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Background: Long head of the biceps tendon (LHBT) tenodesis is predominantly performed for 2 reasons:
anterior shoulder pain (ASP) or structural reasons (partial tear, dislocation).

Methods: Between 2006 and 2014, all cases of primary LHBT tenodesis performed at an integrated health
care system were retrospectively reviewed. Complications were analyzed by tenodesis location (below or
out of the groove [OOG] vs leaving tendon in the groove [ITG]), fixation method (soft tissue vs implant),
and indication (preoperative ASP vs structural).

Results: Among 1526 shoulders, persistent ASP did not differ by fixation method (11.0% for implant vs
12.8% for soft tissue, P =.550) or location (10.8% for OOG vs 12.9% for ITG, P = .472). Soft-tissue te-
nodesis cases had more frequent new-onset ASP (11.9% vs 2.6%, P < .001) and subjective weakness (8.50%
vs 3.92%, P < .001) but less frequent revisions (0% vs 1.19%, P = .03) than implant tenodesis cases. No
difference was found between ITG and OOG for persistent ASP (12.9% vs 10.8%, P = .550), new-onset
ASP (6.5% vs 2.8%, P = .339), cramping (1.70% vs 2.31%, P = .737), deformity (4.72% vs 4.62%, P = .532),
or subjective weakness (6.23% vs 4.32%, P = .334), but ITG cases had more revisions (1.51% vs 0.60%,
P =.001). Among implant tenodesis cases, 1 shoulder (0.085%) sustained a fracture.

Conclusion: The overall complication rate of LHBT tenodesis was low. Of the shoulders, 10.8% to 12.9%
continued to have ASP, regardless of whether the LHBT was left ITG. Soft-tissue tenodesis cases had higher
rates of new-onset ASP and subjective weakness. No significant difference for tenodesis ITG or OOG was
found in biceps-related complications.
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to subluxation and superior labrum anterior-posterior (SLAP)
lesions,*** and the cause of pain is multifactorial, includ-
ing a narrow bicipital groove; inflammation and hypertrophy
of the tendon, as seen with the “hourglass phenomenon”; and
tenosynovitis, 6374346

Both tenotomy and a variety of tenodesis techniques have
been described in the literature to treat LHBT pathologies,
and they all have various advantages and drawbacks. With
respect to tenodesis, many techniques have been described,
including tenodesis incorporated into the lateral row of a rotator
cuff repair,”’*° percutaneous suprapectoral soft-tissue
tenodesis,* open suprapectoral soft-tissue tenodesis,?' ar-
throscopic suprapectoral tenodesis with an interference
screw,**** open tenodesis with suprapectoral anchors,*” sub-
pectoral tenodesis with an interference screw,” bicortical
subpectoral tenodesis with a cortical button and interfer-
ence screw, unicortical subpectoral tenodesis,”’ and keyhole
tenodesis.'*** Although the use of tenotomy to successfully
treat LHBT pathology is supported,”®* more frequent rates
of biceps-related complications, such as cosmetic deformi-
ty and cramping,'®?**** may support the use of tenodesis in
patients in whom these events would optimally be avoided,
although there is no clear consensus on the preferred loca-
tion of the tenodesis or fixation method with regard to
outcomes. The incidence of biceps tenodesis continues to in-
crease annually, and arthroscopic tenodesis is emerging as a
more commonly used technique.'>%

The purpose of our study was to review a large series of
LHBT tenodeses and characterize the incidence of compli-
cations, including deformity, cramping, subjective weakness,
fracture, nerve injury, and medical complications, based on
tenodesis location, technique, and fixation method. Our hy-
pothesis was that there would be no difference in outcomes
or complications based on tenodesis technique, implant, or
tenodesis location.

Materials and methods

LHBT tenodeses performed between January 1, 2006, and De-
cember 31, 2014, by 84 surgeons from 14 hospitals in a multispecialty
integrated health care system were retrospectively reviewed. The in-
stitutional review board incorporated 14 medical centers, and given
the retrospective nature of this study, individual surgeon approval
was not required. Our system does not use Current Procedural Ter-
minology codes, so all LHBT tenodesis procedures were identified
by using inter-facility codes: “arm biceps, tenodesis long head”” and
“arm biceps, tenodesis.” The inclusion criteria were patients who
underwent an arthroscopic shoulder procedure in which the LHBT
was surgically released and a tenodesis was performed. The exclu-
sion criteria included biceps tenotomy, spontaneous ruptures of the
LHBT, revision tenodesis, arthroplasty, neoplastic or fracture surgery,
age younger than 18 years, and incomplete data present in the hos-
pital chart.

