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Background: Few studies have investigated the effect of remnant tissue in the footprint area on rotator cuff repair. This study aimed to compare the clinical and structural outcomes of remnant-preservation and remnant-removal techniques during arthroscopic rotator cuff repair.



Methods: This study compared arthroscopic remnant-preservation (RP) and remnant-removal (RR) techniques for rotator cuff repair in 68 patients (2–5 cm tears) with footprint remnant tissue. Patients were divided into the RP group (n = 33) and the RR (n = 35) group. Outcomes were assessed preoperatively and at 3, 6, and 24 months postoperatively. Evaluations included visual analog scale (VAS) pain scores, American Shoulder and Elbow Surgeons (ASES) and Constant–Murley (CS) scores, shoulder mobility, and MRI-based healing (Sugaya grade).



Results: At 3 months, the RP group reported lower VAS scores than those in the RR group (1.4 ± 0.6 vs. 1.8 ± 0.7, P = 0.017). Shoulder forward flexion and abduction improved significantly in the RP group at 6 months (flexion, 159.5 ± 1.7° vs. 151.2 ± 1.7°; abduction, 145.1 ± 10.9° vs. 137.2 ± 11.1°, P ≤ 0.005) and 24 months (flexion, 167.2 ± 1.9° vs. 161.1 ± 1.8°; abduction, 161.2 ± 8.4° vs. 153.2 ± 13.9°, P ≤ 0.025). ASES scores were higher in the RP group at 6 months (95.0 ± 4.8 vs. 91.4 ± 6.8, P = 0.014) and 24 months (94.9 ± 3.8 vs. 89.4 ± 6.9, P = 0.001). MRI at 24 months demonstrated superior rotator cuff healing in the RP group (P = 0.008).



Conclusions: The remnant-preservation technique was associated with reduced early postoperative pain, better functional recovery in shoulder mobility, and enhanced rotator cuff healing compared with remnant removal. These findings suggest that preserving footprint remnant tissue during arthroscopic repair may optimize clinical and structural outcomes.
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Introduction

Rotator cuff injuries are a common type of shoulder injury (1), mainly in acute trauma to the shoulder and in chronic degeneration of the rotator cuff (2). The prevalence of rotator cuff injuries in the general population is estimated to be 22.1% (3). When a rotator cuff tear occurs, the torn rotator cuff tendon usually detaches from the footprint area on the greater tuberosity of the humerus (4). However, in some cases, the rotator cuff tear is located proximal to the bone–tendon interface in the footprint area, and some rotator cuff tendinous tissue can remain in the footprint area. Footprint area remnant tissue could occur in up to 75% of acute rotator cuff injuries under ultrasound (5).

In arthroscopic suturing of the footprint with remnant rotator cuff injuries, the conventional surgery aims to remove the remnant of the rotator cuff from the footprint and visualize the suture anchors at the humeral greater tuberosity at the footprint. However, this is at the expense of the remnant rotator cuff tissue in the footprint. It has been shown that the rotator cuff tissue at the footprint contains many mechanoreceptors, stem cells, and microvascular blood supply (6–8). The arthroscopic remnant-preserving technique for rotator cuff surgery in the footprint area has rarely been reported in arthroscopic surgery. By preserving the natural remnant rotator cuff tissue in the footprint area, the proximal end of the torn rotator cuff is sutured and fixed to the remnant tendon in the footprint area, thus preserving the natural fibrocartilage layer and tendon in the rotator cuff footprint area, protecting the native structure of the rotator cuff footprint area, and allowing tendon–bone healing to be converted to tendon–tendon healing. Therefore, we hypothesize that preserving remnant rotator cuff tissue at the footprint area may enhance postoperative functional recovery and tendon healing.

The objective of this study was to compare the remnant-preservation (RP) technique and remnant-removal (RR) technique in the treatment of remnant tendon tissue on the footprint area in rotator cuff tear under arthroscopy. We postulated that the remnant-preserving technique was associated with a better clinical outcome than the remnant-removal technique for remnant tissue on the footprint area in the rotator cuff tear. Through our 2-year clinical retrospective study, it is found that the remnant-preserving technique can obtain better flexion and abduction of the shoulder joint, obviously relieve early shoulder pain after the operation, and achieve a stronger rotator cuff healing effect.



Material and methods


Case inclusion criteria

This is a single-center retrospective study. Between May 2020 and November 2021, we recruited 68 patients with residual tissue in the plantar area and randomly divided them into two groups. Patients underwent arthroscopic repair through remnant-preserving and remnant-removal techniques, performed by one senior orthopedic surgeon. Patients who underwent surgery from May 2020 to December 2020 received the remnant-removal technique, and patients who underwent surgery from January 2021 to November 2021 received the remnant-preserving technique. All patients were divided into two groups according to the mode of operation: RP group or RR group. In the RP group, the remnant tissue of the footprint area was preserved for repair of the rotator cuff with a suture bridge. In the RR group, the remnant tissue of the footprint area was removed for repair of the rotator cuff with a suture bridge.

We included patients who met the following criteria: (1) preoperative MRI and intraoperative arthroscopic diagnosis of a full rotator cuff tear with remnant rotator cuff tissue over the footprint area; (2) weakness in abduction of the affected shoulder; (3) pain in the affected shoulder; (4) no neurovascular injury and no proximal humerus related fractures; (5) no contraindications to general anesthesia; and (6) good compliance. We excluded patients with (1) a history of previous surgery on the shoulder; (2) a history of shoulder instability, superior labrum anterior and posterior injury (SLAP), and Bankart injury; (3) muscle atrophy due to nerve injury in the shoulder; (4) combination of other major diseases that cannot tolerate surgery; or (5) a history of previous surgery, closure, and small needle treatment on the shoulder.

