
editor’s note: This article is the second 

in a two-part series on the controversies 

in treatment for symptomatic long head of 

the biceps. This article examines the details 

of surgical treatments, complications, as 

well as the pros and cons of the common 

approaches. 

 As explored in the February issue 

of AAOS Now (“Put the Flex back in 

Flexing: The Best Treatment of Biceps 

Tendonitis”), the differing etiologies of 

tendinopathy or injury to the long head 

of the biceps tendon (LHBT) lead to a 

variety of patient presentations. 

Regardless of the mechanism, 

treatment is tailored to patient-specific 

demands and expectations. Fig. 1 shows 

the relative mechanical fixation proper-

ties reported in the literature.

Post-traumatic or recalcitrant biceps 

pain with positive clinical tests should 

be imaged to localize  pathology along 

the biceps tendon, as well as any coex-

isting pathology (Fig. 2). Indications 

for surgery include partial-thickness 

tear of at least 25 to 50 percent, medial 

subluxation, instability with a sub-

scapularis tear, and/or biceps pulley 

tear. In addition, unstable superior 

labral tear anterior to posterior (SLAP) 

lesions, including an unstable, symp-

tomatic type II SLAP tear and the 

subset of unstable bicep anchor lesions, 

are associated with a variety of more 

complex SLAP tears in patients older 

than 50 years or patients in whom 

symptoms failed to improve after a 

prior SLAP repair. 

Arthroscopic assessment 
It is important to visualize the tendon 

to assess for hypertrophy or indura-

tion, which may best be seen prior 

to insufflating the joint. Instability at 

the edge of the subscapularis and the 

biceps’ proximal anchor (i.e., SLAP 

lesion) is assessed by attempting to 

subluxate the tendon with a probe. The 

rotator cuff is checked for tears at the 

superior edge of the subscapularis (the 

“comma”) and near the “biceps exit” 

from the glenohumeral joint (Fig. 3). 

The tendon must also be pulled into 

the glenohumeral joint to visualize the 

portion lying just past the biceps exit, 

understanding this area is particularly 

susceptible to tendon pathology and 

partial tearing. Evaluation including 

these key elements helps determine the 

best treatment for biceps pathology. 

Tenotomy
The tendon is cut as close to its ori-

gin as possible while preserving the 

superior labral ring. Tendons can fail 

to retract due to scarring within the 

bicipital groove. This remaining in-

tra-articular tendon can cause residual 

pain. Patients should be aware of a 

possible postoperative Popeye deformi-

ty and potential cramping in the upper 

arm with repetitive use. Treatment of 

coexisting pathology, such as rotator 

cuff and SLAP tears, is required to en-

sure optimal results. 

Tenodesis 
Tenodesis can be performed proximally, 

where the tendon remains in the 

groove, or distally, where the tendon 

is removed from the groove and trans-

posed. Tenodesis can be performed 

with open (subpectoral) or arthroscopic 

(suprapectoral, all-arthroscopic, and 

arthroscopic-assisted) techniques. 

Arthroscopic suprapectoral and open 

subpectoral tenodesis for isolated un-

stable SLAP/biceps lesions have shown 

equivalent patient-reported outcome 

scores in both function and strength at 

two years postoperatively. The most 

complete debridement is carried out 

with a combined approach. 

Following arthroscopic evaluation, 

a spinal needle can be used to hold the 

tendon while a tenotomy is performed. 

The ideal site of arthroscopic tenodesis 

is 1 cm distal to the superior aspect of 

the bicipital groove. The tendon is then 

secured to the biceps sling (i.e., per-

cutaneous intra-articular trans-tendon 

technique), or the bone is prepared ar-

throscopically and secured with a suture 

anchor, cortical button, or interference 

screw. Suprapectoral drill holes create 

less of a stress riser and, hence, a lower 

risk of fracture than distal cortical holes. 

In an open approach, a subpectoral 

incision is made. The tendon is locat-

ed and presented through the wound. 

A locking stitch is used to secure the 

tendon from 15 mm proximal of the 
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Fig. 1 Mean load to failure and cyclic displacement of various tenodesis methods based on a recent 

systematic review
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Fig. 2 Partly torn subluxated biceps after traumatic dislocation associated with a rotator cuff tear
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Fig. 3 These figures show long head of biceps tendon pathology seen from the standard posterior portal 

lateral position during arthroscopic evaluation of the shoulder, both the view near biceps exit (A) and the view 

near the biceps base using the arthroscope from standard posterior portal in the lateral decubitus position (B). 

Note edema and tearing of the tendon.
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musculotendinous junction. Excess dis-

eased tendon is excised. The humeral 

shaft is prepared within the bicipital 

groove 1 cm proximal to the pectoralis 

insertion (Fig. 4). One technique is to 

create a keyhole-shaped hole in which a 

knot of tendon is interposed. Although 

this method does not require any special 

equipment and allows early range of 

motion, it does so by creating a large 

cortical defect and has a failure rate of 

up to 20 percent. Similarly, bone tunnels 

may create a large stress riser and  place 

additional stress on the tendon when it 

is passed around a “killer turn” within 

the groove. Healing rates between bone 

tunnels and cortical bone are similar, 

making the additional risk associated 

with utilizing bone tunnels unnecessary. 

