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Abstract: Background and Objectives: PThe arthroscopic biceps rerouting (BR) technique was 

introduced as a novel technique for large-to-massive rotator cuff tears (LMRCT). This method can 

restore shoulder stability, and its biomechanical effect was verified in a cadaver experiment. Recent 

reports have shown favorable clinical outcomes. This study aimed to compare the clinical outcomes 

of partial repair with those of BR technique in LMRCT. Materials and Methods: We included 72 

patients who had undergone LMRCT. Arthroscopic partial repair was performed in 31 patients 

(group I), while repair with the BR technique was performed in 41 patients (group II). Functional 

and imaging outcomes were evaluated and compared using a visual analog scale for pain, range of 

motion (ROM), American Shoulder and Elbow Surgeons (ASES) score, Constant score, and Korean 

Shoulder Score (KSS) before the surgery and at 3, 6, and 12 months after the surgery and at the last 

follow-up. Tendon integrity was investigated using magnetic resonance in all the patients at 12 

months postoperative. Results: Mean follow-up period was 22.11 ± 10.47 months (range, 12–53 

months). Forward flexion (P=0.02) and external rotation at the side (P=0.04) were significantly higher 

in group II than in group I on postoperative day (POD) 12. For internal rotation, group II showed 

significant improvement compared to group I on POD 3 (P=0.002) and at six months postoperative 

(P=0.01). On POD 12, the ASES (P=0.047) and KSS (P=0.048) were better in group II. Significant 
improvements in pain and clinical scores were observed in both groups at the last follow-up. 

However, there were no significant differences in pain, clinical scores, or ROM between the two 
groups at the last follow-up. Retear of the repaired tendon was observed in nine patients in group I 

(29.03%) and 8 in group II (19.51%, P = 0.35). Conclusions: Partial repair and repair using the BR 

technique effectively improved clinical and radiologic outcomes. The BR technique revealed early 

recovery of ROM and better clinical results than partial repair atuntil one year postoperatively. This 

could be a useful method in LMRCT. 

Keywords: rotator cuff tear; arthroscopic partial repair; arthroscopic biceps rerouting 

 

1. Introduction 

Large to massive rotator cuff tears (LMRCTs) are challenging to manage, especially in achieving 

satisfactory healing. They are almost always accompanied by chronic tendon wear, severe retraction, 

muscle atrophy, and fatty degeneration.[1–3] Among the numerous repair techniques for LMRCTs, 

Burkhart was the first to introduce partial repair.[4] Its basic principle is to maintain a force couple 

that enables sufficient shoulder function, leading to functional repair, not anatomical repair of the 

part.[5] Partial repair is relatively simple compared with other complex techniques, and good results 

have been reported.[6] Although partial repair is not a perfect solution, it is a treatment technique 

recognized to produce somewhat favorable results among the existing methods [8]; surgeons might 
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consider it a viable option. However, a recent study showed that almost half of patients were 

dissatisfied with the worsening results over time, even though partial repair could improve selected 

outcomes at a two-year follow-up.[7]  

In recent years, arthroscopic biceps rerouting (BR) has been introduced as a novel technique for 

large irreparable rotator cuff tears, and a cadaveric study reported that it was effective in providing 

biomechanically valid results.[8] A few studies have introduced the use of the long head of biceps 

tendon (LHBT) for treating massive rotator cuff tears.[9–13] In other studies, LHBT was tenotomized 

distally, and the patient was at risk of having unexpected disadvantages of biceps tenotomy.[11–13] 

In contrast, Kim et al. [14] proposed a novel technique called "arthroscopic biceps rerouting" (BR) to 

treat LMRCTs that maintain the original continuity of the LHBT. With the BR technique, the LHBT is 

rerouted to a new groove posterior to the original groove without distal tenotomization. Recent 

studies have reported favorable preliminary outcomes.[8,15]This study aimed to compare the clinical 

and radiological outcomes between the two techniques. We hypothesized that BR would show better 

clinical and radiological outcomes than partial repair in LMRCTs. 

2. Materials and Methods 

Inclusion and exclusion criteria 

This retrospective comparative study of partial repair and BR performed by a senior surgeon at 

a single institution was conducted between December 2013 and June 2019. The lesions were checked 

preoperatively using magnetic resonance imaging (MRI) and visualized arthroscopically during 

surgery. The indication for surgery was rotator cuff tear that did not respond to medication.  

Inclusion criteria were as follows: [1] patients who underwent incomplete rotator cuff repair 

with the articular surface of the humeral head exposed, that is, footprint coverage of <80%.[16] 

[2] patients who were followed-up for at least one year after surgery and underwent MRI 

preoperatively and at one year postoperatively. 