Data were collected via an integrated electronic medical record
chart review of patient demographic data, including patient age,
handedness, side of procedure, date of procedure, and date of
most recent follow-up. Follow-up duration in months was calcu-

lated. We also collected the concomitant procedures performed at
the time of tenodesis, which included rotator cuff repair, labral
repair, superior labrum anterior-posterior (SLAP) repair (if per-
formed in addition to tenodesis), subacromial decompression,
glenohumeral débridement, subscapularis repair, and distal clavi-
cle resection.

Data were also collected regarding procedure type and location
via review of the operative reports of all included patients. The te-
nodesis technique, location, and implant choice were at the discretion
of the treating surgeon. Fixation methods were soft tissue, interfer-
ence screw, unicortical button, bicortical button, suture anchor, keyhole
technique, or a combination of these procedures. We also noted the
location of the tenodesis with respect to the bicipital groove. We
categorized all tenodesis techniques leaving the LHBT in the groove
(ITG), including tenodesis at the articular margin and in the
suprapectoral region, as “suprapectoral” tenodesis. “Subpectoral”
tenodesis was defined as procedures in which the LHBT was taken
out of the groove (OOG); in all of these cases, tenodesis was per-
formed below the groove or in the subpectoral region. Regarding
soft-tissue tenodesis, tenodesis was recorded as suprapectoral if
sutured to the anterior shoulder soft tissue (percutaneous intra-
articular transtendon technique [PITT]), as described by Sekiya et
al,> or as subpectoral if the tendon had undergone tenodesis to the
undersurface of the inferior border of the pectoralis major tendon,
as this places the tendon below the limits of the bicipital groove.
We also recorded whether the patient underwent a fully arthro-
scopic procedure or a procedure that required an open or “mini-
open” incision for the tenodesis technique.

Postoperative and preoperative data were collected from ortho-
pedic notes for preoperative and postoperative anterior shoulder pain
(ASP), biceps (Popeye) deformity, cramping, and subjective weak-
ness at terminal follow-up. Patients with ASP were defined as those
with bicipital groove pain to palpation or with Yergason testing. In
addition, all postoperative notes were reviewed for additional com-
plications including nerve injury, fracture, superficial and deep
infection, revision biceps procedure, hospitalization, pulmonary em-
bolism, and deep vein thrombosis.

An LHBT tenodesis was performed for 2 main reasons. The first
was a presentation of preoperative ASP, in which a diagnosis was
made and surgical release was planned preoperatively for the treat-
ment of the ASP. The second was structural problems (partial tears,
subluxation, or dislocation) without ASP preoperatively. We defined
“persistent” ASP as residual pain that did not resolve with biceps
tenodesis, indicating that the procedure failed to alleviate ASP at
final follow-up. “New-onset” ASP was defined as pain that devel-
oped in the anterior shoulder after surgery in patients who did not
have ASP before surgery.

Statistics

Normality of continuous variables was tested using the Shapiro-
Wilk normality test. Testing of associations between groups was made
using the x> or Fisher exact test for categorical variables and the ¢
test or nonparametric Wilcoxon ranked sum test, as appropriate.
Unless otherwise stated, continuous data are reported as mean and
standard deviation with median, interquartile range, and range, and
categorical data are reported as frequency and column percentage
for each reported group. All analyses were performed using SAS/
STAT software (version 12.1; SAS Institute, Cary, NC, USA), and
all tests were 2-sided at the 5% type I error rate.
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Results
Demographic characteristics

A total of 1795 patients were identified through the search
of our institution’s database. We excluded 197 patients because
they underwent only a tenotomy and no tenodesis, as well
as 72 patients who had incomplete data with regard to spe-
cific implant selection or location or had no follow-up, leaving
1526 for analysis. Demographic characteristics can be seen
in Table I. The average patient age was 53.7 years (range,
18-91 years). The number of procedures based on tech-
nique and location is summarized in Table II.

