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Abstract
BACKGROUND
The reparability of large or massive rotator cuff tears is difficult to determine pre-operatively. We previously identified age ≥ 65 years, acromiohumeral interval ≤ 6 mm, and anteroposterior tear size ≥ 22 mm as risk factors for rotator cuff repair failure. We therefore developed a rotator cuff reparability score where each of the above risk factors is assigned a score of one point. 

AIM
To determine the accuracy of a rotator cuff reparability score.

METHODS
This was a retrospective cohort study of recruited patients with large or massive rotator cuff tears treated at our institution between January 2013 and December 2019. Exclusion criteria were revision surgery and patients with contraindications for surgery. All patients underwent arthroscopic rotator cuff repair and were categorized into either complete or partial rotator cuff repair. Rotator cuff reparability scores were calculated for each patient. The sensitivity, specificity, positive and negative predictive value, and positive and negative likelihood ratio were assessed. A receiver operating characteristic curve was plotted to determine the optimal cut-off rotator cuff reparability score. 

RESULTS
Eighty patients (mean age, 61 years; range, 25–84 years; 41 females and 39 males) were recruited. Intra- and inter-observer reliabilities were good to excellent. The number of patients with 0, 1, 2, and 3 risk factors for rotator cuff repair failure were 24, 33, 17, and 6, respectively. Complete repair was performed in all patients without risk factors. Two of the 33 patients with one risk factor and seven of the 17 patients with two risk factors underwent partial repair. One of the six patients with three risk factors underwent complete repair. The area under the curve was 0.894. The optimal cut-off score was two points with a sensitivity of 85.71% and a specificity of 83.33%. 

CONCLUSION
A rotator cuff reparability score of two was determined to be the optimal cut-off score for predicting the reparability of large or massive rotator cuff tears.
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Core Tip: This is retrospective study to evaluate the accuracy of a novel rotator cuff reparability score. In large or massive rotator cuff tears, arthroscopic rotator cuff repair is not always feasible. The reparability of large or massive rotator cuff tears can be more accurately determined after intra-operative arthroscopy. The identification of pre-operative risk factors for rotator cuff tear repair failure may facilitate improvements in management and provide patients with more accurate treatment information. Accordingly, we developed a novel scoring system to predict the likelihood of rotator cuff repair failure.


INTRODUCTION
The recommended treatment option for rotator cuff tears is arthroscopic surgery. Complete rotator cuff repair yields superior functional outcomes with a lower rate of recurrent tears compared to partial rotator cuff repair or arthroscopic debridement[1,2]. Partial rotator cuff repair may initially improve functional outcomes; however, half of patients are reportedly dissatisfied with the results of partial rotator cuff repair at long-term follow-up[3]. Prior to arthroscopic rotator cuff surgery, a variety of salvage operations, such as superior capsular reconstruction, tendon transfer, subacromial balloon spacer, and reverse total shoulder arthroplasty, should be planned. Furthermore, arthroscopic repair of large or massive rotator cuff tears may not always be feasible. The reparability of large or massive rotator cuff tears can be more accurately determined during intra-operative arthroscopy. Pre-operative risk factors for rotator cuff repair failure may improve management planning and provide patients with more reliable treatment information.
Age, tendon retraction, rotator cuff tendon tear size, fatty infiltration, muscle atrophy, and superior humeral head migration are reported predictors of the reparability of large rotator cuff tears[4-7]. Our previous study identified age, acromiohumeral interval (AHI), anteroposterior (AP) tear size, and AHI as pre-operative clinical and radiographic parameters associated with the reparability of rotator cuff tears[5]. Pre-operative evaluations have been shown to facilitate better treatment outcomes and lower re-tear rates after complete rotator cuff repair[1,2]. In cases where complete repair is not feasible, alternative salvage techniques with superior results to partial rotator cuff repair should be considered[8].
Accordingly, we developed a novel scoring system for predicting the reparability of large or massive rotator cuff tears. The objective of the present study was to determine the accuracy of our novel pre-operative scoring system in predicting the probability of the reparability of large or massive rotator cuff tears. We hypothesized that higher rotator cuff reparability scores predict rotator cuff repair failure.

