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Increased Risk of Humeral Fracture With Open
Versus Arthroscopic Tenodesis of the Long Head of

the Biceps Brachii

Robert L. Parisien, M.D., David P. Trofa, M.D., H. P. Kang, M.D., Hasani W. Swindell, M.D.,

Nicholas Trasolini, M.D., Xinning Li, M.D., and Christopher S. Ahmad, M.D.
Purpose: To determine the risk of postoperative humeral fracture following tenotomy, open tenodesis and arthroscopic
tenodesis of the long head of the biceps brachii. Methods: A retrospective review of deidentified patient data from the
Medicare Standard Analytic File using the PearlDiver software was conducted to identify procedures performed between
2005 and 2014. Groups were matched by age, gender, region, and medical comorbidities. Results: We evaluated 157,163
patients who had undergone arthroscopic or open tenodesis or tenotomy of the long head of the biceps brachii over a 10-
year period (2005-2014), and we identified 2,196 postoperative humeral fractures (1.4%). Matched subgroup analysis
consisting of 44,292 patients demonstrated a statistically significant increase in humeral fracture risk in open (280; 1.26%)
compared to arthroscopic tenodesis (232; 1.04%) with a P value of 0.03 and an odds ratio of 1.21. The majority of fractures
were sustained by patients 65-74 years of age. Conclusion: In this study, an increased risk of postoperative humeral
fracture was associated with open tenodesis of the LHB. Level of Evidence: III, Retrospective Comparative Trial.
he long head of the biceps brachii (LHB) tendon is
Tconsidered a significant source of anterior shoulder
pain and may present in isolation or in association with
concomitant extra- and intra-articular shoulder pa-
thology. Factors supporting surgical management of
LHB pathology include a symptomatic clinical exami-
nation with provocative testing, concomitant shoulder
pathology, refractory nonsurgical management, symp-
tomatic partial-thickness tear, medial subluxation,
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symptomatic SLAP tear, and presence of intraoperative
erythema, vascular injection, or “lipstick” tendon
lesion, with hypertrophy.1-6 However, controversy re-
mains with regard to the optimal surgical management
of LHB pathology; tenotomy and tenodesis represent
the 2 most popular procedures. Biceps tenotomy is
typically performed arthroscopically and is thought to
relieve pain via the elimination of traction stress, but it
is limited by an increased incidence of postoperative
cosmetic “popeye” deformity, fatigue, discomfort, and
cramping in the biceps muscle belly.7-10 On the other
hand, tenodesis involves the placement of additional
hardware, which increases the risk of neurologic
injury.7,9 However, there remains significant contro-
versy surrounding the appropriate method and location
of tenodesis and open versus arthroscopic, and several
studies seem to be at odds with each other.11-13

An enduring argument that appears to be in favor of
tenotomy has been the theoretical increased risk of post-
operativehumeral fracture associatedwith open tenodesis.
However, the existing literature offers relatively sparse
supporting data; the studies lack statistical power. The
purpose of this evaluation was to determine the risk of
postoperative humeral fracture following tenotomy, open
tenodesis and arthroscopic tenodesis of the LHB. We hy-
pothesized a greater incidence of postoperative humeral
fractures with tenodesis versus tenotomy as well as with
open versus arthroscopic tenodesis of the LHB.
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Table 1. Age-, Gender-, Regional-, and Cormobidity-
Matched Tenotomy versus Tenodesis Group Characteristics

Characteristics N

Age 11,036
� 64 19,188
65-69 13104
70-74 7,175
75-79 2,514
80-84 576
� 85 491
Unknown

Gender
Female 23,778
Male 29,815
Unknown 491

Region
Midwest 12,844
Northeast 7957
South 22,011
West 9,523
Unknown 1,749

Elixhauser Comorbidity Index14 5.84 � 3.93
Total 54,084

Table 2. Fracture Comparison for Matched Open Versus
Arthroscopic Tenodesis Groups

Open Arthroscopic OR P value

Group 22,146 22,146
Fracture 280 (1.26%) 232 (1.06%) 1.21 0.03
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Methods
Deidentified patient data from the Medicare Standard

