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Abstract

Introduction: Acute disruption of the distal biceps tendon is a rare injury that occurs due to eccentric contraction force on the elbow.

Several techniques for reattachment of the avulsed tendon were described in the literature but no one had proved utmost efficiency

over the other techniques. The purpose of this study is to evaluate the results of a simple technique for reattaching the tendon.

Methods: This is a retrospective evaluation of the use of a combined simple two fixation methods through a single anterior approach

in 9 patients aiming to avoid the possible difficulties and complications reported with the other techniques.

Results: Were evaluated with the Mayo elbow score and showed 6 excellent cases (66.6%), 2 good (22.2%) and one fair (11.1%).

Good and comparable results to the other fixation techniques were also obtained with minimal complications.

Conclusion: The described simple combined fixation of avulsed distal biceps tendon by two anchors and trans-osseous tunnel

through one anterior approach is an easy reproducible technique with minimal complications.
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Introduction

Avulsion of the distal biceps tendon isarare injury (1.2: 100,000
persons/year) occurs most commonly in the dominant elbow
of men in their forties due to acute unexpected eccentric exten-
sion force on a partially flexed elbow. Smoking, diabetes, steroids,
statins, and tendon impingement in radio-ulnar space with fore-
arm rotation increase the risk of tendon degeneration and rupture
[1]. The middle hypovascular area of the tendon is more subjected
to rupture. The tendon is avulsed from the radial tuberosity but
the bicipital aponeurosis may remain intact [1-3]. Average tendon
length is 57 mm, width is 3.6 - 9.0 mm (at level of aponeurosis).
It rotates externally 90 degrees as it approaches its insertion so,
the long head inserts more proximally and the short head inserts
more distally. The bicipital aponeurosis extends from the tendon
to the deep fascia covering the forearm flexor mass and inserts

in the ulna. It directs the biceps tendon pull towards the radius

while carrying the flexion force to the ulna [3]. Bicipital tuberosity
of the radius is 13.8 - 30 mm length, 3.6 - 19 mm width (total area
of 108 mm) and sited 23 mm distal to the articular margin of ra-
dial head. The tendon inserts 24 degrees ulnar to the apex of radial
tuberosity and incorporating it as a cam, making a pulley like ac-
tion to increase the mechanical advantage of the tendon. The short
head footprint is larger and the long head is more posterior so, the
short head tendon is a stronger flexor-supinator with forearm in
the neutral-pronated position, while the long head tendon is more
supinator when the forearm is supinated 60 degrees [4]. The lateral
antebrachial cutaneous nerve (LABCN) runs near the lateral aspect
of the tendon. The posterior interosseous nerve (PIN) runs 10 mm
proximal to the radial tuberosity in supination and 5 mm distal to
it in pronation [5]. The patient usually describes an audible “pop”
in the elbow with injury followed by pain and later on, ecchymosis

and bulging of the biceps in the middle arm. Weakness of elbow
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supination is better assessed with the elbow flexed 90 degrees and
the forearm maximally pronated to abolish the supinator muscles.
The “Hook test” with the elbow flexed 90 degrees and the forearm
maximally supinated, has high sensitivity and specificity. X-ray im-
ages may show an avulsed piece of bone from the radial tuberos-
ity. MRI differentiates total from partial avulsion of the tendon [6].
Non-operative treatment is reserved for elderly patients with low
physical demands and injury of the non-dominant elbow. There
will be 40% - 50% reduction in supination strength, 30% reduc-
tion in flexion strength and 15% reduction in grip strength [6].
Surgical repair has superior regarding elbow motions strength
and overall limb function [3,7-17]. Various fixation methods were
described through either anterior single approach or dual anterior
and posterior approaches. The fixation methods are trans-osseous
suture [7], suture anchors [9,10], single far-cortical button fixation
[7,11-13], double intramedullary cortical button [14] interference
screws [15], screws with a cortical button [16], and endoscopically

assisted repair [10,17].

