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Abstract

:

Background and Objectives: Different arthroscopic procedures are used for partial-thickness rotator cuff tears (PT-RCTs), but there is still no evidence on the superiority of one procedure over the other. The aim of this study was to evaluate the clinical outcomes and the rate of complications of a tear completion repair (TCR) technique. Materials and Methods: Patients who had undergone arthroscopic TCR technique for PT-RCTs with a follow-up of at least 2-years after surgery were included. The TCR technique involved the removal of the “critical zone” and creating microfractures to biologically support tendon healing. Functional outcomes were assessed prospectively by the Constant score (CS) and active and passive range of movement (ROM). Pain and patient satisfaction were measured using a visual analog scale (VAS). Complication rates were recorded, and tendon integrity was assessed with magnetic resonance imaging (MRI) or ultrasound performed at least 2-years after surgery. Results: Eighty-seven patients with a median age of 57 years were followed-up for a median of 5 years. The CS score improved from 53.5 preoperatively to 94.0 postoperatively (p < 0.001). Median VAS score decreased from 8.6 to 1.0 (p < 0.0001). Median patient satisfaction was 9.3. The overall complication rate was 14.9%. Conclusions: Patients with PT-RCTs of the supraspinatus tendon treated by the TCR technique with “critical zone” removal and biological stimulation by microfractures showed good functional results with excellent strength recovery, a high degree of patient satisfaction, and resolution of painful symptoms at mid-term follow-up.
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1. Introduction


Partial-thickness rotator cuff tears (PT-RCTs) represent a common cause of shoulder pain and disability in the adult population [1,2]. PT-RCTs are more common than full-thickness tears (FT-RCTs) [3], and the supraspinatus tendon is most usually involved [4]. PT-RCTs can involve also to the subscapularis tendon [5]. The prevalence of PT-RCTs ranges from 13% to 32%, and it is strongly related to patient age [6,7,8] with a linear increase after the fifth decade of life [9].



Pathogenesis of PT-RCTs is related to intrinsic and/or extrinsic factors, the former being most common. Intrinsic factors include tendon changes due to traumatic or, most often, degenerative causes. Extrinsic factors originate from the tissues surrounding the cuff and include anatomic variants and, above all, subacromial impingement (mainly bursal side lesion) [10,11] and posterosuperior glenoid impingement [12]. Certainly, the instability of the long head of the biceps tendon (LHBT), which passes underneath the rotator cuff (RC) to its anchor on the superior labrum and glenoid, is one important trigger factor in gradual RC pathology [13,14]. Pathogenesis differs according to age: postero-superior glenoid impingement represents the main cause of PT-RCT in young athletes (under 30 years of age) [12], post-traumatic tears are more frequent in patients around 40–50 years and degenerative ones in patients over 60 [15,16].



PT-RCTs can be classified on the basis of their anatomical location (articular, bursal, or intratendinous) and size (i.e., grade 1, <3 mm; grade 2, 3–6 mm; grade 3, >6 mm) according to Ellman (Figure 1) [1].



Articular-sided PT-RCT arises from degenerative changes associated to hypo-vascularisation and loss of elasticity of the collagen fibers of the critical zone of the rotator cuff (RC) tendon [17]. Bursal-sided PT-RCT is associated to thickening or ossification of the attachment of the coracoacromial ligament [17,18]. Intratendinous tears seem to be mainly related to mechanical shearing stresses between the superficial and deep layers. They differ from chronic tendinopathies and from full-thickness tears of RC, but there is no consensus in the literature concerning their etiology [19,20,21].



PT-RCTs can be treated conservatively or surgically. Conservative treatment includes rest from exacerbating activities, physical therapy, non-steroidal anti-inflammatory (NSAID) medications, intra-articular, or subacromial corticosteroid injections [16,22,23].



Absolute indications for surgical treatment have not been established until now, but many authors advocate surgery for active adults with tears of more than 50% of tendon thickness, lesions that extend beyond 2 cm in diameter, and in the case of failure of conservative treatment [16,22,23,24].



