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Abstract
Background: Bioabsorbable interference screw fixation has superior biomechanical properties
compared to suture anchor fixation for biceps tenodesis. However, it is unknown whether fixation
technique influences clinical results.
Hypothesis: We hypothesize that subpectoral interference screw fixation offers relevant clinical
advantages over suture anchor fixation for biceps tenodesis.
Study Design: Case Series.
Methods: We performed a retrospective review of a consecutive series of 88 patients receiving
open subpectoral biceps tenodesis with either interference screw fixation (34 patients) or suture
anchor fixation (54 patients). Average follow up was 13 months. Outcomes included Visual
Analogue Pain Scale (0–10), ASES score, modified Constant score, pain at the tenodesis site, failure
of fixation, cosmesis, deformity (popeye) and complications.
Results: There were no failures of fixation in this study. All patients showed significant
improvement between their preoperative and postoperative status with regard to pain, ASES
score, and abbreviated modified Constant scores. When comparing IF screw versus anchor
outcomes, there was no statistical significance difference for VAS (p = 0.4), ASES score (p = 0.2),
and modified Constant score (P = 0.09). One patient (3%) treated with IF screw complained of
persistent bicipital groove tenderness, versus four patients (7%) in the SA group (nonsignificant).
Conclusion: Subpectoral biceps tenodesis reliably relieves pain and improves function. There was
no statistically significant difference in the outcomes studied between the two fixation techniques.
Residual pain at the site of tenodesis may be an issue when suture anchors are used in the
subpectoral location.

Page 1 of 6
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2008, 9:121

Background

The long head of the biceps tendon is frequently a significant source of pain in the shoulder as a result of pathology related to instability, trauma, or inflammation.[1-3]
When conservative measures at treatment have failed, surgical tenotomy or tenodesis are options for treatment.
Many authors believe that tenodesis decreases the risk of
cosmetic deformity, strength loss and cramping inherent
to biceps tenotomy alone.[4-6] Biceps tenodesis was originally described by Gilcreest, [7] and has been performed
by a variety of surgical methods in the ensuing years.
Among these methods, differences center around open
versus arthroscopic techniques, location of tenodesis and
method of fixation. Although many authors report good
short term outcomes with proximal techniques, long term
results have been less encouraging. [8,9] Tenodesis of the
biceps tendon proximal to or within the biceps groove
does not address residual synovium in this area which
could act as a persistent pain generator. [10-12] As a
result, arthroscopically assisted open subpectoral tenodesis [13,14] has evolved as a viable method which allows
assessment and treatment of intra-articular pathology, as
well as a cosmetically acceptable tenodesis at the distal
portion of the intertubercular groove. This method also
has the advantage of technical simplicity and utilization
of an intermuscular interval for surgical dissection.
There are a variety of tenodesis methods available to the
surgeon, including fixation through a bone tunnel, [2] the
keyhole method, [15] soft tissue tenodesis to the rotator
interval or conjoint tendon, [16,17] interference screw fixation [10,11,18] and suture anchors. [4] The optimal
method should be simple, fast, and afford adequate initial
fixation strength to maintain the appropriate length-tension relationship of the biceps tendon during rehabilitation until healing occurs. Biomechanical stability of
different methods of tenodesis have been studied by several authors. [6,19-21] Mazzocca et al. found that suture
anchors (164 N) and IF screw fixation (252 N) were superior to bone tunnel fixation with regard to displacement
after cyclic loading, but were unable to show statistical differences in load to failure between the constructs. [6]
Ozlay et al. demonstrated in a sheep model that interference screw fixation (243 N) was superior to bone tunnel
(229 N), suture anchor (129 N) and keyhole technique
(101 N). [19] Richards and Burkhart's cadaveric data
revealed that load to failure of a biotenodesis screw (233
N) was superior to a double suture anchor technique (135
N). [20]
The authors believe that subpectoral tenodesis offers the
advantages of technical simplicity, healing of tendon
within bone and tenodesis in a distal location free from
synovium and residual tendon disease. Whether the type
of fixation has an additional benefit remains unknown.
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Although the biotenodesis screw offers a theoretical
advantage in increased initial fixation strength, presumably decreasing the risk of early failure during rehabilitation, this has not been demonstrated to be a relevant
advantage clinically. We hypothesize that the smoother
tendon-bone transition and intramedullary location of
the interference screw (IF screw) may improve postoperative results compared to suture anchors. The goal of the
present study therefore is (1) to evaluate the results of subpectoral biceps tenodesis in a large cohort of patients and
(2) to evaluate whether tenodesis with an IF Screw technique offers clinically relevant advantages over tenodesis
with suture anchors (SA).