Materials and Methods

Through the period from June 2010 till December 2018, 9 pa-
tients with acute avulsed distal biceps tendon were treated within
two weeks after injury with combined fixation by 2 suture anchors
and trans-osseous suture through anterior approach. All the pa-
tients were males aged 45 - 57 years (average 51 years) and were
not a heavy laborer workers. Two patient were diabetic while two
patients were taking treatment for blood pressure control, and 5
patients were smokers. All the injuries were on the dominant side,
8 were right and one was left. All the cases were operated within
two weeks after injury (average 9 days) because 5 patients were
not presented immediately after the injury. All patients were diag-
nosed clinically with the hook test and confirmed by X-ray images
and MRI scan of the elbow. The follow up period ranged from 12 to
36 months (average 24 months). During which the patients were
assessed regarding pain and overall elbow function. X-ray images
were taken after 4 weeks to assure no pull out of the anchors and
the integrity of the bone at the site of tendon attachment. The final
outcome was assessed by Mayo elbow performance score that in-
volved 4 sections: pain intensity, motion, stability and function. A
score of more than 9 points is excellent, 75 - 89 points is good, 60
- 74 points is fair, and less than 60 is poor [18] (Table 1). Surgical
technique: Under general anesthesia with a tourniquet placed on
the upper arm, the patient was placed supine and the arm on a side

table with the forearm in full supination. A vertical incision about 5
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cm length was centered over the area of the radial tuberosity start-
ing justdistal to the elbow flexion crease and should not cross it ver-
tically. Careful subcutaneous dissection was done to find and gently
retract the LABCN laterally. Deep dissection was done in the inter-
val between the bracioradialis and the mobile wad laterally, and the
common flexor-pronator mass medially. Through this interval the
biceps tendon should descend to its insertion. The brachioradialis
mass is retracted laterally, the flexor-pronator mass is retracted
medially together with the brachial artery. Full supination of the
forearm was done to identify the proximal radius and its tuberosity.
No bone levers were used for retraction. Only a blunt self-retaining
and Langenbeck retractors were used. Sub- periosteal dissection of
the proximal radius was done to expose the foot-print of the ten-
don known from the remains of the fibers still attached to the bone.
Two anchors 3.5 mm were inserted into the radial tuberosity, one
at the apex of the tuberosity (short head insertion) and the other
is inserted 10 mm proximal and just posterior to the first anchor
(long head insertion). The radius must be kept fully supinated to
place the anchors perpendicular to the radial tuberosity. The cortex
of the area of bone between the two anchors and surrounding them
should be roughened with a burr or a 2.5 mm drill pit to fasten the
tendon-bone attachment. Still with the radius fully supinated, a 2.5
drill hole is made through the thickness of the radius on the lateral
side of the middle of the tuberosity and through both cortices with
care not to violate the lateral cortex. This drill hole will be verti-
cal from anterior to posterior with the radius fully supinated and
will be horizontal from medial to lateral with the radius fully pro-
nated (Figure 1). The posterior interosseous nerve was protected
with the full supination position which mobilized the nerve more
posteriorly and medially away from the site of the drill hole. Thor-
ough wound irrigation and suction is done after drilling to remove
any bone debris. The avulsed tendon proximal end was almost re-
tracted and reflected forming a loop under the biceps muscle mass
in all cases. The tendon was delivered out by blunt finger insertion
between the biceps and the brachialis to milk it out by unfolding
the loop. This was easily done without extending the incision proxi-
mally or crossing the elbow crease in all patients except one patient
whose muscle mass was big. In this patient the incision followed the
elbow crease and extended for 4 cm proximally (Figure 2). The ten-
don end was minimally debrided from any ragged fibers or inverted
tendon sheath. The sutures of the anchors was used on a separate
needle to make 5 anchoring sutures with each thread in the tendon.
The sutures were tightened and the tendon was pulled down to the