Currently, the main arthroscopic procedures are rotator cuff debridement with or without acromioplasty, transtendon repair (TTR), and tear completion repair (TCR). Some authors advise debridement with or without acromioplasty in cases of a symptomatic lesion involving less than 50% of tendon thickness (Ellman grade I and II ruptures) [25,26] and not responding to conservative treatment [23,25,26]. Repair techniques (TTR and TCR) are generally preferred for larger lesions (Ellman grade III lesions) [23]. To date, there is still no evidence on the superiority of one procedure over the other [23,27,28], and reports on the outcomes of the TCR technique are lacking [29].



In this study, we report our experience with a TRC technique that involves the completion of the lesion by removing the pathological area of the tendon corresponding to the “critical zone,” a small area of diminished vascularisation about 10 mm from the proximal insertion of the supraspinatus tendon, described for the first time by Codman in 1934 [30]. Additionally, microfractures are carried out to support tendon healing with biological stimulation and stable fixation with single row repair.



The aim of this study was to evaluate the clinical outcomes of patients undergoing the TCR technique described here for a PT-RCT. The hypothesis was that the patients would have an improvement in clinical outcomes and low complication rate.




2. Materials and Methods


2.1. Study Population


Between January 2007 and December 2016, 122 consecutive patients with a diagnosis of isolated PT-RCT of supraspinatus tendon who underwent arthroscopic repair using the TCR technique performed by a single senior surgeon were retrospectively enrolled. The study was performed in accordance with the ethical standards of the 1964 Declaration of Helsinki as revised in 2000. The Local Ethical Committee approved the study (Prot. N. 0064488, 10 October 2019).



The inclusion criteria were (1) a PT-RCT of isolated supraspinatus tendon diagnosed by preoperative magnetic resonance imaging (MRI) and confirmed intra-operatively, (2) previous failed conservative treatment (physical therapy for at least 4 months, non-steroidal anti-inflammatory (NSAID) medications, intra-articular or subacromial corticosteroid injections), (3) arthroscopic TCR, (4) postoperative MRI or ultrasound to confirm the integrity of RCT repair, and (5) a follow-up at a minimum of 2 years postoperatively. The exclusion criteria were (1) previous surgery such as RC repair on the same shoulder, (2) active frozen shoulder, (3) infections, and (4) calcified tendinitis of supraspinatus tendon.




2.2. Surgical Technique


The procedures were performed by a single senior surgeon with the patient in a beach-chair position under general anaesthetic and interscalene block. The visual assessment of the glenohumeral joint was done by inserting the arthroscope HD4300 (ConMed Corporation Utica, NY, USA) through the posterior portal. An anterior intra-articular portal was then performed lateral to the coracoid process with an inside-out technique. The partial tear was identified in the articular side of the RC (Figure 2a).



The lesion was then marked with a spinal needle introduced by the lateral portal passing the tendon’s tear and reaching the articular surface. In case of an intratendinous tear, using a spinal needle guide, the tendon lesion was recognised as the ‘‘weakest’’ or ‘‘more lax’’ area, while the interface between tendon and bone was normal [19]. Then, based on the needle guide, a shaver was introduced through the lateral portal to complete the lesion.



Both bursal and articular tears were debrided and converted to a full-thickness tear by the removal of the pathological tendon area (on average 8–12 mm), corresponding to the “critical zone” (Figure 2b) until healthy tendon was visible. The residual fibrils of the tendon on the footprint were also debrided to expose cortical bone. A cancellous bone bed was prepared using a burr. Then, small microfractures (1.5–2 mm) of the cortical and cancellous bone of the footprint were performed in order to facilitate tendon healing (Crimson duvet) [31] (Figure 3).



