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Purpose: Shoulder arthroscopic repair of rotator cuff tears with simultaneous treatment of lesions of the long head of the biceps
tendon has become increasingly accepted. However, the clinical outcomes between tenotomy and tenodesis remain unclear. This study
aimed to compare the efficacy of tenotomy and tenodesis combined with rotator cuff repair in elderly patients with medium-to-massive
rotator cuff tears.

Patients and Methods: We conducted a retrospective trial of patients aged > 60 years with medium-to-massive rotator cuff tears
who underwent arthroscopic rotator cuff repair with tenotomy or tenodesis. This study included 96 patients: 47 in the tenotomy group
and 49 in the tenodesis group. At 3 and 6 months after surgery and at the last follow-up, the American Shoulder and Elbow Surgeons
(ASES) score, Constant-Murley score (CS score), anterior shoulder pain (VAS score), elbow flexion strength and supination strength,
and complications were recorded.

Results: At 3 months postoperatively, ASES score, CS score and strength of elbow flexion of the tenodesis group were significantly
better than those of the tenotomy group. In addition, the VAS score is 4.4 + 1.4 and 3.3 + 1.3 in the tenodesis and tenotomy
respectively (p = 0.039). At the final follow-up, despite no significant statistical differences in ASES scores, CS scores, VAS scores,
and flexion strength between the two groups, the variation in the above items in the tenodesis group was statistically lower than that in
the tenotomy group. No difference was observed in the rates of complications and revision between the groups.

Conclusion: For people over 60 years of age with medium to massive rotator cuff tears, postoperative shoulder function of tenodesis
is superior to tenotomy, and functional recovery is relatively more stable after tenodesis than after tenotomy.
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Introduction

Lesions of the long head of the biceps tendon (LHBT) are common causes of shoulder pain and dysfunction in patients
with rotator cuff injuries.' The anecdotal evidence available illustrates that both tenotomy and tenodesis achieve
favorable and comparable results in the treatment of LHBT lesions.” * Generally, tenodesis is clinically suggested for
younger and high-demand patients, whereas tenotomy should be performed for an aged population with low-demand. For
biceps tenotomy, advocates list ease of rehabilitation, fast return to usual activity, low-demand technical requirements,
and low complications.” However, proponents of tenodesis suggest that it is beneficial for functional recovery, such as
supination and flexion strength, and avoidance of cosmetic deformities.® Due to the absence of clear evidence-based
indicators indicating the superiority or inferiority of the two surgical methods, the determination usually depends on the
surgeon’s preferences, experience, and individual patient factors.
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Despite its effectiveness in the treatment of LHBT lesions, finding about detailed aspects of biceps tenodesis versus
tenotomy varied.>”"® Regarding the effect of both procedures on strength, there exists a discrepancy in the evidence
published. Specifically, some studies indicated that the difference in elbow flexion or forearm supination strength
between the two surgical methods is not significant,™’ whereas others have observed a decrement in strength following
tenotomy procedures.'® A systematic review revealed no significant difference in postoperative biceps pain.® In relation
to the occurrence of cosmetic deformities, some studies exhibit a notable discrepancy in the manifestation of the Popeye
sign,”® whereas other investigations did not reveal any significant variance.’ Hence, the choice between biceps tenodesis
and tenotomy remains unclear.

Generally, the demand for activity and age are critical factors that affect the determination of biceps tenodesis and
tenotomy. Mirazayan et al'' reported that younger age and male sex are high-risk factors for complications such as
Popeye deformity, subjective weakness, and cramping. Surgeons tend to favor performing tenodesis on young men or
patients with high activity demands.'>'"* LHBT tenotomy is potentially the most suitable surgical procedure for elderly
patients with low activity requirements.'' A recent retrospective study compared the difference in efficacy between
tenotomy and tenodesis in aged females, they found that tenodesis only yielded earlier pain relief and better biceps
strength than biceps tenotomy without other improvements.'> The female selection, unselection of rotator cuff tear size,
and higher rate of loss of follow-up (25%) limit the adaptation of clinical application.