Methods

A retrospective review was performed on 88 consecutive
patients receiving an arthroscopically assisted, open subpectoral tenodesis from October 2001 to March of 2005
by the two senior authors. This retrospective study
obtained IRB approval from the Brigham and Women's
Hospital, Boston, MA. The study was performed with written consent of all participating patients. All of the patients
were tenodesed in the inferior aspect of the bicipital
groove at the lower border of the pectoralis major tendon.
Each patient received biceps fixation with either interference screw fixation (34 patients) or suture anchor fixation
(54 patients). Forty-eight of the 54 had single suture
anchor fixation, while the remainder had double suture
anchors. Nineteen of the IF screw group had 8 × 12 mm IF
screws, with the remainder of the screws ranging from 5.5
to 7 mm in diameter. The tenodeses were performed for
the clinical diagnoses of biceps tenosynovitis, partial tear
> 50% of the tendon, or biceps tendon subluxation. These
diagnoses were confirmed at time of arthroscopic evaluation of the glenohumeral joint. Thirty-nine of these were
work related injuries and 8 patients in the total cohort
were revision tenodeses. Eighty-two patients had another
associated procedure at the time of surgery (12 AC joint
resection, 64 rotator cuff repair, 41 acromioplasties, 8 capsular reconstruction). Average follow up was 13 months
(range 3 to 25 months).
The study cohort consisted of 31 females and 57 males
with a mean age of 51 (range 22 to 77). Because cosmesis
was also considered an endpoint, we calculated the mean
BMI for the study group which was 27. This is designated
as overweight by National Institute of Health criteria. [22]
There were 33 left and 55 right shoulders. Thirty-nine
were work related.
Outcome variables studied were pain on a VAS Scale of 0–
10, (0 = no pain, 10 = worst pain), American Shoulder and
Elbow Surgeons Score (ASES) (0–100 point scale), and
abbreviated modified Constant Score without strength
testing(maximum score of 75). [23,24]
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Length of surgical time and surgical complications were
evaluated. Popeye deformity or loosening of the fixation
device was considered failures. Additionally, subjects were
evaluated both preoperatively and postoperatively for tenderness in the proximal intertubercular groove and at the
site of tenodesis, as well as for the presence of a "popeye"
deformity. Deformity was either evaluated clinically at follow up by the physician or the patients were asked questions about cosmetic concerns or appearance of brachium
and any spasms of the biceps by phone interview. The
subjects were also questioned regarding subjective postoperative cosmetic concerns, as well as pain or spasms in
the biceps muscle belly. At the latest time of follow up,
subjects were contacted by phone and asked the following
questions: Is your shoulder better, the same, or worse than
before surgery? Are you glad you had the surgery? Would
you have surgery again? Are you back to normal activities?

Results

There were no failures of fixation and no complications
postoperatively in the entire study group. Five patients
complained of persistent bicipital groove tenderness (1 IF
and 4 SA group). There were no 'popeye' deformities or
complaints of cosmetic concern. Two patients in the IF
and two in the SA complained of persistent spasm in the
biceps.
Overall, there were no statistically significant differences
between the two types of fixation with respect to the outcomes evaluated. Table 1 shows pre- and postoperative
patient data.
Pain
The median preoperative pain score was 9 (IQR = 8–10,
full range = 4–10) and the median postoperative score
was 2 (P < 0.0001, Wilcoxon signed-ranks test) for the
entire group. Both IF Screw and suture anchor technique

had preoperative and postoperative mean pain scores of 9
and 2, respectively.
Subjective Outcome Measures
Subjective outcome measurement data is available for 20
patients of the IF screw group. Postoperatively, (95%)
report that their shoulder is allover better or the same as
preoperatively. One (5%) said his shoulder was worse (P
= .24). And another patient did not come back to his normal activities.

In the suture anchor group, 35 responded when asked is
your condition better, same or worse? For 28 (80%) their
shoulder was better or same postoperatively. Seven (20%)
reported that their shoulder was overall worse postoperatively. Twenty-nine (82%) patients were glad to have had
surgery. One patient answered, that he was glad that he
had the surgery and would undergo the procedure again
although his shoulder was not better after the procedure.
Thirty (86%) patients in this group came back to their
normal activities. Subjective outcome data is presented in
Table 2.
Score Outcome Data
Pre- and postoperative score outcome data has been collected on all patients.

