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Short-Term Clinical and Return-to-Work Outcomes — ®
After Arthroscopic Suprapectoral Onlay Biceps
Tenodesis With a Single Suture Anchor

Brandon C. Cabarcas, M.D., Alexander Beletsky, M.D., Joseph Liu, M.D.,
Anirudh K. Gowd, M.D., Brandon J. Manderle, M.D., Matthew Cohn, M.D., and
Nikhil N. Verma, M.D.

Purpose: To describe short-term outcomes of arthroscopic suprapectoral onlay biceps tenodesis using a single all-
suture anchor with respect to validated outcome measures, return to work, objective strength and motion data, and
biceps-specific testing. Methods: This study describes a consecutive series of patients undergoing arthroscopic
suprapectoral onlay biceps tenodesis performed by a single surgeon from January to December 2017. Patients were
evaluated preoperatively and postoperatively with the American Shoulder and Elbow Surgeons questionnaire, visual
analog scale, Single Assessment Numeric Evaluation, Veterans RAND 12-Item Health Survey, and 12-Item Short Form
survey, and return-to-work survey. Postoperative strength, range of motion, and biceps-specific testing was also per-
formed. Results: This study included 50 patients (26 men and 24 women), with an average age (% standard deviation)
of 50.1 4+ 10.9 years and average final follow-up of 21.3 + 8.5 months. Among employed patients, 32 (71.1%) returned
to work at an average of 4.6 £+ 2.3 months. Light-duty workers returned to work at a significantly greater rate (85.7%
vs 33.3%, P =.016) and in less time (2.6 = 2.0 months vs 6.8 £ 4.2 months) than heavy-duty workers. No differences
were found between operative and nonoperative sides in the biceps apex distance (P = .636) or range of motion in
elbow flexion and extension (P > .9 for both), supination (P = .192), or pronation (P = .343) postoperatively. Strength
in elbow flexion (P =.002), as well as shoulder forward elevation (P < .001) and external rotation (P < .001), increased
postoperatively. Significant patient-reported improvements were noted in the American Shoulder and Elbow Surgeons
score, visual analog scale pain score, Single Assessment Numeric Evaluation score, Constant-Murley score, and Vet-
erans RAND 12-Item Health Survey and 12-Item Short Form physical component scores (P < .001 for all). A post-
operative Popeye deformity developed in 5 patients (10%). Conclusions: Arthroscopic suprapectoral onlay biceps
tenodesis with a single all-suture anchor can provide overall excellent clinical outcomes regarding strength, motion,
and validated patient-reported outcome questionnaires. Return to occupational activities may be less predictable and
more prolonged for heavy laborers. A small number of patients may experience cosmetic deformity postoperatively.
Level of Evidence: Level IV, therapeutic case series.
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Tears and tenosynovitis of the long head of the bi-
ceps tendon (LHBT) are quite common and can be
a source of significant shoulder pain and disability,
often accompanying rotator cuff injuries.'” Intra-
articular pathology of the LHBT is commonly treated
with tenotomy or tenodesis, with the latter often being
preferred in younger patients, athletes, and individuals
concerned with avoiding unsatisfactory cosmesis.’”
Historically, biceps tenodesis has typically been per-
formed through an open incision. However, arthro-
scopic tenodesis has become increasingly common,
with previous investigations reporting increasing rates
of arthroscopic versus open tenodesis performed over
the past 10 to 15 years.”°

The arthroscopic variant of this procedure can be
executed using a variety of implants, including suture
anchors or interference screws. Open and arthroscopic
techniques, with a range of fixation instruments, have
been compared biomechanically, with similar findings
in repair strength, ultimate load to failure, and stiffness
at time 0.””"" Barly clinical investigations have shown
comparable overall postoperative outcomes when
analyzing arthroscopic versus open techniques as
well.”” However, the available literature is limited
regarding return to work (RTW) or other necessary
functional activities after arthroscopic biceps tenodesis.
Prior studies have described rates of return to sport of
69.9% and 78.3% after open and arthroscopic tenod-
esis procedures, respectively.'? Investigations reporting
rates of RTW are similarly scarce, with those published
reporting nearly an 80% RTW rate before 6 months in a
mixed cohort of patients undergoing arthroscopic or
open biceps tenodesis."’

The purpose of this study was to describe short-term
outcomes of arthroscopic suprapectoral onlay biceps
tenodesis using a single all-suture anchor with respect
to validated outcome measures, RTW, objective
strength and motion data, and biceps-specific testing.
We hypothesized that postoperative patient outcome
scores, strength, and range of motion (ROM) would all
improve significantly compared with preoperative
levels and that patients would return to occupational
activities at high rates.

Methods

Study Design and Data Collection

Appropriate review was performed and approval was
granted by the study site’s institutional review board
prior to commencement of this investigation. A retro-
spective query of a prospectively collected clinical
institutional database was performed to identify eligible
study subjects and relevant clinical outcome metrics. All
consecutive patients who underwent an arthroscopic
shoulder procedure that included an arthroscopic
suprapectoral onlay biceps tenodesis using a single
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all-suture anchor performed by the senior author
(N.N.V.) between January and December 2017 were
eligible for inclusion. The indications for surgery were
as follows: anterior shoulder pain, LHBT tendinopathy
or tear, partial- or full-thickness rotator cuff tear with
associated LHBT tendinopathy, SLAP tear, bicipital
instability, and LHBT tendinitis refractory to conserva-
tive management. Both primary and revision cases
were included. Prior to surgery, patients were asked to
complete a standardized set of validated patient-
reported outcome measure (PROM) questionnaires
given to all patients undergoing this type of procedure
at the investigating institution. In addition, patient de-
mographic characteristics were compiled, including age
at the time of surgery, sex, body mass index (BMI),
handedness, side of surgery, Workers” Compensation
status, work status and level of duty, and select
comorbidities (smoking status, hypertension, diabetes,
hypercholesterolemia, thyroid disease, or psychiatric
condition). Surgical details and concomitant procedures
were also recorded.

Clinical Outcomes

Postoperatively, patients were administered validated
outcome questionnaires at 6 months and 1 year after
surgery, as is the standard of practice at the investi-
gating institution. The questionnaires were adminis-
tered via a Web-based data collection service (OBERD:
Outcomes Based Electronic Research Database; Uni-
versal Research Solutions, Columbia, MO). Shoulder-
specific metrics included the American Shoulder and
Elbow Surgeons (ASES) score, subjective Constant-
Murley score (CMS), and Single Assessment Numeric
Evaluation (SANE) score.'*'” Other general physical
and mental health information was collected via a vi-
sual analog scale (VAS), the Veterans RAND 12-Item
Health Survey (VR-12), and the 12-item Short Form
(SE-12) survey.'®? Both VR-12 and SF-12 results were
reported with respect to the individual mental compo-
nent score (MCS) and physical component score (PCS).
Once patients reached a minimum of 12 months
beyond the date of surgery, they were contacted via
telephone and/or e-mail and administered a subset of
the patient-reported outcome questionnaires (ASES
and SANE) to decrease potential survey burden. A total
of 3 phone call attempts were made and 3 e-mail
messages were sent to all included patients. If no
response was given at that point, these patients were
considered lost to follow-up.

