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Abstract Objective To evaluate 15 patients with ruptured distal biceps tendon submitted to
reinsertion via a single, anterior and transverse approach using two anchors. They were
submitted to a rehabilitation protocol and, within six months, to an evaluation of the
range of motion and strength intensity during flexion and supination of the operated
elbow.
Methods The data were collected prospectively, and were analyzed through the
Mann-Whitney test and the mixed-model test to evaluate the force between the
operated and non-operated elbows.
Results A total of 80% of the patients were men, 60% were injured on the dominant
side, 46% were manual workers, and 73% led sedentary lifestyles. The use of anabolic
steroids was reported by two patients. After the treatment, the patients recovered
supination strength by 98% and flexion by 94%. According to the Disabilities of the Arm,
Shoulder and Hand (DASH) questionnaire, 73% of the patients presented the score
expected of a normal population.
Conclusion The single, anterior and transverse approach associated with tendon
repair using anchors was esthetically satisfactory, with good strength recovery during
flexion and supination, and no occurrence of heterotopic ossification.

Resumo Objetivo Avaliar 15 pacientes com ruptura do tendão distal do bíceps submetidos a
reinserção por meio de via única, anterior e transversa no antebraço com o uso de duas
âncoras. Os pacientes foram submetidos a um protocolo de reabilitação e, ao término
de seis meses, efetuou-se avaliação do arco de movimento do cotovelo operado e da
intensidade de força durante a flexão e a supinação.
Métodos Os dados foram coletados de maneira prospectiva, e foram analisados pelo
teste de Mann-Whitney e pelo teste de modelos mistos para avaliar a força entre os
cotovelos operado e não operado.

� Study performed at Hospital Puc-Campinas, Campinas, SP, Brazil.
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Introduction

The biceps brachii presents a distal bone attachment at the
bicipital tuberosityof the radius that is themost frequent site
for ruptures. Rupture of the distal biceps brachii tendon
(DBBT) mainly affects the dominant limb of men in the fifth
and sixth decades of life, usually during eccentric contraction
of elbow flexion at 90 degrees. The degeneration of both the
tendon and its insertionmaycontribute to this type of injury,
as well as the use of anabolic steroids.1–7

Active elbow movement resumes after the acute phase of
the injury. However, DBBT rupturemay result in an up to 30%
of loss of flexion strength; loss of supination strengthmay be
even more severe, reaching 40%. Biomechanically, the biceps
is considered the primary supinator of the forearm and
a secondary elbow flexor.7–11

As such, surgical repair with anatomical reinsertion of the
DBBT in the radial tuberosity is indicated for athletes, active
patients with high demand, and those who do not accept
permanent functional deficits or esthetic deformity.11–14

There are several surgical techniques for the repair of
DBBT rupture; the first of them is through a single anterior
incision across the elbow. Other techniques were intro-
duced later, such as the double anterior incision and double
mini incision, including an anterior and a posterolateral
incision. The literature reports radial artery injury, median
nerve injury, posterior interosseous nerve injury and prox-
imal radioulnar synostosis as complications resulting from
these techniques.2,4,6,8,12–17 In-depth knowledge of local
anatomy minimizes postoperative complications. As a
result, the transverse anterior approach at the radial tuber-
osity region is more anatomical and respects regional force
lines; in addition, it does not cross the anterior elbow
crease, avoiding cicatricial retractions. Another advantage
is that it does not cross the interosseous membrane,
decreasing the occurrence of synostosis or loss of forearm
supination.

The present study aims to perform a functional postoper-
ative evaluation of the surgical reinsertion of the DBBT in
acute injuries through a single transverse anterior approach
at the bicipital radius tuberosity region, comparing it with
other techniques already described.

Materials and Methods

The present is a prospective study, approved by the ethics
committee (CAAE 23700313.4.0000.5481), and conducted
with authorization on the part of all patients, who signed an
informed consent form. From 2014 to 2017, 15 consecutive
patients, 12 men and 3 women, with a mean age of 44 years
(range: 26 to 65 years) with total rupture of DBBT confirmed
by history, physical examination and two imaging tests
(radiographs of the elbow in anteroposterior and lateral
views, and magnetic resonance imaging [MRI]) performed
at the same imaging service and using the same MRI equip-
ment, were consecutively operated on. The patients were
cared for at the main researcher’s outpatient clinical facility.
The subjects were included in the protocol and operated at
the same hospital, by the same researcher. All patients had
the right arm as the dominant limb, and the dominant side
was affected in nine patients. Two patients reported the
regular use of anabolic steroids.