Clinically, the size of rotator cuff tear is typically correlated with shoulder joint function and pain.®'® Especially,
medium to massive sized rotator cuff tears might largely affect the effect of treatment of LHBT. Furthermore, the elderly
population has different demands for movement and pain. There is currently controversy surrounding the effectiveness of
biceps tenotomy and tenodesis in treating LHBT lesions in the elderly population. Therefore, the efficacy of biceps
tenodesis and tenotomy may yield complex effects in an elderly population with non-small-sized rotator cuff tears. This
study aimed to investigate the efficacy of arthroscopic biceps tenodesis and tenotomy performed concurrently with repair
of medium-to-massive rotator cuffs for >60-year-old patients. We hypothesized that biceps tenotomy would not be
inferior to tenodesis in terms of clinical outcome in the elderly population.

Materials and Methods

The retrospective study was conducted to analyze elderly patients who underwent arthroscopic rotator cuff repair with
intraoperative confirmation of a lesion of the LHBT in our hospital between June 2020 and June 2022. The inclusion
criteria were as follows: performing tenodesis or tenotomy, age > 60 years, symptomatic rotator cuff tears that did not
improve after adequate rehabilitation treatment, performing a complete double-row repair, minimum follow-up of 24
months, and confirmation of medium to massive rotator cuff tear. The exclusion criteria were as follows: no rotator cuff
tears, massive irreparable tears, active or previous joint infections, glenohumeral osteoarthritis (Hamada stage>2), severe
cervical disorders or paralysis of the axillary nerve, previous surgery of the affected shoulder, and revision surgery.

Procedures

Clinical, radiological, and functional outcomes were assessed preoperatively and 3 months, 6 months and at the last
follow-up after surgery. Functionality was evaluated as follows: the American Shoulder and Elbow Surgeons (ASES)
score, the Constant score, and the visual analog scale for pain (VAS) preoperatively, 3 and 6 months postoperatively and
at the latest out-patient clinic. Elbow flexion strength and supination strength were evaluated using a digital force gauge
transducer. Tendon tear size preoperatively was roughly measured with Magnetic Resonance Imaging (MRI). The
classification of rotator cuff size was finally determined by probe hook with scale under arthroscopy, based on DeOrio
and Cofield classification. Tendon integrity at the last follow-up were measured using MRI. The Sugaya classification
were adopted for assessment of re-rupture rate.'’ Moreover, complications and incidence of revision were recorded
during the entire follow-up period.

Surgical Procedures
All patients were placed in the lateral decubitus position for all shoulder arthroscopy, which were performed by the same
surgeon (M.C). Diagnostic arthroscopy was conducted using a standard posterior portal. The assessment of biceps tendon
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was performed via a standard anterior interval portal. If medium-to-massive rotator cuff tears and inflammation,
instability, and tearing of the LHBT or injury of the superior labrum attachment were identified, the patient’s eligibility
was confirmed.

When performing tenotomy, an arthroscopic electrothermal scalpel is utilized to detach the LHBT from its attachment
site on the superior labrum. During tenodesis, the LHBT was fixed using a SiveLock (Arthrex) and a TWINFIX Suture
Anchor (Smith & Nephew) with an arthroscopic suprapectoral approach after detachment. Subsequently, subacromial
pathology and rotator cuff conditions were assessed. When necessary, utilize the cutting block technique to perform
subacromial decompression. The rotator cuff tear was repaired using a Suture Bridge with Mason-Allen sutures via
standard anterolateral and posterolateral portals.

Postoperative Care and Rehabilitation

The postoperative rehabilitation programs for both groups were the same. With sling immobilization for 4-6 weeks,
gentle passive motion of the shoulder, including elevation, abduction, and non-resisted elbow flexion, was allowed
immediately after surgery. Active movement was not allowed until 46 weeks after the surgery. After reaching the
maximum range of motion, resistance training is permitted, and exercise can commence 6 months post-surgery.