A single-row tendon repair technique was then carried out using a 5.0 mm titanium suture anchor (II, Stryker European Operations B.V., Amsterdam, Netherlands) positioned on the lateral aspect of the cancellous bed through an additional transdeltoid portal performed just lateral to the acromion. Sutures were passed through the tendon in a simple vertical fashion using a birdbeak arthroscopy suture-passer device (Mitek, Johnson & Johnson, New Brunswick, NJ, USA) or a clever hook suture retriever (Mitek, Johnson & Johnson, New Brunswick, NJ, USA).



In all cases of tenosynovitis, dislocation, subluxation or LHBT tears in active young patients, a tenodesis was performed using a suture anchor (Stryker European Operations B.V., Amsterdam, Netherlands) positioned proximally to the bicipital groove. In patients from 50 to 65 years of age, a tenodesis to the coracohumeral ligament was carried out with a braided non-absorbable polyester suture (Arthrex TigerWire, Naples, FL, USA) using a percutaneous intra-articular transtendon technique (Sekiya, Baumgarten). In older patients, a tenotomy of LHBT was performed [32,33]. In all patients, a debridement of the subacromial bursa was performed, followed by an antero-inferior acromioplasty according to Neer [34].




2.3. Pre- and Postoperative Management


Pre- and postoperative clinical data were evaluated by the Constant Score (CS), range of motion (ROM), and pain. To evaluate ROM, active and passive forward flexion, abduction, external (ER) and internal rotation (IR) were assessed in supine position at 0° (ER 1 and IR 1) and 90° (ER 2 and IR 2) of abduction, measured using a goniometer. Pain was assessed with a visual analog scale score (VAS) (range 0–10). Clinical outcomes were assessed at least 2 years after surgery. In addition, patient satisfaction was evaluated using a VAS satisfaction scale (range 0–10).



Postoperative standard x-rays were performed to confirm the correct position of the suture anchor. Tendon integrity was assessed with MRI or ultrasound (performed at follow-up of least 2 years) (Figure 4) and classified depending on the footprint coverage: complete healing (total coverage of the footprint), complete retear (no coverage), and partial retear (partial coverage) [35,36].



After surgery, an abduction sling was applied for 5 weeks. During this period, patients were allowed to perform gentle passive movements on the scapular plane and active movements of elbow and wrist. After 5 weeks, the sling was removed in order to gradually increase passive movement as tolerated and avoiding external and internal rotations, and to start gentle active movements. After 16–18 weeks, patients were allowed to perform rotational strengthening exercises. During the final phase (about 20 weeks), patients progressed to advanced exercises and patient-specific activities aimed at increasing motion velocity. Sports and high-demand activities were not allowed until 6–8 months post-surgery.




2.4. Statistical Analysis


The Shapiro-Wilk test was used to determine whether quantitative data were distributed normally. The Wilcoxon rank-sum test was used to compare preoperative with postoperative VAS, Constant Score and ROM of the overall cohort. The Kruskal-Wallis test was applied to compare quantitative variables between the patients divided into three groups according to the Ellman classification. A chi-square (χ2) test was performed to compare categorical variables. BMI between the three groups was analysed by ANOVA test because the data were normally distributed.



The mean ± standard deviation (SD) and median with range were provided for continuous variables, while frequency and percentage distribution were reported for categorical variables. A p-value less than 0.05 was considered statistically significant.



All statistical analyses were carried out with the commercial software “Statistical Package for the Social Sciences” (SPSS version 25.0 for Windows, IBM, Armonk, NY, USA).





3. Results


Between January 2007 and December 2016, 122 patients underwent arthroscopic repair for an isolated PT-RCT of the supraspinatus tendon.



Eight patients were excluded as they had a full-thickness tear diagnosed intraoperatively despite preoperative MRI evidence of a partial lesion; nine patients were lost during the follow-up; two patients declined to participate in the study for personal reasons; postoperative MRI or ultrasound assessment was not available for sixteen patients (Figure 5).



