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Summary

Background: Distal bicep tendon injuries are a
traumatic event though rather rare. The pathogen-
esis is not entirely clear. The most common
cause for injury is an unexpected load on the bi-
ceps when the elbow is in an extended position.
Although several studies have provided insight
into the pathogenetic processes of the lesion, the
literature suggests to treat all injuries surgically
(whether partial or total) if there is high functional
demand.

Methods: Between January 2006 and March 2016
were studied 20 patients surgically treated for a
disconnected distal bicep, 15 with a total lesion
and 5 with a partial lesion. The patients were di-
vided into 2 groups. Surgical access with single
incision was performed on 13 patients while a
double surgical access was performed on 7 pa-
tients. The clinical and functional results were
studied using an Ewald System Score (ESS).
Results: In both groups, the most rapid improve-
ment was achieved for the parameters of pain and
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deformity with excellent results, while those of
function and movement were normalized as grad-
ual and progressive over next 2 months.
Conclusion: The clinical and functional outcomes
during the follow-up examination after surgery
showed excellent results in patients treated with
both types of surgical procedures.

KEY WORDS: distal biceps, endobutton, ESS, single in-
cision, surgical procedure.

Introduction

Distal bicep tendon injuries are a traumatic event
though rather rare. They account for about 4% of all
bicep brachial injuries that occur as a result of an
acute or degenerative trauma. The distal insertion
site of the tuberosity radius is most frequently in-
volved during the break. Most patients are males
from 30 to 60 years old, comprising 95% of the cas-
es'; 86% of the cases involves the dominant arm of
the patient. Smokers are seven and a half times more
likely to suffer from this injury than non-smokers. The
vasoconstrictor and deoxygenating effects of nicotine
degenerate the tendon, which increases the likely
hood of injury. The pathogenesis of distal head bicep
ruptures is not entirely clear. The most common
cause for injury is an unexpected load on the biceps
when the elbow is in an extended position. This situa-
tion creates a complete avulsion in the tendon at the
distal insertion site of the tuberosity radius. This type
of injury affects top athletes either as a chronic or
acute disease. In chronic cases (tendinosis), the le-
sion is due to an unfavourable balance between col-
lagen synthesis stimulated by the physical activity
and the effect of wear on the tendon structures
(structural catabolism of proteins, tissue, repeated
friction against surrounding structures the tendon,
trauma from sudden and intense tractions) due to re-
peated stress. In addition, degeneration due to age-
ing involves modification of the tendons’ cellular ma-
trix due to both qualitative and quantitative alter-
ations. The hypovascularity phenomena due to a re-
duction in blood supply in the arteries and arterioles
results in a reduction of trophic exchanges with hy-
poxic phenomena. Calcium and/or lipid deposits are
frequently observed with the progression of age. In
addition to unchangeable intrinsic factors, acute le-
sions in the bicep tendon may be related to a number
of factors such as: intense workouts, insufficient re-
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covery time, inadequate stretching, use of inadequate
equipment. Anatomical factors, such as dysmetria,
malalignment, abnormal conformations and bony
prominences, can increase mechanical stress favor-
ing the onset of injury.

Other important comorbidities in the pathogenesis of
these lesions results from metabolic factors such as
hypercholesterolemia, diabetes mellitus, thyroid dis-
ease, obesity and metabolic syndrome increase the
risk of tendon degeneration. Thyroid hormones are
involved in the metabolism of collagen, which is im-
portant for tendons growth?. Diabetes is associated
with a higher frequency of tendon calcifications. Obe-
sity can reduce or undo the beneficial effects of mod-
erate exercise on the tendon. In fact, injuries occur
6.6 times more in obese patients3. Hyperlipidemia
promotes the deposit of xanthomas in the tendon that
leads to tendon degeneration, thus increasing likeli-
hood of injury. A crucial component in metabolic ten-
don injuries is the prolonged silent symptom phase,
where anatomical damage is present and progres-
sively evolving®. In addition, drug exposure appears
to contribute to an increased risk of tendon rupture.
Quinolones, as well as corticosteroids, appear to in-
hibit the production of collagen increasing the chance
of tendon rupture58.