Anterior shoulder pain

Of the patients undergoing tenodesis in which the tendon was
taken OOG, 70.6% had preoperative ASP; in contrast, of the

Table I  Demographic characteristics
Characteristic Data (%)
Sex, n
Male 1080 (70.8)
Female 445 (29.2)
Dominance, n
Right 1248 (92.5)
Left 89 (6.6)
Ambidextrous or unknown 189 (12.4)
Concomitant procedure, n
Rotator cuff repair 952 (62.4)
Mumford procedure 332 (21.1)
Labral procedure 236 (13.7)
Subscapularis repair, n 38 (2.2)
Mean follow-up, mo 10.8

Percentages reflect percentages of total population included in study.

Table II  Number of biceps tenodesis techniques and locations
Technique and location n
LHBT remains in groove 530
Soft-tissue tenodesis 144
Anchor 239
Tenodesis screw only 143
Unicortical button 2
Bicortical button only 2
LHBT below groove 996
Soft-tissue tenodesis 209
Anchor 96
Unicortical button 143
Bicortical button only 11
Bicortical button plus screw 92
Tenodesis screw only 439
Keyhole 6

LHBT, long head of biceps tendon.

patients in whom the tendon was left ITG, 52.8% had pre-
operative ASP (P < .001). No difference in the percentage of
patients with ASP was found between those who had soft-
tissue tenodesis (64.3%) and those with implant tenodesis
(64.5%) (P =.960). Table III summarizes anterior pain rel-
ative to location and technique.

We found no significant difference in persistent ASP
whether the LHBT was left ITG or taken OOG (12.9% vs
10.8%, P = .550). No significant difference in new-onset ASP
was found whether the LHBT was left ITG or taken OOG
(2.80% vs 6.48%, P = .399). Soft-tissue tenodesis resulted in
a significantly higher rate of new-onset ASP compared with
implant tenodesis (11.9% vs 2.6%, P < .001). No difference
in persistent ASP was noted between implant and soft-
tissue tenodesis (11% vs 12.8%, P = .472). Patients who
underwent LHBT tenodesis for the purpose of structural issues
had significantly less pain postoperatively than those who un-
derwent tenodesis for pain (4.8% vs 11.4%, P < .001). Patients
who had preoperative pain in the biceps had a higher revi-
sion rate than those without ASP preoperatively (1.22% vs
0.37%, P = .026). Neither anchor size (P =.079) nor tunnel
size (P = .403) was associated with postoperative ASP.

Biceps-related complications

Implant tenodesis was more likely than soft-tissue tenode-
sis to result in revision surgery (1.19% vs 0%, P = .03). Patients
with soft-tissue tenodesis were significantly more likely to
experience subjective weakness postoperatively than those with
implant tenodesis (8.50% vs 3.92%, P < .001). We found no
difference in cramping (P =.531) and deformity (P = .677)
between soft-tissue and implant tenodesis. Table IV summa-
rizes biceps-related complications relative to technique and
location of tenodesis.

When considering biceps-related complications by teno-
desis location, we found no difference in cramping (P = .737),
deformity (P =.532), or subjective weakness (P = .334)
between techniques leaving the tendon ITG and those taking
the tendon OOG. A higher revision rate was noted in ITG pro-
cedures (1.51%) compared with OOG procedures (0.60%)
(P =.001).

Nerve injuries

A total of 18 nerve injuries were encountered, all of which
resolved completely within 3 months (Table V). These tran-
sient neurapraxias occurred significantly more frequently with
tenodesis below the groove (1.70%) compared with ITG
(0.19%) (P =.016).

Fractures

Only 1 shoulder sustained a proximal humeral fracture
after subpectoral LHBT tenodesis. When removing the
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Table IIT  Incidence of postoperative shoulder pain by technique and location after tenodesis of long head of biceps tendon
Tenodesis procedure n Preoperative pain Persistent pain New-onset pain

n (%) P value n (%) P value n (%) P value
006 996 703 (70.6) <.001* 76 (10.8) .550 19 (6.5) 1399
ITG 530 280 (52.8) 36 (12.9) 7 (2.8)
Soft tissue 353 227 (64.3) .960 29 (12.8) 472 15 (11.9) <.001*
Implant 1173 756 (64.5) 83 (11) 11 (2.6)
Total 1526 983 (64.4) 112 (11.4) 26 (4.8)

00G, tenodesis performed with tendon out of groove (below groove); ITG, tenodesis performed with portion of tendon remaining in groove.