Therefore, eighty-seven patients (87 shoulders, 43 men, 44 women) were included in the study. Patient median age was 57 years (range 18–73), and the median follow-up was 5 years (range 2–7). The majority of the lesions occurred on the dominant side (60.9%), with the main cause of PT-RCTs being tendon degeneration (70.1%), as it was macroscopically confirmed during arthroscopic procedures. According to the Ellman classification, PT-RCTs were classified as articular (61, 70.1%), bursal (17, 19.6%) and intratendinous (9, 10.3%). The median time to surgery was 5 months (range 2–11), while the median time to return to work was 90 days (range 30–365) (Table 1).



Regarding LHBT disorders, a tenodesis was performed in active young patients (21, 24.1%). In patients from 50 to 65 years of age, a tenodesis to the coracohumeral ligament was carried out (54, 62.1%). In older patients, a tenotomy of LHBT was performed (12, 13.8%).



Results showed significant improvement of the total CS and each domains of pain, daily living activities, active ROM, and strength after surgery (Figure 6; Table 2).



The median preoperative CS was 53.5, while postoperative CS was 94.0 (p < 0.0001) with a gain of 40 points. Median improvement of pain, daily living activities, active ROM and strength was 10.5, 11, 6 and 12 points, respectively. The VAS pain score was significantly improved from 8.6 to 1.0 (p < 0.0001). The median value for patient satisfaction was 10 (range 4–10); 85 patients (97.7%) were highly satisfied with the overall improvement in pain and functional recovery, while two patients (2.3%) who had developed postoperative adhesive capsulitis, were not satisfied with the outcome. A weak correlation was observed between pre- and postoperative CS (r = 0.252, p = 0.019). No correlations were found among BMI, age, patient satisfaction and CS. No correlations were found between time to surgery, follow-up, and CS.



Patients were divided into three groups according to the Elmann classification, and their demographics and clinical outcomes were compared (Table 3). No differences were found regarding age, BMI, and clinical outcomes among the groups (Table 3).



Patients were also divided by sex. The two groups (males vs. females) were comparable in terms of age and BMI (p = 0.540 and p = 0.110, respectively). The preoperative CS of women (median 51.5 [23–67.5]) was lower compared to that of men (median 55 [34–68.5]) (p = 0.038), while the postoperative CS between the two groups was borderline (p = 0.060). The preoperative VAS was higher in women (median 10 [3–10]) than in men (median 8 [4–10]) (p = 0.016), while the postoperative VAS was lower in women (median 1 [0–5]) compared to men (median 1.7 [0–5]) (p = 0.039). No differences were found in ROM except for preoperative passive IR 1, postoperative active, and passive IR 1 (p = 0.02, p = 0.014, p = 0.005, respectively). No differences were found regarding patient satisfaction between women and men (p = 0.914).



Patients were divided into two groups depending on age, group 1 patients with age < 60 (n = 47) and group 2 patients with age ≥ 60 (n = 40), to investigate the influence of aging on clinical outcomes. No differences were reported (p > 0.05).



Active smokers (14.9%) were compared with non-smokers observing no difference in both preoperative and postoperative clinical scores. All patients were advised to stop smoking 4 weeks before and at least 6 weeks after surgery, to monitor dyslipidemia and glycemia, and to take medical therapy.



Seven (8.0%) cases of postoperative adhesive capsulitis were observed. No other major complications were observed.



One patient required revision surgery as he presented with a complete retear of supraspinatus tendon due to an accidental trauma (bike fall). Four patients (4.6%) experienced a partial retear diagnosed with MRI or ultrasound, which did not affect functional outcome.




4. Discussion


The present study shows that arthroscopic TCR of PT-RCT, with “critical zone” removal and microfractures, results in good clinical outcomes with low complication rates after a median of 5 years post-surgery independent from sex, age, and smoking.



Specifically, patients showed improvement in the CS domains of pain, daily living activities, active ROM and strength after surgery, with low failure rates and only a small number of postoperative adhesive capsulitis. Pain and strength showed the best improvements.



