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Abstract Background: In young and active patients, long
head of biceps (LHB) tenodesis has become a common
procedure for managing LHB pathology, but it remains
unclear whether it is performed in isolation or along with
other shoulder procedures and whether open and arthroscop-
ic techniques produce different complications. Questions/
Purposes: We sought to determine and compare open and
arthroscopic LHB tenodesis in terms of (a) trends in overall
use, (b) trends in use in isolation and in association with
rotator cuff repair (RCR) and superior labral tear from
anterior-to-posterior (SLAP) debridement/repair, and (c)
the rates of post-operative complications. Methods: We per-
formed a retrospective analysis of data from an insurance
database to identify LHB tenodesis procedures performed
from 2011 to 2014. The overall annual rates of open and
arthroscopic LHB tenodesis were determined and then

stratified according to concurrent RCR and SLAP repair/
debridement. A multivariate logistic regression analysis that
controlled for patient demographics (age, sex, comorbidity)
was performed. Results: Overall, 8547 patients underwent
LHB tenodesis, of which 43.5% were open and 56.5% were
arthroscopic procedures. There was a significant increase in
the utilization of LHB tenodesis from 2011 to 2014. In
isolation, open LHB tenodesis was the more common tech-
nique overall and by year. Arthroscopic LHB tenodesis was
the most common tenodesis technique performed in con-
junction with RCR and SLAP repair/debridement. The over-
all complication rate was 2.9%; only wound dehiscence
demonstrated a difference between techniques. Conclusions:
The rates of open and arthroscopic LHB tenodesis proce-
dures increased significantly from 2011 to 2014, with open
techniques more common when LHB tenodesis is performed
in isolation and arthroscopic techniques more common when
performed as a concomitant procedure. Our use of a popu-
lation database did not allow us to evaluate biomechanical or
cost-related phenomena, and future research should examine
these and other relevant differences between these two LHB
tenodesis techniques.
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Introduction

Pathology of the long head of biceps (LHB) is increasingly
recognized as a source of anterior shoulder pain [5]. Man-
agement of LHB pathology includes non-operative and op-
erative treatment. Two surgical techniques exist to manage
LHB pathology: tenodesis and tenotomy [21]. In the young
and active patient, LHB tenodesis has become more com-
monplace, with evidence suggesting it results in improved
cosmesis and decreased biceps muscle cramping [11]. Two
common techniques for LHB tenodesis are arthroscopic
supra-pectoral tenodesis and open sub-pectoral tenodesis.
To date, studies have demonstrated a rise in the overall and
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technique-specific use of LHB tenodesis, but these studies are
limited to 2011, and it remains unclear in what clinical context
LHB tenodesis is utilized—that is, performed in isolation or
along with other common shoulder procedures, such as rotator
cuff repair (RCR) or superior labrum anterior-to-posterior
(SLAP) tear debridement or repair [22]. Additionally, while a
number of clinical studies have failed to demonstrate a difference
in clinical outcomes between arthroscopic and open LHB
tenodesis [1], it remains largely unknown if there is a difference
in complication rates, particularly in rare complications such as
post-operative humeral shaft fractures; many studies examining
this have been limited-to-small sample sizes or case reports [7,
13, 14, 17, 24]. There is difficulty in reporting rare complications
in small cohorts, and thus, using a larger patient population—as a
large population database provides—may better determine
whether such rare complications exist and differ by technique.

We sought to determine and compare (a) trends in the use
of arthroscopic and open LHB tenodesis techniques, (b) trends
in their use in isolation and in association with RCR and SLAP
debridement/repair, and (c) the rates of post-operative compli-
cations between open and arthroscopic techniques. Our hy-
pothesis was that both open and arthroscopic LHB tenodesis
procedures would be increasingly used, with the open tech-
nique being more common, regardless of its use in isolation or
with other arthroscopic surgery, and that the rates of open and
arthroscopic techniques would not be significantly different.

Methods

A retrospective review of the PearlDiver Humana database
(PearlDiver, Warsaw, IN, USA) was performed to capture all
open and arthroscopic LHB tenodesis procedures performed
from 2011 through the end of 2014. Institutional review board
(IRB) approval was not required as the data is anonymous and
publically available. The PearlDiver Humana database is a
commercially available, Health Insurance Portability and Ac-
countability Act (HIPAA)-compliant national database contain-
ing individual patient records associated with Current
Procedural Terminology (CPT) and International Classification

of Diseases, Ninth Revision (ICD-9) codes related to orthopedic
procedures. This technology has been utilized in numerous
publications, including patient populations who have undergone
orthopedic shoulder sports surgery, as with a recent assessment
of the effect of concomitant biceps tenodesis on reoperation
rates after arthroscopic RCR [8]. It represents 16 million records
and includes Medicare and Medicare Advantage beneficiaries
and private and commercially insured patients [4].