Analytic File was queried using PearlDiver software
(PearlDiver, Colorado Springs, CO), and a retrospective
review was conducted from January 2005 through
December 2014. Procedures were identified using
Current Procedural Terminology (CPT) codes, whereas
humerus fractures were identified using International
Classification of Diseases, 9th revision (ICD-9) codes.
All patients undergoing tenodesis were identified us-

ing CPT-29828 and CPT-23439. Similarly, patients un-
dergoing tenotomy were identified as CPT-23405 as
well as CPT-29822. We excluded patients with histories
of shoulder arthroplasty or hemiarthroplasty, identified
by their relevant CPT codes, as well as patients who had
previously sustained humeral fractures, as identified by
ICD-9 codes.
After identifying the study populations and post-

operative humerus fracture rates, we refined our
analysis by creating matched groups. The tenodesis and
tenotomy groups were matched by age, gender, region,
and medical comorbidities as quantified by the Elix-
hauser Comorbidity Index14 (Table 1). Postoperative
fractures were then analyzed to investigate differences
between these groups. Last, a matched subgroup anal-
ysis was performed within the tenodesis group to
compare fracture risk of open versus arthroscopic
techniques (Table 2).

Statistical Analysis
An a priori significance was set at an alpha of 0.05.

Age, gender and regional differences in distribution
among groups were compared using the Kolmogorv-
Smirnov test. The Elixhauser Comorbidity Index14
was compared using a 2-tailed Student t test. Fracture
rates were compared using odds ratios calculated in the
standard fashion. Statistical tests were performed using
Microsoft Excel (Microsoft, Redmond, WA) and SPSS
(IBM Analytics, Armonk, NY).

Results
Over a 10-year period (2005-2014), we evaluated

157,163 patients having undergone an arthroscopic or
open tenodesis or tenotomy of the LHB and identified
2,196 postoperative humeral fractures (1.4%). To
control for confounding variables and to increase study
efficiency, matched tenodesis and tenotomy groups
were further analyzed with regard to gender, age,
comorbidities, and geographic region, which yielded 2
groups including 54,084 patients. No statistical differ-
ence was demonstrated in the risk of humeral fracture
in the tenodesis group (643, 1.19%) as compared to the
tenotomy group (698, 1.29%); P 0.13. Humeral frac-
ture data was further evaluated at 1-, 3-, 6- and
12-month intervals, yielding no significant differences
between the tenodesis and tenotomy groups at any
given time-point. The majority of fractures that were
sustained, thus demonstrating the greatest risk,
occurred in patients 65-74 years of age. Additional
matched subgroup analysis consisting of a total of
44,292 patients demonstrated a statistically significant
increase in humeral fracture risk in open (280, 1.26%)
compared to arthroscopic tenodesis (232, 1.04%) with
a P value of 0.03 and an odds ratio of 1.21.

Discussion
In our current evaluation of more than 150,000 pa-

tients appropriately matched to limit confounder bias,
the data demonstrate a statistically significant difference
favoring arthroscopic versus open tenodesis with regard
to postoperative fracture risk. We report a 1.26% inci-
dence of humeral fracture with open tenodesis versus a
1.04% risk with arthroscopic techniques. Additionally,
the overall incidence of humeral fracture following
tenodesis or tenotomy is relatively uncommon, at
1.4%, with the majority of fractures occurring in
patients 65-74 years of age. The published literature
consists of numerous primary studies and systematic
reviews that demonstrate no, or only minimal, differ-
ences in head-to-head evaluation of tenotomy versus
tenodesis; only a few studies report data regarding
humeral fracture risk.15-19
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Frost et al.15 performed a comprehensive quantitative
review comparing outcomes of LHB tenotomy versus
tenodesis and concluded that “there is a lack of quality
evidence to advocate one technique over the other.” They
recommended the performance of additional randomized
control trials. In a prospective evaluation of 20 patients,
Hufeland et al.16 were unable to find any significant dif-
ference but reported a trend toward increased rate of
popeye deformity following biceps tenotomy. Slenker
et al.18 came to the same conclusion following their sys-
tematic review of the literature. The only difference they
reported was a higher incidence of cosmetic deformity
with biceps tenotomy and concluded that there is “no
consensus regarding the use of tenotomy versus tenod-
esis.”An additional comprehensive review by Hsu et al.19

came to the same conclusion regarding increased inci-
dence of cosmetic deformity following tenotomy as
compared to tenodesis. Consistent with other reports and
analyses, they reported there is “no consensus in the
literature regarding the use of tenotomy versus tenodesis
for LHB tendon lesions due to variable results.”However,
these published studies failed to evaluate and report on
the rate of humeral fracture as a complication of LHB
tenotomy compared to tenodesis so, prior to our study,
this risk remained unknown. Our study provides evi-
dence, with evaluation of matched groups of more than
100,000 patients, demonstrating nodifference inhumeral
fracture riskwhen comparing LHB tenotomy to tenodesis.
However, several published biomechanical reports