Although several studies have provided insight into
the pathogenetic processes at the base of the lesion,
and clarified the role of risk factors, the literature sug-
gests to treat all injuries surgically (whether partial or
total) if there is high functional demand’. A conserva-
tive treatment results in a 40-50% reduction in elbow
flexion strength and forearm supination for complete
ruptures of the distal bicep tendon. Most lesions af-
fect almost exclusively males, while partial lesions
have been reported in both sexes equally. Partial le-
sions normally occur in patients around 50 years of
age, while complete injuries affect patients around 40
years of age. For both types of lesions, the dominant
limb is involved in the majority of cases. As men-
tioned above, distal bicep injuries are common in ath-
letes who play sports, especially contact or sports in-
volving throwing, including American football, rugby
and tennis. A special situation is seen in many body
builders, where at the base of the tendon injury there
is an alteration in the constitution of the tendon struc-
ture, because of the use of anabolic steroids®, which
is a degenerative process, added to the increased
muscle mass, sometimes disproportionate, which in-
creases the traction forces in the tendon. Lesions are
generated as a result of an eccentric contraction in
the bicep while lifting heavy loads, whereby, the pa-
tient clearly describes the traumatic moment as a
sudden feeling of crackling-lash in the front face of
the elbow followed by a strong localized pain. The
symptoms, understood by considering the patient his-
tory and through semiotics, are seen in the presence
of an empty area with an empty feeling under finger
pressure during elbow flexion and forearm supination,
called negative sign Hook, and pain while performing
these movements against resistance. The presence
of a partial lesion, which is less common than a total
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lesion, can involve the insertion site in the radial
tuberosity and in the myotendinous junction. For
these reasons it is more difficult to diagnose a partial
lesion, though imaging techniques (MRI, Ultrasound,
RX in selected cases) may help to clarify the suspect-
ed diagnosis. Both types of lesions should be treated
surgically by restoring tendon continuity for full resti-
tutio ad integrum. The endoscopic technique is an im-
portant tool that is becoming increasingly popular in
the area of diagnostics and therapeutic treatment, es-
pecially in treating a partial tear. This technique al-
lows us to dynamically evaluate the distal insertion of
the bicep tendon, and provides a clear picture of the
disease through a minimally invasive procedure.

It is important also to quantify the percentage of the
involved tendon. Data from the literature confirms
that injuries involving less than 50% tendon insertion
do not require surgical treatment, because they do
not constitute functional deficits®19. Whereas, tendon
ruptures involving more than 50% of tendon insertion
site require reinsertion using the techniques previous-
ly described. Classifying the lesion by the endoscopic
technique can help the surgeon in managing this in-
jury. Grade “0” lesions show up as a tendinosis of the
distal bicep with pain at the supination and flexion un-
der resistance. In grade “1” lesions, we report a par-
tially torn tendon with pain and reduction of strength
in movements of supination and flexion against resis-
tance. In grade “2” lesions, there is a combination of
avulsion in the short and long biceps’ stringy tendon,
and minimal muscular retraction. Therefore, a grade
“2” lesion is associated with pronounced reduction of
strength in flexion and supination against resistance
and yields a positive Hook test. In grade “3” lesions,
there is a complete rupture of the tendon involving
the fibrous tendon and leading to muscle retraction.
In addition, there is intense weakness in supination
and flexion, positive Hook test and the cubital fossa
appears “empty.” In Grade “4” lesions, there is a de-
lay in diagnosing the tendon rupture. There remains
weakness at the movement of supination and flexion
against resistance, Hook positive test and proximal
retraction of the muscle belly. It is possible to differ-
entiate treatment based on the classification of the le-
sion.

In grade “0” lesions the treatment is no operative,
grade “1” and “2” lesions need surgical treatment,
and grade “3” lesions need surgical repair of the fi-
brous tendon. Grade “4” lesions require autograft or
allograft reconstruction, when the retraction/degener-
ation do not allow the combination of lesion stumps.
The purpose of this study is to retrospectively evalu-
ate the clinical and functional results of surgical treat-
ment with single and dual access for distal lesions of
the brachial bicep.

Materials and methods
Between January 2006 and March 2016, at the Poli-

clinico “G.B. Morgagni” of Catania, we studied 20 pa-
tients according to international ethically standards'?,
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Figure 1. MRI vision of the avulsion of the biceps tendon
from the radial tuberosity.

surgically treated for a disconnected distal biceps le-
sion, 15 with a total lesion and 5 with a partial lesion.