We identified all patients in the database with CPT codes
29,828 (arthroscopy, shoulder, surgical; biceps tenodesis) or
23,430 (tenodesis of long tendon of biceps; open treatment).
Exclusion criteria included previous or concurrent humeral
shaft fracture. Patient age, sex, and year of surgical proce-
dure were available in the database. In addition, patient
comorbidities were determined using ICD-9 diagnosis
codes, which are listed in Table 2 in Appendix 1. All patients
had a minimum of 90 days of follow-up.

Post-operative complications were determined by identify-
ing ICD-9 diagnosis codes for each complication arising within
90 days of the initial procedure, including deep vein thrombosis
(DVT)/pulmonary embolism (PE), nerve injury, wound dehis-
cence, hematoma, and humerus fracture (Table 3 in Appendix
2). Associated CPT procedure codes were used to identify
stiffness (open capsule release [23020], manipulation under
anesthesia [MUA, 23700], and arthroscopic lysis of adhesions
with MUA [29825] within 6 months) and surgical site infection
(irrigation and debridement within 90 days [10,180, 20,000,
20,005, 10,140, 10,060, or 10,061]).

The characteristics of procedures performed concomitantly
with open or arthroscopic biceps tenodesis were also collected,
including RCR, with CPTcodes 29,827 (arthroscopy, shoulder,
surgical; with rotator cuff repair), 23,410 (repair of ruptured
musculotendinous cuff [i.e., rotator cuff] open; acute), or 23,412
(repair of ruptured musculotendinous cuff [i.e., rotator cuff]
open; chronic)] and SLAP repair/debridement, with CPT code
29807 (arthroscopy, shoulder, surgical; repair of SLAP lesion).

Statistical Analysis

Statistical analyses were conducted using R (R Foundation for
Statistical Computing, Vienna, Austria). Pearson’s χ2 analyses
were used to compare patient demographics between open and
arthroscopic LHB tenodesis. Multivariate logistic regression was
used to compare open and arthroscopic techniques in terms of
adverse events, using arthroscopic cases as the reference.
Multivariate analyses controlled for baseline patient
characteristics, including age, sex, comorbidities, and year of
operation. Trends across years for isolated LHB tenodesis,
those performed with concomitant RCR or SLAP repair/
debridement were determined using Cochran–Armitage tests
for trend. All tests were two-tailed, and the statistical difference
was established at a two-sided ά level of 0.05 (p < 0.05).

Results

Overall, we identified 8547 patients who underwent LHB
tenodesis, of which 43.5% (n = 3717) underwent the open
technique and 56.5% (n = 4830) underwent the arthroscopic
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technique. The typical patient who underwent LHB
tenodesis was between the ages of 50 and 80 years
(85.2%, n = 7282; p < 0.001) and male (58.3%, n = 4980;
p < 0.001), irrespective of LHB tenodesis technique. Patients
who underwent open LHB tenodesis were significantly
younger than their arthroscopic counterparts (p < 0.001),
but no other significant differences were seen in patient
demographics (sex, obesity, diabetes, chronic obstructive
pulmonary disease, coronary artery disease, congestive heart
failure, chronic kidney disease, and smoking).

Trends

There was a significant increase in LHB tenodesis proce-
dures from 2011 to 2014 (1525 out of 6,536,126 Humana

beneficiaries in 2011 vs. 2875 out of 9,649,042 Humana
beneficiaries in 2014, p ≤ 0.001) (Fig. 1). A similar rise in
both arthroscopic and open LHB tenodesis procedures was
observed from 2011 to 2014 (open LHB tenodesis, 654 vs.
1208, respectively; arthroscopic LHB tenodesis, 871 vs.
1667, respectively; Fig. 1). In isolation, open LHB tenodesis
was the more common technique overall and by year. There
was no significant comparative change in the number of
isolated open and arthroscopic LHB tenodesis procedures
performed annually between 2011 and 2014 (p = 0.78 and
p = 0.95, respectively; Fig. 2). As a concomitant procedure,
the arthroscopic LHB tenodesis technique was the most
common tenodesis technique performed in conjunction with
RCR and SLAP repair/debridement. Moreover, the number
of arthroscopic LHB tenodesis procedures performed

Fig. 1. Overall trends in utilization of long head biceps tenodesis, 2011 to 2014.

Fig. 2. Overall trends in performance of isolated long head biceps tenodesis, 2011 to 2014.
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concurrently with RCR and SLAP repair/debridement annu-
ally between 2011 and 2014 increased significantly (in con-
junction with RCR, p < 0.001; in conjunction with SLAP
repair/debridement, p < 0.001). On the other hand, the annu-
al number of open LHB tenodesis procedures performed
with RCR and SLAP repair/debridement did not increase
significantly between 2011 and 2014 (in conjunction with
RCR, p = 0.26; in conjunction with SLAP repair/debride-
ment, p = 0.05) (Figs. 3 and 4).