Patients were seen for standard clinical follow-up
visits at 1, 3, 6, and 12 months postoperatively by the
senior author, a board-certified, fellowship-trained or-
thopaedic sports medicine surgeon. At the 6-month
visit, an assessment of active and passive shoulder
ROM (flexion, abduction, external rotation, and
external rotation with 90° of abduction) and elbow
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ROM (flexion, extension, pronation, and supination)
was performed by a clinical member of the research
team under supervision and confirmed by the senior
author (B.C.C., A.K.G., B.J.M.). Strength testing was
also completed in the same manner for elbow flexion
and shoulder forward elevation and external rotation
for all patients with a dynamometer. In addition, the
findings of provocative maneuvers, including the
O’Brien test, Speed test, and Yergason test, as well as
bicipital groove tenderness, were recorded in a similar
fashion. Cosmetic appearance was evaluated by both
the patient and operating surgeon (N.N.V.), with
assessment for presence of a Popeye deformity, as well
as a quantitative measurement of the biceps apex dis-
tance.”’ Given the lack of noninvasive options for direct
visualization and postoperative evaluation of the
integrity of a tenodesis, the presence of a Popeye
deformity was used to approximate clinical failure of
the procedure and defined as significant asymmetry,
identified by the patient as abnormal. Patients were also
asked a standardized set of questions with respect to
RTW status and level of duty. Occupational status was
stratified on the basis of intensity of work as defined by
the U.S. Department of Labor (light, moderate, and
heavy duty; Appendix Table 1, available at www.
arthroscopyjournal.org).?

Surgical Technique

The preferred patient position for this surgical tech-
nique was the beach-chair position with the operative
arm held in 45° of flexion and 30° of abduction and
with slight external rotation to help ensure an appro-
priate length-tension relation of the LHBT.”” Biceps
tenodesis was typically performed as the final step if
concomitant procedures (e.g., rotator cuff repair) were
performed. However, the order of operations was ulti-
mately determined by surgeon preference. An arthro-
scopic approach with 4 portals (anterior, accessory
anterolateral, posterior, and lateral) was consistently
used in each surgical case.

Diagnostic arthroscopy was performed initially to
assess the humeral head, glenoid fossa, and ligamentous
structures, followed by arthroscopic transection of the
LHBT. After transection, a lateral viewing portal was
used to identify the remaining LHBT in the bicipital
groove. The LHBT was palpated within the groove and
tensioned with a probe to confirm correct anatomic po-
sition. Through an anterior working portal, a radio-
frequency ablation device was used to free the LHBT
from the intertubercular groove. After release from the
groove was confirmed, an arthroscopic grasper was used
from the posterior portal to grab the LHBT and provide
anterior tension while radiofrequency ablation was used
to complete preparation of the tenodesis site within the
groove. Through the accessory anterolateral portal, a
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single-loaded all-suture anchor (2.6-mm single-loaded
FiberTak suture anchor; Arthrex, Naples, FL) was
placed at the level of the distal aspect of the bicipital
groove while anterior tension was maintained with the
arthroscopic grasper, above the pectoralis insertion, after
release of the transverse humeral ligament.”” Tension
was then applied to the FiberWire sutures (Arthrex) to
verify appropriate strength and confirm correct anchor
deployment. The arthroscopic grasper was used through
the anterolateral portal to mobilize a free suture medially
across the LHBT and create a loop. By use of the grasper,
the same free suture end was grasped on the lateral side
and passed through the suture loop (Fig 1). An arthro-
scopic penetrator grasper was then used to pierce the
LHBT and grab the free end of the same suture. The 2
suture ends were passed outside of the shoulder through
the anterior portal and tied using an arthroscopic knot
pusher in an alternating-post manner. The remaining
LHBT tissue proximal to the point of fixation was excised
with the radiofrequency ablation device and removed
from the posterior portal.

After surgery, all patients underwent standardized
progressive rehabilitation protocols depending on the
respective procedures performed. These typically
included brief periods of immobilization or restricted
passive ROM exercises in the immediate postoperative
period, followed by slow progression to active ROM and
strengthening exercises at approximately 6 weeks.

Statistical Analysis

Statistical analyses were executed with StatalC 15
software (StataCorp, College Station, TX). Descriptive
statistics were used to summarize patient de-
mographic characteristics. Univariate analysis was
performed with the %? test for categorical variables
and Student 2-sample paired ¢ test for continuous
variables. The Fisher exact test was used when
appropriate. With respect to clinically significant
outcomes, threshold values for the minimal clinically
important difference (MCID) were calculated for each
included PROM with a distribution-based methodol-
ogy using the standard error of the mean (SEM)
measurement, as previously described in the litera-
ture.””?” In this distribution-based approach, the
SEM is calculated for each PROM and used to define
the MCID threshold value, given that MCID values
are usually 1 SEM or one-half of the standard devi-
ation of the mean.”””” A stepwise multivariate lo-
gistic regression was used to examine the impact of
demographic and preoperative variables on clinical
outcomes, as well as MCID achievement. All inde-
pendent variables with P < .15 were included in the
subsequent multivariate analyses using a multivariate
binary logistic regression model. Statistically signifi-
cant correlations were identified with P < .05.
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Fig 1. Biceps tenodesis lasso-loop suture anchor configura-
tion in a right shoulder, viewed through a lateral portal, with
the patient in the beach-chair position. Onlay biceps tenodesis
is performed using a single suture anchor with a loop-lasso
configuration.

Results

Patient Demographic Characteristics

Of 57 patients potentially eligible for inclusion, 50
(87.7%) completed the evaluation at final follow-up
(26 men and 24 women) (Table 1). There were 7 pa-
tients who did not complete the follow-up physical
evaluation and were subsequently excluded from our
analysis. The average age was 50.14 £ 10.93 years, and
the mean final follow-up time was 21.3 £ 8.5 months.
The average BMI was 30.51 + 6.16. The most common
comorbidity within this cohort was hypertension (n =
11, 22%), whereas the least commonly listed comor-
bidity was thyroid disease (n = 2, 4%). Of the 50 pa-
tients examined, 30 (60%) were classified as having
Workers” Compensation claims. A total of 30 patients
(60%) underwent rotator cuff repair, 25 of whom
(50%) received concomitant subacromial decompres-
sion (SAD). In contrast, 20 patients (40%) underwent
procedures that did not involve direct repair of the ro-
tator cuff tendons. There were 12 distal clavicle exci-
sions (24%), 10 rotator cuff debridements (20%), 2
lyses of adhesions (4%), 1 labral repair (2%), 1 acro-
mioclavicular joint resection (2%), 1 acromioclavicular
joint reconstruction (2%), and 1 superior capsular
reconstruction (2%). Revision procedures were per-
formed in 4 cases (8%), which included 1 isolated ro-
tator cuff repair, 1 rotator cuff repair with concomitant
SAD, 1 isolated SAD, and 1 SAD with concomitant
distal clavicle excision.