Sample Size Calculation

As described by previous literature,'® the minimal clinical detectable difference of the ASES score were a difference of
9.7 points (standard deviation at 16.5 points). With setting of alpha at 0.05 and power at 0.80, the minimum of sample
size per group was set to be 45 patients.

Ethical Considerations

All procedures and data collection were performed prior to approval by the Ethics Committee of Shanghai Tenth People’s
Hospital, in accordance with the Declaration of Helsinki. Written informed consent was secured from all participants
before their inclusion in the study.

Statistical Analysis

In this study, the statistical analyses were conducted using the IBM Statistics SPSS version 19.0 software package. The
descriptive statistics are presented in the form of mean =+ standard deviations (SDs) for continuous variables, and
frequencies (percentages) for nominal data. For the comparison of demographic and clinical characteristics and outcomes
between groups, Student’s #-tests were employed for normally distributed continuous variables, while Mann—Whitney
U-tests were used for non-normally distributed continuous variables. Fisher’s exact test was utilized to analyze the
nominal data. A p < 0.05 was deemed to be statistically significant.

Results

A total of 96 participants were included in this study (biceps tenodesis group, n = 49; biceps tenotomy group, n = 47)
between June 2020 and June 2022. The demographic characteristics, preoperative subjective scores (Table 1) and
intraoperative finding (Table 2) were comparable between the groups. In detail, the differences in sex distribution,
age, BMI, surgical side, and previous occupation were not significant between the tenodesis and tenotomy groups.
Regarding the length of follow-up, patients in both groups completed a minimum of follow-up of 24 months, which were
29.3 £ 4.2 and 29.9 + 3.8 months in tenodesis and tenotomy group respectively (p = 0.525). The average of operative
time was 79.5 + 27.4 minutes in the tenodesis group, much longer than 62.2 + 23.9 minutes in the tenotomy group (P =
0.045). The time from occurrence of symptom to surgery were 11.4 + 5.8 and 13.7+5.6 months without statistical
difference. The size of rotator cuff tears, including medium size, large size, and massive size, was almost identical
between two groups (p= 0.678). SLAP tear occurred 25 in the tenodesis group and 23 in the tenodesis and tenotomy
group, respectively (p= 0.838). Regarding additional arthroscopic treatment, there were 27 cases of acromioplasty, and 34
cases of arthroscopic release in the tenodesis group, and 22 cases of acromioplasty, and 29 cases of arthroscopic release
in the tenotomy group; these items were not significantly different (Table 2).
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Table | Baseline Characteristics of Patients

Variables Tenodesis (n=49) | Tenotomy (n=47) | p value
Gender
Male 30 25 0.536
Female 19 22
Age 73.7£10.9 713 £97 0.429
BMI (kg/m?) 233+ 1.9 23.14+ 1.8 0.381
Surgical side (dominant) 29 20 0.153
Previous occupation 0.299
Labor 17 22
Non-labor 32 25
Follow-up (months) 293+ 42 299 + 3.8 0.525

Table 2 The Intraoperative Findings and Procedures of Both Tenodesis and
Tenotomy Group

Variables Tenodesis Group | Tenotomy Group | p value
(n=49) (n=47)
Operative time, min 795 £+ 274 62.2 + 239 0.045
Rotator cuff tear
Medium sized tear 23 22 0.678
Large sized tear 18 20
Massive sized tear 8 5
SLAP tears 25 23 0.838
Additional surgical procedures
Acromioplasty 27 22 0416
Arthroscopic release 34 29 0.428
Time to surgery, months 114 +58 13.7£5.6 0.341