Remnant tendon tissue on the footprint area in the rotator cuff tear was diagnosed by preoperative MRI and confirmed during arthroscopic surgery (Figures 1A, 2A, 3A, 4A).


[image: Arthroscopic images illustrating rotator cuff repair. Image 1A shows rotator cuff tear (RCT) and residual rotator cuff (RRC). Image 1B highlights the tear. Image 1C shows a suture anchor site with bleeding, marked by an arrow. Image 1D depicts a suture passing through the tendon. Image 1E indicates suture placement with an arrow. Image 1F shows the completed suture repair with clear stitching lines.]
FIGURE 1
Remnant-preserving technique. (A) RCT (proximal rotator cuff tear), RRC (remnant rotator cuff in the footprint area). (B) We fresh the remnant rotator cuff with a shaver. (C) The black arrow indicates a bleeding spot on the remnant rotator cuff, indicating a blood supply to the remnant rotator cuff. (D) The remnant is preserved, and a sutured internal row anchor staple (4.5 mm absorbable, Smith & Nephew, USA) is placed in the footprint area. (E) The remnant and proximal end of the rotator cuff are sutured “edge to edge” as indicated by the black arrow. (F) Repair with two internal (4.5 mm absorbable, Smith & Nephew, USA) plus two external PushLock (4.5 × 24 mm PushLock, Arthrex, USA) suture bridges. Suturing of the proximal end and remnant of the rotator cuff tear.



[image: Six-panel graphic illustrating surgical views of a rotator cuff tear (RCT) and rotator cuff repair (RCR). Panel 2A shows the torn cuff, 2B and 2C depict surgical tools in use, 2D illustrates further tool application, 2E shows the suturing process, and 2F displays the completed repair with visible sutures.]
FIGURE 2
Remnant-removal technique. (A) RCT (proximal rotator cuff tear), RRC (remnant rotator cuff in the footprint area). (B) Removal of the remnant rotator cuff with a shaver. (C) Partial debridement of the remnant tissue with a radiofrequency tip. (D) Debridement of the humeral footprint area with a grinding drill. (E) Implantation of two internal anchors (4.5 mm absorbable, Smith & Nephew, USA) in the footprint area. (F) Implantation of two PushLock (Arthrex, USA, 4.5 × 24 mm diameter) to be used as a suture bridge to repair the rotator cuff.



[image: Three MRI scans of a shoulder showing a rotator cuff tear (RCT). Image 3A highlights the rotator cuff with an arrow labeled RRC pointing to it. Image 3B shows a zoomed-in section with a dotted box. Image 3C focuses on the tear with an arrow emphasizing the torn area.]
FIGURE 3
Male patient, 55 years old, traumatic injury causing shoulder pain and discomfort for 4 months, undergoing remnant-preserving techniques repair. (A) RCT (proximal rotator cuff tear), RRC (remnant rotator cuff in the footprint area). (B) MRI of the shoulder joint repeated 2 years after surgery, with good rotator cuff healing. (C) A magnified 3× image in the yellow box in B. The short white arrow on the left indicates the preservation of the original rotator cuff migration structure in the rotator cuff and footprint area after the remnant-preserving technique. The long white arrow on the right indicates the tendon–tendon healing formed in the torn portion of the rotator cuff.



[image: Three MRI images showing a shoulder’s rotator cuff. The first image (4A) highlights the rotator cuff (RCT) and rotator cuff repair (RRC). The second image (4B) zooms in on the shoulder. The third image (4C) further magnifies, with a yellow arrow indicating a specific area of interest.]
FIGURE 4
Male patient, 53 years old, with a traumatic injury causing shoulder pain and discomfort for 3 months, who underwent remnant-removal technique repair. (A) RCT (proximal rotator cuff tear), RRC (remnant rotator cuff in the footprint area). (B) MRI of the shoulder joint repeated 2 years after surgery. (C) Shows B 3× magnified image in the yellow box; the yellow arrow indicates the repair after the RR technique. The tendon–bone healing interface is scar healing without the original tissue of the rotator cuff migration area.




Surgical technique

General anesthesia with tracheal intubation, lateral recumbency, and traction of the upper limb on the affected side at 45° of abduction in the shoulder skin retractor was performed by the same surgeon which lasted for 90–120 min. Intraoperatively, the anesthetist controlled the systolic blood pressure at 100–110 mmHg (1 mmHg = 0.133 kPa). The glenohumeral joint was inserted through a standard posterior approach to observe the long head of the biceps, glenoid labrum, articular cartilage, and rotator cuff injury and to further release the anterior bundle of the middle and inferior glenohumeral ligaments and rotator cuff space under the scope. Subacromial space using the posterior approach, lateral approach, posterior–lateral approach, and subacromial decompression was routinely completed in patients with subacromial impingement syndrome. The size of the rotator cuff tear was observed and measured. The proximal superior aspect of the rotator cuff with more retraction was released with a radiofrequency tip, and the torn proximal rotator cuff tissue was freshly debrided with a shaver.

In the RP group, the rotator cuff tissue with remnant tendon at the footprint area was partially freshly shaved. Care was taken to protect the remnant rotator cuff tissue at the footprint area and avoid excessive shaving. The use of a radiofrequency tip to clean the remnant tendon in the footprint area was avoided. To balance the preservation of the remnant tendon and freshness and maximize the healing rate, the depth of freshness of the remnant tendon at the footprint area was limited to 2 mm.