MATERIALS AND METHODS
The present retrospective cohort study collected data from January 1, 2013 to December 31, 2019 after the Queen Savang Vadhana Memorial Hospital's Research Ethics Committee gave its approval to the study protocol. All patients with large or massive rotator cuff injuries identified by magnetic resonance imaging (MRI) prior to surgery and verified during surgery by arthroscopy were included in the current study. Rotator cuff tears were classified using the Snyder classification and modified Millstein[9,10].
     The term "complete supraspinatus tendon tears" was used to describe large rotator cuff tears. At least two tendons must be involved for a rotator cuff injury to be considered massive. The current study excluded patients with recurrent rotator cuff injuries or surgical contraindications.
Our rotator cuff reparability scoring system consisted of three factors: age ≥ 65 years, AHI ≤ 6 mm, and AP tear size ≥ 22 mm[2]. AHI was used to assess superior humeral head migration and was measured as the distance between the inferior border of the acromion and the superior aspect of the humeral head on AP plain radiography[11] (Figure 1). AP tear size was determined using T2-weighted MRI in the sagittal oblique view as the largest straight distance from anterior to posterior tendon edge[12]. No measurements were performed for frayed tissues at the tendon edge (Figure 2). Two independent observers measured both imaging parameters twice.
Arthroscopic repair was performed by three fellowship-trained sports medicine surgeons. General anesthesia was used to sedate the patients, who were then placed in a beach chair position. If an acromial spur was identified, acromioplasty was performed. Arthroscopic capsular release and manipulation under anesthesia were performed in cases of adhesive capsulitis. After confirming the size of the tear using an arthroscopic probe, tendon adhesions were released and mobilized to cover as much of the native footprint as feasible. The interval sliding technique was used where necessary. Where feasible, double-row rotator cuff repair or trans-osseous equivalent repair  could improve tendon healing, lower the risk of re-rupture, and improve functional outcomes compared to single-row repair[13-15]. Single-row or partial repair was performed in cases where double-row repair was not possible.
Partial repair was defined as having less than 50% of the anatomical footprint covered by tendon. Complete repair was defined as 50% tendon coverage or greater[7,11] (Figure 3A and B). On the first post-operative day, passive range-of-motion exercises were permitted for all patients. Patients were provided an arm sling for 6 wk post-operatively. In the third or fourth post-operative week, progressive active-assisted passive motion exercises were initiated for muscle strengthening.
Statistical analyses were performed using SPSS version 26. Each risk factor score's sensitivity, specificity, positive and negative predictive value, and positive and negative probability ratio were assessed. The optimal cut-off score and values of area under the curve (AUC) were determined using receiver operating characteristics (ROC) curves. Intra-observer and inter-observer reliabilities were calculated using Kappa analysis and the intra-class correlation coefficient for categorical and continuous data, respectively.

RESULTS
Eighty patients (mean age, 61 years; range, 25–84 years; 41 females and 39 males) met the study inclusion criteria. A total of 64 massive rotator cuff tears (82.5%) and 14 Large rotator cuff tears (17.5%) were identified by MRI and confirmed by arthroscopic examination.
AP distance and AHI had intra-observer reliability values of 83.8 and 84.6 %, respectively. The inter-observer reliability values for AP distance and AHI were 81.2 and 81.6 %, respectively. Both outcomes were rated as good to excellent. Sixty-six patients underwent complete arthroscopic rotator cuff repair. Partial arthroscopic rotator cuff repairs were performed in 14 patients. All 24 patients who had no risk factors for rotator cuff surgery failure had complete arthroscopic repair of their rotator cuffs. Only two of the 33 patients with one risk factor underwent partial repair. Seven patients with two risk factors underwent partial repair, while ten patients with two risk factors underwent complete repair. One of the six patients with all three risk factors underwent complete repair. The numbers of patients undergoing complete or partial repair according to number of risk factors for rotator cuff repair failure are shown in Table 1.
For each rotator cuff reparability score, sensitivity, specificity, positive and negative predictive value, as well as positive and negative likelihood ratios, were investigated (Table 2). The AUC of ROC curve was 0.894 (Figure 4). Two was the optimal cut-off score for rotator cuff reparability, with a sensitivity of 85.71% and a specificity of 83.33%.

