. Control. Clin. Trials 1986, 7, 177–188. [Google Scholar] [CrossRef] [PubMed]

	



Nicholson, J.A.; Searle, H.K.C.; MacDonald, D.; McBirnie, J. Cost-effectiveness and satisfaction following arthroscopic rotator cuff repair: Does age matter? Bone Jt. J. 2019, 101, 860–866. [Google Scholar] [CrossRef] [PubMed]

	



Osti, L.; Papalia, R.; Del Buono, A.; Denaro, V.; Maffulli, N. Comparison of arthroscopic rotator cuff repair in healthy patients over and under 65 years of age. Knee Surg. Sport. Traumatol. Arthrosc. 2010, 18, 1700–1706. [Google Scholar] [CrossRef] [PubMed]

	



Rhee, Y.G.; Cho, N.S.; Yoo, J.H. Clinical outcome and repair integrity after rotator cuff repair in patients older than 70 years versus patients younger than 70 years. Arthroscopy 2014, 30, 546–554. [Google Scholar] [CrossRef]

	



DeOrio, J.; Cofield, R.H. Results of a second attempt at surgical repair of a failed initial rotator-cuff repair. J. Bone Jt. Surg. 1984, 66, 563–567. [Google Scholar] [CrossRef]

	



Goutallier, D.; Postel, J.M.; Bernageau, J.; Lavau, L.; Voisin, M.C. Fatty muscle degeneration in cuff ruptures. Pre- and postoperative evaluation by CT scan. Clin. Orthop. Relat. Res. 1994, 304, 78–83. [Google Scholar] [CrossRef]

	



Witney-Lagen, C.; Mazis, G.; Bruguera, J.; Atoun, E.; Sforza, G.; Levy, O. Do elderly patients gain as much benefit from arthroscopic rotator cuff repair as their younger peers? J. Shoulder Elb. Surg. 2019, 28, 1056–1065. [Google Scholar] [CrossRef]

	



Kukkonen, J.; Kauko, T.; Vahlberg, T.; Joukainen, A.; Aärimaa, V. Investigating minimal clinically important difference for Constant score in patients undergoing rotator cuff surgery. J. Shoulder Elb. Surg. 2013, 22, 1650–1655. [Google Scholar] [CrossRef]

	



Hsu, J.E.; Horneff, J.G.; Gee, A.O. Immobilization After Rotator Cuff Repair: What Evidence Do We Have Now? Orthop. Clin. N. Am. 2016, 47, 169–177. [Google Scholar] [CrossRef]

	



Keener, J.D.; Galatz, L.M.; Stobbs-Cucchi, G.; Patton, R.; Yamaguchi, K. Rehabilitation following arthroscopic rotator cuff repair: A prospective randomized trial of immobilization compared with early motion. J. Bone Jt. Surg. 2014, 96, 11–19. [Google Scholar] [CrossRef] [PubMed]

	



Koh, K.H.; Lim, T.K.; Shon, M.S.; Park, Y.E.; Lee, S.W.; Yoo, J.C. Effect of immobilization without passive exercise after rotator cuff repair: Randomized clinical trial comparing four and eight weeks of immobilization. J. Bone Jt. Surg. 2014, 96, e44. [Google Scholar] [CrossRef] [PubMed]

	



Houck, D.A.; Kraeutler, M.J.; Schuette, H.B.; McCarty, E.C.; Bravman, J.T. Early Versus Delayed Motion After Rotator Cuff Repair: A Systematic Review of Overlapping Meta-analyses. Am. J. Sports Med. 2017, 45, 2911–2915. [Google Scholar] [CrossRef] [PubMed]

	



Severud, E.L.; Ruotolo, C.; Abbott, D.D.; Nottage, W.M. All-arthroscopic versus mini-open rotator cuff repair: A long-term retrospective outcome comparison. Arthroscopy 2003, 19, 234–238. [Google Scholar] [CrossRef]