Soft tissue gripper to reset the retracted rotator cuff tissue toward the footprint area, implanting one to two anchors with wires (4.5 mm absorbable, Smith & Nephew, USA) in the inner row at the footprint area of the rotator cuff stop. If there were more remnant tendon tissue in the rotator cuff footprint area that affected the visual field, the arthroscopic lens would be inserted from the posterior approach into the glenohumeral joint to confirm the direction and depth of anchor staple placement. If there was a lot of remnant rotator cuff tissue, the most marginal suture would be placed “edge to edge” on the proximal and remnant tissue of the footprint. One or two external staples (4.5 × 24 mm PushLock, Arthrex, USA) were further used to press the tendon on the lateral aspect of the greater tuberosity. Thus, the proximal end of the torn rotator cuff was tightly attached to the remnant tendon tissue (Figure 1).

In the RR group, the remnant tendon tissue in the footprint area was thoroughly removed with a shaver or radiofrequency tip. The bone cortex of the humeral footprint area was polished to the cancellous bone with a high-speed abrasive drill. Similarly, one or two anchors (4.5 mm absorbable, Smith & Nephew, USA) with sutures were implanted at the footprint area of the rotator cuff, the proximal rotator cuff tissue was closed with mattress sutures, the trailing suture was knotted, and one or two external rows of staples (4.5 × 24 mm PushLock, Arthrex, USA) were used to complete the suture bridge. Thus, the torn proximal rotator cuff overlaid the cancellous bone of the greater tuberosity (Figure 2).

The specific surgical operation was schematically illustrated in Figure 5.


[image: Illustration of shoulder repair techniques. Panel 5A shows a rotator cuff tear (RCT) and remaining rotator cuff (RRC). Panel 5B displays the remnant-preserving technique with arcs indicating suture paths. Panel 5C depicts the remnant-removal technique with similar arcs.]
FIGURE 5
(A) A schematic diagram of a rotator cuff tear with a remnant rotator cuff in the footprint area, with the RCT showing the proximal rotator cuff tear and the RRC showing the remnant rotator cuff in the footprint area; (B) RR technique repair; (C) remnant-preserving techniques repair.




Postoperative rehabilitation

After surgery, the shoulder was protected by a 45° shoulder abduction pack. Within 3 weeks after surgery, functional exercises for elbow flexion and extension were carried out under the guidance of the rehabilitation doctor, and 3–4 weeks after surgery, passive functional exercises for forward flexion and external rotation were started. Active functional exercises of the shoulder should be started 8 weeks after surgery. After 3 months, resistance exercises and daily activities of the shoulder joint should be possible. After 6 months, shoulder weight-bearing labor and physical activities can be performed.



Evaluation of clinical and MRI assessment outcomes

All patients were reviewed at the specialist clinic postoperatively, and visual analog scale (VAS), American Shoulder and Elbow Surgeons (ASES), Constant–Murley (CS) shoulder score, shoulder forward flexion, abduction, neutral external rotation, and internal rotation range of motion were recorded at 3, 6, and 24 months postoperatively to assess postoperative shoulder function. The range of shoulder forward flexion, abduction, and neutral external rotation of the shoulder joint was measured by an angle measuring instrument, and the value was the maximum angle of shoulder joint movement of patients. To facilitate statistical analysis, according to the CS score, internal rotation score was redefined: put the hand behind the body, thumb upright, thumb reached thigh (0 point), hip (1 point), sacroiliac joint (2 points), L5 vertebral level (3 points), L4 vertebral level (4 points), L3 vertebral level (5 points), L2 vertebral level (6 points), L1 vertebral level (7 points), T12 vertebral level (8 points), T9–11 vertebral level (9 points), and the level of the scapula (10 points).

At 24 months postoperatively, scapular plane abduction muscle strength was measured using the direct tension scale method proposed by Cools et al. (9). The abduction muscle strength (in pounds) of the affected and healthy shoulder was measured separately by the physician using the same tension scale (accuracy, 0.01 pounds), and the ratio of the affected to the healthy side abduction muscle strength (affected side/healthy side) was used as the assessment method. At the final follow-up, the efficacy of the rotator cuff repair was assessed using an MRI review of the shoulder according to the Sugaya (10) staging: Type I, with normal thickness and a continuous low signal at all levels; Type II, normal thickness and complete continuity but localized high signal; Type III, <1/2 normal thickness but complete continuity; Type IV, 1–2 levels in both the oblique coronal and oblique sagittal positions; and Type IV, small discontinuities at 1–2 levels in both the oblique coronal and oblique sagittal positions, suggesting a small total tear. Sugaya Types IV and V are defined as rotator cuff re-tears.



Statistical analysis

All statistical analyses were performed using SPSS version 25.0 (SPSS Inc., Chicago, IL, USA), and the level of significance was set at P < 0.05. The Shapiro–Wilk method was used to test the normality of the data. Measures that conformed to a normal distribution (age, tear size, size of remnant tissue, BMI, duration of disease, VAS score, ASES score, CS score, shoulder range of motion data) were expressed as (mean ± standard deviation), and the data were compared using independent sample data t-test. As the data (shoulder range of motion data and ASES, CS, and VAS scores) were repeatedly measured, the overall data were compared using the Friedman test.

The distribution of Sugaya grades at the final follow-up was compared between groups using the Mann–Whitney U-test; count data (sex, side, diabetes, smoking) were expressed as number of cases, and the χ2 test was used for comparison between groups.




Results


Patient demographic characteristics

A total of 68 patients were included, 33 in the RP group and 35 in the RR group. All patients were followed up for 2 years. There was no significant difference in demographic characteristics between the two groups (Table 1).



TABLE 1 Demographic data.