 Patients with a history of trauma, labral or biceps lesions, glenohumeral arthritis, concomitant 

shoulder stiffness, or subscapularis tears requiring repair were excluded. This study was approved 

by the Institutional Review Board of our hospital (No. CHOSUN 2021-08-001-001). 

Baseline characteristics 

In total, 132 patients underwent partial repair or BR. Nineteen patients were lost to follow-up 

one year after surgery, and five patients declined participation in the study. Moreover, 36 patients 

who underwent subscapularis repair were excluded. Finally, 72 patients were included in this study. 

Group I (n=31) included patients who underwent partial rotator cuff repair without any LHBT 

procedures. Group II (n=41) included patients who had undergone BR. There was no specific 

selection method for the surgical procedures. Since March 2017, BR has been performed in patients 

with similar condition in the absence of the biceps long head tendon lesions. 

Surgical technique 

 One senior surgeon performed all the operations at a single institute. All the arthroscopic 

procedures were performed with the patient under general anesthesia in the lateral decubitus 

position. We used a standard posterior portal to check the glenohumeral joint in order to address 

associated intra-articular lesions. An anterior portal was routinely created through the rotator 

interval for the working portal using a spinal needle. A probe was used to check for the presence of 

LHBT. Arthroscopic debridement was performed on partial-thickness subscapularis tears less than 

the superior third. The subacromial space was examined using a posterior viewing portal. An 

anterolateral working portal was created by using a spinal needle. Debridement, bursectomy, and 

acromioplasty were also performed. We switched the viewing portal to a posterolateral rear-viewing 

portal and checked the tear size and reducibility of the tendon.  

 In group I, partial repair was performed if excessive tension occurred to cover the footprint, 

even after sufficient tendon release. A modified Mason-Allen single-row or transosseous-equivalent 

technique was used. It was performed considering tendon tear geometry, tissue quality condition, 

and force couple. 
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 Surgical techniques in group II (cases of BR) are described in detail in the arthroscopy 

techniques paper.[14] The soft tissues around the LHBT were released to the upper margin of the 

pectoralis major, which was located approximately 6 cm distal to the anterolateral portal (Figure 1-

A). We created a new groove to place the released biceps tendon by using an elliptical burr (Figure 

1-B). Two anchors were used to fix the biceps tendon to the new groove. One anchor was inserted at 

the lateral margin of the newly created biceps groove. Another anchor was placed in the medial part 

of the rerouted biceps tendon at the cartilage margin (Figure 1-C, D). Lateral and medial ties at each 

side were performed to fix the rerouted biceps tendon on the newly made groove. One or more 

anchors were used to repair the rotator cuff tendon.  

Clinical and radiological evaluation 

 The American Shoulder and Elbow Surgeons (ASES) score, Korean Shoulder Score (KSS), and 

Visual Analog Scale (VAS) pain score (0–10) were used to assess clinical outcomes. A goniometer 

measured the range of motion (ROM) of forward flexion (FF), external rotation at the side, and 

external rotation at 90° of abduction. Internal rotation was defined as the highest vertebral level at 

which the tip of the thumb could reach a sedentary position. The vertebral levels were numbered 

serially from below the sacrum (level 0) to the 7th thoracic vertebra (level 12). Clinical evaluations, 

including ROM, were performed before surgery, at 3, 6, and 12 months after surgery and at the last 

follow-up. Radiological evaluation was performed using plain anteroposterior radiographs and MRI. 

The acromiohumeral interval (AHI), which is the smallest distance from the superior margin of the 

humeral head to the undersurface of the acromion, was checked preoperatively and three months 

postoperatively. Magnetic resonance imaging was performed 12 months postoperatively. We used 

the Sugaya classification[17] to evaluate the repaired cuff tendon and considered Sugaya 

classification types 4 and 5 as retears. Clinical and radiological evaluations were performed by a 

physician blinded to the study. 

Rehabilitation 

All the patients underwent similar rehabilitation protocol after the surgery. An abduction brace 

was applied for six weeks after the surgery. After the brace was discarded, the patients were taught 

the sleeper-stretch and pulley exercises. Two months after the surgery, the patients started pendulum 

exercises. Three months after the surgery, the patients underwent muscle-strengthening exercises 

using Theraband. After six months, the patients were able to engage in preoperative and sports 

activities. 

Statistical analysis 

All statistical analyses were performed using SPSS (version 24.0; SPSS Inc., Chicago, IL, USA). 