All subjects were males and underwent a preopera-
tive MRI (Fig. 1). The age range was between 24-53
years, with a mean age of 36.3 years. The affected
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side was the right in 14 cases (70%), and the left in 6
cases (30%). The injury was unilateral in 18 cases
(90%), while it was bilateral in 2 cases (10%). The
elapsed time between the traumatic injury and surgi-
cal treatment was between 2 and 30 days. In 3 cas-
es (14%) patients were suffering of hypercholes-
terolemia, while in 5 cases the patients were smok-
ers (25%). The patients were divided into 2 groups.
In group 1 (10 cases), were included subjects that
experienced surgical incision on the volar side of the
radial tuberosity. In group 2 (10 cases), patients un-
derwent double surgical incision one on the volar
side of the radial tuberosity and the other to the dis-
tal third of the arm.

Surgical treatments

Different types of surgical treatments (Figs. 2-5), as
previously described'?, including the suture tendon in
6 cases (30%) were performed, these included use of
the cortical radial suspension systems with fixed
length (Endobutton) in 7 cases (35%), use of metallic
anchors on the radial tuberosity in 4 cases (20%) and
use of a cortical radial suspension system with ed-
itable loop length (ZipLoop, ToggleLoc) in 3 cases
(15%). Surgical access with single incision at the lev-
el of the radial tuberosity was performed on 13 pa-
tients (65%), while a double surgical access, both to
the radial tuberosity and to the distal third of the arm
was performed on 7 patients (35%). All the patients
underwent an X-ray (Fig. 6) to the forearm, antero-
posterior and latero-lateral projection post operative-
ly. Subsequently, the affected arm was immobilized
with a tutor type Gilchrist, valve pinstripe at the
brachial forearm or elbow brace locking the flexion at
90° and maintained for 3-4 weeks. Following this pe-

Figure 2. The tendon is fixed
with two sutures of different
colour with a Krackow suture
and at the end secured with an
Endobutton free loop (single in-
cision technique).
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Figure 3. With a K wire the tendon armed with the suture

and the endobutton is passed with the control of fluo- Figure 4. Release of the bicep tendon with the double inci-
roscopy true the radial tuberosity (single incision tech- sion technique.
nique).

Figure 5. The bicep tendon is passed true the forearm incision and armed with the 2 sutures.
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Figure 6. X-ray to the forearm, anteroposterior and latero-
lateral projection post operatively.

riod, the patient begins a rehabilitation program after
the first month of follow up, than he will have the sec-
ond follow up after 3 months, and can return to full
sports and work about 6 months after surgery to re-
turn to sports. The clinical and functional results were
studied using an Ewald System Score (ESS), which
included an evaluation score of 100 points covered
by: pain, function, movement and deformity, with a
follow-up clinical and functional treatment performed
6 - 12 - 24 months after surgery without any observed
complication.

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware (SPSS® release 16.0, Chicago, IL, USA) as
previously described'3. Data were tested for normality
with the Kolmogorov-Smirnov test. All variables were
normally distributed. Results comparisons between
two means were tested with t-student test. p-values
of less than 0.05 were considered statistically signifi-
cant; p-values of less than 0.01 were considered sta-
tistically highly significant. Data are presented as the
mean + SD. Data were analyzed by three blinded in-
vestigators.

Results

The results of the ESS questionnaire for group 1 pa-
tients treated for insertion of the bicep injury were:
“Excellent” in 8 patients, “Good” in 2 patients, and no
cases with “Fair” and “Poor” results (p < 0.05).
Whereas, in group 2 patients the results were: “Excel-
lent” in 8 patients, “Good” in 2 patients, and no cases
with “Fair” and “Poor” results (p < 0.05). These data
confirm that there are not significant differences be-
tween the two groups.

In both groups, the most rapid improvement was
achieved for the parameters of pain and deformity
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with excellent results, while those of function and
movement were normalized as gradual and progres-
sive over next 2 months. Only one patient developed
acute complications, in fact the patient reported a stu-
por sensorimotor of the interosseous nerve that per-
sisted for 10 months. This patient was treated with
dual access technique (group 2). This data is not sta-
tistically significant. Patients evaluated in both groups
during follow-up had all resumed their daily activities
and work 2 months after surgery. Patients who prac-
ticed contact sports (e.g. American football) resumed
full activity 6 months after treatment. For both groups
of patients heavy lifting and perform vigorous activity
was prohibited for 4-5 months.