The retear rate after arthroscopic repair of PT-RCT ranges from 5% to 12% [36,37,38]. In our cohort, 5 patients presented with a retear (5.7%), of which only one required revision surgery due to a complete traumatic retear after a bike fall. Four patients experienced asymptomatic partial retears diagnosed at follow-up by MRI or ultrasound, which did not affect functional outcome and did not require any treatment.



In addition, 7 (8.0%) cases developed postoperative adhesive capsulitis that were successfully managed with steroid injection and physical therapy without affecting the outcome, in agreement with the literature [39].



In our study, smoking and comorbidities did not affect the clinical outcomes, but there were few patients who smoked and few with comorbidities. No differences were found dividing patients depending by age, and no correlations with postoperative constant score were observed. The preoperative Constant score of women was found to be lower compared to that of men but this difference was not observed at the follow-up. Interestingly, women had a higher preoperative VAS but a lower postoperative VAS.



Some authors previously reported that tear location influenced the outcomes. Weber et al. and Cordasco et al. described worse results in high grade bursal-side tears treated with debridement and subacromial decompression (SAD) [40,41]. However, in high-grade bursal-side lesions, tendon quality is highly compromised as a result of the inflammatory insult caused by the subacromial bursitis and the friction between the tendon surface and the acromial arch [42]. Therefore, debridement and SAD alone may result insufficient for such lesions because they do not allow the removal of the pathological portion of the tendon. Hence, the impact of the residual tendinitis of the supraspinatus could explain the worse results reported by these studies compared to our data [40,41].



Some authors adopt different surgical approaches depending on the thickness of the lesion, preferring debridement with or without SAD for Ellman grade I and II tears and tendon repair in grade III lesions [23,43]. The effectiveness of debridement plus SAD is still debated. Budoff et al. published good to excellent results after arthroscopic rotator cuff debridement without decompression in 60 patients with Ellman grade I, II and even III lesions, with only 4% of the cohort needing revision surgery for a secondary full-thickness tear [43]. Conversely, Kartus et al. reported negative long-term outcomes after arthroscopic SAD in patients with PT-RCT, showing a progression to a complete tear at 5 years in the 34.6% of cases [44].



In our cohort, isolated debridement and SAD without tendon repair were not performed—not even for grade I and II tears—because pain and functional impairment are not solely determined by subacromial bursitis and impingement but also by tendon rupture.



The superiority of TTR or TCR for PT-RCT is still controversial as both techniques have yielded good results [27,28,45]. Kim et al. compared TTR and TCR techniques in a prospective randomised controlled study reporting no differences in functional outcome but a significantly higher retear rate for bursal-side tears in TCR repair (23.3% vs. 3.3%) [27]. In contrast, Jordan et al. showed lower incidence of postoperative stiffness and pain, and higher functional recovery of TCR compared to the TTR technique [39].



Park et al. suggested the adoption of different arthroscopic treatments depending on tear size, recommending TTR for tears greater than 50% of tendon thickness and TCR when they extend beyond 90% [26].



Even if tear location and size may have a significant role in tendon healing, the severity of the supraspinatus tendinosis represents the main cause of failure [42]. Tendinosis is thought to be caused by repetitive microtears in the tendon tissue, involving both collagen breakdown and vascular alteration [46]; microtears are more frequent in PT-RCT compared to FT-RCT [42]. This is because PT-RCTs are characterised by a tension mismatch between the inner and outer layers of the RC, which is not present in complete tears [42]. In addition, there is often a severe subacromial bursitis in PT-RCTs, particularly extensive in superficial tears, which can worsen the inflammation and consequently tendon healing [47].