Alternatively, the tendon can be se-

cured with an inlay (interference screw) 

or onlay (unicortical button or suture 

anchor). With an interference screw, a 

hole is reamed, the tendon is interposed 

in the hole, and the tendon is secured 

with a screw. This technique has been 

shown to be biomechanically stronger 

than alternative fixation methods but 

has no significant clinical difference in 

outcome measures. Inlay approaches 

can also cause a potential stress riser 

and lead to fracture.

SLAP and return to sports
The traditional mantra for surgical de-

cisions was “under 40 years old, repair; 

over 40 years old, tenodesis.” Now, the 

indications are more patient-specif-

ic. The first-line surgical approach in 

management of most young individuals 

with acute trauma or type IV SLAP 

tears is repair and preservation of native 

anatomy. Interestingly, as new evidence 

continues to emerge, this approach may 

also evolve. 

In patients with LHBT pathology 

with a SLAP tear, the return to play in 

competitive athletes has been shown 

to be as high as 87 percent with teno-

desis, compared with 20 percent after 

SLAP repair alone. Notably, 60 percent 

of patients reported that they were un-

satisfied following SLAP repair alone. 

Newer studies have shown positive 

outcomes with tenodesis even in over-

head-throwing athletes younger than 

25 years old. Note that the studies were 

not limited to type IV SLAP tears.

Complications 
Popeye deformity can occur after te-

notomy, and there is still a small risk 

of the deformity following tenodesis, 

regardless of approach or fixation meth-

od. Reported Popeye deformity ranges 

from 3 percent to 70 percent. A recent 

randomized clinical trial showed a 3.5-

fold higher rate of Popeye deformity 

following tenotomy when compared to 

tenodesis. 

Tenotomy below the pectoralis 

tendon (subpectoral) as well as all-ar-

throscopic proximal tenotomy, both 

leaving tendon in the grove and without 

complete debridement of the groove, 

risk pain generation from residual dis-

eased tissue within the groove. A recent 

study reported a higher rate of cramp-

ing following tenotomy compared with 

tenodesis (20 percent versus 8 percent). 

Thirty-eight percent of patients who 

underwent tenotomy reported fatigue 

and discomfort after repetitive use.

Other studies demonstrate that open 

subpectoral tenodesis more reliably 

restores anatomic length and prevents 

overtightening. Arthroscopic tenodesis 

was more likely than open tenodesis 

to over-tension the biceps tendon by 

shortening the tendon. Failure of fixa-

tion was more frequent and occurred at 

a lower force in arthroscopic fixation 

(seven of nine cadavers) compared to 

open tenodesis (one of nine cadavers). 

Tenodesis with suture anchors has high-

er rates of persistent pain compared to 

the use of interference screws. 

Complications with open subpec-

toral biceps tenodesis are as low as 
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Fig. 5 Radiograph of a fracture through biceps tunnel after a slip and fall on ice six months after rotator cuff 

tear repair (metal anchor) and biceps tenodesis (PEEK screw) (A) in an active, long-distance swimmer aged 60 

years (B). Note the implanted screw trapped in the fracture site. At five-year follow-up, she had a full return to 

sports and swimming. Note the low and lateral location of the tenodesis tunnel, placing the bone at increased 

risk of fracture. 
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Fig. 4 A whip stitch applied to tendon after the 

torn portion was resected prior to tenodesis (A). 

Arthroscopic visualization of an interference screw 

applied to tendon inserted into a bone tunnel for 

subpectoral tenodesis fixation (B). Tendon in place 

with screw fully seated (C)
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The differing etiologies of tendinopathy or 
injury to the long head of the biceps tendon 
lead to a variety of patient presentations. 
Regardless of the mechanism, treatment is 
tailored to patient-specific demands and 
expectations.
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2 percent but include failure of fixation 

with subsequent deformity, continued 

pain, musculocutaneous neuropathy, 

reflex sympathetic dystrophy (RSD), 

and infection. 

Causalgia (RSD and complex re-

gional pain syndrome) with injury 

to the musculocutaneous nerve is a 

risk with subpectoral tenodesis. Neu-

ropraxia during an open procedure 

may be due to retraction given the 

proximity to the brachial plexus. The 

senior author has reported one case of 

nerve entrapment secondary to an error 

in technique. The patient developed 

causalgia, most likely due to the short 

head of the biceps becoming entrapped 

within the tenodesed tendon. The 

patient subsequently underwent a te-

notomy and nerve decompression with 

resolution of symptoms. 