anchors sites. A separate suture (No 1 Ethibond) was used to secure
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the tendon through the preformed drill hole (Figure 3). The field
was further copiously irrigated and the repair was tested by rota-
tion of the forearm and flexion-extension of the elbow. Few more
stitches were taken between the tendon and any remaining tissue
at its footprint. The final construct resembled a triangular 3 points
of fixation of the tendon with the 2 anchors forming the base of the
triangle. The fixation point through the drill hole will secure the
fixation more and counteracts the pulling stresses on the anchors
by the tendon with elbow motions. The subcutaneous tissue and
the skin were closed without drain. An above elbow back slab in 90
degrees flexion was applied for 2 weeks till the skin stitches were
removed then a complete above elbow cast was applied for 2 more
weeks. Rehabilitation protocol started after 4 weeks with gradual
flexion-extension and pronation-supination active exercises with-
out weights for 2 weeks followed by the same exercises with light
weights (0.9 Kg) for 4 weeks (Figure 4).

Function | Points

Pain 45

Definition (points)
None (45)
Mild (30)
Severe (0)

Arc > 100 degrees (20)
Arc 50-100 degrees (15)
Arc <50 degrees (5)
Stable (10)
Moderate instability (5)

Motion 20

Stability 10

Gross instability (0)
Comb hair (5)
Feed (5)
Perform hygiene (5)
Don shirt (5)
Don shoe (5)

Function 25

Total 100

Table 1: Mayo elbow performance score: excellent > 90, good 57 -
89, fair 60 - 74, poor < 60.

Figure 1: X-ray image showing position of the anchors and the
drill hole.

26

Figure 2: Intraoperative photo with tendon delivered out.

Figure 3: Intraoperative photo of the tendon after re-attachment.
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Figure 4: Active range of motion during follow up. A, Flexion. B,

Extension. C, Pronation. D, Supination.

Results

The results were assessed clinically by the Mayo elbow perfor-
mance score (Table 1) and radiologically by X-ray images to con-
firm the position of the anchors during the follow up period. The
range of motion in all patients was assessed with a goniometer in

comparison to the other (non-operated) elbow. All the patients had
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the injury on the dominant side after an attempt to lift a heavy ob-
ject with the elbow in extension and supination. The patient’s age
ranged from 45 to 57 years (average 51 years), all had the injury
on the dominant side and all were males (Table 2). The overall re-
sults of the 9 patients on the Mayo score were: 6 excellent (66.6%),
2 good (22.2%) and one fair (11.1%). No patient was reported
immediately to the hospital. Six patients were presented within
one week after injury (66.6%), two patients presented within 2
weeks (22.2%), and one patient (11.1%) was presented 15 days
after injury. Two patients were diabetics (22.2%), 5 were smokers
(55.5%) and one was dyslipidemic (11.1%) and was taking statins.
The patient with the fair result was smoker, diabetic and hyperten-
sive. The two patients with good results were smokers and one of
them was also diabetic (Table 2). The overall rate of complications
in the 9 patients was 33.3% (3 patients). Two patients had LABCN
neuropathy (22.2%), of these one was transient (11.1%), and two
patients had wound infection (22.2%), of these one was superfi-
cial and did not need a second operation. No patients had injury
of the PIN and no patients developed HO in the follow up period.
One of the two patients with good results was diabetic and had su-
perficial infection in the wound. This was managed with antibiotics
and healed soundly. He had mild pain and his elbow flexion range
decreased to 90 degrees. The other patient with good result had
transient neuropathy of the LABCN that was resolved 6 weeks af-
ter surgery. His elbow flexion range was 100 degrees. Nevertheless,
both patients had full pronation-supination range of motion. The
patient with a fair result was 57 years old, diabetic, hypertensive,
dyslipidaemic and smoker. He had postoperative neuropathy of the
LABCN that was not resolved through the follow up period (Table
2). He had also wound infection that necessitated reoperation after
5 days for wound debridement and secondary sutures. This was
attributed to his diabetes and smoking habit. This patient had mild-
to-moderate pain with elbow motions, his arc of motion was flexion
till degrees, supination was reduced to 30 degrees, his elbow was
stable, and his elbow function was affected to a degree reflected on

his job as a barber. No tendon re-rupture occurred in the 9 patients.