	



Bayle, X.; Pham, T.T.; Faruch, M.; Gobet, A.; Mansat, P.; Bonnevialle, N. No difference in outcome for open versus arthroscopic rotator cuff repair: A prospective comparative trial. Arch. Orthop. Trauma Surg. 2017, 137, 1707–1712. [Google Scholar] [CrossRef]

	



Nazari, G.; MacDermid, J.C.; Bryant, D.; Dewan, N.; Athwal, G.S. Effects of arthroscopic vs. mini-open rotator cuff repair on function, pain & range of motion. A systematic review and meta-analysis. PLoS ONE 2019, 14, e0222953. [Google Scholar] [CrossRef]

	



Xu, C.; Zhao, J.; Li, D. Meta-analysis comparing single-row and double-row repair techniques in the arthroscopic treatment of rotator cuff tears. J. Shoulder Elb. Surg. 2014, 23, 182–188. [Google Scholar] [CrossRef]

	



Sobhy, M.H.; Khater, A.H.; Hassan, M.R.; El Shazly, O. Do functional outcomes and cuff integrity correlate after single-versus double-row rotator cuff repair? A systematic review and meta-analysis study. Eur. J. Orthop. Surg. Traumatol. 2018, 28, 593–605. [Google Scholar] [CrossRef]

	



Hein, J.; Reilly, J.M.; Chae, J.; Maerz, T.; Anderson, K. Retear Rates After Arthroscopic Single-Row, Double-Row, and Suture Bridge Rotator Cuff Repair at a Minimum of 1 Year of Imaging Follow-up: A Systematic Review. Arthroscopy 2015, 31, 2274–2281. [Google Scholar] [CrossRef]

	



Plachel, F.; Siegert, P.; Rüttershoff, K.; Thiele, K.; Akgün, D.; Moroder, P.; Scheibel, M.; Gerhardt, C. Long-term Results of Arthroscopic Rotator Cuff Repair: A Follow-up Study Comparing Single-Row Versus Double-Row Fixation Techniques. Am. J. Sport. Med. 2020, 48, 1568–1574. [Google Scholar] [CrossRef]

	



Ying, Z.-M.; Lin, T.; Yan, S.-G. Arthroscopic single-row versus double-row technique for repairing rotator cuff tears: A systematic review and meta-analysis. Orthop. Surg. 2014, 6, 300–312. [Google Scholar] [CrossRef] [PubMed]

	



van Deurzen, D.F.P.; Auw Yang, K.G.; Onstenk, R.; Raven, E.E.J.; van den Borne, M.P.J.; Hoelen, M.A.; Wessel, R.N.; Willigenburg, N.W.; Klaassen, A.D.; van den Bekerom, M.P.J.; et al. Long Head of Biceps Tenotomy Is Not Inferior to Suprapectoral Tenodesis in Arthroscopic Repair of Nontraumatic Rotator Cuff Tears: A Multicenter, Non-inferiority, Randomized, Controlled Clinical Trial. Arthroscopy 2021, 37, 1767–1776.e1. [Google Scholar] [CrossRef] [PubMed]

	



Woodmass, J.M.; Al Khatib, L.; McRae, S.; Lapner, P.; Mascarenhas, R.; Neogi, D.; MacDonald, P.B. Arthroscopic Rotator Cuff Repair with and without Acromioplasty in the Treatment of Full-Thickness Rotator Cuff Tears: Long-Term Outcomes of a Multicenter, Randomized Controlled Trial. J. Bone Jt. Surg. 2022, 104, 2101–2107. [Google Scholar] [CrossRef]

	



Yoo, J.C.; Ahn, J.H.; Koh, K.H.; Lim, K.S. Rotator cuff integrity after arthroscopic repair for large tears with less-than-optimal footprint coverage. Arthroscopy 2009, 25, 1093–1100. [Google Scholar] [CrossRef] [PubMed]