A paired t-test (two-tailed t-test) was used to compare ROM and functional scores at each time point 

between the two groups. The Mann-Whitney U-test was used to compare the integrity of the repaired 

cuff tendon with the Sugaya classification. Statistical significance was set at P<0.05. 

3. Results 

Demographic parameters showed no significant differences between the two groups (P>0.05, 

Table 1). Group I included 10 males and 21 females with a mean age of 67.1 years (range, 45–77 years). 

Group II included 15 males and 26 females with a mean age of 65.5 years (range, 54–82 years). The 

mean follow-up period was 23.25 (range, 12–53 months) in group I and 21.24 months (range, 12–35 

months) in group II. In Group I, there was a significant improvement in the clinical outcomes 

preoperatively and at the last follow-up (VAS, 3.57 ± 1.87 to 1.57 ± 0.98; ASES score, 55.86 ± 13.38 to 

79.94 ± 11.17; CS, 62.50 ± 16.38 to 81.56 ± 11.25; and KSS, 60.73 ± 14.51 to 81.31 ± 16.87; P<0.001), and 

there was no significant difference in ROM (P>0.05) (Table 2). Similarly, in group II, there was a 

significant improvement in clinical outcomes preoperatively and at the last follow-up (VAS, 2.96 ± 

2.05 to 1.33 ± 1.34; ASES score, 54.67 ± 22.33 to 82.83 ± 11.94; CS, 60.08 ± 19.18 to 82.94 ± 7.17; and KSS, 

53.38 ± 19.71 to 85.69 ± 10.21; P<0.001), but there was no significant difference in ROM (P>0.05) (Table 

3). 

In group I, compared to group II, FF (P=0.02, group I: 137.24 ± 9.87 and group II: 143.79 ± 8.09, 

Figure 2 and Table 4) and external rotation at the side (P=0.04, group I: 75.71 ± 12.60 and group II: 
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82.14 ± 6.86; Figure 2 and Table 4) at 12 months postoperatively and internal rotation on POD 3 

(P=0.002, group I: 2.74 ± 2.99 and group II: 6.26 ± 3.37; Figure 2 and Table 4) and at six months (P=0.01, 

group I: 7.16 ± 3.33 and group II: 9.48 ± 2.26; Figure 2 and Table 4) showed significantly better ROM. 

There was no significant difference in ROM between the two groups at the last follow-up (P>0.05). 

There were significantly better clinical outcomes in ASES (P=0.047, group I: 71.25 ± 21.72 and group 

II: 83.13 ± 12.89) and KSS (P=0.048, group I: 70.60 ± 15.72 and group II: 80.67 ± 14.30) at 12 months 

postoperatively (Figure 3 and Table 5). 

We used the Sugaya classification system to assess the integrity of the repaired cuff tendon. Type 

IV or V was considered a retear. Retear was found in nine patients in group I (29.03%, 9/31) and eight 

in group II (19.51%, 8/41, P=0.35; Table 6). Rupture of the LHBT was confirmed in six of eight cases 

of retears in group II. Long head of biceps tendon rupture around the medial anchor was observed 

in five cases, and rupture around the lateral anchor was observed in one case. Nevertheless, Popeye 

deformity was not observed, and none of the patients complained of upper arm pain related to the 

bicep tendon. In both groups, no significant difference in AHD, or the occurrence of glenohumeral 

joint osteoarthritis was observed during the follow-up period. 

This section may be divided by subheadings. It should provide a concise and precise description 

of the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 

3.1. Figures, Tables and Schemes 

 IA 
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Figure 1. Subacromial space of right shoulder viewing from the posterior portal with left side down 

lateral decubitus position. (A) Soft tissue removal around the LHBT to make its mobility until the 

upper maring of the PM. (B) A New groove was placed posterior to the original groove of the LHBT. 

(C, D) Medial and lateral anchor fixation for rerouted LHBT.  (LHBT, long head of biceps tendon; 

GT, greater tuberosity; PM, pectoralis major). 
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Figure 2. Range of motion at each time point. The text ‘*’ means a P-value under 0.05.(dotted line: 

Group I, solid line: Group II). The vertebral level was numbered serially as follows: 0 point for any 

level below the sacral region and 1 point for each level above the sacrum. 
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Figure 3. Clinical score at each time point. The text ‘*’ means a P-value under 0.05. (dotted line: Group 

I, solid line: Group II). VAS, visual analog scale; ASES, American Shoulder and Elbow Surgeons; CS, 

Constant Score; KSS, Korean Shoulder Score. 