	Variables
	RP group (n = 33)
	RR group (n = 35)
	P-value





	Age (mean ± SD), year
	61.0 ± 9.0
	60.1 ± 7.8
	0.645



	Sex: female/male, n
	20/13
	20/15
	0.965



	Side of involvement: left/right, n
	15/18
	16/19
	1.000



	Symptom duration, month
	5.6 ± 3.7
	5.1 ± 3.8
	0.567



	Size of remnant tissue, cm
	3.1 ± 0.8
	3.4 ± 0.7
	0.112



	Rotator cuff tear size, cm
	3.7 ± 0.9
	3.9 ± 0.9
	0.312



	History of trauma: yes/no, n
	18/15
	19/16
	1.000



	BMI
	21.4 ± 2.8
	21.4 ± 2.7
	0.917



	History of diabetes: yes/no, n
	3/30
	4/31
	0.751



	Smoking history: yes/no, n
	7/26
	9/26
	0.662




	The statistical data (gender and side) are expressed as percentages, and the χ2 test was used for comparison between groups, with P < 0.05 being a statistically significant difference.









Results of clinical functional assessment

At 3, 6, and 24 months postoperatively, the total postoperative scoring system showed a significant improvement in the RP and RR groups. Data for both groups at the same follow-up time points were shown in Tables 2–4.



TABLE 2 Shoulder range of motion data.



	Variables
	Time
	RP group (n = 33)
	RR group (n = 35)
	P-value





	Forward flexion (°)
	Preoperative
	137.4 ± 5.4
	122.7 ± 5.2
	0.056



	3 months postoperative
	157.4 ± 1.9
	156.4 ± 1.9
	0.719



	6 months postoperative
	159.5 ± 1.7
	151.2 ± 1.7
	0.001**



	24 months postoperative
	167.2 ± 1.9*
	161.1 ± 1.8*
	0.025**



	Abduction (°)
	Preoperative
	112.2 ± 21.7
	109.2 ± 27.3
	0.586



	3 months postoperative
	142.1 ± 14.5
	137.0 ± 18.5
	0.212



	6 months postoperative
	145.1 ± 10.9
	137.2 ± 11.1
	0.005**



	24 months postoperative
	161.2 ± 8.4*
	153.2 ± 13.9*
	0.006**



	External rotation (°)
	Preoperative
	50.3 ± 17.4
	47.7 ± 14.5
	0.507



	3 months postoperative
	46.9 ± 10.8
	48.12 ± 10.4
	0.651



	6 months postoperative
	48.7 ± 8.3
	49.5 ± 7.8
	0.691



	24 months postoperative
	55.4 ± 7.2*
	53.5 ± 7.3*
	0.290



	Internal rotation (point)
	Preoperative
	5.6 ± 3.2
	5.3 ± 2.6
	0.714



	3 months postoperative
	6.6 ± 1.3
	6.7 ± 1.6
	0.653



	6 months postoperative
	6.5 ± 0.9
	6.5 ± 1.0
	0.895



	24 months postoperative
	9.4 ± 0.7*
	9.1 ± 0.9*
	0.139




	*Indicates a statistical difference between the last follow-up and preoperative (P < 0.05).


	**Statistically significant.









TABLE 3 VAS score.



	Variables
	RP group (n = 33)
	RR group (n = 35)
	P-value





	Preoperative
	4.1 ± 1.4
	4.6 ± 1.5
	0.149



	3 months postoperative
	1.4 ± 0.6
	1.8 ± 0.7
	0.017*



	6 months postoperative
	1.0 ± 0.6
	1.1 ± 0.7
	0.321



	24 months postoperative
	0.9 ± 0.6
	1.1 ± 0.6
	0.122



	P-value
	0.001
	0.001
	




	VAS, visual analog scale.


	*Statistically significant.









TABLE 4 ASES and CS scores.



	Variables
	Time
	RP group (n = 33)
	RR group (n = 35)
	P-value





	ASES score
	Preoperative
	53.5 ± 13.3
	52.1 ± 17.6
	0.714



	3 months postoperative
	74.0 ± 6.2
	77.2 ± 8.4
	0.075



	6 months postoperative
	95.0 ± 4.8
	91.4 ± 6.8
	0.014*



	24 months postoperative
	94.9 ± 3.8
	89.4 ± 6.9
	0.001*



	P-value
	
	0.001
	0.001
	



	CS score
	Preoperative
	55.0 ± 15.1
	50.6 ± 18.2
	0.290



	3 months postoperative
	67.9 ± 4.1
	67.4 ± 8.5
	0.757



	6 months postoperative
	86.8 ± 6.5
	85.9 ± 5.2
	0.542



	24 months postoperative
	86.5 ± 7.3
	83.6 ± 5.2
	0.063



	P-value
	
	0.001
	0.001
	




	ASES, American Shoulder and Elbow Surgeons; CS, Constant–Murley shoulder.


	*Statistically significant.







In the comparison of mobility between the two groups, there were no statistically significant differences in forward flexion, abduction, neutral external rotation, or body-side internal rotation before surgery, at 3, 6, and 24 months after surgery (P > 0.05 for all comparisons). At 6 and 24 months postoperatively, the differences in forward flexion (159.5 ± 1.7° and 167.2 ± 1.9° in the RP group and 151.2 ± 1.7° and 161.1 ± 1.8° in the RR group) and abduction (145.1 ± 10.9° and 161.2 ± 8.4° in the RP group and 137.2 ± 11.1° and 153.2 ± 13.9° in the RR group) were statistically significant (P < 0.05). There was no statistically significant difference in shoulder mobility between the two groups at other postoperative time periods (P > 0.05) (Table 2).