Discussion

When the suspect is a tendon biceps tear we must
make a differential diagnosis among the causes of
pain in the anterior region of the elbow among bursi-
tis, tendinitis, or forearm lateral cutaneous nerve syn-
drome. Imaging allows us to obtain useful diagnostic
information. An X-ray of the elbow is performed to as-
sess the presence or absence of an avulsion from the
radial tuberosity and the presence of a tuberosity hy-
pertrophy that may be indicative of chronic degenera-
tive process.

MRI is still the gold standard for such injuries by giv-
ing detailed information about the lesion, tendon and
muscle quality characteristics, dislocations and evi-
dence of incomplete injury, even if the diagnosis is
basically clinical. Treatment can be either conserva-
tive or surgical. Conservative treatment is usually re-
served for older patients and patients with poor func-
tional demand. Most patients require surgical treat-
ment, because of the aesthetic appearance of a re-
tracted muscle, the reduced strength and endurance.
This procedure, as already described above, makes
use of intramedullary fixation with transosseous su-
tures, and anchors and fixations with cortical button.
Furthermore, it is appropriate to proceed with surgery
two to three weeks after the trauma to obtain the best
results, before the tendon retracts proximally.

Two main types of surgical accesses have been de-
scribed. The Henry anterior approach with a single in-
cision on the volar side of the elbow (e.g. medial-
proximal longitudinal, transverse, lateral-distal) at the
height of the radial tuberosity. Over the years, a mini-
open technique was also developed, which is charac-
terized by a 2-3 cm transverse skin incision (Fig. 7)
centred on the anterior cubital crease. The tendon
stump is freed through the incision aided by squeez-
ing the bicep muscle. The stump tendon, which is
usually edematous, may be pulled out of the wound
quite easily. If it does not emerge it can be pulled out
with a finger. It is useful to place a suture in the ten-
don stump to control the tendon and prevent damage
from the forceps. The tendon stump is regularized
and properly prepared before replanting'2. The dual
accesses technique is realized in the volar region of
the elbow, or possibly an access of about 5 cm in the
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Figure 7. 2-3 cm transverse skin incision.

distal third on the ventral side of the arm is used'.
The main advantage of the anterior approach with
single access is the presence of a single incision that
can be extended, if necessary, to improve access to
the radial tuberosity. This single access surgical ap-
proach is technically more demanding than the dual
accesses approach, and there is greater risk of dam-
age to the posterior interosseous nerve. The dual ac-
cess technique uses two small incisions to identify
the distal end of the bicep tendon. The incision is per-
formed on the volar side of the forearm through the
muscle fibers placed above the radial tuberosity with
the forearm held in full pronation. This technique with
dual access can induce the formation of an ectopic
bone between the proximal radius and ulna by acci-
dentally exposing the radial side of the ulna. To avoid
this complication, which in some patients has caused
synostosis, it is important to maintain the muscle dis-
section plane adjacent to the radial passing the ten-
don around the forearm rear face to prevent the acci-
dental injury of the anconeus muscle from the radial
side of the ulna'®. In the fixing suspension system
treatment, the tendon tear is identified and the proxi-
mal retracted tendon is fixed with fiberwire and tiger-
wire with a Krackow suture and put back with the in-
out technique at the radial tuberosity with an en-
dobutton free loop or securing it with the Zip Loop
system. In treatment with fixation anchors, the re-
tracted tendon is attaches to the tuberosity of the ra-
dius with the still armed 2 fiberwire wires. Regarding
the surgical techniques used for the suture of a ten-
don injury, whether sub-acute or chronic, the surgeon
needs to plan in advance the agumentation to use,
such as allograft, autotransplantation or reconstruc-
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tion with synthetic grafts. A surgical access Boyd and
Anderson, modified according Morrey'® allows a full
exposition of the tissue, which is useful to break free
from adhesions and inspect any tendon retractions. In
these cases, the release of the bicep aponeurosis or
the fibrous tendon could help mobilize the distal ten-
don'’. Regardless of the surgical technique em-
ployed, the biceps tendon is reinserted into the radial
tuberosity, which is appropriately worked to accom-
modate the tendon. The minimally invasive endo-
scopic has a peculiar indication in type “1” injuries
where there is a partial tendon injury. This method in-
volves the arthroscopic portal access on the volar
slope to the radial tuberosity in supination and ex-
tended elbow. It is used with tourniquet fascia (Fig. 8)
to make a bloodless field, it is useful in the dynamic
evaluation of the lesion and in the inset exploration
tuberosity.