Table 1. Preoperative demographic data. 

 group I (n=31) group II (n=41) P value 

Age, years 67.10 65.49 0.87 

Sex, male/female, n 10/21 15/26 0.69 

Follow-up period (range), months 23.25 [12–36] 21.24 [12–34] 0.93 

Tear size, mm    

   medial to lateral 31.9 31.3 0.14 

   anterior to posterior 26.1 27.4 0.71 

Acromiohumeral interval 7.89 7.91 0.83 

Fatty infiltration 

(Goutallier classification), n (%) 

  0.13 

   Grade 1 0 (0) 0 (0)  

   Grade 2 4 (14.8) 10 (11.1)  

   Grade 3 19 (59.2) 25 (66.6)  

   Grade 4 8 (25.9) 6 (22.2)  

Initial ROM 

 Forward flexion, ˚ 140.38±9.89 140.19±18.35 0.97 

 External rotation at side, ˚ 80.38±10.76 82.69±14.02 0.52 

 External rotation at 90 ˚ of abduction, ˚ 83.85±7.52 84.23±13.01 0.90 

 Internal rotation, vertebral level 9.88±2.79 9.92±2.81 0.96 
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Initial clinical score 

 VAS score for pain 3.57±1.87 2.96±2.05 0.06 

 ASES score 55.86±13.38 54.67±22.33 0.80 

 Constant score 62.50±16.38 60.08±19.18 0.49 

 Korean Shoulder Score 60.73±14.51 53.38±19.71 0.24 

Table 2. Comparison of outcomes after partial repair. 

 Preoperative Last follow-up P value 

Range of motion    

Forward flexion,˚ 140.38±9.89 145.18±6.57 0.48 

External rotation at side, ˚ 80.38±10.76 82.92±9.99 0.56 

External rotation at 90 ˚ of abduction 83.85±7.52 86.54±6.29 0.21 

Internal rotation, vertebral level 9.88±2.79 10.95±1.39 0.08 

Clinical outcome    

 VAS 3.57±1.87 1.57±0.98 <0.001 

 ASES score 55.86±13.38 79.94±11.17 <0.001 

 CS 62.50±16.38 81.56±11.25 <0.001 

KSS 60.73±14.51 81.31±16.87 <0.001 

Table 3. Comparison of outcomes after biceps rerouting. 

 Preoperative Last follow-up P value 

Range of motion    

Forward flexion,˚ 140.19±18.35 146.48±6.32 0.15 
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External rotation at side, ˚ 82.69±14.02 86.67±6.37 0.16 

External rotation at 90 ˚ of abduction 84.23±13.01 87.69±5.14 0.63 

Internal rotation, vertebral level 9.92±2.81 10.95±2.01 0.09 

Clinical outcome    

 VAS 2.96±2.05 1.33±1.34 <0.001 

 ASES score 54.67±22.33 82.83±11.94 <0.001 

 CS 60.08 ±19.18 82.94±7.17 <0.001 

KSS 53.38±19.71 85.69±10.21 <0.001 

Table 4. Range of motion at each time point. 

 Preoperative 3 months 6 months 12 months Last follow-up 

Forward flexion,˚      

Group I 140.38±9.89 99.82±22.21 126.72±15.59 137.24±9.87 145.18±6.57 

Group II 140.19±18.35 92.07±29.20 128.44±19.04 143.79±8.09 146.48±6.32 

P value 0.97 0.25 0.69 0.02 0.47 

External rotation 

at side, ˚ 

  
   

 Group I 80.38±10.76 35.20±21.63 66.00±17.93 75.71±12.60 82.92±9.99 

 Group II 82.69±14.02 35.60±23.11 72.00±12.43 82.14±6.86 86.67±6.37 

P value 0.52 0.95 0.13 0.04 0.19 
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External rotation 

at 90 ˚ of 

abduction 

  

   

 Group I 83.85±7.52 42.40±23.50 74.84±14.35 81.79±8.63 86.54±6.29 

 Group II 84.23±13.01 35.20±22.94 74.52±12.34 83.57±9.89 87.69±5.14 

 P value 0.90 0.30 0.92 0.50 0.50 

Internal rotation, 

vertebral level 

  

   

 Group I 9.88±2.79 2.74±2.99 7.16±3.33 10.43±1.86 10.95±1.39 

 Group II 9.92±2.81 6.26±3.37 9.48±2.26 10.90±1.61 10.95±2.01 

 P value 0.96 0.00 0.01 0.45 1.00 

4. Discussion 

In our study, both the partial repair and BR groups showed significant improvements in clinical 

outcomes of LMRCTs. The BR group showed an earlier recovery of ROM after the surgery than the 

partial repair group, and it showed significantly better results in internal rotation at three and six 

months postoperatively and FF and external rotation at 12 months postoperatively. Additionally, 

clinical scores, such as the ASES and KSS were significantly better in the BR group than in the partial 

repair group at 12 months postoperatively. This suggests that the BR group recovered faster than the 

partial repair group with respect to ROM and clinical outcomes.  