The VAS score at 3 months postoperatively was lower in the RP group (1.4 ± 0.6) than in the RR group (1.8 ± 0.7) points (P < 0.05), and there was no statistically significant difference between the preoperative and 6 and 24 months postoperatively VAS scores in both groups (P > 0.05) (Table 3).

In terms of functional scores, the difference in ASES scores between the two groups at 6 and 24 months postoperatively was statistically significant (P < 0.05), and there was no statistically significant difference in ASES scores between preoperative and 3 months postoperatively (P > 0.05). There was no statistically significant difference (P > 0.05) in CS scores preoperatively and 3, 6, and 24 months postoperatively (Table 4).



Imaging outcomes at the last follow-up

MRI results showed that the Sugaya class classification in the RP group was 78.8% (26/33) in Type I, 15.2% (5/33) in Type II, and 6.0% (2/33) in Type III. The Sugaya class classification in the RR group was 48.6% (17/35) in Type I, 28.6% (10/35) in Type II, 20.0% (7/35) in Type III, and 2.8% (1/35) in Type IV. The difference in Sugaya grade classification for postoperative healing of the rotator cuff between the conserving and disabling groups was statistically significant (P < 0.05). There was no statistically significant difference in the rate of rotator cuff re-tear at 24 months postoperatively (RP = 0/33; RR = 1/35) between the two groups.




Discussion

In our study, with a follow-up of >2 years, we found that the rotator cuff remnant-preserving technique was superior to the remnant-removal technique in terms of early postoperative pain relief, shoulder mobility, and rotator cuff healing.

The normal anatomy of the rotator cuff has four zones, including tendon, uncalcified fibrocartilage, mineralized fibrocartilage, and then bony structures (11, 12), which ensure smooth mechanical stress transfer between tendon and bone. The main purpose of all rotator cuff repair surgery is to restore this native structure of the rotator cuff itself as much as possible, to withstand the motion load required for shoulder joint movement, thereby obtaining better shoulder joint function (13, 14). The current clinical practice for rotator cuff tears with remnant tendon tissue on the footprint is to remove the remnant tendon tissue from the footprint area, expose and debride the footprint area of the greater tuberosity of the humerus, and then reconstruct the footprint area. The disadvantage of this method of repair is that the postoperative healing interface between tendon and bone is scar healing and there is no natural fibrocartilage layer (15). This scar healing does not have the histological characteristics of the normal bone tendon, and the connection is not strong enough, resulting in a high rate of re-tears after rotator cuff suturing (16–20). Therefore, how to surgically repair rotator cuff injuries to achieve optimal healing has been a hot topic of discussion and exploration.

The remnant-preserving technique reduces the removal of remnant rotator cuff tissue and preserves more of the footprint rotator cuff mechanoreceptors, which helps to better maintain shoulder proprioception and therefore achieve better shoulder mobility. Previous research has identified numerous mechanoreceptors within the rotator cuff tissue that are involved in the proprioception of the shoulder joint (8, 21), which transmits information about shoulder movement, position, and forces exerted to the central nervous system for better control of the fine movements of the shoulder joint (22–25). The remnant-preserving technique preserves more of the footprint rotator cuff mechanoreceptors, which reduces pain associated with uncoordinated shoulder movements. It has been shown that shoulder joint pain and poor healing after rotator cuff repair will result in reduced postoperative shoulder mobility and poorer ASES scores (26–28). In this study, comparing the shoulder mobility and ASES scores of the two groups of patients at the 6-month postoperative and 24-month postoperative follow-up, the RP group showed better forward flexion and abduction mobility, and the ASES scores of the RP group were significantly higher than those of the RR group. This further demonstrates that the residual retention technique better maintains proprioception of the shoulder joint and results in a more pronounced functional recovery of the shoulder joint.

The remnant-preserving technique can relieve early postoperative shoulder pain. This technique reduces surgical manipulation of the footprint area remnant tendon removal and humeral decortication and reduces bone edema in the humeral footprint area, thus eliminating the need for excessive vascular remodeling of the rotator cuff tear, further reducing the release of inflammatory factors and helping to relieve postoperative shoulder pain. It has been shown that the peak onset of pain after rotator cuff suturing is 6–8 weeks postoperatively and may be related to intra-tendon angiogenesis (29), remodeling, and the release of inflammatory factors during the healing period of the rotator cuff suture (30, 31). In this study, there was a statistical difference in the VAS scores between the RP and RR group at 3 months after surgery. Patients in the RP group showed more significant pain reduction than those in the RR group, further suggesting that the remnant-preserving technique was effective in reducing early postoperative pain after rotator cuff surgery.

The remnant-preserving technique further maintains the native structure of the rotator cuff footprint (from tendon, uncalcified fibrocartilage, mineralized fibrocartilage to bony structures) by preserving the natural rotator cuff remnant tissue in the footprint area. This allows smooth mechanical stress to transfer between tendon to bone, resulting in a stronger rotator cuff to grand tuberosity healing. Using the remnant-preserving technique, anatomical repair of transtendinous rotator cuff tears can be achieved without excessive tension, and a biomechanical condition that promotes satisfactory tendon healing is established owing to the preserved remnant tissue (32). Some animal studies have also reported beneficial results of this treatment with preserved remnant tissue (33–35). Aoki et al. (33) found in dogs that attaching the severed tendon end to the remaining tendon end healed better than attaching it to the fibrocartilage layer. In the rabbit model, Sun et al. (34) reported that the entire natural attachment structure on the rotator cuff footprint was preserved and the superior-to-inferior tendon–bone connection in conventional rotator cuff repair was replaced with a tendon–tendon connection, which was superior to the tendon–bone connection in both biomechanical and histological assessments. Similarly, Su et al. (35) found, in a rabbit model, that a stronger rotator cuff-large nodal failure tension could be obtained in the group with the preserved remnant tissue than in the group with the removed remnant tissue. Studies have reported a positive correlation between the degree of healing after rotator cuff suturing and patients’ postoperative shoulder pain and mobility (36). In our study, there was a statistically significant difference between the two groups in shoulder ASES scores at 6 and 24 months postoperatively, with the RP group having a more dominant shoulder mobility capacity. A comparison of MRI of the two groups at the 24-month postoperative (see Figures 3, 4) shows that the RP group had a primitive rotator cuff footprint migration zone at the tendon–bone interface, whereas the RR group formed scar tissue at the tendon–bone interface. These clinical results demonstrate that the technique of preserving the residual tendon results in a stronger and more pristine healing of the rotator cuff to the greater tuberosity. Better shoulder mobility and function can be achieved postoperatively.