Age: | Injured Time to Follow up Final Out- | Mavo
ge: Job surgery: Comorbidity | Smoking period: Y Complications
years . come score
side days months
50 Lt Engineer 11 Diabetes + 12 Good 85 Superficial infection
45 Rt Employee 2 - - 18 Excellent 100 -
54 Rt Employee 4 Hypertensive + 12 Excellent 94 -
46 Rt Employee 5 - - 12 Excellent 97 -
49 Rt Employee 7 - - 30 Excellent 95 -
53 Rt Employee 7 - + 12 Excellent 97 -
53 Rt Employee 10 Hypertensive + 12 good 80 LABCN neuropathy;
transient
52 Rt Employee 5 - - 24 Excellent 95 -
57 Rt Barber 15 Diabetes + 36 Fair 74 LABCN neuropathy;
permanent.
Hypertension
Wound infection re-
Dyslipidemia quired reoperation.

Table 2: Results.
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Discussion

Controversy exists clearly in the literature about surgical man-
agement of completely avulsed distal biceps tendon regarding the
best fixation technique nd surgical approach. Systematic reviews
were comparing the different fixation methods and the two ap-
proaches (anterior or dual incision). Watson., et al. [19] reported
complications rate 26.4% for suture anchors, 20.4% for bone tun-
nels, 44.8% for intraosseous screws, and 0% for cortical button
fixation. Cortical button fixation was used in only 3.5% of patients.
This small sample size is inadequate to compare complication
rates with the other techniques. They also found that the two-inci-
sion approach has less complications but the number of patients
was small, made the studies underpowered to compare the two
approaches. Kodde., et al. [20] reported no significant difference in
strength or range of motion between the 4 fixation methods. Also,
the double incision approach showed significantly less complica-
tions, and the trans-osseous tunnel fixation had much less compli-
cations than the other techniques. El-Hawary, et al. [21] reported
significantly more elbow flexion with the one incision approach
with significant increase in the isokinetic and isometric flexion
strength in early follow-up compared with the dual approach.
However, the two groups became equalized after one year. Chavan.,
etal.[22] reported no significant difference in the rate of complica-
tions between the two approaches, but more loss of forearm rota-
tion was reported with the dual approach. Johnson,, et al. [23] re-
ported no statistically significant differences in flexion strength,
supination strength, or complications between single incision with
suture anchors fixation and 2 incisions with bone tunnel fixation.
Reattachment of avulsed distal biceps tendon by a cortical button
was first described by Bain., et al. [11]. Higher load to failure of the
cortical button fixation was proved by anatomical and biomechan-
ical studies, allowing for immediate unrestrictive postoperative ac-
tive motion [18-20,24,25] and gave excellent clinical-functional
outcome with less complications [10,11,21,22]. Studies reported
on complications and outcomes of endobutton fixation included
small numbers of patients with low levels of evidence despite the
reported good results [7,26-31]. Several complications were re-
ported such as heterotopic ossification (HO), PIN injury, LABCN
injury, and failure of repair [25,32-36]. PIN palsy is a serious, rela-
tively rare, complication of cortical button fixation [35,36]. Wrong
guide pin placement [37,38], PIN incarceration by the button [39],
or nerve compression by bone levers placed on either sides of the
proximal radius are the possible etiologies. Nigro., et al. [36] re-