Functional and Patient-Reported Outcomes
At 6 months postoperatively, significant mean im-
provements in postoperative shoulder ROM were

B. C. CABARCAS ET AL.

observed for forward elevation (31.6° = 43.7°, P <.001),
abduction (37.7° + 32.1°, P < .001), external rotation at
90° (2.6° +3.0°, P< .001), and external rotation with the
arm at the side (95.2° + 9.3°, P =.001) within the study
cohort (Table 2). No significant differences in mean
postoperative elbow flexion (0.1° £ 7.1°, P > .9), elbow
extension (0.1° £ 3.8°, P > .9), supination (2.2° + 7.7°,
P=.192), or pronation (2.7° £ 8.3°, P=.343) ROM were
noted between the operated and contralateral elbows
among study subjects. The mean postoperative biceps
apex distance did not differ significantly between the
operated and contralateral extremities (9.5 £ 2.2 cm vs
9.3 £ 2.2 cm [range, 6.4-16.9 cm vs 6.2-16.4 cm]; P =
.636) within our population. Postoperative strength
testing revealed significant mean improvements in
shoulder external rotation at the side (6.1 £ 5.7 Ib, P <
.001), forward elevation (6.4 + 5.9 Ib, P < .001), and
elbow flexion (6.8 + 9.3 Ib, P =.002) (Fig 2). There was
no significant difference in postoperative elbow flexion
strength comparing the operated and contralateral sides
(21.3 £ 8.61bvs23.1 +10.11b, P=.336).

Significant improvements in average PROM
scores were observed for the ASES score (28.8 =+
23.2, P < .001), CMS (24.6 £ 14.0, P < .001), SANE
score (38.9 £ 32.1, P < .001), VAS score (—3.0 + 3.0,
P < .001), SF-12 PCS (6.6 + 9.3, P = .001), and
VR-12 PCS (7.0 £ 9.4, P < .001) at 6 months post-
operatively (Table 3). These average improvements
were all beyond the PROM MCID threshold values.
No significant improvements were seen in the SF-12
MCS (0.9 £ 9.9, P = .915) or VR-12 MCS (1.6 £
8.9, P = .417) on average. Considering each PROM at
6 months, the MCID threshold was met by 31 pa-
tients for the ASES score, 18 patients for the CMS, 27

Table 1. Patient Demographic Characteristics

Characteristic Data
Age, yr 50.14 &£ 10.93
BMI 30.51 + 6.16
Male/female patients 26/24
Current/past smoker 11/16
Hypertension 11
Psychiatric comorbidity 2
Diabetes mellitus 4
Hypercholesterolemia 6
Thyroid comorbidity 2
Right/left handed 4713
Dominant-side surgery 27
WC 30
RCR with SAD 25
Isolated RCR 5
No RC involvement 20
Revision surgery 4

NOTE. Data are presented as mean =+ standard deviation or number
of patients.

BM], body mass index; RC, rotator cuff; RCR, rotator cuff repair;
SAD, subacromial decompression; WC, Workers” Compensation.
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Table 2. Average Improvements in Postoperative Shoulder
Strength and ROM

Parameter Improvement P Value

ROM,

FE 31.56 + 43.71 <.001*

ER with arm at side 5.21 +£9.32 .001*

ER 90 2.64 £+ 3.04 <.001*

ABD 37.69 + 32. 11 <.001*

IR 90 0.17 + 9.88 915
Strength, Ib

FE 6.4 + 5.9 <.001*

ER with arm at side 6.1 £5.7 <.001*

Elbow flexion 6.8 £93 .002*

NOTE. Data are presented as mean =+ standard deviation.

ABD, abduction; ER, external rotation; ER 90°, external rotation
with arm abducted to 90°; FE, forward elevation; IR 90°, internal
rotation with arm abducted to 90°; ROM, range of motion.

*Statistically significant improvement (P < .05).

patients for the SANE score, 27 patients for the VAS
score, 22 patients for the SF-12 PCS, 12 patients for
the SF-12 MCS, 22 patients for the VR-12 PCS, and
16 patients for the VR-12 MCS. The mean ASES score
(69.2 £19.2, P < .001) and SANE score (73.0 £+ 22.9,
P < .001) at final follow-up postoperatively were
significantly improved compared with preoperative
levels. At final follow-up, 31 patients met the MCID
threshold for the ASES score and 35 patients, for the
SANE score. The magnitude of improvement from 6
months to final follow-up was not statistically signif-
icant for either the ASES score (3.2 £ 17.0, P = .117)
or SANE score (5.1 £ 20.1, P = .132).

RTW and Examination of Clinical Failures

A total of 44 patients (88%) endorsed holding an
occupation preoperatively, most of whom reported
working a heavy-duty job (n = 24, 54.5%). Patients
reporting heavy-duty occupational demands showed a
significantly lower rate of RTW than their light—duty
status counterparts (33.5% vs 85.7%, P = .016). Pa-
tients working light—, moderate—, and heavy—duty
status jobs required an average time to RTW of 2.6,
4.5, and 6.8. months, respectively (Table 4). Heavy-
intensity workers took significantly longer to RTW
than light-intensity workers (P = .044) but not
moderate-intensity workers (P = .243). Multivariate
regression showed that revision surgical cases had
increased odds of postoperative clinical symptoms
including anterior biceps pain (odds ratio [OR], 1.69;
P = .034), a positive Yergason test result (OR, 1.44; P =
.047), and the consumption of opioid pain medications
postoperatively (OR, 1.43; P = .037) (Table 5). With
respect to factors impacting achievement of the MCID, a
higher BMI was associated with decreased odds of
achieving the MCID in the SF-12 PCS (OR, 0.964; P =
.047) and VR-12 PCS (OR, 0.934; P = .027) outcome
measures. Revision surgical cases also showed
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decreased odds of achieving the MCID in the SF-12 PCS
(OR, 0.556, P = .020) and VR-12 PCS (OR, 0.533; P =
.001). Patients with a history of psychiatric illness
showed decreased odds of achieving the MCID in the
CMS (OR, 0.464; P = .002) (Table 6). Within the
follow-up period, no patients underwent subsequent
revision surgery related to their operative extremity.
However, 5 patients (10%) experienced clinical
tenodesis failure, as evidenced by the presence of a
Popeye deformity on the operative side noted by both
the patient and clinician. No significant differences in
mean PROM scores were observed between patients in
whom clinical failure developed and those without
clinical failure at 6 months postoperatively (ASES score,
57.3 £20.8 vs 67.1 &£ 21.0 [P = .332]; CMS, 58.6 £+ 8.9
vs 65.4 + 12.1 [P = .234]; SANE score, 68.3 + 9.6 vs
67.8 £ 21.0 [P = .954]; VAS score, 4.0 = 1.9 vs 3.0 £
2.4 [P=.338]; SF-12PCS,37.9+9.7vs39.9+9.1 [P=
.640]; SF-12 MCS, 51.1 + 10.5 vs 50.2 £ 11.1 [P =
.877]; VR-12 PCS, 39.9 £ 7.9 vs 42.1 £ 9.2 [P = .614];
and VR-12 MCS, 54.9 £ 7.8 vs 53.2 £ 12.0 [P = .767]).
At final follow-up, patients who experienced clinical
failure did have a significantly lower mean ASES score
(51.9 &£ 7.8 vs 71.9 &+ 19.1, P = .027) than those who
did not experience failure but had a similar SANE score
(71.3 £ 20.0 vs 73.4 + 23.6, P = .859).