and case series have described the risk of humeral
fracture specifically following tenodesis of the LHB. A
biomechanical study of 10 matched human humeri by
Euler et al.20 attempted to provide evidence for the
etiology of humeral fracture following tenodesis of the
LHB. They demonstrated a 25% decreased humeral
load due to failure of an eccentrically placed 8 mm
tenodesis screw and suggested that concentrically
placed smaller screws or other techniques be considered
to decrease the risk of humeral fracture. A recent
biomechanical analysis further compared 14 full-length
matched humeri and found similar results. Torsional
load to humeral fracture was reduced 20%, 28% and
30% in the evaluation of both screw and biceps place-
ment, 8 mm unicortical hole alone and placement of
PEEK tenodesis screw alone, respectively.21 These
studies demonstrate a real biomechanical risk of hu-
meral fracture, a devastating complication of biceps
tenodesis, when using larger interference screw fixa-
tion. Only a few evaluations of such complications have
been published in the literature, although we suspect
this to be significantly under-reported.22,23 Dein et al.22

describe an episode of humeral fracture in a 46-year-
old pitcher in an adult baseball league following biceps
tenodesis using an interference screw. Additionally,
Reiff et al.24 reported this devastating complication in a
50-year-old woman following open tenodesis of the
LHB, and there are additional reports of humeral frac-
ture resulting from the “keyhole technique,” originally
described by Froimson in 1975.24-27

Given this apparent risk, we sought to investigate the
difference through direct comparison of open versus
arthroscopic tenodesis. There are numerous studies
comparing the complications resulting from these 2
particular procedures; however, these published reports
and reviews remain significantly underpowered to
demonstrate a statistical difference and are, thus, prone
to type II error. Gombera et al.13 evaluated all-
arthroscopic suprapectoral versus open subpectoral
tenodesis of the LHB and reported no difference in
American Shoulder and Elbow Surgeons (ASES) scores
and patient satisfaction. There were no complications in
the all-arthroscopic group and only 2 in the open sub-
pectoral group, which were resolved by final follow-up.
However, this study evaluated only 2 groups of 23 pa-
tients. Yi et al.28 investigated the effect of arthroscopic
versus open subpectoral tenodesis of the LHB in
conjunction with repair of small and medium-sized
rotator cuff tears. There was no difference in range of
motion, ASES or Constant-Murley scores in a com-
parison of only 34 versus 32 cases. Additionally, a
comparison of functional outcomes of open versus
arthroscopic biceps tenodesis was performed by Duch-
man et al.11 They reported no difference in range of
motion, strength, Short Form Health Survey (SF-36)
results and ASES scores. Again, they evaluated only 25
open versus 20 arthroscopic tenodeses and did not look
at fracture risk. The authors concluded that future
studies are warranted to “determine if discrete patient
populations are better served by either open or
arthroscopic LHB tenodesis techniques.” Perhaps the
largest analysis in the pre-existing literature consists of
598 patients via a systematic review of 7 clinical trials.29

The authors concluded that there was no difference
with regard to patient satisfaction, return to sport or
ASES and Constant-Murley scores.

Limitations
Despite these compelling data, we must address the

inherent limitations of our evaluation, given the retro-
spective study design of a national Medicare database.
Furthermore, all retrospective studies are intrinsically
biasedbyour inability todiscernpatterns in randomnoise.
After noticing such patterns, researchers pursue formal
data analysis, which subsequently confirms the pattern,
thus introducing potential retrospective bias. In addition,
given the decreased power of previous investigations,
they are subject to type II b error by stating no difference
where 1 may truly exist. Given our substantial group of
> 150,000 patients, we attempted to decrease signifi-
cantly our susceptibility to such error and bias. By creating
age, sex, comorbid, and regionally matched groups, we
further attempted to increase homogeneity so as to
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identify and analyze accurately the appropriate groups.
Despite these efforts, data extracted via PearlDiver soft-
ware is only as good as the quality of data input. As such,
we were limited by the fact that data regarding specific
tenodesis technique, implant use and fracture location
(proximal versus distal) were not available via the Medi-
care Standard Analytic File.

Conclusions
In this study, an increased risk of postoperative hu-

meral fracture was associated with open tenodesis of
the LHB
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