It should be considered that the granulation tissue, formed at the healing site and composed of new connective tissue and blood vessels, is poorly differentiated and has weak mechanical properties, which could facilitate retearing [48,49,50]. In addition, intrinsic degenerative changes in the repaired tendon will continue if the diseased tendon is reinserted. Therefore, a complete removal of the pathological and scarcely vascularised tendon tissue, such as performed by the TCR technique, is preferable to facilitate tendon healing process. The etiology of RC tendinopathy is related to a deficient vascular supply of the RC tendons [17,50], even though it is still debated in the literature [51].



Codman first described the “critical zone”, an area of decreased vascularity within the supraspinatus tendon about 1 cm medial to its insertion on the greater tuberosity, which is most commonly involved in RCT [30]. Recently, several cadaveric studies have examined the blood supply of RC, identifying a hypovascular zone at the articular surface of the tendon, just medial to the footprint [52,53,54]. Moreover, an in vivo study demonstrated a statistically significant reduction of microcirculation at the edge of a degenerative RC lesion [55], according to Codman. The TCR technique allows a complete debridement of the “critical zone”, improving chances of tendon healing and decreasing the rate of tear progression [17,54,55,56,57,58].



After tendon edge removal with our technique, the footprint is cleared from the residual tendon tissue and gently decorticated. Then microfractures, the so-called Crimson duvet, are performed as biological support, improving the chances of tendon healing [31].



Finally, acromioplasty is performed because it offers multiple advantages, such as improved visualisation of the subacromial space, resolution of impingement symptoms and release of growth and angiogenic factors from the acromion [59,60,61].



The aims of RC repair are not only to achieve better initial fixation strength and good mechanical stability but also to obtain biological healing of the tendon-to-bone interface, hampering the formation of scar tissue [62]. Several biological strategies have been suggested to promote tendon healing including growth factors, cell therapy, scaffolds, and tissue engineering [62,63]. Even though some techniques have shown promising results, their clinical use is still limited. Different bone marrow stimulation techniques, such as “microfractures”, “multiple channeling”, “microvascularisation”, and “bone venting” of the greater tuberosity, have been used to promote RC tendon healing with promising clinical outcomes [63]. Inflammatory cells present in the haematoma—neutrophils, macrophages and platelets—begin releasing cytokines and growth factors in the injury area. These substances initiate the next phase, stimulating cell proliferation and migration of tenocytes, angiogenesis and chemoattraction of additional inflammatory cells. These inflammatory cells release mediators which upregulate proliferation of tenocytes from undamaged tendon fragments and recruit fibroblasts from adjacent structures [64].



Milano et al. compared single-row repair with and without microfracture in a clinical prospective randomised study, reporting a higher healing rate in the microfracture group for chronic large-to-massive tears [65]. Bielsel et al. reported the results of an experimental study with New Zealand rabbits, showing the effectiveness of microfractures in the healing process of RCTs [63].



The present study has some limitations: first, the retrospective nature of the study and second, the absence of a comparison with other surgical techniques. Moreover, most of the patients had articular ruptures, making the comparison with bursal and intratendinous unbalanced. However, it is well-known that bursal and intratentinous ruptures are uncommon. Finally, although all arthroscopic procedures were performed over a long period (2007–2016), we believe our results could not have been affected by the learning curve of the experienced surgeon (the senior author), specialised in shoulder surgery, who has been performing about 350/year arthroscopic procedures from 1997 until September 2020, the year of his retirement. Hence, his surgical experience probably reached peak efficiency before starting patient recruitment.



The strengths of this study are the enrollment of a large cohort of patients with well-defined PT-RTCs treated by the same senior surgeon with a highly standardised technique. Importantly, tendon healing was confirmed by MRI or ultrasound. Furthermore, this study includes intratendinous tears, which are poorly described in the literature.




5. Conclusions


Patients with PT-RCTs of the supraspinatus tendon treated by the TCR technique showed good functional results, excellent recovery of strength, and a high degree of patient satisfaction with good resolution of painful symptoms even at mid-term follow-up, regardless of tear location.