DISCUSSION
Arthroscopic rotator cuff repair is currently the standard treatment for rotator cuff tears. However, arthroscopic surgery is technically challenging in cases of large or massive rotator cuff tears. Previous studies have demonstrated that complete rotator cuff repair leads to superior functional results compared to partial rotator cuff repair[1,2,16,17]. Shon et al[3] suggested that arthroscopic partial repair may result in initial clinical improvements at two-year follow-up; however, over half of the study participants were dissatisfied with surgical outcomes which had worsened over time[3]. Heuberer et al[1] conducted a 45-mo follow-up study and demonstrated that partial rotator cuff repair was associated with higher re-rupture rates compared to complete rotator cuff repair.
[bookmark: _Hlk117777873]Many salvage procedures have recently been developed for irreparable rotator cuff tears. However, there is a lack of studies comparing partial rotator cuff repair with other salvage procedures. A recent prospective cohort study comparing a latissimus dorsi muscle transfer with a partial rotator cuff repair in irreparable posterosuperior rotator cuff tears showed higher the University of California-Los Angeles (UCLA) shoulder scale, forward flexion, and shoulder strength in the muscle transfer group[8]. A cost-effective study by Makhni et al[18] revealed that arthroscopic rotator cuff repair may be a more cost-effective initial treatment for massive rotator cuff tears compared with primary reverse total shoulder arthroplasty. However, reverse total shoulder arthroplasty had superior outcomes in cases of rotator cuff repair failure or re-tear. The results of the study by Makhni et al[18] demonstrate the importance of comprehensive evaluation of the reparability of rotator cuff tears. Salvage procedures including superior capsular reconstruction, subacromial spacer, tendon transfer, and reverse total shoulder arthroplasty, are recommended in cases of irreparable rotator cuff tears after their utility in significantly improving functional outcomes was confirmed[19,20]. To our knowledge, no comparative studies of partial rotator cuff repair and salvage procedures have been reported to date. Accordingly, the assessment of rotator cuff reparability is clinically challenging, particularly in cases of large or massive rotator cuff tears. However, many factors have been reported to be associated with rotator cuff tear reparability and have utility in predicting treatment outcomes pre-operatively[1-3,17].
Rotator cuff injuries are a phenomenon of natural aging[21]. The majority of rotator cuff injuries are asymptomatic. However, 30% – 40% of patients with asymptomatic tears developed symptoms in the subsequent 2 to 5 years[22-23]. Larger rotator cuff tears are typically associated with degeneration and fatty infiltration[21,24]. Moreover, increasing age, particularly ≥ 65 years, has been shown to significantly correlate with rotator cuff tear irreparability[5-6].
Rotator cuff tears cause an imbalance between the forces acting on the glenohumeral joint, which can result in the humeral head superior migration, [25] which is one of the earliest signs of rotator cuff tear arthropathy[26]. The humeral head superior migration, as measured by the AHI or inferior glenohumeral distance, is an important factor in predicting the reparability and clinical outcomes of rotator cuff tears[4-7,27]. Previous studies have reported that an AHI ≤ 6 mm is associated with rotator cuff tear irreparability[4-5].
[bookmark: _Hlk117778741][bookmark: _Hlk117778818][bookmark: _Hlk117778811]Tear size is another significant factor, which many studies reported as a main predicting factor of reparability[4-7,11,21]. Previous studies have determined rotator cuff tear size using different imaging modalities and in coronal and sagittal oblique views. Our previous study reported that both mediolateral tear size ≥ 36 mm and AP tear size ≥ 22 were associated with rotator cuff tear irreparability. This result corroborates a previous study by Di Benedetto et al[4]; however, their multiple logistic regression model demonstrated that only AP tear size was significantly correlated with rotator cuff tear irreparability.
A previous retrospective study reported the development of a quantitative scoring system for large-to-massive rotator cuff tears[6]. Their scoring system, which included AP tear size, mediolateral tear size, muscle atrophy, and fatty infiltration, had a sensitivity of 73.5% and a specificity of 96.2%. However, this study included only pre-operative MRI factors and not clinical and radiographic factors.
Our previous study analyzed all pre-operative clinical and radiographic factors to estimate the reparability of large and massive rotator cuff tears[5], demonstrating that age, AHI, and AP tear size were correlated with rotator cuff reparability. As all three factors had similar odd ratios, we weighted them equally to develop the present three-point scoring system.
In this study, the AUC for our rotator cuff reparability score was 0.894, indicating good accuracy. A score of two, which had a sensitivity of 85.71% and a specificity of 83.33%, was found to be the optimal cut-off rotator cuff reparability score. Accordingly, rotator cuff tears are most likely to be irreparable in patients with a score rotator cuff reparability of two or three. We recommend pre-operative consideration of backup procedures in such cases.
This study had several limitations. First, the retrospective nature of the present study may have introduced selection or information into the study analysis. Second, there was a wide range of participant ages which may have affected tissue quality and the likelihood of traumatic rotator cuff tears. Third, the small sample size and small number of patients in the partial repair group may have influenced the study results. Finally, clinical outcomes and follow-up were not assessed in the present study. Further studies are required to validate the clinical utility of our rotator cuff reparability score in improving clinical outcomes and provided satisfactory results after long-term follow-up.