Remnant-preserving technique by preserving the remnant tissue in the footprint area can protect more of the rotator cuff blood supply and promote rotator cuff healing. Remnant-preserving technique repair procedure when freshening up the remnant tissue in the footprint area, bleeding spots can be seen on the rotator cuff in the footprint area (Figure 1C), further demonstrating the presence of local tissue blood flow. The posterior rotator humeral artery is the main vessel supplying the supraspinatus and infraspinatus tendons (7, 37). The posterior rotator humeral artery supplies blood to the rotator cuff so that it flows from the humeral attachment to the proximal rotator cuff. Some studies have found that there is still a good blood supply to the remnant tissue over the footprint area after rotator cuff tears (38, 39).

In addition, the remnant-preserving technique can provide a better source of autologous stem cells for rotator cuff healing (40). Huang et al. (6) obtained qualified 52 remnant rotator cuff tissues from the footprint area in 154 patients with rotator cuff tears. Tendon-derived stem cells (TDSCs) capable of differentiating into fibrochondrocytes could be isolated from remnant tissues. Nagura et al. (41) also isolated TDSCs from healthy or ruptured rotator cuff tissues. Tsai et al. (42) also obtained rotator cuff tissue from five patients with rotator cuff tears (men aged 34, 40, and 60 years and women aged 45 and 56 years) and isolated multipotent mesenchymal stem cells (MSCs) from them, which can have a good myogenic differentiation potential. These studies all confirm that the remnant tissues in the footprint area were active tissues containing stem cells that can differentiate into fibrochondrocytes and myogenic cells. Therefore, the remnant-preserving technique may provide better stem cell conditions for rotator cuff to large nodule healing, resulting in better healing outcomes. In this study, there was a statistically significant difference in the Sugaya grading on MRI review at 24 months postoperative between the two groups. The final follow-up MRI review Sugaya grading was significantly better in the RP group, further suggesting that better rotator cuff healing could be achieved by the remnant-preserving technique.

This study confirmed that the remnant-preserving technique can achieve better clinical outcomes than the remnant-removal technique, which had implications for a large number of rotator cuff surgeries in clinical practice. This study had several limitations. First, this is a retrospective study based on a single center with a relatively small sample size. Thus, the findings in this study may need to be further validated in future multicenter large studies. Second, the follow-up period of the patients was short, and the long-term differences between the two groups need further investigation to inform clinical practice.



Conclusions

In conclusion, for patients with rotator cuff injury with a footprint remnant tissue, the remnant-preserving technique can achieve better shoulder flexion and abduction mobility, a more obvious reduction of early postoperative shoulder pain. The remnant-preserving technique may achieve a stronger rotator cuff healing effect by protecting the original migrating structures, blood supply, and stem cells of the remnant rotator cuff tissue, which is worth promoting in clinical practice. In the future, the remnant-preserving technique combined with the bone marrow technique can possibly achieve better clinical results in the treatment of the rotator cuff.



Data availability statement

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



Ethics statement

The studies involving humans were approved by the Clinical Ethics Committee of the Northern Jiangsu People's Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

TB: Resources, Validation, Visualization, Writing – original draft. YY: Data curation, Formal analysis, Methodology, Software, Writing – review & editing. YH: Investigation, Software, Writing – review & editing. WF: Conceptualization, Investigation, Writing – review & editing.



Funding

The authors declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

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



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

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



References


	1. Longo UG, Risi Ambrogioni L, Berton A, Candela V, Migliorini F, Carnevale A, et al. Conservative versus accelerated rehabilitation after rotator cuff repair: a systematic review and meta-analysis. BMC Musculoskelet Disord. (2021) 22(1):637. doi: 10.1186/s12891-021-04397-0


	2. Weber S, Chahal J. Management of rotator cuff injuries. J Am Acad Orthop Sur. (2020) 28(5):e193–201. doi: 10.5435/JAAOS-D-19-00463


	3. Minagawa H, Yamamoto N, Abe H, Fukuda M, Seki N, Kikuchi K, et al. Prevalence of symptomatic and asymptomatic rotator cuff tears in the general population: from mass-screening in one village. J Orthop. (2013) 10(1):8–12. doi: 10.1016/j.jor.2013.01.008


	4. Schmidt CC, Jarrett CD, Brown BT. Management of rotator cuff tears. J Hand Surg Am. (2015) 40(2):399–408. doi: 10.1016/j.jhsa.2014.06.122


	5. Teefey SA, Middleton WD, Bauer GS, Hildebolt CF, Yamaguchi K. Sonographic differences in the appearance of acute and chronic full-thickness rotator cuff tears. J Ultrasound Med. (2000) 19(6):377–8. quiz 383. doi: 10.7863/jum.2000.19.6.377