A bone tunnel or bone window 

for fixation can be a stress riser, and 

torsional fractures can occur. Studies 

have demonstrated that less-than-ideal 

positioning (eccentric-lateral) of the 

bone window increases torsional stress 

on the humeral shaft, predisposing 

the patient to postoperative humeral 

shaft fracture. A recent review cited a 

1.4 percent rate of postoperative hu-

meral shaft fracture (Fig. 5, page 9).

Stiffness, over-tightening, and 

re-rupture after repair are additional 

complications of tenodesis. The senior 

author recounted one case of re-rupture 

following a mechanical fall in a thin 

patient (BMI, 18). Implant failure 

occurred just below the subpectoral 

tenodesis site using an interference 

screw method. A revision with soft- 

tissue anchors yielded a good outcome. 

Low BMI, often associated with de-

layed healing and osteoporosis, and 

overtightening are risk factors in these 

types of cases. Studies have demon-

strated that the most common site of 

failure is at the tendon-bone interface. 

For biceps pain, patient selection, 

underlying pathology, and operative 

technique play a role in clinical out-

comes. Although still controversial, the 

choice between tenotomy and tenod-

esis is coming into focus. Functional 

outcomes vary with technique. When 

orthopaedic surgeons consider risks and 

expectations, they can improve patient 

satisfaction.

References for the information cited can be 

found in the online version of the article, 

available at www.aaosnow.org. 
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a notably higher risk of nonunion. If 

the patient’s vitamin D level does not 

respond appropriately to supplementa-

tion, endocrinology consultation prior 

to surgery is indicated. 

Smoking
A patient’s smoking status must be 

considered prior to surgical interven-

tion, as nicotine of any kind prevents 

bone healing and wound healing. 

Smoking cigarettes, in particular, 

compromises the microvascular circu-

lation, specifically in diabetic patients 

with Charcot arthropathy in which the 

microvascular circulation is already 

significantly compromised. The patient 

must be counseled to quit all nicotine 

use, including cigarettes, cigars, Nicor-

ette gum, nicotine patches, nicotine 

lozenges, and vaping with nicotine 

for at least 30 days before surgery and 

after surgery. Patients should be offered 

counseling, smoking-cessation classes, 

and medications such as varenicline 

(Chantix) or buproprion (Wellbutrin) as 

tobacco-cessation aids. They can then 

call the office when they have been 

nicotine-free for 30 days. If a nicotine 

blood test is negative, the patient can 

proceed to surgery. The patient should 

be instructed on the importance of re-

fraining from nicotine use after surgery 

to allow for optimal bone healing.

Bone health 
Prior to Charcot limb-salvage surgery, 

a CT scan of the affected extremity 

should be obtained for preoperative 

surgical planning, as well as to deter-

mine whether there is adequate bone 

stock to support limb-salvage surgery. 

Due to poorer bone quality and ar-

throdesis of multiple joints, particularly 

in the midfoot, “super-constructs” such 

as multiple plates or beaming screws 

have been used with success. Howev-

er, patients and their family members 

should be counseled extensively on 

the risk of amputation. Even if surgery 

and postoperative care go according 

to plan, infection, wound-healing 

complications, and amputations are 

common after limb-salvage surgery, 

as these procedures are extensive in an 

already-compromised foot.

Wounds
The severity and location of open 

wounds and current infection sta-

tus must also be considered. If open 

wounds will interfere with surgical 

implantation of hardware, have a large 

degree of necrosis, or are extensive in 

size, then amputation may be the treat-

ment of choice. The skin conditions are 

never ideal and post-operative infec-

tions are also a consideration, even 

when fusions heal. Many times, these 

represent significant problems and 

require additional surgery to resolve the 

secondary infection (Fig. 2).

Social issues 
Patient age and social issues such as 

access to family support or home health 

services should also be addressed pre-

operatively. 

The problem of Charcot neuroar-

thropathy is an increasing cause for 

alarm for orthopaedic surgeons and 

society at large. The underlying causes 

are often based on treatable diseases 

such as poorly controlled diabetes com-

pounded by obesity, malnutrition, weak 

bones, smoking, and vascular compro-

mise. In approaching these patients, 

it is important to unwind the puzzle 

associated with the present case and 

mitigate as many modifiable factors 

as possible (such as smoking and high 

HbA1c) to obtain the most successful 

outcomes. Naturally, patient compli-

ance is the key to success—and the 

most difficult factor to influence. The 

next article in this series will discuss 

surgical options in these difficult- 

to-treat patients.
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CHARCOT FROM PAGE 1

Quick pearls for surgical  
decision-making

• Diabetic control: HbA1c <8.0 

• Circulation status: ankle 

brachial index >0.9 and <1.4

• Obesity: BMI <45

• Skin condition: no chronic open 

wounds/ulcerations that will 

interfere with internal fixation

• Smoking: non-smoker

• Bone quality: adequate bone 

stock on CT
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Fig. 2 Left foot Charcot neuroarthropathy, Schon midfoot Charcot arthropathy classification 2C, with a 

postoperative wound infection after midfoot fusion (A). Operative debridement for wound infection (B).
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