Table 3 Subjective and Functional Outcomes by Group at Each Time Point

Preoperative | 3 Months Postoperative | 6 Months Postoperative | Last Follow-Up
ASES score Tenodesis 53119 68.2 + 9.1* 773 £72% 82.1 + 6.8%
Tenotomy 489 + 10.6 61.2 +89 757 £ 112 780+ 11.9
CS score Tenodesis |  49.8 9.7 66.7 + 8.1% 767 £ 76" 8l.1 + 6.7
Tenotomy 50.2 £ 104 609 + 8.7 759 = 10.2 790 114
VAS pain score Tenodesis 55+ 24 44 + 1.4 32+1.2 26+ 117
Tenotomy 54+ 26 3313 30+ 1.7 25+ 1.7
Flexion strength, kg Tenodesis 10.3 £ 5.7 17.4 + 6.2% 17.9 + 5.2% 18.1 + 3.1%
Tenotomy 10.7 £ 6.2 147 £ 6.8 15.7 + 4.8 163 £ 5.3
Supination strength, kg | Tenodesis 23+12 27+14 30 1.6 32+ 14
Tenotomy 2112 26+ 1.6 29+ 18 .19

Notes: *Indicates statistically significant difference between two groups. # indicates statistically significant difference in variation between two groups.

The functional scores and physical assessments according to group and time point is summarized in Table 3.
Significant improvements of both ASES and CS scores were observed in both groups from baseline to the last follow-
up. The tenodesis group showed a significantly higher ASES scores, from the baseline to the last follow-up. Meanwhile,
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statistical difference was observed in ASES scores between two groups (68.2 + 9.1 versus 61.2 = 8.9) at 3 months
postoperatively. Moreover, the variance in ASES scores was significantly lower in the tenodesis group from 6 months to
last follow-up postoperatively, indicating that tenodesis guarantees the anticipated stable shoulder function other than
tenotomy. Similarly, the CM scores improved from the baseline to the last follow-up. There were also significantly
increased CM scores in the tenodesis group than in the tenotomy group 3 months postoperatively.

From the presurgery to the last follow-up, both groups showed great improvement in both strength of elbow flexion
and forearm supination. During the entire follow-up period, shoulder strength was higher in the tenodesis group, but only
flexion strength was significantly higher in the tenodesis group at 3 months postoperatively. There was average difference
of 1.8 kg in strength of elbow flexion and average difference of 0.1 kg in supination strength between tenodesis group
and tenotomy group. In particular, the variance in elbow flexion in the tenodesis group was much lower at six months
postoperatively and at the last follow-up. Pain improvement occurred significantly from 3 months to the last follow-up
postoperatively with a mean decrease of 2.6, as reflected by the VAS scores. The VAS score was significantly higher at 3
months postoperatively, and the variance in the VAS scores was much lower at the last follow-up in the tenodesis group.
Rotator cuff integrity postoperatively was classified into type 1 for 18, type 2 for 20, type 3 for 9, type 4 for 2, and type 5
for 0 patient in the tenodesis group and type 1 for 16, type 2 for 19, type 3 for 9, type 4 for 2, and type 5 for 1 patient in
the tenotomy group respectively (p=0.894). The representative images of MRI scanning of patients undergoing arthro-
scopic repair of rotator cuff tear and biceps tenodesis or tenotomy was shown in Figures 1 and 2.

Figure | Representative images of MRI scanning of patients undergoing arthroscopic repair of rotator cuff tear and biceps tenotomy. Left panel: sagittal view. Right panel:
coronal view.

Figure 2 Representative images of MRI scanning of patients undergoing arthroscopic repair of rotator cuff tear and biceps tenodesis. Left panel: sagittal view. Right panel:
coronal view.
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Figure 3 Upper left panel: Representative coronal view of MRI scanning of patients with failure of fixation of biceps after arthroscopic repair of rotator cuff tear and biceps
tenodesis. Upper right panel: image of “Popeye lump”. Lower left panel: image of empty biceps groove. Lower right panel: image of failed fixation of biceps tendon after
tenodesis.