ported a 5% incidence of PIN injury in 9 of 180 patients, 6 of them
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were fixed by endobutton through the anterior approach (3.3% PIN
injury). Late reconstruction of the tendon is associated with more
complications. Cain.,, et al. [28] reported 6% of PIN injury, 30% of
LABCN injury and 3% of superficial radial nerve (SRN) injury in
198 patients (119 acute and 79 chronic ruptures) fixed with three
different methods (anchors, bone tunnels, and endobutton) through
an anterior approach in 93% of them. Most cases of LABCN palsy
resolved spontaneously. Smith and Amirfeyz [40] reported tran-
sient paresthesia in two-thirds of their patients (27% of SRN and
36% of LABCN). They explained this by the sensitivity of their mea-
surement technique by a 0-to-10 analog scale compared with the
un-operated arm to the degree that it can detect mild sensory defi-
cits that the patient is unaware by it. Heterotopic ossification may
occur after repair due to bone debris of drilling, hematoma forma-
tion, and initial muscle injury or after surgical dissection. The risk
decreases with single-incision approach, minimal muscle dissec-
tion, minimal bone drilling and copious irrigation of the surgical
field [32,34,41]. Agrawal and Stinson [32] excised the exostosis 5
months postoperatively due to 20-degrees loss in supination. Fol-
lowed by indomethacin for 6 weeks. Dillon and Lepore [34] used
conservative treatment and reported satisfactory outcome after
one year. Vidal, et al. [41] reported 50% incidence of HO in 4 of 8
patients fixed with cortical button through single incision and ex-
cised the HO in three patients. Cain., et al. [28] reported a 3% inci-
dence of HO with cortical button fixation and the same percentage
with sutures anchors. They also reported pull out of the screw and
fracture of radius with the transfixion screw technique. Kodde., et
al. [20] reported 13% HO with cortical button fixation, but it was
severe only in 1.3% Re-rupture after tendon repair is uncommon
[6,22,26]. Cain,, et al. 28] reported no re-ruptures with endo-but-
ton repairs and 3.3% re-ruptures in 119 patients with suture an-
chor fixation. Kodde., et al. [31] reported 1.3% re-ruptures in 146
endo-button repairs. Peeters., et al. [42] concluded excellent out-
come with fixation by endobutton however, they reported disen-
gagement of the endobutton in 3 patients, and they had to remove
the endobutton in another patient. Banerjee,, et al. [26] reported an
unusual high rate of complications (59%) after cortical button bi-
ceps repair only in acute cases (27 patients) including PIN palsy,
LABCN palsy that did not recover, re-rupture, HO, wound healing
problems and revision surgery. They attributed this to the use of
Hohmann retractors on both sides of the radius, the trajectory of
the drilling (more radially and distally), the length of the skin inci-
sion, and different operating surgeons, both experienced and not. A

more vertical pin trajectory with the elbow in extension and full
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supination, smaller incision, use of skin hooks instead of retrac-
tors, intraoperative fluoroscopy for correct button placement and
thorough irrigation of the wound after drilling are the recom-
mended measures to prevent those complications. Prophylactic
radiation and/or indomethacin administration may be recom-
mended to avoid heterotobic ossification [6,22,26,28]. In the cur-
rent study there were LABCN palsy in 22.2% of patients (2 cases,
one of them resolved spontaneously), no PIN or SRN palsy and no
heterotopic ossification. However, 2 cases had infection (22.2%)
one was superficial and the other was deep and needed reopera-
tion for wound debridement. The rate of complications in this
study is near the rates reported by Watson., et al. Chavan., et al. and
Johnson,, et al. but less than the rate reported by Nigro., et al. and
Smith and Amirfeyz. Recordon,, et al. [8] in a retrospective com-
parative study between cortical button (19 patients) and trans-
osseous suture fixation (27 patients) through a 2-incision ap-
proach reported no significant statistical differences in subjective
patient evaluation, pain, range of motion, supination strength, and
overall complications. Despite immobilization in a cast for 6 weeks
in the trans-osseous group, the clinical outcome they reported was
similar at the latest follow-up. In the current study, all patients
were immobilized for 4 weeks before starting gradual rehabilita-
tion. The period of immobilization had no negative impact on the
final outcome. This is corresponding to the recommendations by
Recordon,, et al. [8]. However, there is no consensus in literature
on the postoperative rehabilitation protocol and some surgeons
prefer application of long arm cast or splint in 90 degrees flexion
for 1 - 2 weeks followed by active range of motion (ROM), and
heavy lifting is allowed after 2 - 3 months. Two studies limited ex-
tension to 30 - 40 degrees for 3 - 6 weeks. Other surgeons prefer
the use of a long arm cast for 6 weeks despite the proven strength
of endo-button fixation. Spencer Jr, et al. [43] reported a longer
time to achieve full ROM with the supervised physiotherapy com-
pared to unrestricted ROM protocol (8.6 and 4.3 weeks respective-
ly). This suggests that unrestricted ROM allows faster return to full
ROM after fixation with cortical button [40]. Panagopoulos., et al.
[44] studied the outcome and complications of only cortical button
fixation of distal biceps tendon in a systematic review. They report-
ed satisfactory functional ROM in about 85% of patients. The most
common complication was transient nerve palsy and can be avoid-
ed by appropriate surgical technique. However, they noted that the
clinical superiority of cortical button fixation in comparison to
other techniques has not yet confirmed in the literature. Huynh., et