An accurate debridement of the “critical zone,” associated with biological stimulation of tendon healing by microfractures and a stable fixation, could be crucial in promoting tendon healing by improving the biological and biomechanical properties of the repaired tissue.
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Figure 1. Coronal magnetic resonance imaging (MRIs) showing the three types of partial thickness of ST tears. (a) articular insertional tear (arrow), ST (arrow head); (b) bursal tear (arrow); (c) intratendinous tear (arrows). MRI, magnetic resonance imaging; ST, supraspinatus tendon. 
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Figure 2. (a) Arthroscopic view of an endoarticular tear of the ST (posterior portal). (b) Arthroscopic view of the bursal surface of ST after the removal of the “critical zone,” a small area of decreased vascularity about 10 mm from the proximal insertion of the ST (lateral portal). Insert shows the size of the forceps’ edge (about 10 mm); ST, supraspinatus tendon. 
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Figure 3. (a) Arthroscopic view of microfractures at the footprint (lateral portal). (b) When the pump is turned off, the bone marrow flows out of the microfractures to form the “Crimson duvet” containing mesenchymal stem cells, platelets, growth factors, and vascular elements that biologically support tendon healing. 
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Figure 4. (a) Coronal MRI showing a partial tear involving the bursal side of the supraspinatus tendon. (b) Coronal MRI showing tendon healing after tear repair with the tear completion repair (TCR) technique. MRI, magnetic resonance imaging; TCR, tear completion repair. 
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Figure 5. Flowchart of the inclusion process. 
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Figure 6. Bar graph showing the improvement of all the domains of the Constant Score after the TCR technique: pain, activity level, range of motion (ROM), and strength. TCR, tear completion repair; ROM, range of movement. 
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Table 1. Main characteristics of the cohort.
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	Variable
	Value (n = 87)





	Age (years)
	56.0 ± 9.5; 57.0 [18.0–73.0]



	Sex, number (%)
	



	    Female

    Male
	44 (50.6%)

43 (49.4%)



	BMI
	25.0 ± 2.9; 24.9 [18.7–33.3]



	Time (months) to surgery
	5.1 ± 1.6; 5.0 [2.0–11.0]



	Follow-up (years)
	4.7 ± 1.4; 5.0 [2.0–7.1]



	Side of involvement
	



	D, number (%): ND, number (%)
	53 (60.9%): 34 (39.1)



	Traumatic onset, number (%)
	26 (29.9%)



	Corticosteroid injections
	20 (23.0%)



	Tear location (Ellman classification) number (%)
	



	    articular

    bursal

    intratendinous
	61 (70.1%)

17 (19.6%)

9 (10.3%)



	Comorbidities, number (%)
	



	    Diabetes

    Hypertension

    Dyslipidemia

    Osteoporosis
	5 (5.7%)

19 (21.8%)

23 (26.3%)

5 (5.7%)



	Smoking, number (%)
	13 (14.9%)



	Capsulitis, number (%)
	7 (8%)



	Return to work, days
	110.85 ± 70.25; 90 [30–365]



	Satisfaction
	9.26 ± 1.28; 10 [4–10]







SD = standard deviation, D = dominant, ND = non-dominant. All variables are reported as mean ± SD; median [min-max], except for categorical ones expressed as number and percentage.
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Table 2. Pre- and postoperative visual analog scale (VAS) pain and Constant Score.
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	Preoperative
	Postoperative (Last Follow-Up)
	p Value





	VAS pain

(mean ± SD; median [min-max])
	8.6 ± 1.6; 9.0 [3.0–10.0]
	0.9 ± 1.3; 0 [0–5.0]
	<0.0001



	Constant score (mean ± SD; median [min-max])
	53.5 ± 9.0; 53.5 [23.0–68.5]
	91.3 ± 11.0; 94.0 [37.5–100.0]
	<0.0001



	    Pain

    (mean ± SD; median [min-max])
	2.5 ± 1.9; 2.0 [0–7.5]
	12.7 ± 2.9; 15.0 [4.0–15.0]
	<0.0001