	6. Huang K, Chen C, Dong S, Xie G, Jiang J, Zhao S, et al. Differentiation ability of tendon-derived stem cells and histological characteristics of rotator cuff remnant on the greater tuberosity degenerated with age and chronicity. Arthroscopy. (2022) 38(4):1037–48. doi: 10.1016/j.arthro.2021.09.027


	7. Keough N, Lorke DE. The humeral head: a review of the blood supply and possible link to osteonecrosis following rotator cuff repair. J Anat. (2021) 239(5):973–82. doi: 10.1111/joa.13496


	8. Kholinne E, Kim D, Kwak JM, Sun Y, Kim H, Koh KH, et al. Topography of sensory receptors within the human glenohumeral joint capsule. J Shoulder Elbow Surg. (2021) 30(4):779–86. doi: 10.1016/j.jse.2020.07.006


	9. Cools AM, Vanderstukken F, Vereecken F, Duprez M, Heyman K, Goethals N, et al. Eccentric and isometric shoulder rotator cuff strength testing using a hand-held dynamometer: reference values for overhead athletes. Knee Surg Sports Traumatol Arthrosc. (2016) 24(12):3838–47. doi: 10.1007/s00167-015-3755-9


	10. Sugaya H, Maeda K, Matsuki K, Moriishi J. Functional and structural outcome after arthroscopic full-thickness rotator cuff repair: single-row versus dual-row fixation. Arthroscopy. (2005) 21(11):1307–16. doi: 10.1016/j.arthro.2005.08.011


	11. Zumstein MA, Lädermann A, Raniga S, Schär MO. The biology of rotator cuff healing. Orthop Traumatol Surg Res. (2017) 103(1S):S1–S10. doi: 10.1016/j.otsr.2016.11.003


	12. Shaw HM, Benjamin M. Structure-function relationships of entheses in relation to mechanical load and exercise. Scand J Med Sci Sports. (2007) 17(4):303–15. doi: 10.1111/j.1600-0838.2007.00689.x


	13. Ma CB. Editorial commentary: success of rotator cuff healing—do we need to improve on the strength anymore? Arthroscopy. (2017) 33(9):1659–60. doi: 10.1016/j.arthro.2017.06.017


	14. Baums MH, Spahn G, Buchhorn GH, Schultz W, Hofmann L, Klinger HM. Biomechanical and magnetic resonance imaging evaluation of a single- and double-row rotator cuff repair in an in vivo sheep model. Arthroscopy. (2012) 28(6):769–77. doi: 10.1016/j.arthro.2011.11.019


	15. Zhao J. Editorial commentary: make use of the native insertion structure in rotator cuff repair. Arthroscopy. (2020) 36(7):1843–4. doi: 10.1016/j.arthro.2020.03.035


	16. Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K. The outcome and repair integrity of completely arthroscopically repaired large and massive rotator cuff tears. J Bone Joint Surg Am. (2004) 86(2):219–24. doi: 10.2106/00004623-200402000-00002


	17. Chung SW, Huong CB, Kim SH, Oh JH. Shoulder stiffness after rotator cuff repair: risk factors and influence on outcome. Arthroscopy. (2013) 29(2):290–300. doi: 10.1016/j.arthro.2012.08.023


	18. Lei T, Zhang T, Ju W, Chen X, Heng BC, Shen W, et al. Biomimetic strategies for tendon/ligament-to-bone interface regeneration. Bioact Mater. (2021) 6(8):2491–510. doi: 10.1016/j.bioactmat.2021.01.022


	19. Rodeo SA. Biologic augmentation of rotator cuff tendon repair. J Shoulder Elbow Surg. (2007) 16(5):S191–7. doi: 10.1016/j.jse.2007.03.012


	20. Haleem A, Gohal C, Leroux T, Henry P, Alolabi B, Khan M. Primary arthroscopic repair of massive rotator cuff tears results in significant improvements with low rate of re-tear. Knee Surg Sports Traumatol Arthrosc. (2021) 29(7):2134–42. doi: 10.1007/s00167-020-06190-3


	21. Proske U, Gandevia SC. The proprioceptive senses: their roles in signaling body shape, body position and movement, and muscle force. Physiol Rev. (2012) 92(4):1651–97. doi: 10.1152/physrev.00048.2011


	22. Pochini AdC, Ejnisman B, de Seixas Alves MT, Uyeda LF, Nouailhetas VL, Han SW, et al. Overuse of training increases mechanoreceptors in supraspinatus tendon of rats SHR. J Orthop Res. (2011) 29(11):1771–4. doi: 10.1002/jor.21320


	23. Steinbeck J, Brüntrup J, Greshake O, Pötzl W, Filler T, Liljenqvist U. Neurohistological examination of the inferior glenohumeral ligament of the shoulder. J Orthop Res. (2003) 21(2):250–5. doi: 10.1016/S0736-0266(02)00155-9


	24. Salles JI, Velasques B, Cossich V, Nicoliche E, Ribeiro P, Amaral MV, et al. Strength training and shoulder proprioception. J Athl Train. (2015) 50(3):277–80. doi: 10.4085/1062-6050-49.3.84


	25. Laumonerie P, Dalmas Y, Tibbo ME, Robert S, Faruch M, Chaynes P, et al. Sensory innervation of the human shoulder joint: the three bridges to break. J Shoulder Elbow Surg. (2020) 29(12):e499–507. doi: 10.1016/j.jse.2020.07.017


	26. Huijsmans PE, Pritchard MP, Berghs BM, van Rooyen KS, Wallace AL, de Beer JF. Arthroscopic rotator cuff repair with double-row fixation. J Bone Joint Surg Am. (2007) 89(6):1248–57. doi: 10.2106/JBJS.E.00743