Discussion
The major findings of our analysis showed significant
improvements in postoperative shoulder strength and
ROM, as well as improvements in multiple validated
patient-reported outcome questionnaires, by 6 post-
operative months after arthroscopic suprapectoral

Improvement in Strength
Preoperative vs Postoperative

15
|

10
|

Strength (pounds)

5

ER Side
|— Preoperative [ ] Postoperative I

Elbow Flexion FE

Fig 2. Postoperative improvement in shoulder and elbow
strength testing. Mean preoperative and postoperative
strength levels (in pounds) are shown for the described ex-
ercises. An asterisk indicates a statistically significant increase
(P < .05). (ER Side, shoulder external rotation with arm at
side; FE, shoulder forward elevation.)
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Table 3. Improvement in Patient-Reported Outcome Measures

B. C. CABARCAS ET AL.

PROM MCID Preoperative 6 mo Final Follow-up

ASES score 11.6 37.2 £ 17.9 66.0 =209 69.2 + 19.2
SANE score 16.1 29.0 £ 21.9 67.9 + 19.8" 73.0 £ 229
VAS score 1.5 6.1 +2.4 3.1 4237

SF-12 MCS 4.9 495 £ 11.6 50.4 £ 11.0

SF-12 PCS 4.7 331 £ 6.1 39.7 £9.0°

VR-12 MCS 4.5 51.8 £ 11.1 534 +11.6

VR-12 PCS 4.7 349 +£ 6.7 41.9 £ 9.0

Constant-Murley score 6.9 40.0 £ 11.6 64.6 £ 11.9"

NOTE. Data are presented as mean =+ standard deviation.

ASES, American Shoulder and Elbow Surgeons; MCID, minimal clinically important difference; MCS, mental component score; PCS, physical
component score; PROM, patient-reported outcome measure; SANE, Single Assessment Numeric Evaluation; SF-12, 12-item Short Form; VAS,

visual analog scale; VR-12, Veterans RAND 12-Item Health Survey.
*Achieved MCID.
fStatistically significant improvement (P < .05).

onlay biceps tenodesis using a single all-suture anchor.
No significant differences in postoperative elbow
strength, ROM, or the biceps apex distance were found
when comparing operative versus contralateral ex-
tremities at 6 months. However, the presence of post-
operative clinical cosmetic deformity was noted at a rate
of 10%, which was higher than expected. Most patients
with preoperative occupations were able to RTW by an
average of 6 months, with heavy-duty workers taking
longer to return than light-duty workers. The results
from our analysis of physical examination findings,
objective strength and motion data, validated PROMs,
and RTW supported our hypothesis by showing signif-
icant functional improvement and high rates of return
to occupational activities within 6 months in our study
population.

RTW outcomes after biceps tenodesis are deficient in
the current literature, particularly regarding all-
arthroscopic techniques. In general, the available
studies have suggested that patients can return to
desired occupational and recreational activities at
reasonably high rates postoperatively. Agarwalla et al."”
recently published a retrospective case series in which
60 of 76 patients (78.9%) holding a preoperative
occupation were able to return to the previous level of

Table 4. Total RTW and RTW by Occupation Intensity

work intensity at an average of 5.4 months. It is
important to note, however, that this cohort included
both patients who underwent open tenodesis and those
who underwent arthroscopic tenodesis. Similarly,
Gombera et al.'” reported a series of 23 patients who
underwent arthroscopic biceps tenodesis in which
78.3% fully returned to athletic activities by 18 months.
Our cohort experienced comparable results, with
72.7% of patients with a preoperative occupation
returning to work postoperatively at an average of 4.7
months. Notably, most of our working patient popula-
tion (30 of 44 patients, 68.0%) was being treated under
Workers’ Compensation claims. Although some au-
thors have suggested that Workers’ Compensation pa-
tients experience decreased outcomes compared with
the general population after biceps tenodesis and other
shoulder surgical procedures, our overall high rate of
RTW in a study population largely consisting of work-
related injuries showed this not to be the case.”®*’
Nevertheless, heavy-duty workers did, indeed, return
to their occupations at a significantly lower rate and
took substantially longer to return compared with light-
duty workers. Our findings suggest that although
arthroscopic suprapectoral onlay single-anchor biceps
tenodesis in conjunction with other common shoulder

Arthroscopic Suprapectoral Onlay Bicep Tenodesis

Preoperative Employment, n

Postoperative Employment, n

RTW Rate, % Time to RTW, Mean + SD, mo

Duty status

Light 7 6
Moderate 13 7
Heavy 24 8
Total 44 32

85.7 2.6 +2.0
53.8 45 +2.5
33.3% 6.8 £4.2
72.7 47 +2.9

RTW, return to work; SD, standard deviation.

*Heavy-intensity work showed a statistically lower rate of RTW compared with light (P = .016) but not moderate (P = .165).

fHeavy-intensity work showed a statistically greater number of months to RTW compared with light (P = .044) but not moderate (P = .243).

iThese data include patients who returned to work with restrictions (i.e., remained employed but at lower intensity). They were excluded from
the individual occupation intensity calculations but were included in the total RTW calculations.
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Table 5. Logistic Regression of Variables Associated With
Postoperative Outcomes

P Value
UR MR Or (95% CI)

Abnormal

cosmesis—subjective

Sex 101 248  1.116 (0.926-1.346)

Current smoker 078 .182 1.166 (0.930-1.461)
Postoperative bicipital

groove pain

BMI .051 .061 1.021 (—0.001 to 0.043)

Revision .038* .034* 1.691 (1.041-2.747)*
Positive O’Brien test result

BMI .053 .087 1.021 (0.997-1.045)

WC 133 564  1.091 (0.811-1.469)

Hypercholesterolemia .065 .077 1.450 (0.959-2.191)
Positive Yergason test

result

Current smoker 073 279 1.148 (0.894-1.473)

Revision .144% .047* 1.447 (1.006-2.083)*

RC debridement .098 .124  0.822 (0.640-1.055)

Labral repair .180 .550 2.04 (0.985-4.261)
Pain medications

BMI 041 .074 1.038 (0.996-1.091)

Revision 193 .667  1.132 (0.643-1.994)

Preoperative bicipital 115 213 1.297 (0.861-1.953)

groove pain

Opioid pain mdications

Sex .054 .073 1.185 (0.985-1.426)

WC 134 341 1.102 (0.902-1.347)

HTN 130 .053  0.805 (0.646-1.003)

Revision .031* .037* 1.433 (1.022-2.009)*
RTW

RCR with SAD 136 272 0.852 (0.640-1.134)

SAD 199 426 0.818 (0.501-1.339)
RTW at same or higher

intensity

Past smoker .082 .164 0.805 (0.594-1.093)

Psychiatric comorbidity 167  .654 0.802 (0.305-2.105)

Revision .045 .094 0.643 (0.383-1.079)

SAD .045 416 1.34 (0.660-2.727)

BMI, body mass index; CI, confidence interval; HTN, hypertension;
MR, multivariate regression; OR, odds ratio; RC, rotator cuff; RCR,
rotator cuff repair; RTW, return to work; SAD, subacromial decom-
pression; UR, univariate regression; WC, Workers” Compensation.