The preoperative and postoperative ASES scores changed
significantly from 28 (range 7 – 58) to 76 (range 30 – 98)
(P < 0.0001, paired t-test) for the entire group. ASES scores
were 30 (range 8 – 45) preoperatively and 74 (range 30 –
98) post operatively for the IF screw. For the suture anchor
group, pre and postoperative ASES scores were 27 (range
10 – 58) and 77, (range 37 – 97) respectively. There was
no statistically significant difference between the suture
anchor and IF screw group (P = 0.2, ANOVA and Wilcox-

Table 1: Interference screw versus suture anchor data.

Interference Screw
Length of Surgery
Preoperative Grove Tenderness
VAS pain Preoperative
(scale 0 = no pain, 10 = worst)
Preoperative ASES (0–100)
Preoperative Modified Constant
Complications
Postoperative Aesthetic Concerns
Postoperative Grove Tenderness
Postoperative Deformity of Biceps
Postoperative Spasm or Biceps Pain
Postoperative VAS pain
(scale 0 = no pain, 10 = worst)
Postoperative ASES (0–100)
Postoperative Modified Constant

Suture Anchor

1.76 hrs 95% Confidence Interval [1.55, 1.97] 1.91 hrs 95% Confidence Interval [1.74, 2.09]
32/34
49/54
9
9
30
30
0/34
0/34
1/34
0/34
2/34
2.5

27
28
0/54
0/54
4/54
0/54
2/54
2.6

74
57

77
60
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Table 2: Interference screw versus suture anchor patient outcome questions.

Interference Screw
Response
Shoulder is better/same?
Glad you had the surgery?
Would you have the surgery again?
Are you back to your normal activities?

son Rank Sum Test), but both showed a significant score
improvement (both P < 0.0001, paired t-test).
The preoperative and postoperative modified Constant
scores were 29 (range 8 – 50) and 59 (range 25 – 71)
respectively for the entire group (P < 0.0001, paired t-test).
The Preoperative and postoperative modified Constant
scores were 30 (range 8 – 45) and 57 (range 25 – 71),
respectively for the IF screw Group. The Preoperative and
post operative modified Constant scores were 28 (range
10 – 50) and 60 (range 27 – 71), respectively, for the
suture anchor group. There was no statistically significant
difference between the SA and IF screw group (P = 0.0872,
Wilcoxon Rank Sum two-sided Test), but both showed a
significant score improvement in their group (both P <
0.0001, paired t-test).

Discussion

In this study, a subpectoral biceps tenodesis performed
with either a biceps tenodesis IF screw or suture anchors
were found to be equally reliable in relieving pain and
improving function by validated outcome measures.
There were no statistically significant differences in the
outcomes studied between the two fixation techniques.
Cosmetic concerns and deformity are no problem with
either technique. Operative times were similar and in
both groups there were no complications.
Although there are a multitude of papers in the literature
describing subpectoral tenodesis techniques, there are few
published reports on results. Biomechanical data from
previous authors implies that a biotenodesis screw is
mechanically stronger in load to ultimate failure in
cadaver models. [6,19,20] However, this finding does not
appear to be clinically relevant in our series since there
were no deformities noted in either group. One confounding variable in our series was that our average
patient was overweight by BMI criteria, which may lessen
the perception of cosmetic deformity by obscuring the distally retracted long head of the biceps. But, two patients in
the SA group and two in the IF screw group (workers compensation related and revision surgery) complained of
post operative spasms. With regard to spasm in the biceps,
both techniques in our series were equivalent. Persistent
spasms may be a result of inappropriate tension of the