al. [46] recently reviewed the results of 60 cases of distal biceps
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tendon avulsion repaired with the cortical button technique. They
found relatively high rate of complications (5% re-rupture, 56.7%
HO mostly Brooker class-I, and 11.7% LABCN paresthesia). In their
cases there was associated minimal loss of elbow flexion and supi-
nation (96% and 91% of those on contralateral side) together with
5 degrees loss of pronation. These results caused a minimal degree
of disability as reflected by the DASH scores. Camp., et al. used a
single intramedullary cortical button to fix the distal biceps tendon
through one small drill hole [45]. They concluded that this tech-
nique avoids the complications and the risk of fracture of the prox-
imal radius with the far cortical button tenodesis. In this case se-
ries, the combined re-attachment of the distal biceps tendon with
two suture anchors and one trans-osseous suture was able to avoid
most of the reported complications of using each technique sepa-
rately. Also, it combined the biomechanical and surgical advantages
of both techniques through a less invasive single anterior approach.
By this combined technique, it was possible to avoid the reported
drawbacks of re-attaching the tendon by the cortical endo-button
technique in which, the 6 mm drill hole for the passage of the ten-
don inside the bone will weaken this small part of the radius and
may predispose to fracture. A very precise trajectory of drilling is
required to avoid injury to the PIN. Also, the blind flipping of the
endobutton on the posterior cortex of the radius may press on the
PIN. More drilling of the bone is required for a cortical button fixa-
tion in comparison to fixation by a transosseous suture. This may
increase the risk of HO. The single incision technique avoids the
possible complication of HO happens with the 2 incisions tech-
nique. Many orthopedic surgeons has limited experience in reat-
tachment of the avulsed distal biceps tendon due to the rarity of the
injury. The need for a simple technique of repair without the risk of
potential complications and that does not need deep experience by
the surgeon is required. The current technique is easy to perform
and allows postoperative rehabilitation without the fear of weak-
ening of the proximal radius and fracturing it especially in the

obese or heavy muscular patients.

Weakness points of this study

The number of patients is small. This is attributed to the rar-
ity of the injury. Most of the reported case series of repair of dis-
tal biceps tendon avulsion in the literature involved small number
of cases. Further studies with larger number of patients using the
same technique are required. Also, abiomechanical study of the ul-

timate strength of this form of combined fixation is required.
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Conclusion

Controversy still exists about the proper technique of fixation
of the avulsed distal biceps tendon. All the techniques described
in literature has some complications. The cortical button fixa-
tion technique through anterior approach had been believed to
be without complications in some studies and allows immediate
postoperative motion however, recent reviews of the results of this
technique showed some serious complications. Whatever the tech-
nique of fixation is, the target of treatment is to restore as much
as possible of the normal power and range of motion in compari-
son to the un-injured side. The current technique is a combination
of two already existed fixation methods in order to improve the
tendon to bone attachment at its anatomical foot print to prevent
re-rupture. This combined fixation method avoids the complica-
tions of PIN injury and HO. The anterior approach protects against
radioulnar synostosis as it avoids dissection through the interos-
seous membrane however, it may be associated with temporary

LABC nerve paresthesia.
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