*Statistically significant findings (P < .05).

procedures may help provide overall reliable results for
patients looking to return to occupational duties, the
postoperative return among individuals with more
intense physical demands may be prolonged and less
predictable. It would be beneficial for surgeons to take
this into account when counseling heavy-duty laborers
preoperatively because fulfillment of preoperative ex-
pectations has been significantly linked with post-
operative patient satisfaction.’® "

In recent systematic reviews by Abraham et al.”” and
Hurley et al.,’® the authors showed that arthroscopic
biceps tenodesis could lead to significant improvements
in validated outcome scores (ASES, Simple Shoulder
Test, VAS, and Disabilities of the Arm, Shoulder and
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Hand scores) and clinical ROM postoperatively, with
results comparable to those of open techniques. Our
analysis produced similar results, with significant post-
operative improvements seen in clinical strength, as
well as nearly all ROM parameters and PROM scores.
Prior investigations have shown that the timing of
maximum medical improvement after isolated biceps
tenodesis occurs at 6 months postoperatively and that
after arthroscopic rotator cuff repair occurs at 12
months.””*® In our study cohort, arthroscopic rotator
cuff repair was the most frequently performed
concomitant procedure with biceps tenodesis. Accord-
ing to the available evidence, it is reasonable to
conclude that clinically significant improvements in
PROMs, ROM, and strength within our patient popu-
lation were likely captured during the current study
period—and are not expected to occur beyond this.
When evaluating outcome score improvements in
detail, the MCID is a figure that represents the smallest
quantifiable improvement for a given PROM consid-
ered worthwhile by a patient.””*° In our study popu-
lation, we found that patients with increased BMI,
those with psychiatric comorbidities, and those under-
going revision procedures were less likely to achieve the
MCID threshold for multiple PROMs. These results
support the assertion that our described surgical tech-
nique can reliably lead to improved symptoms and
functionality perceived relatively quickly by patients in
the short-term postoperative period. It is important to
note, however, that patients with morbid obesity, as
well as those with psychiatric histories and those
scheduled for revision surgery, may not detect symp-
tomatic improvement as quickly on the basis of our
findings. These results would have relevant implica-
tions for clinicians looking to counsel patients with
similar demographic characteristics regarding expecta-
tions for postoperative symptomatic improvement.
The most commonly described complications after
arthroscopic biceps tenodesis include persistent bicipital
groove pain (5.7%-34.8%), stiffness (9.4%-17.9%),
and tenodesis failure or Popeye deformity (2.9%-
15.2%).°%"""*° In a retrospective analysis of 33 patients
who underwent arthroscopic biceps tenodesis with
concomitant rotator cuff repair, Jeong et al.”* reported
the highest described rate of postoperative Popeye
deformity in the literature of 15.6%. This was greater
than the rate in their comparative open biceps tenodesis
cohort of 39 patients (5.2%), but this finding did not
reach statistical significance.’” Other investigators have
reported much lower incidences of persistent cosmetic
deformity after arthroscopic tenodesis (<5%), with
some reporting no instances of cosmetic deformity
postoperatively.'***>*¢  Although the average biceps
apex distance between the operative and nonoperative
sides did not differ in our analysis, a noticeable Popeye
deformity developed postoperatively in 5 patients
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Tabl 6. Logistic Regression of Variables Associated With MCID Achievement

P Value
UR MR Or (95% CI)

ASES score (MCID, 11.6)

WwcC 218 .730 1.041 (0.825-1.315)

Preoperative ASES score <.001* .001* 0.989 (0.983-0.995)*
VAS score (MCID, 1.5)

No RC .087 744 1.044 (0.803-1.359)

SAD .100 136 1.311 (0.918-1.873)

Preoperative VAS score <.001* <.001* 1.108 (1.051-1.167)*
SANE score (MCID, 16.1)

BMI 222 543 0.994 (0.973-1.014)

Past smoking 241 410 1.110 (0.866-1.424)

Preoperative SANE score <.001* <.001* 0.988 (0.982-0.993)*
SF-12 mental score (MCID, 4.9)

Revision .078 544 0.818 (0.428-1.565)

DCE .095 752 0.922 (0.557-1.524)

Preoperative bicipital groove pain .096 214 1.276 (0.869-1.875)

Preoperative SF-12 mental score .001* 016~ 0.975 (0.956-0.995)*
SF-12 physical score (MCID, 4.7)

BMI .064* .047* 0.964 (0.929-0.999)*

WC .092 425 0.854 (0.581-1.257)

Revision .029* .020* 0.556 (0.339-0.919)*

Debridement 11 .290 0.717 (0.386-1.329)

Preoperative bicipital groove pain .035 947 0.987 (0.663-1.467)

Preoperative SF-12 physical score 041~ 016~ 0.965 (0.938-0.994)*
VR-12 mental score (MCID, 4.5)

BMI .065 .388 1.020 (0.975-1.067)

Dominant-side surgery 132 799 0.941 (0.589-1.504)

RCR with SAD .024 448 0.746 (0.349-1.591)

No RC .034 .859 0.929 (0.414-2.083)

RCR .034

DCE .026 571 1.458 (0.863-2.462)

Preoperative bicipital groove pain .017 158 1.457 (0.863-2.462)

Preoperative VR-12 mental score .003 444 .990 (0.966-1.015)
VR-12 physical score (MCID, 4.7)

BMI .012* .027* 0.964 (0.934-0.996)*

Sex .049 151 1.270 (0.916-1.761)

Revision .025% .001* 0.533 (0.364-0.779)*

Preoperative bicipital groove pain .017 215 0.830 (0.618-1.114)

Preoperative VR-12 physical score .076 .209 0.988 (0.969-1.007)
Constant-Murley score (MCID, 6.9)

WC 11 .170 1.163 (0.937-1.443)

Psychiatric comorbidity .100* .002% 0.463 (0.285-0.752)*

Isolated RCR .1

SAD .1

Preoperative Constant-Murley score .08 311 0.995 (0.987-1.004)

ASES, American Shoulder and Elbow Surgeons; BMI, body mass index; CI, confidence interval; DCE, distal clavicle excision; MCID, minimal
clinically important difference; MR, multivariate regression; OR, odds ratio; RC, rotator cuff; RCR, rotator cuff repair; SAD, subacromial
decompression; SANE, Single Assessment Numeric Evaluation; SF-12, 12-item Short Form; UR, univariate regression; VAS, visual analog scale for
pain; VR-12, Veterans RAND 12-Item Health Survey; WC, Workers” Compensation.

*Statistically significant findings (P < .05).