Yes
19
15
16
19

Suture Anchor
No
1
5
4
1

Yes
28
29
28
30

P value
No
7
6
7
5

0.2
0.5
1.0
0.3

biceps at the time of surgery, which is a risk regardless of
technique. Care should be taken to note the resting length
of the tendon and try to re-establish the correct length.
With this technique of subpectoral tenodesis, the tenodesis should take place approximately 1–2 cm proximal to
the musculotendinous junction.
Based on the clinical finding of residual pain at the tenodesis site in some postoperative patients, we investigated
the presence of pain at the tenodesis site with two methods of biceps fixation. We hypothesized that a biotenodesis screw provided a smoother transition of tendon to
bone without the presence of residual prominent suture
material under the pectoralis major tendon, theoretically
generating less mechanical irritation in this area.
Although there was a trend toward persistent pain in the
groove with the use of suture anchors (7% versus 3%),
this finding was not statistically significant with the numbers available in our study and at the time of our follow
up. In contrast, some reports of synovitis or sterile inflammatory response have been noted [25-28] with the use of
bioabsorbable polylactic acid devices up to 5 years after
implantation. Although this phenomenon has been
reported extra and intraarticularly, we are aware of no
reports of its occurrence in the subpectoral location. It
remains to be seen if foreign body reaction to a bioabsorbable screw can account for persistent pain at the tenodesis
site, although data from this study do not support such a
phenomenon. Historical studies by Becker and Cofield
published in 1989 had long term data (average 13 years)
that showed 50% of tenodesis fail. Dines et al published
in 1982 a study that showed about 30% failure at 3 years.
[8,9]
We questioned our patients at a mean postoperative time
of 13 months about their global subjective perception of
the success or failure of the surgery. Eighty percent of the
IF screw group responded that they were improved and
were glad to have had the surgery, as opposed to 75% of
suture anchor group. Ninety-five percent of the IF screw
group reported that they had returned to normal daily
activities, while only 86% of the SA group had returned to
daily activities. The desire to repeat the surgery in retrospect was similar between the two groups. There was a
trend toward a more positive subjective result with the IF
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screw group. However, due to the coexistence of other
pathology, it is difficult to infer a direct correlation of global success with biceps fixation method alone. Since this
was a retrospective study with many confounding variables, there may be bias which could influence our findings. Further study is needed on clinical outcomes to
ascertain the best method of fixation and the long term
results of biceps tenodesis.

Conclusion
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participating in data analysis, interpretation, drafting and
gave final approval of the manuscript.

Acknowledgements
We would like to thank Marilee P. Horan, BS for her help with the final
manuscript. There was no financial support or funding for this study and the
preparation of the manuscript for any of the authors.

References
1.

We found that subpectoral biceps tenodesis provided a
reliable means for treating pathology of the biceps with
no cosmetic deformities and significant alleviation of
pain. There was no statistical difference in standardized
outcome measures, postoperative subjective patient outcome, deformity, or pain at the fixation site when IF screw
fixation was compared retrospectively to suture anchor
fixation for subpectoral biceps tenodesis. The results of
this study underscore an important point that most results
reported on biceps tenodesis showing good results are
short term.

7.

Competing interests

8.

Financial competing interests:
Peter J. Millett discloses a financial relationship with
Arthrex but it is unrelated to this manuscript. All authors
declare that they have no competing interests.

Authors' contributions

2.
3.
4.
5.
6.

9.
10.
11.

All authors made substantive intellectual, conception and
design contributions to this study. All authors took part in
data acquisition, analysis, interpretation, drafting and
gave final approval of the manuscript.

12.

BS was taking part in study design, data acquisition, analysis, interpretation, drafting and gave final approval of the
manuscript.

15.

13.
14.

16.

RB was taking part in study design, data acquisition, analysis, interpretation, drafting and gave final approval of the
manuscript.

17.

SB made substantial contribution to data analysis and
interpretation, revised the manuscript critically and gave
approval of the final version.

19.

JJPW performed surgeries, was taking part in study design,
data acquisition, analysis, interpretation, drafting and
gave final approval of the manuscript.
PJM was the primary investigator. He initiated and conceptually designed the study; he performed a major part of
the surgeries and took part in the data collection. He was

18.

20.
21.
22.

23.