	



Shim, S.B.; Jeong, J.Y.; Kim, J.S.; Yoo, J.C. Evaluation of risk factors for irreparable rotator cuff tear in patients older than age 70 including evaluation of radiologic factors of the shoulder. J. Shoulder Elb. Surg. 2018, 27, 1932–1938. [Google Scholar] [CrossRef] [PubMed]








[image: Diagnostics 13 01770 g001 550] 





Figure 1. PRISMA flow diagram of the study. 
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Figure 2. Forest plot of pain reduction [30,37]. There was no significant difference between the two groups concerning the level of pain reduction (MD: −0.33; 95% CI: −0.80 to 0.15; p = 0.18; I2 = 0%). MD, median difference; CI, confidence interval. 
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Figure 3. Forest plot of shoulder function improvement by Constant score [20,30,37]. There was no significant difference between the two groups concerning improvement of Constant score (MD: −0.30; 95% CI: −2.84 to 2.24; p = 0.68; I2 = 0%). MD, median difference; CI, confidence interval. 
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Figure 4. Forest plot of the re-tear rate [20,30,37]. There was no significant difference in re-tear rate between the two groups (OR: 0.98; 95% CI: 0.47 to 2.02; p = 0.95; I2 = 54%). CI, confidence interval; OR, odds ratio. 
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Figure 5. Forest plot of the abduction muscle power [30,37]. There was no significant difference in the abduction muscle power between the two groups (MD: 0.31 Kg; 95% CI: −0.21 to 0.98 Kg; p = 0.17; I2 = 0%). CI, confidence interval; MD, mean difference. 
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Figure 6. Forest plot of the shoulder ROM improvement [20,30,37]. There was no significant difference in ROMs between the two groups confidence interval; ROM, range of motion. 
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Table 1. Characteristics of included studies.






Table 1. Characteristics of included studies.





	Study

(Author, Year)
	Country
	Study Design, LOE
	Inclusion/Exclusion Criteria
	Sample Size (M/F)
	Outcomes
	NOS
	Funding





	Osti, 2010 [36]
	Italy
	Retrospective cohort, II
	Inclusion: FTRCT with cuff repair surgery

Exclusion: Advanced rotator cuff arthropathy (Hamada Grade 3–5), severe fatty infiltration (Goutallier stage 3 or 4), subscapularis tear, fracture, instability, previous surgery, etc.
	Age > 65: 28 (19/9)

Age < 65: 28 (19/9)
	Function (UCLA score), shoulder ROM, QoL (SF-36)
	7
	NR



	Rhee, 2014 [37]
	Korea
	Retrospective cohort, II
	Inclusion: FTRCT with ARCR surgery

Exclusion: AC joint OA requiring resection, advanced GH OA, biceps lesion, revision surgery
	Age > 70: 47 (14/33)

Age < 70: 191 (74/117)
	Function (Constant score, UCLA score), re-tear rate, shoulder ROM, pain level (VAS), muscle strength
	7
	NR



	Moraiti, 2015 [20]
	France/

Greece
	Prospective cohort, II
	Inclusion: FTRCT with ARCR surgery

Exclusion: Previous trauma or surgery, advanced GH joint OA
	Age > 70: 41

Age < 70: 40
	Function (Constant score), re-tear rate, shoulder ROM
	7
	NR



	Gwark, 2018 [30]
	Korea
	Retrospective case–control, III
	Inclusion: FTRCT with ARCR surgery

Exclusion: previous trauma history
	Age > 70: 53 (19/34)

Age < 70: 159 (57/102)
	Function (Constant score), re-tear rate, shoulder ROM, pain level (VAS), muscle strength
	7
	NR



	Nicolson, 2019 [35]
	United Kingdom
	Prospective case–control, III
	Inclusion: FTRCT with ARCR surgery

Exclusion: Previous Injury, revision surgery, partial tear, unable to complete repair
	Age > 65: 28 (17/11)