The retear rate in the partial repair group was higher than that in the BR group, although there 

was no statistically significant difference between the two groups. Additionally, the BR group gave 

more weight to overall good results in the Sugaya classification than the partial repair group. There 

was no rupture of the LHBT in well-healed patients in the BR group. Long head of bicep tendon 

rupture was observed in the retears of patients with repaired cuff tendons. We can deduce that the 

rerouted LHBT is closely related to the cuff healing process. A recent animal study showed that 

rerouted LHBT increased load-bearing strength compared to the native superior capsule. It was also 

confirmed that the rerouted LHBT could engraft into the new groove for the LHBT and show 

excellent biomechanical performance.[18] 

 Partial repair is a relatively simple and easy technique that restores the force couple by 

replacing a non-functional tear with a functional tear. Numerous clinical and biomechanical studies 

have been conducted on this technique.[2] Kim et al. reported a significant improvement after 

arthroscopic partial repair in patients diagnosed with LMRCTs, and 81% of the patients who 

underwent surgery were satisfied.[6,19]A study by Yoo et al. [16] showed that approximately 50% of 

patients showed deterioration in clinical scores and poor satisfaction in long-term follow-up. 

Additionally, a decrease in AHI was observed in patients with exacerbation. Similarly, another study 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 December 2023                   doi:10.20944/preprints202312.1982.v1

https://doi.org/10.20944/preprints202312.1982.v1


 12 

 

confirmed a decrease in AHI at a long-term follow-up after partial repair.[20] Many recent reports 

have argued that partial repair showed good results at short-term follow-up, but there is a possibility 

that it may worsen over time. 

Recently, BR has been introduced as an innovative method for the treatment of LMRCTs.[14] 

After creating a new groove for the LHBT at the mid-portion of the footprint, move the LHBT to the 

new groove and repair the remaining rotator cuff. According to the preliminary outcomes of 61 

patients who underwent BR followed up for >18 months, good results were found for pain VAS, 

ASES, and KSS. Acromiohumeral interval increased from 7.1 mm to 9.7 mm, and 16 (26%) patients 

showed retear of the repaired rotator cuff.[21] Most recently, there was a study comparing BR and 

conventional repair, and both groups showed good clinical results after surgery, but there was no 

significant difference between the two groups. However, the retear rate in the BR group was 18.6% 

and 48.1% in the conventional repair group, showing a significant difference between the two 

groups.[15] 

We can postulate several possible reasons why the BR group showed better results in the early 

postoperative period than did the partial repair group. One reason is that the proximal portion of the 

biceps in the intra-glenohumeral joint can biomechanically act like the superior capsule of the 

glenohumeral joint.[21] In our previous cadaveric biomechanical study, BR showed a significant 

decrease in superior humeral translation and reduced subacromial contact pressure compared with 

the partial repair group.[8] Arthroscopic biceps rerouting stabilizes the glenohumeral joint, which 

reduces the load on the repaired tendon and lowers tension to facilitate blood supply. It also reduces 

acromial contact pressure, thereby reducing the stress on the repaired tendon. Ultimately, this 

provides a suitable environment for tendon healing. These can promote reinforcement of the repaired 

cuff and are thought to serve as an internal splint during the critical period of cuff healing. In addition 

to these mechanical effects, the use of biceps without cutting positively affected the blood supply 

required for cuff healing.[15] Furthermore, creating a new groove for the biceps, which is the core 

technique of BR, will help cuff healing by creating materials, such as stem cells from the bone marrow, 

fibroblasts, and chemical mediators, such as various growth factors and cytokines for tissue healing. 

According to a recent animal study, the rerouted biceps tendon can be remodeled progressively. Over 

time, it heals into new grooves in the tendon, resulting in bone-tendon healing that improves 

biomechanical performance.[18] 

5. Conclusions 

Both partial repair and repair with the BR technique for LMRCTs were effective in improving 

clinical and radiologic outcomes at the short-term follow-up. However, the BR technique yielded 

early recovery of ROM and better clinical outcomes than partial repair until at one year 

postoperatively. Retear occurred at a higher probability in group I than in group II. This may be a 

useful method for repairing LMRCTs. 
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