Complications

The overall complication rate was 2.9% for the LHB tenodesis
procedure. No significant difference was seen in the compli-
cation rate following open versus arthroscopic LHB tenodesis
(rate, 3.3% vs. 2.3%, respectively; p = 0.319). The rate of and
odds ratio (OR) for wound dehiscence following LHB
tenodesis were significantly greater following the open rather
than the arthroscopic technique (rate, < 0.4% vs. < 0.3%,

respectively; OR, 3.7; p = 0.042), with no other significant
differences in wound dehiscence, infection, hematoma, stiff-
ness, or thromboembolic events (Table 1).

Discussion

Overall, we observed trends suggesting that there was a sig-
nificant increase in the use of LHB tenodesis over the included
3-year period. This continues the trends that Vellios et al. [20]
andWerner et al. [22] found, with increasing number of biceps
tenodesis cases between 2007 and 2011 and 2008 and 2011,
respectively. It likely reflects a continued improvement in
surgeon awareness of biceps tendon disease and a preference
for tenodesis over tenotomy. In addition, while open LHB
tenodesis was more common when performed as an isolated
procedure, arthroscopic tenodesis is both more common and
increasing yearly when performed concurrently with either
RCR or SLAP repair/debridement. As nearly half of all LHB

Fig. 3. Overall trends in performance of concomitant long head biceps tenodesis with rotator cuff repair, 2011 to 2014.

Fig. 4. Overall trends in performance of concomitant long head biceps tenodesis with slap repair/debridement, 2011 to 2014.



Table 1 Complications after long head biceps tenodesis

Overall Open Arthroscopic Multivariate

No. % No. % No. % Odds ratio p value

Any adverse event 204 2.9 91 3.3 113 2.3 1.2 0.319
Nerve injury < 11 < 0.2 11 < 0.4 < 11 < 0.3 3.3 0.914
Wound dehiscence 13 0.2 < 11 < 0.4 < 11 < 0.3 3.7 0.042
Hematoma 21 0.3 10 0.4 11 0.2 1.1 0.991
Stiffness 62 0.9 29 1.0 33 0.7 1.3 0.295
Humerus fracture 23 0.3 12 0.4 11 0.2 1.8 0.215
SSI 28 0.4 11 0.4 17 0.4 1.0 0.941

No. number, SSI surgical site infection
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tenodesis cases are associated with rotator cuff pathology due
to its association with tendinopathy of the LHB [2, 20, 25], this
finding is not surprising. Furthermore, as arthroscopic (rather
than open) treatment is most common for RCR or SLAP
repair/debridement, surgeons may decide to tenodese the bi-
ceps in a similar fashion rather than perform a separate open
incision [20]. As the instrumentation available for arthroscopic
LHB tenodesis continues to improve, and as data suggests that
the overall charges for arthroscopic tenodesis have increased
at a rate significantly greater than that of open tenodesis [22],
we may further expect these disparities to rise.

Our study is not without limitations. As with any study
using an administrative database, our limitations include those
due to reliance on data from a national registry of patients,
which may not be representative of the overall population of
patients who underwent LHB tenodesis. Any miscoding,
undercoding, or absence of surgeon- or patient-specific vari-
ables recorded in the database could have affected our results.
Additionally, details about the surgeries—including intra-
operative details, tenodesis fixation components or surgical
technique, or surgeon specifics—cannot be assessed with the
PearlDiver database, and thus, we could not determine asso-
ciations between such variables and the interventions or com-
plications. The PearlDiver database does not disclose data
when fewer than 11 patients are in a single group, out of
concern for patient confidentiality. The ability to report exact
patient information is thus prevented. The time these patients
are followed may contribute to missed identification of com-
plications that developed over a longer period, although this
would be true for both cohorts. Additionally, we used a rela-
tively short duration of time to generate a representative cohort
and propose an extrapolated, generalized trend in LHB
tenodesis. Furthermore, while our data provides information
on trends, patient demographics, and complications, it does
not comment on the efficacy of the procedure in terms of
patient-reported outcomes or physical examination findings.
Finally, as our data is limited through 2014, our findings may
underestimate current trends in LHB tenodesis surgery, espe-
cially if large shifts in practice have been made in recent years.