CONCLUSION
A score of two is the optimal rotator cuff reparability score for predicting the reparability of large or massive rotator cuff tears. Patients with a pre-operative rotator cuff reparability score of two or greater are likely to have irreparable rotator cuff tears.

ARTICLE HIGHLIGHTS
Research background
It is challenging to predict the reparability of a large and massive rotator cuff injury before surgery. Age, tendon retraction, tendon tear size, fatty infiltration, muscle atrophy, and superior humeral head migration are factors that influence whether or not large or massive rotator cuff tears can be repaired.

Research motivation
The better result and lower recurrent rate of complete rotator cuff repair, make the pre-operative evaluation much more important. If a complete repair is not possible, alternative salvage techniques with better results than partial rotator cuff repair should be considered.

Research objectives
The aim of the current study was to determine the accuracy of the rotator cuff reparability score.

Research methods
This was a retrospective cohort diagnostic study including all patients with large and massive rotator cuff tears between January 2013 and December 2019. All patients underwent an arthroscopic rotator cuff repair and were classified as having either complete or partial rotator cuff repair. The sensitivity, specificity, positive and negative predictive value, and positive and negative likelihood ratio were assessed. The receiver operating characteristic curve was analyzed to define the optimal cut-off level for the reparability of the rotator cuff tear.

Research results
Eighty patients were recruited for this study. The intra- and inter-observer reliabilities were good to excellent. The number of patients with 0, 1, 2, and 3 positive factors were 24, 33, 17, and 6 respectively. The complete repair was done in all patients without any positive factors. Two of 32 patients with one positive factor and seven of 17 patients with two positive factors were partially repaired. Only one of six patients with three positive factors was completely repaired. The area under the curve was 0.894. The optimal cut-off point was two with the sensitivity of 85.71% and the specificity of 83.33%.

Research conclusions
The optimal cut-off point for predicting the reparability of a large or massive rotator cuff tear is a rotator cuff reparability score of two. If the pre-operative score is two or more, the rotator cuff tear is likely to be irreparable. 

Research perspectives
Further studies are required to validate the clinical utility of our rotator cuff reparability score in improving clinical outcomes and provide satisfactory results after long-term follow-up.
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Figure Legends
[image: 78977-g001]
Figure 1 Anteroposterior tear size was measured as the greatest distance between the anterior tendon edge and the posterior tendon edge in sagittal oblique magnetic resonance imaging slices.
[image: 78977-g002]
Figure 2 The acromiohumeral interval was measured as the distance between the inferior border of acromion and the superior aspect of the humeral head on true anteroposterior plain radiography. AHI: Acromiohumeral interval.
[image: 78977-g003]
Figure 3 Arthroscopic view of rotator cuff repair. A: After arthroscopic rotator cuff repair, the tendon is seen to over more than 50% of the anatomical footprint following complete repair. B: In partial repair, the tendon covers less than 50% of the anatomical footprint. GT: Greater tuberosity.
[image: 78977-g004]
[bookmark: _GoBack]Figure 4 Receiver operating characteristics curve of the rotator cuff reparability score.
Table 1 Number of patients undergoing complete or partial repair according to number of risk factors
	No. of risk factors
	Partial repair
	Complete repair
	Total

	3
	5
	1
	6

	2
	7
	10
	17

	1
	2
	31
	33

	0
	0
	24
	24

	Total
	14
	66
	80



Table 2 Diagnostic values of rotator cuff repair score in patients undergoing complete or partial rotator cuff repair
	[bookmark: OLE_LINK1]Rotator cuff reparability score
	Sensitivity
	Specificity
	PPV
	NPV
	Positive likelihood ratio
	Negative likelihood ratio

	1
	100%
	36.36%
	25%
	NA
	1.57
	0

	2
	85.71%
	83.33%
	52.17%
	96.49%
	5.14
	0.17

	3
	35.71%
	98.47%
	83.33%
	87.84%
	23.57
	0.65


PPV: Positive predictive value; NPV: Negative predictive value; NA: Not available.
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