(10.0%). These findings are clinically significant
considering that many authors advocate the perfor-
mance of tenodesis versus tenotomy in active or
working populations, such as our population, owing to
the decreased reported risk of cosmetic deformity.”*”*’
In the 5 patients in whom a Popeye deformity devel-
oped, the mean ASES score was significantly lower
than that in the rest of the study population at final
follow-up. The mean SANE scores showed no

significant differences. Prior evidence has shown the
ASES and SANE scores to possess strong statistical
correlations after shoulder surgery.”’”? This was not
the case in our analysis. These findings may suggest that
patients experiencing postoperative cosmetic deformity
may also perceive some functional deficit. However,
these findings should be interpreted with caution
because this comparison is likely underpowered given
the small sample size of failures and insufficient to draw
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strong clinical conclusions. One potential reason for the
development of clinical failure postoperatively could be
inferior stability of the repair owing to the type of
implant chosen. Although biomechanical studies have
shown similar fixation strengths among suture anchor,
interference screw, and other arthroscopic tenodesis
constructs, no clinical consensus exists regarding which
is most reliable.”®>”°* Perhaps other options for suture
anchor fixation—or the use of additional anchors to
fortify the repair—may lead to improved tenodesis
fixation and decreased rates of deformity. In addition,
an onlay technique may result in decreased tendon-
bone healing in comparison to tunnel-based tech-
niques, contributing to failure. Investigating the clinical
impact of wvarious arthroscopic fixation constructs
would be an interesting area of future study not
currently addressed in the literature.

Given the relatively recent introduction of arthro-
scopic suprapectoral biceps tenodesis techniques, clin-
ical investigations are still in the early stages. Although
longer-term follow-up may have been ideal, our study
design allowed us to detect clinically significant im-
provements in nearly all analyzed parameters (PROMs,
ROM, and strength), as well as to capture when most
patients returned to work. Recent investigations have
shown increasing volumes of concomitant procedures
being performed with both open and arthroscopic bi-
ceps tenodeses that parallel the expanding volumes of
tenodeses overall.” Theoretically, an assessment of pa-
tients undergoing an isolated biceps tenodesis proced-
ure would be preferable to evaluate the results of this
particular procedure. However, assembling a patient
population comprising isolated biceps tenodesis pro-
cedures using this technique large enough for adequate
study would not have been practical or an accurate
reflection of the current clinical population undergoing
biceps tenodesis. This study’s description of functional
and RTW outcomes can provide a useful basis of com-
parison for future prospective, randomized, controlled
trials investigating arthroscopic tenodesis techniques.
The consistent use of validated PROMs and previously
described indices of clinical progress (i.e., biceps apex
distance and biceps-specific testing) allows for facile
comparison of findings to past and future in-
vestigations. The results of our analysis provide sur-
geons with clinically relevant information for
preoperative counseling when attempting to establish
evidence-based realistic expectations for their patients’
postoperative course.

Limitations

Our study is not without limitations. The retrospective
nature and lack of a control group or comparison to
other techniques inherently limit the level of evidence
our analysis can provide. Furthermore, the short-term
period of follow-up restricts the scope of our findings
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and our ability to assess potential long-term complica-
tions that may not have become apparent by the time of
final follow-up. We also recognize that the presence of
concomitant procedures likely impacted patient clinical
outcomes and RTW. Finally, because the biceps muscle
is the main supinator of the upper extremity, it would
have been clinically relevant to collect supination
strength data or determine the presence of cramping
with repetitive supination or twisting motions. Unfor-
tunately, the dynamometer equipment used in this
study was not capable of obtaining grip strength mea-
surements to assess supination and pronation. Thus,
elbow flexion was used as an indicator of biceps
strength in a consistent fashion.

Conclusions

Arthroscopic suprapectoral onlay biceps tenodesis
with a single all-suture anchor can provide overall
excellent clinical outcomes regarding strength, motion,
and validated patient-reported outcome questionnaires.
Return to occupational activities may be less predictable
and more prolonged for heavy laborers. A small num-
ber of patients may experience cosmetic deformity
postoperatively.

References

1. MacDonald P, Verhulst F, McRae S, et al. Biceps tenodesis
versus tenotomy in the treatment of lesions of the long
head of the biceps tendon in patients undergoing
arthroscopic shoulder surgery: A prospective double-
blinded randomized controlled trial. Am J Sports Med
2020;48:1439-1449.

2. Checchia SL, Doneux PS, Miyazaki AN, et al. Biceps
tenodesis associated with arthroscopic repair of rotator
cuff tears. J Shoulder Elbow Surg 2005;14:138-144.

3. Galdi B, Southren DL, Brabston EW, et al. Patients have
strong preferences and perceptions for biceps tenotomy
versus tenodesis. Arthroscopy 2016;32:2444-2450.

4. Vellios EE, Nazemi AK, Yeranosian MG, et al. De-
mographic trends in arthroscopic and open biceps
tenodesis across the United States. J Shoulder Elbow Surg
2015;24:€279-€285.

5. Werner BC, Brockmeier SF, Gwathmey FW. Trends in
long head biceps tenodesis. Am J Sports Med 2015;43:
570-578.

6. Erickson BJ, Jain A, Cvetanovich GL, et al. Biceps
tenodesis: An evolution of treatment. Am J Orthop (Belle
Mead NJ) 2017;46:E219-E223.

7. Hong CK, Hsu KL, Kuan FC, Lin CL, Yeh ML, Su WR.
Biomechanical evaluation of a transtendinous all-suture
anchor technique versus interference screw technique
for suprapectoral biceps tenodesis in a cadaveric model.
Arthroscopy 2018;34:1755-1761.

8. Diaz M, Shi BY, Baker MC, Binkley MT, Belkoff SM,
Srikumaran U. Open biceps tenodesis: A biomechanical
comparison of 6 fixation techniques. Orthopedics 2020;43:
el02-e108.


http://refhub.elsevier.com/S2666-061X(21)00064-X/sref1
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref1
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref1
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref1
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref1
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref1
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref2
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref2
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref2
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref3
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref3
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref3
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref4
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref4
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref4
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref4
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref5
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref5
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref5
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref6
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref6
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref6
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref7
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref7
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref7
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref7
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref7
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref8
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref8
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref8
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref8

el074

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Frank RM, Bernardoni ED, Veera SS, et al. Biomechanical
analysis of all-suture suture anchor fixation compared
with conventional suture anchors and interference screws
for biceps tenodesis. Arthroscopy 2019;35:1760-1768.
Chiang FL, Hong CK, Chang CH, Lin CL, Jou IM, Su WR.
Biomechanical comparison of all-suture anchor fixation
and interference screw technique for subpectoral biceps
tenodesis. Arthroscopy 2016;32:1247-1252.

Mazzocca AD, Bicos J, Santangelo S, Romeo AA,
Arciero RA. The biomechanical evaluation of four fixation
techniques for proximal biceps tenodesis. Arthroscopy
2005;21:1296-1306.