The complication rate from LHB tenodesis—when per-
formed arthroscopically or in an open fashion—is remarkably
low. The comparison of techniques found no difference in
overall complication rates, but it did reveal significantly great-
er OR (3.7) of a wound dehiscence following open LHB

tenodesis. With exceedingly low rates of occurrence (< 0.4%
vs. < 0.3%) in both groups, the clinical relevance of this
statistical finding is suspect. In their systematic review com-
paring LHB tenodesis techniques, Abraham et al. [1] did not
report any cases of frank wound dehiscence after arthroscopic
or open LHB tenodesis, again highlighting its infrequency.

We saw no differences in any of the other post-operative
complications, including humeral shaft fracture and stiffness.
While humeral shaft fractures after LHB tenodesis are rela-
tively infrequent—with mostly case reports or small series in
the literature reporting its incidence—the repercussions can be
devastating [7, 10, 12, 15, 16, 19]. Creation of the drill hole in
the proximal humerus during open sub-pectoral tenodesis may
predispose the humerus to fracture [3, 6, 7]. Ways of reducing
the risk of fracture have been proposed, including the use of
unicortical and concentric drilling in the humerus with the
guide pin, careful reaming, non-absorbable screws (or
polyether ether ketone [PEEK] screws rather than poly-l-
lactide [PLLA] screws for slower biodegradation profiles) in
lieu of absorbable, smaller screw sizes, suture anchors over
interference screws, and delayed return to overhead activities
[6, 7, 9, 10, 16, 18, 19]. Additionally, isolated clinical studies
have suggested increased post-operative stiffness after arthro-
scopic LHB supra-pectoral tenodesis (17.9 vs. 5.6%)—most
commonly in female patients and smokers—and that it may be
related to the superiorly placed tenodesis site [24]. Our results
challenge these findings and suggest that open LHB tenodesis
does not result in greater rates of post-operative stiffness—in
addition to a finding that the rates of this complication (open,
1.0%; arthroscopic, 0.7%) are far lower than previously re-
ported. However, we acknowledge the difficulty of comparing
dichotomous results from large databases to clinical studies in
which range of motion is diligently recorded post-operatively.

That we found no differences in the remaining post-
operative complications mirrors the available literature. A
systematic review suggests that the rate of good or excel-
lent outcomes with open and arthroscopic LHB tenodesis
is high, with no identifiable difference between the two
techniques [1]. We provide further evidence that both are
safe with low complication rates. However, cadaveric
comparisons have shown differences in the biomechanical
properties of arthroscopic supra-pectoral and open sub-
pectoral LHB tenodesis, including a tendency of interfer-
ence screw constructs to overtension the biceps (by
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2.15 cm) and significantly decrease ultimate load to fail-
ure [23]. Also, the charges (hospital and facility fees) have
increased more rapidly over time for arthroscopic than for
open LHB tenodesis, likely because of differences in the
cost of implants, the variability in operating room time,
and the inflation of hospital and surgical center fees [22].
Our use of a population database did not allow us to
evaluate such biomechanical or cost-related phenomena,
and thus, these may be areas of future clinical research to
identify differences between the two techniques.

In conclusion, the annual rate of open and arthroscopic
LHB tenodesis is increasing significantly over time, with
open techniques more common when performed in isolation
and arthroscopic techniques more common when performed
as concomitant procedures. Complications post-operatively
are exceedingly rare; while the rate of wound dehiscence is
significantly higher after open techniques, the absolute dif-
ference is small. No significant differences were seen in the
rates of other post-surgical complications.
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Appendix

Table 2 ICD-9 codes for each comorbidity

Comorbidity ICD-9 code

Obesity 278.00–278.03
Smoking 305.1
Diabetes 249.00, 250.00, 250.01, 790.2–290.29, 791.5, 791.6
Coronary artery disease 414.0–414.9
Chronic kidney disease 585.1–585.9
Congestive heart failure 398.91, 428.0–428.9
Chronic obstructive pulmonary disease 491.0–491.9, 492.0–492.9, 493.00–493.92, 494.0, 494.1, 495.0–495.9, 496

ICD-9 International Classification of Diseases, Ninth Revision

Table 3 ICD-9 codes for each event

Event ICD-9 code

Thromboembolic event (DVT/PE) 452, 453.0, 453.1, 453.2, 453.3, 453.40, 453.41, 453.42, 453.50, 453.51, 453.52, 453.6, 453.71,
453.72, 453.73, 453.74, 453.75, 453.76, 453.77, 453.79, 453.8, 453.81, 453.82, 453.83, 453.84,
453.85, 453.86, 453.87, 453.89, 453.9

Nerve injury 955.0, 955.1, 955.2, 955.3, 955.4, 955.5, 955.6, 955.7, 955.8, 955.9, 907.4
Wound dehiscence 998.30, 998.31, 998.32, 998.33
Hematoma 998.11, 998.12, 998.13

ICD-9 International Classification of Diseases, Ninth Revision, DVT deep venous thrombosis, PE pulmonary embolism
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