* P values reached statistical significance at P < .05 level.

Table IV  Biceps-related complications by technique after tenodesis of long head of biceps tendon
Tenodesis technique n Cramping (%) Deformity (Popeye) (%) Subjective weakness (%) Revision (%)
Soft tissue 353 6 (1.70) 15 (4.25) 30 (8.50) 0 (0)
Implant 1173 26 (2.22) 56 (4.77) 46 (3.92) 14 (1.19)
Soft tissue vs implant P=.531 P=.677 P <.001* P=.03*
006 996 23 (2.31) 46 (4.62) 43 (4.32) 6 (0.60)
ITG 530 9 (1.70) 25 (4.72) 33 (6.23) 8 (1.51)
00G vs ITG P=.737 P=.532 P=.334 P=.001*
All tenodeses 1526 32 (2.10) 70 (4.59) 76 (4.98) 14 (0.92)
006, out of groove; ITG, in groove.

* Statistical significance reached at P < .05.
Table V. Nerve complications by technique and location after tenodesis of long head of biceps tendon
Technique and location Musculocutaneous (%) Axillary (%) Median (%) Ulnar (%) Radial (%) Overall (%)
Subpectoral tenodesis screw 5 (1.13) 1(0.23) 2 (0.45) 2 (0.45) 1 (0.23) 11 (2.5)
Subpectoral bicortical button 1 (1.10) 2 (2.15) 0 (0) 0 (0) 1 (1.10) 4 (4.3)

plus tenodesis screw

Subpectoral unicortical button 2 (1.38) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1.38)
Anchor in rotator cuff repair 1 (0.67) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.67)

Percentages are expressed as the frequency of the injury relative to the number of each specific technique and location. One should note that only the

4 techniques listed had any nerve-related complications.

soft-tissue tenodesis cases, we found that 1173 underwent a
tenodesis in which cortical violation was made, making
the incidence of postoperative fracture less than
0.085%. Among the patients who underwent subpectoral
tenodesis with an implant (n = 787), the incidence was
0.123%.

The postoperative fracture occurred after a unicortical
LHBT button tenodesis in the subpectoral region; the drill
hole measured 3.2 mm (Fig. 1). Radiographs showed that the
fracture occurred proximal to the tenodesis site and was most
likely not related to the tenodesis.

Infections

Open and mini-open techniques showed a significantly higher
rate of superficial infection compared with arthroscopic tech-
niques (2.32% vs 0.60%, P = .029).

Other complications

Medical complications after LHBT tenodesis were rare. We
noted 2 pulmonary emboli (0.13%) and 2 cases of deep vein
thrombosis (0.13%). In 1 patient (0.066%), hospitalization
was required postoperatively because of the pulmonary
embolism.

Concomitant procedures

Of the patients, 81 underwent a tenodesis alone whereas 1445
underwent at least 1 concomitant procedure. After LHBT te-
nodesis, patients who underwent a rotator cuff repair were
more likely to have postoperative cramping (odds ratio, 2.57;
95% confidence interval, 1.22-5.39; P = .01), and patients who
underwent the Mumford procedure (distal clavicle resec-
tion) were significantly more likely to have subjective weakness
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Figure 1

(A) Anteroposterior view of a right shoulder after subpectoral unicortical long head of the biceps tendon tenodesis with a suture

button through a 3.2-mm drill hole. (B) Proximal humeral fracture. (C) Open reduction and internal fixation.

Table VI  Influence of concomitant procedures on postoperative complications
Persistent ASP New-onset ASP Deformity Cramping Subjective weakness

Rotator cuff repair

P value P=.62 P=.73 P=.59 P=.01* P=.70

OR 1.30 1.11 1.15 2.57 0.91

95% CI 0.46-3.66 0.63-1.96 0.70-1.90 1.22-5.39 0.55-1.49
Subacromial

decompression

P value P=.94 P=.52 P = .54 P=.21 P=.97

OR 1.04 1.22 1.18 1.62 0.99

95% (I 0.34-3.17 0.67-2.20 0.70-2.00 0.77-3.43 0.58-1.70
Mumford procedure

P value P=.75 P =.56 P=.50 P=.71 P =.03*

OR 1.21 1.22 1.22 0.84 1.81

95% CI 0.37-4.02 0.63-2.38) 0.68-2.20 0.33-2.15 1.06-3.10
Labral procedure

P value P=.26 P =.55 P=.96 P=.42 P=.14

OR 1.98 0.76 1.02 0.63 0.49

95% CI 0.60-6.54 0.31-1.85 0.50-2.07 0.21-1.89 0.19-1.25

ASP, anterior shoulder pain; OR, odds ratio; (I, confidence interval.
* Significant at P = .05 level.