	27. Mihata T, Watanabe C, Fukunishi K, Ohue M, Tsujimura T, Fujiwara K, et al. Functional and structural outcomes of single-row versus double-row versus combined double-row and suture-bridge repair for rotator cuff tears. Am J Sports Med. (2011) 39(10):2091–8. doi: 10.1177/0363546511415660


	28. Kim HM, Caldwell JM, Buza JA, Fink LA, Ahmad CS, Bigliani LU, et al. Factors affecting satisfaction and shoulder function in patients with a recurrent rotator cuff tear. J Bone Joint Surg Am. (2014) 96(2):106–12. doi: 10.2106/JBJS.L.01649


	29. Takahashi R, Kajita Y, Harada Y, Iwahori Y, Deie M. Post-operative pain control following arthroscopic rotator cuff repair: intravenous acetaminophen versus interscalene brachial plexus block; a prospective randomized study. J Orthop. (2021) 25:6–9. doi: 10.1016/j.jor.2021.03.010


	30. Longo UG, Berton A, Khan WS, Maffulli N, Denaro V. Histopathology of rotator cuff tears. Sports Med Arthrosc Rev. (2011) 19(3):227–36. doi: 10.1097/JSA.0b013e318213bccb


	31. McElvany MD, McGoldrick E, Gee AO, Neradilek MB, Matsen 3rd FA. Rotator cuff repair: published evidence on factors associated with repair integrity and clinical outcome. Am J Sports Med. (2015) 43(2):491–500. doi: 10.1177/0363546514529644


	32. Choi HS, Lee BI, Kim JH, Cho HK, Seo GW. A technique for repairing rotator cuff transtendinous tears with a remnant attached to the footprint. J Orthop Surg Res. (2021) 16(1):291. doi: 10.1186/s13018-021-02449-8


	33. Aoki M, Oguma H, Fukushima S, Ishii S, Ohtani S, Murakami G. Fibrous connection to bone after immediate repair of the canine infraspinatus: the most effective bony surface for tendon attachment. J Shoulder Elbow Surg. (2001) 10(2):123–8. doi: 10.1067/mse.2001


	34. Sun Y, Kwak JM, Qi C, Kholinne E, Wang Y, Koh KH, et al. Remnant tendon preservation enhances rotator cuff healing: remnant preserving versus removal in a rabbit model. Arthroscopy. (2020) 36(7):1834–42. doi: 10.1016/j.arthro.2020.03.012


	35. Su W, Li X, Zhao S, Shen P, Dong S, Jiang J, et al. Native enthesis preservation versus removal in rotator cuff repair in a rabbit model. Arthroscopy. (2018) 34(7):2054–62. doi: 10.1016/j.arthro.2018.03.005


	36. Chen Y, Jiang F, Li H, Chen S, Qiao Y, Li Y, et al. Retears and concomitant functional impairments after rotator cuff repair: shoulder activity as a risk factor. Am J Sports Med. (2020) 48(4):931–8. doi: 10.1177/0363546519900897


	37. Põldoja E, Rahu M, Kask K, Weyers I, Kolts I. Blood supply of the subacromial Bursa and rotator cuff tendons on the bursal side. Knee Surg Sports Traumatol Arthrosc. (2017) 25(7):2041–6. doi: 10.1007/s00167-016-4379-4


	38. Doi N, Izaki T, Miyake S, Shibata T, Ishimatsu T, Shibata Y, et al. Intraoperative evaluation of blood flow for soft tissues in orthopaedic surgery using indocyanine green fluorescence angiography: a pilot study. Bone Joint Res. (2019) 8(3):118–25. doi: 10.1302/2046-3758.83.BJR-2018-0151.R1


	39. Levy O, Relwani J, Zaman T, Even T, Venkateswaran B, Copeland S. Measurement of blood flow in the rotator cuff using laser doppler flowmetry. J Bone Joint Surg Br. (2008) 90(7):893–8. doi: 10.1302/0301-620X.90B7.19918


	40. Hohmann E. Editorial commentary: tendon-derived stem cells are in the rotator cuff remnant and decline with age and tear chronicity—but the clinical relevance is not known. Arthroscopy. (2022) 38(4):1049–50. doi: 10.1016/j.arthro.2021.11.031


	41. Nagura I, Kokubu T, Mifune Y, Inui A, Takase F, Ueda Y, et al. Characterization of progenitor cells derived from torn human rotator cuff tendons by gene expression patterns of chondrogenesis, osteogenesis, and adipogenesis. J Orthop Surg Res. (2016) 11:40. doi: 10.1186/s13018-016-0373-2


	42. Tsai CC, Huang TF, Ma HL, Chiang ER, Hung SC. Isolation of mesenchymal stem cells from shoulder rotator cuff: a potential source for muscle and tendon repair. Cell Transplant. (2013) 22(3):413–22. doi: 10.3727/096368912X656090






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Application and analysis of the arthroscopic remnant-preserving technique to rotator cuff tear: a retrospective study

		Introduction



		Material and methods



		Case inclusion criteria



		Surgical technique



		Postoperative rehabilitation



		Evaluation of clinical and MRI assessment outcomes



		Statistical analysis











		Results



		Patient demographic characteristics



		Results of clinical functional assessment



		Imaging outcomes at the last follow-up











		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/fsurg-12-1602709-g001.jpg





OPS/images/fsurg-12-1602709-g002.jpg






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

Application and analysis of the
arthroscopic remnant-preserving
technique to rotator cuff tear:

a retrospective study






OPS/images/fsurg-12-1602709-g005.jpg







OPS/images/fsurg-12-1602709-g003.jpg





OPS/images/fsurg-12-1602709-g004.jpg





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





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