Neviaser TJ, Neviaser RJ, Neviaser JS, Neviaser JS: The four-in-one
arthroplasty for the painful arc syndrome. Clin Orthop Relat Res
1982, 163:107-112.
Snyder SJ: Diagnostic arthroscopy of the shoulder: normal
anatomy and variations. In Shoulder Arthroscopy Edited by: Snyder
SJ. New York: McGraw-Hill; 1994:23-40.
Warren RF: Lesions of the long head of the biceps tendon. Instr
Course Lect 1985, 34:204-209.
Gartsman GM, Hammerman SM: Arthroscopic biceps tenodesis:
operative technique. Arthroscopy 2000, 16(5):550-552.
Kelly AM, Drakos MC, Fealy S, Taylor SA, O'Brien SJ: Arthroscopic
release of the long head of the biceps tendon: functional outcome and clinical results. Am J Sports Med 2005, 33(2):208-213.
Mazzocca AD, Bicos J, Santangelo S, Romeo AA, Arciero RA: The
biomechanical evaluation of four fixation techniques for
proximal biceps tenodesis. Arthroscopy 2005, 21(11):1296-1306.
Gilcreest EL: Two cases of spontaneous rupture of the long
head of the biceps flexor cubiti. Surg Clin North Am 1926,
6:539-554.
Becker DA, Cofield RH: Tenodesis of the long head of the
biceps brachii for chronic bicipital tendinitis. Long-term
results. J Bone Joint Surg Am 1989, 71(3):376-381.
Dines D, Warren RF, Inglis AE: Surgical treatment of lesions of
the long head of the biceps. Clin Orthop Relat Res 1982,
164:165-171.
Boileau P, Krishnan SG, Coste JS, Walch G: Arthroscopic biceps
tenodesis: a new technique using bioabsorbable interference
screw fixation. Arthroscopy 2002, 18(9):1002-1012.
Klepps S, Hazrati Y, Flatow E: Arthroscopic biceps tenodesis.
Arthroscopy 2002, 18(9):1040-1045.
Lo IK, Burkhart SS: Arthroscopic biceps tenodesis using a bioabsorbable interference screw. Arthroscopy 2004, 20(1):85-95.
Romeo AA, Mazzocca AD, Tauro JC: Arthroscopic biceps tenodesis. Arthroscopy 2004, 20(2):206-213.
Wiley WB, Meyers JF, Weber SC, Pearson SE: assisted mini-open
biceps tenodesis: surgical technique.
Arthroscopy 2004,
20(4):444-446.
Froimson AI, O I: Keyhole tenodesis of biceps origin at the
shoulder. Clin Orthop Relat Res 1975, 112:245-249.
Sekiya LC, Elkousy HA, Rodosky MW: Arthroscopic biceps tenodesis using the percutaneous intra-articular transtendon
technique. Arthroscopy 2003, 19:1137-1141.
Verma NN, Drakos M, O'Brien SJ: Arthroscopic transfer of the
long head biceps to the conjoint tendon. Arthroscopy 2005,
21(6):764.
Mazzocca AD, Rios CG, Romeo AA, Arciero RA: Subpectoral
biceps tenodesis with interference screw fixation. Arthroscopy
2005, 21(7):896.
Ozalay M, Akpinar S, Karaeminogullari O, et al.: Mechanical
strength of four different biceps tenodesis techniques.
Arthroscopy 2005, 21(8):992-998.
Richards DP, Burkhart SS: A biomechanical analysis of two
biceps tenodesis fixation techniques.
Arthroscopy 2005,
21(7):861-866.
Wolf RS, Zheng N, Weichel D: Long head biceps tenotomy versus tenodesis: a cadaveric biomechanical analysis. Arthroscopy
2005, 21(2):182-185.
The National Heart, Lung, and Blood Institute: Clinical guidelines
on the identification, evaluation, and treatment of overweight and obesity in adults. In The evidence report Bethesda, MD:
The Institute; 1998.
Othman A, Taylor G: Is the constant score reliable in assessing
patients with frozen shoulder? 60 shoulders scored 3 years
after manipulation under anaesthesia. Acta Orthop Scand 2004,
75(1):114-6.

Page 5 of 6
(page number not for citation purposes)

BMC Musculoskeletal Disorders 2008, 9:121

24.
25.
26.
27.
28.

http://www.biomedcentral.com/1471-2474/9/121

Patel VR, Singh D, Calvert PT, Bayley JI: Arthroscopic subacromial
decompression: results and factors affecting outcome. J
Shoulder Elbow Surg 1999, 8(3):231-7.
Bostman OM, Pihlajamaki HK: Adverse tissue reactions to bioabsorbable fixation devices. Clin Orthop Relat Res Review 2000,
371:216-227.
Burkart A, Imhoff AB, Roscher E: Foreign-body reaction to the
bioabsorbable suretac device. Arthroscopy 2000, 16(1):91-95.
Freehill MQ, Harms DJ, Huber SM, Athliham D, Buss DD: Poly-Llactic acid tack synovitis after arthroscopic stabilization of
the shoulder. Am J Sports Med 2003, 31(5):643-647.
Park HB, Keyurapan E, Gill HS, Selhi HS, McFarland EG: Suture
anchors and tacks for shoulder surgery, part II: the prevention and treatment of complications. Am J Sports Med 2006,
34(1):136-144.

Pre-publication history

The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/9/121/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6
(page number not for citation purposes)