Gombera MM, Kahlenberg CA, Nair R, Saltzman MD,
Terry MA. All-arthroscopic suprapectoral versus open
subpectoral tenodesis of the long head of the biceps bra-
chii. Am J Sports Med 2015;43:1077-1083.

Agarwalla A, Gowd AK, Liu JN, et al. Predictive factors
and the duration to pre-injury work status following bi-
ceps tenodesis. Arthroscopy 2019;35:1026-1033.

Thigpen CA, Shanley E, Momaya AM, et al. Validity and
responsiveness of the single alpha-numeric evaluation for
shoulder patients. Am J Sports Med 2018;46:3480-3485.
Michener LA, McClure PW, Sennett BJ. American
Shoulder and Elbow Surgeons Standardized Shoulder
Assessment Form, patient self-report section: Reliability,
validity, and responsiveness. J Shoulder Elbow Surg
2002;11:587-594.

Rocourt MH, Radlinger L, Kalberer F, et al. Evaluation of
intratester and intertester reliability of the Constant-
Murley shoulder assessment. J Shoulder Elbow Surg
2008;17:364-369.

Constant C, Murley A. A clinical method of functional
assessment of the shoulder. Clin Orthop Relat Res 1987:
160-164.

Tashjian RZ, Deloach J, Porucznik CA, Powell AP.
Minimal clinically important differences (MCID) and
patient acceptable symptomatic state (PASS) for visual
analog scales (VAS) measuring pain in patients treated
for rotator cuff disease. J Shoulder Elbow Surg 2009;18:
927-932.

Kazis LE, Miller DR, Skinner KM, et al. Applications of
methodologies of the Veterans Health Study in the VA
healthcare system: Conclusions and summary. J Ambul
Care Manage 2006;29:182-188.

Ware JE Jr, Kosinski M, Keller SD. A 12-Item Short-Form
Health Survey: Construction of scales and preliminary
tests of reliability and validity. Med Care 1996:220-233.
Mazzocca AD, Cote MP, Arciero CL, Romeo AA,
Arciero RA. Clinical outcomes after subpectoral biceps
tenodesis with an interference screw. Am J Sports Med
2008;36:1922-1929.

U.S. Department of Labor Office of Administrative Law Judges
Law Library. Dictionary of occupational titles (fourth edition,
revised 1991). Washington, DC: U.S. Department of Labor,
1991.

Beletsky A, Cancienne JM, Leroux T, Manderle BJ,
Chahla J, Verma NN. Arthroscopic tenodesis of the long
head biceps tendon using a double lasso-loop suture an-
chor configuration. Arthrosc Tech 2019;8:e1137-e1143.
Harris JD, Brand JC, Cote MP, Faucett SC, Dhawan A.
Research pearls: The significance of statistics and perils of

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

B. C. CABARCAS ET AL.

pooling. Part 1: Clinical versus statistical significance.
Arthroscopy 2017;33:1102-1112.

Katz NP, Paillard FC, Ekman E. Determining the clinical
importance of treatment benefits for interventions for
painful orthopedic conditions. J Orthop Surg Res
2015;10:24.

Cvetanovich GL, Savin DD, Frank RM, et al. Inferior
outcomes and higher complication rates after shoulder
arthroplasty in workers” compensation patients. J Shoulder
Elbow Surg 2019;28:875-881.

Lu Y, Agarwalla A, Patel BH, et al. Influence of workers’
compensation status on postoperative outcomes in pa-
tients following biceps tenodesis: A matched-pair cohort
analysis. J Shoulder Elbow Surg 2020;29:2530-2537.
Koljonen P, Chong C, Yip D. Difference in outcome of
shoulder surgery between workers’ compensation and
nonworkers’ compensation populations. Int Orthop
2009;33:315-320.

Henn RF III, Tashjian RZ, Kang L, Green A. Patients with
workers’ compensation claims have worse outcomes after
rotator cuff repair. J Bone Joint Surg Am 2008;90:
2105-2113.

Husain A, Lee GC. Establishing realistic patient expecta-
tions following total knee arthroplasty. J Am Acad Orthop
Surg 2015;23:707-713.

Filbay SR, Judge A, Delmestri A, Arden NK. Evaluating
patients” expectations from a novel patient-centered
perspective  predicts knee arthroplasty outcome.
J Arthroplasty 2018;33:2146-2152.e2144.

Cole BJ, Cotter EJ, Wang KC, Davey A. Patient under-
standing, expectations, and satisfaction regarding rotator
cuff injuries and surgical management. Arthroscopy
2017;33:1603-1606.

Noble PC, Conditt MA, Cook KF, Mathis KB. The John
Insall Award: Patient expectations affect satisfaction with
total knee arthroplasty. Clin Orthop Relat Res 2006;452:
35-43.

Culliton SE, Bryant DM, Overend TJ, MacDonald SJ,
Chesworth BM. The relationship between expectations
and satisfaction in patients undergoing primary total knee
arthroplasty. J Arthroplasty 2012;27:490-492.

Abraham VT, Tan BH, Kumar VP. Systematic review of
biceps tenodesis: Arthroscopic versus open. Arthroscopy
2016;32:365-371.

Hurley DJ, Hurley ET, Pauzenberger L, Lim Fat D,
Mullett H. Open compared with arthroscopic biceps
tenodesis: A systematic review. JBJS Rev 2019;7:e4.
Puzzitiello RN, Gowd AK, Liu JN, Agarwalla A,
Verma NN, Forsythe B. Establishing minimal clinically
important difference, substantial clinical benefit, and pa-
tient acceptable symptomatic state after biceps tenodesis.
J Shoulder Elbow Surg 2019;28:639-647.

Zuke WA, Leroux TS, Gregory BP, et al. Establishing
maximal medical improvement after arthroscopic rotator
cuft repair. Am J Sports Med 2018;46:1000-1007.
Tashjian RZ, Hung M, Keener JD, et al. Determining the
minimal clinically important difference for the American
Shoulder and Elbow Surgeons score, Simple Shoulder
Test, and visual analog scale (VAS) measuring pain after
shoulder arthroplasty. J Shoulder Elbow Surg 2017;26:
144-148.


http://refhub.elsevier.com/S2666-061X(21)00064-X/sref9
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref9
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref9
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref9
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref10
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref10
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref10
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref10
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref11
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref11
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref11
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref11
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref12
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref12
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref12
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref12
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref13
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref13
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref13
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref14
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref14
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref14
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref15
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref15
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref15
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref15
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref15
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref16
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref16
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref16
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref16
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref17
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref17
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref17
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref18
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref18
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref18
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref18
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref18
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref18
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref19
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref19
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref19
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref19
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref20
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref20
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref20
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref21
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref21
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref21
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref21
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref22
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref22
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref22
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref22
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref23
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref23
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref23
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref23
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref24
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref24
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref24
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref24
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref25
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref25
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref25
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref25
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref26
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref26
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref26
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref26
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref27
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref27
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref27
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref27
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref28
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref28
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref28
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref28
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref29
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref29
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref29
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref29
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref30
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref30
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref30
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref31
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref31
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref31
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref31
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref32
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref32
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref32
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref32
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref33
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref33
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref33
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref33
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref34
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref34
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref34
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref34
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref35
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref35
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref35
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref36
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref36
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref36
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref37
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref37
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref37
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref37
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref37
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref38
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref38
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref38
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref39
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref39
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref39
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref39
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref39
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref39

40.