postoperatively. The concomitant procedures performed in ad-
dition to the biceps tenodesis did not significantly influence
the frequency of new-onset or persistent pain, nor did the con-
comitant procedures otherwise significantly influence
postoperative complications, as shown in Table VI.

Discussion

This study investigated the effectiveness of LHBT tenode-
sis in relieving ASP, biceps-related complications, and other
surgical complications using various fixation methods, loca-
tions, and surgical approaches in a large series. We
hypothesized that there would be no difference in outcomes
or complications based on tenodesis technique, implant, or
tenodesis location, and we did indeed find no difference in
persistent ASP, cramping, deformity, or subjective weak-

ness in patients who underwent OOG versus ITG tenodesis.
Most important, we found that when a tenodesis was per-
formed to alleviate ASP, an average of 11.4% of patients
continued to have persistent ASP regardless of technique or
location of tenodesis. This finding suggests that there are other
causes of pain ITG than the biceps tendon itself. We found
several differences among techniques, including a higher rate
of transient nerve injuries for subpectoral tenodesis tech-
niques. Soft-tissue tenodesis had significantly higher rates of
new-onset ASP and subjective weakness than implant teno-
desis, as well a statistically lower revision rate. Open or mini-
open procedures had a higher superficial infection rate than
arthroscopic procedures, but no difference in deep infec-
tions occurred.

We found that patients who underwent LHBT tenodesis
for the purpose of structural issues had significantly less
pain postoperatively than those who underwent tenodesis
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for pain (4.8% vs 11.4%, P <.001). In addition, patients
who had preoperative ASP had a higher revision rate than
those without ASP preoperatively (1.22% vs 0.37%, P = .026).
When one compares our findings with the literature, it is
important to consider that there are 2 main reasons for
performing an LHBT tenodesis. The first is for structural
damage to the tendon such as partial tears and dislocation
or subluxation from the groove. This scenario is usually
encountered intraoperatively, and patients do not necessari-
ly have pain ITG. The second is for the treatment of ASP,
which has been linked to the biceps tendon ITG. Currently,
most studies combine the results of these 2 groups or compare
their findings with other publications of different patholo-
gy. This heterogeneity may contribute to the wide range of
postoperative pain rates found in the literature, which are
reported anywhere from 0.57% to 40%.%%***% However,
the pathophysiology of these 2 indications is different because
patients with ASP have been shown to have a chronic in-
flammatory process present ITG* whereas those with structural
issues may not have an inflammatory process present ITG.
Therefore, it is important to differentiate patients undergo-
ing tenodesis into those with preoperative ASP and those
who do not have pain and undergo tenodesis for structural
reasons. Considering this, our findings are similar to what
Brady et al’ reported in a review of 1083 LHBT tenodeses
at the articular margin performed for structural reasons:
Only 0.4% required revision because of development of
biceps-related complications postoperatively, which is con-
sistent with our finding of 0.37%. This helps explain the
differences regarding higher revision rates in the literature,
up to 2% to 6%,%'"* which partially reflect this difference
in the indication for tenodesis.

We also found that regardless of tenodesis technique or
location, 11.4% of patients continued to have ASP. This finding
implies that there is a component of ASP that may not be di-
rectly related to the biceps tendon. This could be from residual
tenosynovitis, if complete débridement is not achieved at the
time of surgery; “hidden” extra-articular lesions of the LHBT
missed using intra-articular tenodesis techniques®; or missed
diagnoses, such as subscapularis tears or subcoracoid im-
pingement, as Brady et al’ have indicated.

We found that the frequency of Popeye deformity did not
change depending on fixation method (4.25% with soft-
tissue tenodesis and 4.77% with implant tenodesis) or tenodesis
location (4.72% with the tendon left ITG and 4.62% with the
tendon below the groove). Although the literature is hetero-
geneous in technique, these findings fall within the range of
0.57% to 8% reported in most studies.?>***?