	    Activity level

    (mean ± SD; median [min-max])
	8.6 ± 2.9; 8.0 [0–17.0]
	18.7 ± 2.9; 20.0 [8.0–20.0]
	<0.0001



	    ROM

    (mean ± SD; median [min-max])
	32.6 ± 4.5; 32.0 [16.0–40.0]
	38.0 ± 3.9; 40.0 [14.0–40.0]
	<0.0001



	    Strength

    (mean ± SD; median [min-max])
	9.7 ± 3.1; 10.0 [4.0–18.0]
	21.7 ± 4.2; 23.0 [8.0–25.0]
	<0.0001







VAS = Visual Analogue Scale, SD = standard deviation, ROM = range of movement.
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Table 3. Demographics and clinical outcomes dividing patients according to the Elmann classification of anatomical location of the lesion.
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Articular

(n = 61)

	
Bursal

(n = 17)

	
Intratendinous

(n = 9)

	
p-Value






	
Age (years) (mean ± SD; median

[min-max])

	
56.2 ± 10.3; 59

[18.0–73.0]

	
56.6 ± 7.6; 56.0

[45.0–72.0]

	
53.4 ± 7.9; 53.0

[40.0–67.0]

	
n.s




	
Sex, number (%)

	

	

	

	
0.038




	
Females

Males

	
34 (55.7)

27 (44.3)

	
4 (56.4)

13 (76.5)

	
6 (66.7)

3 (33.3)




	
Traumatic onset, number (%)

	

	

	

	
n.s




	
Yes

No

	
12 (70.6)

5 (29.4)

	
41 (67.2)

20 (32.8)

	
8 (88.9)

1 (11.1)




	
BMI (mean ± SD; median)

[min-max])

	
25.1 ± 3.1; 24.9

[18.7–33.3]

	
24.8 ± 2.2; 24.6

[21.5–28.4]

	
24.9 ± 2.8; 24.7

[20.8–29.5]

	
n.s




	
Return to work

	

	

	

	
n.s




	
(mean ± SD; median)

[min-max]

	
115.3 ± 74.3; 90.0

[30.0–365.0]

	
98.8 ± 71.2; 80.0

[40.0–365.0]

	
103.3 ± 30.8; 90.0

[60.0–150.0]




	
Satisfaction

	

	

	

	
n.s




	
(mean ± SD; median)

[min-max]

	
9.1 ± 1.4; 10.0

[4.0–10.0]

	
9.5 ± 0.9; 10.0

[7.0–10.0]

	
9.7 ± 0.5; 10.0

[9.0–10.0]




	
Constant score pre-

	

	

	

	
n.s




	
(mean ± SD; median)

[min-max]

	
53.4 ± 8.9; 53.0

[28.0–68.0]

	
56.2 ± 5.8; 58.0

[40.5–65.0]

	
49.0 ± 13.4; 52.5

[23.0–68.5]




	
Constant score post-

	

	

	

	
n.s




	
(mean ± SD; median)

[min-max]

	
90.7 ± 12.4; 94.0

[37.5–100.0]

	
95.0 ± 4.5; 95.0

[83.0–100.0]

	
88.6 ± 7.7; 92.0

[75.0–100.0]




	
VAS pain pre-

	

	

	

	
n.s




	
(mean ± SD; median)

[min-max]

	
8.7 ± 1.5; 9.0

[4.0–10.0]

	
7.9 ± 1.5; 8.0

[5.0–10.0]

	
8.9 ± 2.3; 10.0

[3.0–10.0]




	
VAS pain post-

	

	

	

	
n.s




	
(mean ± SD; median)

[min-max]

	
1.0 ± 1.2; 0

[0–5.0]

	
0.8 ± 1.5; 0

[0–5.0]

	
1.3 ± 1.4; 1.0

[0–3.0]








SD = standard deviation, BMI = Body Mass Index, VAS = Visual Analogue Scale. n.s. = non-significant.
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