Patient management in the post operative is always
performed by the application of a guardian or pin-
stripe splint for about two weeks at 90°, in order to fa-
cilitate the initial reparative processes and reabsorp-
tion of the edema, although from the outset patients
are granted cautious and gradual movements. Subse-
quently, they continue assisted active joint mobiliza-
tion exercises and neuromuscular taping'8. Muscle
strengthening exercises do not begin until at least 2
months after surgery and heavy activity after about 6
months. It is known that surgery is not without compli-
cations, which are mainly two types: ectopic that may
form between the radius and ulna proximally with
pain and reduced joint mobility, and load nerve
deficits in the lateral cutaneous nerve, the posterior
interosseous nerve or radial nerve'®. Some Authors
have described a different rehabilitation protocol al-
lowing early mobilization of the elbow. This protocol
allows mobilization from 4 to 6 weeks after surgical
treatment by allowing the active extension of the el-
bow. Alternatively, patients are allowed to actively ex-

Figure 8. Tourniquet fascia.
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tend the elbow while bending must be passive. Sub-
sequently, the patient is encouraged to actively flex
and extend the elbow in addition to active forearm ro-
tation. The results of early surgical treatment for such
injuries are very positive, with a satisfactory recovery
and a return to sports at the same level before the
break, in almost all patients. A special mention
should be given to the delayed surgical management
of these lesions. In some cases, the diagnosis of bi-
cep tendon rupture was late or the decision to oper-
ate was postponed for other reasons. The ideal time
to undertake surgical repair is within 2 weeks after in-
jury, during which the bicep tendon can be easily re-
covered and mobilized. Although, there have been
successful cases of tendon recovery up to 3 months
after injury. The presence of plentiful degeneration
and tendon retraction may make it impossible to mo-
bilize the tendon enough to allow direct repair to the
radial tuberosity. Tendon grafts, sometimes rein-
forced with a ligament augmentation device, have
been successfully used®. Another alternative is to
connect the tendon of the bicep brachii muscle flap to
improve the resistance in the elbow flexion, but with
no effect on the resistance in supination. Distal le-
sions of the brachial biceps are infrequent and history
is very important for the correct diagnosis. This work
was aimed to investigate possible direct and indirect
causes that allow us to direct our diagnostic question
such as: trauma, metabolic diseases, cigarette smok-
ing, intake of anabolic steroids. In addition, focusing
the traumatic mechanism allows us to understand the
phases of the injury time. The defining symptom is
the painful feeling “pop” at the time of the trauma, de-
scribed as a feeling of a sudden tear in the anterior
region of the elbow followed by a dull ache.

In addition, patients show swelling and a large
hematoma in the region of the tendon detachment.

A complete rupture occurs with a retraction of the
muscle belly and an altered profile of the bicep mus-
cle. Conventional imaging techniques including X-ray,
MRI, ultrasound are important to perform preopera-
tively for a complete classification of the lesion that
must be treated?0. A still underdeveloped method is
endoscopy of the distal bicep, which allows us to
clearly classify the lesion according to the mechanism
of the injury. If the documented lesion is complete,
immediate surgical repair is required if you want to
maximize the clinical and functional results: the same
cannot be said for the partial injury?'-24, Among the
many widely used techniques for treatment of distal
lesions of the brachial bicep tendon available to the
transosseous suture are the use of out-type systems
in Endobutton® and Zip-Loop® and anchors systems.

Conclusions
Grewal et al. recently presented the results of a ran-
domized clinical trial evaluating two different surgical

approaches for the repair of distal biceps tendon rup-
tures25, However, the best approach for repair (single
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vs double incision) is still subject of debate?6. In our
study, we examined the treated lesions with two dif-
ferent surgical techniques: single access and dual ac-
cess. The clinical and functional outcomes during the
follow-up examination performed 6-12-24 months af-
ter surgery showed excellent results in patients treat-
ed with both types of surgical procedures. Only one
patient developed acute complications, in fact the pa-
tient reported a stupor sensorimotor of the in-
terosseous nerve that persisted for 10 months. This
patient was treated with dual access technique
(group 2) even if this data is not statistically signifi-
cant we can assert that the best surgically treatment,
in our opinion, is the single incision but further stud-
ies are needed to confirm and strengthen our hypoth-
esis.
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