Age < 65: 56 (28/28)
	Function (DASH score, OSS score), QoL (EQ-5D), re-tear rate
	7
	Yes







AC: acromioclavicular; ARCR: arthroscopic rotator cuff repair; DASH: disabilities of the arm shoulder and hand questionnaire; EQ-5D: EuroQol five-dimension questionnaire; FTRCT: full-thickness rotator cuff tear; GH: glenohumeral LOE: level of evidence; NOS: Newcastle–Ottawa Score; NR: not reported; OA: osteoarthritis; OSS: Oxford shoulder score; QoL: quality of life; ROM: range of motion; VAS: visual analog.
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Table 2. Details of surgery.
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Study

	
Group

	
Tear size a

(I/II/III or

Small Medium/Large/Massive)

	
Fatty Infiltration b

	
Repair Method

(SR/DR or TOE)






	
Osti, 2010 [36]

	
Age > 65

	
3/15/10

	
SSP (18/10) c

ISP (23/5)

SSC (24/4)

	
All single row




	
Age < 65

	
5/16/7

	
SSP (19/9)

ISP (25/3)

SSC (25/3)




	
Rhee, 2014 [37]

	
Age > 70

	
22/9/16

	
NR

	
27/15




	
Age < 70

	
85/68/38

	
101/65




	
Moraiti, 2015 [20]

	
Age > 70

	
NR

	
SSP 1.9 ± 0.1

ISP 1.6 ± 0.2

SSC 1.6 ± 0.2

	
22/18




	
Age < 70

	
SSP 0.8 ± 0.1

ISP 1.0 ± 0.3

SSC 0.75 ± 0.3

	
15/25




	
Gwark, 2018 [30]

	
Age > 70

	
22/15/16

	
GFDI d 1.6 ± 0.3

ISP 2.2 ± 0.7

	
38/15




	
Age < 70

	
66/45/48

	
GFDI 1.7 ± 0.5

ISP 2.0 ± 0.8

	
118/41




	
Nicholson, 2019 [35]

	
Age > 65

	
9/19 large or massive

	
NR

	
All double row




	
Age < 65

	
23/33 large or massive








DR: double row; GFDI: global fatty degeneration index; ISP: infraspinatus; NR: not reported; SR: single row; SSP: supraspinatus; SSC: subscapularis; TOE: transosseous equivalent. a evaluated by Boileau classification system (MRI) or DeOrio and Cofield classification (intraoperative). b evaluation by Goutallier classification. c expressed as Grade 0–1/Grade 2. d Global fatty degeneration index, GFDI: the average Goutallier grade of the supraspinatus, infraspinatus, subscapularis, and teres minor muscles.
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Table 3. Summary of synthetic results.
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	Outcomes
	No. of Studies, n
	Patients in Younger Group, n
	Patients in Older Group, n
	OR/MD

(95% CI)
	p
	I2





	Pain level (VAS) improvement
	2
	350
	100
	−0.33 (−0.80, 0.15)
	0.18
	0%



	Constant score improvement
	3
	390
	140
	−0.30 (−2.84, 2.24)
	0.82
	0%



	Re-tear rate
	3
	390
	140
	0.98 (0.47, 2.02)
	0.95
	54%



	Muscle power
	2
	350
	100
	0.31 (−0.13, 0.75)
	0.17
	0%



	Joint ROM improvement
	
	
	
	
	
	



	 Forward flexion
	3
	390
	140
	−3.29 (−9.00, 2.42)
	0.26
	0%



	 External rotation
	3
	390
	140
	−1.15 (−2.11, −0.19)
	0.02
	0%



	 Abduction
	3
	390
	140
	4.05 (−2.35, 10.45)
	0.21
	0%







CI: confidence interval; MD: mean difference; OR: odds ratio; ROM: range of motion; VAS: visual analog scale.
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