We found the rate of cramping to be much lower than in
these reports, however, as we noted a rate of only 2.1% for
all tenodesis patients, with no significant differences by
technique, location, or implant. However, the rates of cramp-
ing have been noted to be as high as 40%." One possible
explanation for the higher frequency of cramping with teno-
desis noted by our study is the increased frequency of cramping
when rotator cuff repair is performed concomitantly with

biceps tenodesis. Although our study is not designed to
understand why this interesting finding occurs, a possible
explanation for the increased frequency of cramping is the
increased surgical duration of rotator cuff repair compared
with procedures such as subacromial decompression with
or without the Mumford procedure. This duration, in addi-
tion to the rotator cuff repair itself, can distort the
anatomy both locally and owing to swelling of the arm in
general. Given that cramping may result from abnormal
restoration of the length-tension relation during fixation of
the tenodesis,'"'*** distortion of the anatomy may make
achieving the ideal length-tension relationship more
challenging.

When comparing tenodesis techniques, our study found
that soft-tissue tenodesis cases had a higher rate of subjec-
tive weakness than implant tenodesis cases. This finding is
consistent with what has been reported by some authors.”**
One possible explanation is that implant tenodesis may
provide a more secure fixation, which may result in less
change in the length-tension relationship over the course of
healing, as under-tensioning of the biceps may result in
early fatigue.''?® This belies the importance of sturdy fixa-
tion of the tenodesis, with anatomic restoration of the length-
tension relationship of this muscle, which may be more
difficult with tendon-to-tendon repair compared with teno-
desis to bone.

Our study noted a reoperation rate of less than 1% for te-
nodesis of the LHBT, which is lower than what has been
reported in the literature.* We found that implant tenodesis
cases had a significantly higher rate of revision than soft-
tissue tenodesis cases (1.19% vs 0%). However, we
acknowledge that this finding may be due to selection bias,
as it is possible that surgeons performed soft-tissue tenode-
sis in patients whom they may have believed were lower-
demand patients or may not have required strong fixation. In
addition, cases of tenodesis with the tendon remaining ITG
had a higher revision rate than cases of tenodesis below the
groove (1.51% vs 0.60%), which is supported by the biome-
chanical literature. Werner et al®' showed increased implant
pullout for arthroscopic suprapectoral tenodesis compared with
open subpectoral tenodesis. In another study, they found that
arthroscopic suprapectoral biceps tenodesis using an inter-
ference screw may over-tension the LHBT and result in a
decreased ultimate load to failure compared with an open sub-
pectoral technique.®* Furthermore, the lack of difference
between implants in the OOG group noted in our study is also
supported by biomechanical work by Buchholz et al,” who
found no difference in load-to-failure biomechanical testing
between subpectoral interference screws and unicortical
buttons; other authors have noted no difference in biome-
chanical failure.*

Nerve injury is a potentially devastating complication
after tenodesis, specifically with regard to tenodesis distal
to the bicipital groove.* We found that injury to the nerve
is a rare complication, and we encountered no cases that
resulted in permanent neurologic dysfunction. However,
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neurapraxia does occur significantly more frequently with
subpectoral tenodesis techniques (1.70% vs 0.19%). We
found that the highest rate of injury occurred for bicortical
drilling techniques, at 4.3%, although we did note neurapraxias
in cases without bicortical drilling for several subpectoral
techniques. The increased frequency of nerve injury with
subpectoral techniques is supported by the anatomic rela-
tionship of the surrounding neurologic structures and the
location of the subpectoral tenodesis, leaving them suscep-
tible to injury from aberrantly placed retractors or the drills
and implants themselves. In the subpectoral area, the axil-
lary nerve can be as close as 3 to 36.7 mm from the tenodesis
site, the radial nerve can be as close as 26.2 to 48.0 mm
from the location of the subpectoral tenodesis, and the mus-
culocutaneous nerve can be between 20.1 and 37.4 mm
from the site of the subpectoral tenodesis.>'>*°! ¢ Despite
the near proximity of the axillary nerve shown in cadaveric
studies,” the incidence of axillary nerve injury was
extremely low and temporary, which may result from the
swelling of the surrounding soft tissues after arthroscopy.
Given the complete recovery of the nerve injuries, it is less
likely that these nerves were directly injured by drill bits or
implants. These findings suggest that care should be used
when placing retractors, specifically medially on the cora-
cobrachialis and short head of the biceps tendon, about the
proximal humerus.>"