The total rates of postoperative complications in the tenodesis and tenotomy group were comparable (p=0.563). Five
cases of subjective Popeye deformity were observed after tenotomy, which was significantly higher than that after
tenodesis. The representative coronal view of MRI scanning and arthroscopic image of patients with failure of fixation of
biceps after arthroscopic repair of rotator cuff tear and biceps tenodesis were shown in Figure 3. In addition, there were
no significant differences in weakness or fatigue discomfort between the tenodesis and tenotomy groups (Table 4). There
were five cases of reoperation in the tenotomy group, of which three patients switched to tenodesis, both due to persistent
anterior shoulder pain. Another 2 patients developed postoperative limited shoulder function due to rotator cuff retear, as

Table 4 Frequency and Type of Postoperative Complications

Variables Tenodesis (n=49) | Tenotomy (n=47) | p value
Popeye deformity | 5 0.082
Weakness 2 2 0.996
Fatigue discomfort 3 4 0.653
Cramping pain 7 2 0.092
Reoperation 3 5 0.424
Total 16 18 0.563
Total person 12 15 0419
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Table 5 The Detail of Complication Treatment

Patient Number | Additional Surgery Additional Additional Other Procedures ASES, % Pain
Time, Months Biceps Surgery

Tenodesis Group pre | post | pre | post

| 8 Tenodesis Rotator cuff exploration 48 68 5 3
revision

2 13 Tenodesis Rotator cuff exploration 56 67 4 3
revision

3 15 / Distal clavicle excision, rotator cuff examination, | 52 70 4 2

debridement and synovectomy

Tenotomy Group

| 13 Tenodesis Rotator cuff exploration, debridement and 45 59 5 3
excision
2 21 / Revision decompression 57 73 5 2
/ Distal clavicle excision, rotator cuff examination, | 61 84

debridement and synovectomy

16 Tenodesis Rotator cuff exploration and debridement 53 70 7
5 17 Tenodesis Rotator cuff examination, debridement and 60 8l 6 4
synovectomy

confirmed by MRI. The patients underwent arthroscopic repair of the rotator cuff. There were 3 cases of reoperation in
the tenodesis group because of persistent anterior shoulder pain, 2 of which underwent tenodesis revision. The third
patient underwent an arthroscopic rotator cuff repair procedure for a rotator cuff retear. (Table 5).

Discussion

In this study, both tenodesis and tenotomy achieved favorable outcomes in treating LHBT lesions in terms of functional
and pain scores in elderly patients with concomitant rotator cuff injuries. Despite no significant difference in functional
and pain scores between the two groups at the final follow-up, the tenodesis group exhibited better functional scores at 3
months than the tenotomy group, possibly due to the preservation of biceps tendon function and strength. Several
recently published meta-analyses that compared tenodesis and tenotomy have yielded similar results.'® ' Additionally,
we observed that the tenodesis group achieved more stable functional scores postoperatively, as indicated by the lower
variance in ASES scores, CS scores, VAS scores, and elbow flexion strength at 6 months and at the last follow-up
postoperatively. These results did not align with our hypothesis.

However, no statistically significant difference was observed in CMS and ASES scores between the two groups at the
final follow-up. Consistent with most current reports, although with varying levels of evidence, the majority of relevant
literature has failed to demonstrate any functional outcome differences between biceps tenodesis and tenotomy.?* 2
Because the LHBT functions more as a shoulder stabilizing structure than an elbow movement structure, functional
testing is limited. The strength of elbow flexion and forearm supination may not truly reflect the role of the LHBT. The
functional outcomes of these two surgeries are similar, possibly because both tenodesis and tenotomy neutralize the
shoulder stabilizing effects of the LHBT.** Additionally, since the patients included in this study were elderly individuals
aged 60 years or older, the lack of strength after tenotomy may have had a minimal impact on their daily lives. Notably,
shoulder function in the tenodesis group was much more stable and predictable, as reflected by lower deviation.