41]1.

42.

43.

44.

45.

46.

47.

SHORT-TERM ARTHROSCOPIC TENODESIS

Copay AG, Subach BR, Glassman SD, Polly DW Jr,
Schuler TC. Understanding the minimum clinically
important difference: A review of concepts and methods.
Spine J 2007;7:541-546.

Yi Y, Lee JM, Kwon SH, Kim JW. Arthroscopic proximal
versus open subpectoral biceps tenodesis with arthro-
scopic repair of small- or medium-sized rotator cuff tears.
Knee Surg Sports Traumatol Arthrosc 2016;24:3772-3778.
Jeong HY, Kim JY, Cho NS, Rhee YG. Biceps lesion
associated with rotator cuff tears: Open subpectoral and
arthroscopic intracuff tenodesis. Orthop J Sports Med
2016;4:2325967116645311.

Duchman KR, DeMik DE, Uribe B, Wolf BR, Bollier M.
Open versus arthroscopic biceps tenodesis: A comparison
of functional outcomes. lowa Orthop J 2016;36:79-87.
Brady PC, Narbona P, Adams CR, et al. Arthroscopic
proximal biceps tenodesis at the articular margin: Evalu-
ation of outcomes, complications, and revision rate.
Arthroscopy 2015;31:470-476.

McCrum CL, Alluri RK, Batech M, Mirzayan R. Compli-
cations of biceps tenodesis based on location, fixation, and
indication: A review of 1526 shoulders. J Shoulder Elbow
Surg 2019;28:461-469.

Deng ZJ, Yin C, Cusano J, et al. Outcomes and compli-
cations after primary arthroscopic suprapectoral versus
open subpectoral biceps tenodesis for superior labral
anterior-posterior tears or biceps abnormalities: A sys-
tematic review and meta-analysis. Orthop J Sports Med
2020;8:2325967120945322.

Belk JW, Kraeutler MJ, Houck DA, Chrisman AN,
Scillia AJ, McCarty EC. Biceps tenodesis versus tenotomy: A
systematic review and meta-analysis of level I randomized
controlled trials. J Shoulder Elbow Surg 2021;30:951-960.

48.

49.

50.

51.

52.

53.

54.

el075

Hsu AR, Ghodadra NS, Provencher MT, Lewis PB,
Bach BR. Biceps tenotomy versus tenodesis: A review of
clinical outcomes and biomechanical results. J Shoulder
Elbow Surg 2011;20:326-332.

Slenker NR, Lawson K, Ciccotti MG, Dodson CC,
Cohen SB. Biceps tenotomy versus tenodesis: Clinical
outcomes. Arthroscopy 2012;28:576-582.

Gowd AK, Charles MD, Liu JN, et al. Single Assessment
Numeric Evaluation (SANE) is a reliable metric to mea-
sure clinically significant improvements following shoul-
der arthroplasty. J Shoulder Elbow Surg 2019;28:
2238-2246.

Cunningham G, Ladermann A, Denard PJ, Kherad O,
Burkhart SS. Correlation between American Shoulder
and Elbow Surgeons and Single Assessment Numerical
Evaluation score after rotator cuftf or SLAP repair.
Arthroscopy 2015;31:1688-1692.

Retzky JS, Baker M, Hannan CV, Srikumaran U. Single
Assessment Numeric Evaluation scores correlate posi-
tively with American Shoulder and Elbow Surgeons
scores postoperatively in patients undergoing rotator cuff
repair. J Shoulder Elbow Surg 2020;29:146-149.

Poberaj B, Marjanovi¢ B, Zupanci¢c M, et al. Biome-
chanical comparison of the three techniques for
arthroscopic suprapectoral biceps tenodesis: Implant-
free intraosseous tendon fixation with Cobra Guide,
interference screw and suture anchor. Musculoskelet Surg
2020;104:49-57.

Kany J, Guinand R, Croutzet P, Amaravathi R, Sekaran P.
Biceps tenodesis (long head): Arthroscopic keyhole tech-
nique versus arthroscopic interference screw: A prospec-
tive comparative clinical and radiographic marker study.
Eur J Orthop Surg Traumatol 2016;26:77-84.


http://refhub.elsevier.com/S2666-061X(21)00064-X/sref40
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref40
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref40
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref40
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref41
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref41
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref41
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref41
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref42
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref42
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref42
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref42
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref43
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref43
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref43
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref44
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref44
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref44
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref44
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref45
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref45
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref45
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref45
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref46
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref46
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref46
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref46
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref46
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref46
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref47
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref47
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref47
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref47
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref48
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref48
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref48
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref48
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref49
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref49
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref49
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref50
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref50
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref50
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref50
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref50
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref51
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref51
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref51
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref51
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref51
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref52
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref52
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref52
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref52
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref52
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref53
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref54
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref54
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref54
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref54
http://refhub.elsevier.com/S2666-061X(21)00064-X/sref54

el076 B. C. CABARCAS ET AL.

Appendix Table 1. Categorization of Occupational Demands

Duty Intensity Definition

Light Exerting up to 20 pounds of force occasionally, and/or up to 10 pounds of force frequently, and/or a negligible
amount of force constantly (constantly: activity or condition exists 2/3 or more of the time) to move objects.
Physical demand requirements are in excess of those for sedentary work. Even though the weight lifted may
be only a negligible amount, a job should be rated light work: (1) when it requires walking or standing to a
significant degree; or (2) when it requires sitting most of the time but entails pushing and/or pulling of arm
or leg controls; and/or (3) when the job requires working at a production rate pace entailing the constant
pushing and/or pulling of materials even though the weight of those materials is negligible. NOTE: The
constant stress and strain of maintaining a production rate pace, especially in an industrial setting, can be
and is physically demanding of a worker even though the amount of force exerted is negligible.

Moderate Exerting 20 to 50 pounds of force occasionally, and/or 10 to 25 pounds of force frequently, and/or greater
than negligible up to 10 pounds of force constantly to move objects. Physical demand requirements are in
excess of those for light work.

Heavy Exerting 50 to 100 pounds of force occasionally, and/or 25 to 50 pounds of force frequently, and/or 10 to 20
pounds of force constantly to move objects. Physical demand requirements are in excess of those for
medium work.

NOTE. The source of information is U.S. Department of Labor Office of Administrative Law Judges Law Library. Dictionary of occupational titles
(fourth edition, revised 1991). Washington, DC: U.S. Department of Labor, 1991.
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