Given that subpectoral tenodesis fixation in the
metaphyseal-diaphyseal bone may act as a stress riser, there
may be increased risk of proximal humeral fracture, with
several cases reported in the literature.'>'®*>* Qur study sug-
gests that this complication is extremely rare and is the first
to set the incidence of this complication at less than 0.085%
in shoulders undergoing implant tenodesis in which a corti-
cal violation is made. This fracture occurred after LHBT
tenodesis with a unicortical suture button with a 3.2-mm drill
hole; however, we believe that it was not related to the te-
nodesis site as the fracture occurred much more proximally
at the surgical neck, so we believe this to be a coincidental
fracture. No other fractures occurred in our study, despite an
average tunnel size of 4.9 mm, with tunnel sizes ranging up
to 9 mm. Nevertheless, some authors have noted decreased
humeral strength to fractures with eccentrically placed teno-
desis tunnels, as well as with increasing tunnel size,'” whereas
others have suggested that larger interference screws do not
increase the biomechanical risk of fracture.’ Given that it is
uncommon for LHBT length to require a tunnel larger than
5.5 mm,” it may be safer to use smaller tunnels to mini-
mize the risk of fracture.

We found that although there was no difference in the
rate of deep infections, arthroscopic procedures resulted in
a significantly lower rate of superficial postoperative infec-
tions (2.32% vs 0.60%). Infections have been shown to
occur very infrequently after LHBT tenodesis. A recent
meta-analysis reported 3 superficial infections among 271
patients in the open tenodesis group and no superficial in-
fections among 205 patients in the arthroscopic LHBT

tenodesis group. As in our study, all superficial infections
resolved with antibiotics.

Limitations

Our study is not without limitations. One weakness of this
study is its retrospective nature. As such, patients may undergo
follow-up at different intervals and durations during the
course of their treatment. In addition, our average follow-
up period was 10.8 months (range, 3-260 months). This is a
somewhat shorter duration of follow-up in relation to some
studies published in the literature and was limited by the
duration of follow-up that each particular surgeon deemed
necessary. In particular, patients who were doing well 3 to
6 months postoperatively were routinely discharged from
continued clinical follow-up; however, given that we evalu-
ated outcomes in an integrated health system, patients who
had complications, emergency department visits, or clinical
follow-up with another physician most often returned to be
evaluated by a physician within the system, thus capturing
these events, which could be missed by similar retrospec-
tive work performed elsewhere. As such, the design of this
study in our particular health system allows for capturing
complications that occur later postoperatively than the average
follow-up may suggest.

Additional limitations of this study include that proce-
dure selection may be subject to selection bias, as the treating
physicians may vary their chosen tenodesis decisions based
on pathology that may not be captured in our analysis. Fur-
thermore, decisions to perform revision surgery may be
influenced by the same factors. Pain scores may also have
some limitation in our study, as we chose tenderness in the
bicipital groove to palpation and with Yergason testing as a
definition of ASP, whereas other testing such as the Speed
and O’Brien tests was not performed, as these tests cause sub-
acromial impingement and lead to confounding the etiology
of the pain with concomitant rotator cuff or acromioclavicu-
lar pathology. In addition, we were unable to include validated
outcome scores, such as quantitative pain scores, or patient-
reported outcome measures, such as American Shoulder and
Elbow Surgeons and Constant shoulder function scores, as
these were not routinely collected by all surgeons included
in our study. With regard to biceps strength, deformity, and
cramping, we rely only on patients self-reporting these symp-
toms to the treating physician, so we may not capture the full
degree of complications that may occur postoperatively.

Conclusion

The overall complication rate of biceps tenodesis was very
low. Of the shoulders, 10.8% to 12.9% continued to have
ASP in the groove (ITG) regardless of whether the LHBT
was left ITG. This finding suggests that there could be other
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sources of pain ITG than the LHBT. Soft-tissue tenode-
sis cases had higher rates of new-onset ASP and subjective
weakness. No significant difference was found in ASP,
cramping, weakness, or deformity for tenodesis ITG versus
OOG. Subpectoral tenodesis had an increased risk of tran-
sient nerve injury.
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