Our findings indicate that the postoperative functional scores were more stable in the tenodesis group, possibly
because of the preservation of biceps tendon function and strength. This implies that tendon fixation surgery may be
preferable for elderly patients or for those with relatively higher shoulder functional demands. We speculate that in
patients with LHBT lesions and rotator cuff injury, when LHBT lesions rather than rotator cuff injury become the main
cause of pain and functional impairment, direct tenotomy may benefit the patients more. In contrast, tenotomy may result
in a certain degree of functional loss to the LHBT compared with tenodesis.
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Biomechanically, the LHBT is critical for shoulder stabilization and is closely associated with shoulder function.
Kumar et al*® reported that tenotomy can cause the upward migration of the humeral head, leading to a decrease in
acromiohumeral distance, which is associated with rotator cuff tears, and distances less than 7 millimeters are typically
associated with degenerative rotator cuff diseases.>’*® In our study, double-row arthroscopic rotator cuff repair was used
for all patients to preserve more acromiohumeral distance,>” which may reduce possibility of subacromial impingement.
That may explain the lower re-rupture rate in our study. The biceps also facilitate forearm movements, especially forearm
supination and elbow flexion. Spontaneous LHBT ruptures have been reported to lead to a 20% decrease in forearm
supination strength and an 8%-20% decrease in elbow flexion strength.'’ Besides, Lee et al'* found a significant
decrease in supination strength after tenotomy compared to tenodesis based on isometric testing 12 months postopera-
tively, with a greater side-to-side difference. Wittstein et al’° demonstrated limited peak supination torque other than the
peak flexion torque or endurance in either motion with tenotomy versus tenodesis. In our study, neither supination nor
flexion strength showed statistical differences between tenodesis and tenotomy at six months postoperatively. The similar
outcomes of supination and flexion may be attributed to the age and size of the rotator cuff. Elderly patients have a much
lower demand for supination and flexion strength in daily activities. Second, despite the recovery of rotator cuff tears, the
large size affects shoulder strength; therefore, the effect of treatment of the biceps was covered.

In addition to the improvement in functionality, both surgical procedures have been proven effective in alleviating
pain, considering that the LHBT pathology itself contributes to shoulder pain. Tenotomy can significantly alleviate pain
during motion and tenderness upon palpation.’! Walch et al*? recommended tenotomy as a palliative treatment for
patients with irreparable rotator cuff tears. Some studies suggest that the postoperative pain levels are similar for both

8,13

procedures,” ~ while others indicate that patients undergoing tenotomy experience milder pain and faster relief compared

h,>*-** which may be related to the presence of implant in the bicipital groove.? In our study, there

to the other approac
was no significant difference in VAS scores between the two groups at the last follow-up. This may be partly attributed to
the inclusion of elderly patients aged > 60 years with reduced shoulder movement. Concomitant rotator cuff injuries may
also affect pain assessment.

This study has certain limitations. Firstly, this study shares similar limitations with other retrospective studies, and the
selection of surgical approach was not randomized. Second, we compared tenodesis and tenotomy in older patients
undergoing rotator cuff repair; however, our findings may not be applicable to isolated LHBT lesions or to younger
patients. Third, due to the simultaneous repair of rotator cuff tears, it is difficult to determine the impact of tenodesis and
tenotomy alone on the shoulder and elbow function in this study. Fourth, all patients in this study were followed up for at
least two years after surgery, which may require longer follow-up times to determine the final prognosis of the two
surgical methods.

In the future, further development of clinical evaluation scales for LHBT is needed. At the same time, more high-
quality clinical studies are needed to explore the long-term effects of LHBT surgery on the progression of rotator cuff
tears and shoulder function.

Conclusion

For people over 60 years of age with medium-to-massive rotator cuff tears, both arthroscopic tenotomy and tenodesis
with rotator cuff repair can achieve good results. Postoperative shoulder function after tenodesis improves prior to
tenotomy, and functional recovery is relatively more stable after tenodesis than after tenotomy. Tenotomy and tenodesis
are equally effective for improving postoperative pain and preventing Popeye deformities.
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