The following inclusion criteria were defined: age over
18 years, complete injury of the DBBT by non-traumatic
effort and acute (less than four weeks), and unilateral injury.
Patientswith lesions formore than four weeks, partial biceps
injuries, previous upper limb injuries or fractures (both
ipsilateral or contralateral), and those who did not agree
with the surgical treatment or refused to sign the informed
consent form were excluded.

Surgical Technique

The patients were submitted to general anesthesia with
brachial plexus block; the upper limb was positioned at
approximately 90 degrees of abduction. A pneumatic tour-
niquet (average pressure, 250mm Hg) was placed on the
upper arm, with the forearm and elbow extended and in full
supination.

The skin was incised 3 cm distally and parallel to the
elbowcrease, transversely to the forearm axis, with� 4 cm in
length. The intermuscular plane was found between the
medial portion of the brachioradialis muscle and laterally
to the pronator teres. These muscles were separated with
Langenbeck retractors to prevent nerve compression

Resultados Um total de 80% dos pacientes eram homens, 60% sofreram lesão do lado
dominante, 46% eram trabalhadores braçais, e 73% não praticavam atividades físicas
regularmente. O uso de anabolizante foi relatado por dois pacientes. Após o trata-
mento, os pacientes recuperaram 98% da força de supinação, e 94% da de flexão. De
acordo com questionário de Disfunções do Braço, Ombro e Mão (Disabilities of the
Arm, Shoulder and Hand, DASH), 73% dos pacientes encontram-se dentro do esperado
para uma população normal.
Conclusão A via única, anterior e transversa associada ao reparo do tendão com o uso
de âncoras apresentou-se esteticamente satisfatória, com boa recuperação da força
durante a flexão e a supinação, não ocorrendo casos de ossificação heterotópica ou
complicações graves.
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(especially of the posterior interosseous nerve) against the
radius bone. The radial artery is dorsal to the brachioradialis
muscle. The lateral cutaneous nerve of the forearm is lateral
to the easily identified cephalic vein.

With the forearm in complete supination, the bicipital
tuberosity of the radius was observed; in some cases, the
distal biceps stump could also be observed. The anatomical
attachment of the biceps was opened and decorticated
ulnarly to the bicipital tuberosity, preserving its anatomy.

Through the same incision, the stump of the lesion was
identified proximally, and the distal repair with absorbable,
synthetic, multifilament number 2 suture was performed.

With the tendon and bone bed prepared, 2 titanium
anchors with 4mm of diameter, loaded with high-strength
double strands, were introduced into the open bone region,
about 0.5 cm apart to prevent additional fractures.

The suture started at the most distal anchor, transfixing
the most distal region of the tendon stump and bringing it
closer to the most distal part of the prepared bed, using a
technique that prevents the slippage of the thread into the
tendon (self-locking suture). For the tenodesis, the forearm
was flexed at about 30 degrees to decrease suture tension.
Next, simple sutureswere performed topromote the greatest
possible contact between the tendon and the opened bone.

The patients were instructed to keep the arm in an
anatomical position, with the elbow flexed at 90 degrees
in a sling, from the first to the fourth postoperative weeks.
Then, they were referred for rehabilitation therapy.

Anteroposterior and lateral elbow radiographswere taken
in the immediate postoperative period to control anchor
placement, and they were repeated at one month and six
months after surgery for the detection of heterotopic ossifi-
cation (►Figure 1A and 1B).

The postoperative functional assessment was performed at
sixmonths, by two physicians other than the surgeon. The tests
includedmuscle strengthmeasurements using a digital isomet-
ric dynamometer (Lafayette Manual Muscle Testing System
01165, Lafayette Instrument, Lafayette, IN, US)18–20 and a
specific scale (the Disabilities of the Arm, Shoulder and Hand
[DASH] questionnaire),21 in addition to the evaluation of the
injured and non-injured elbow range of motion (RoM) in
flexion, extension, supination and pronation using a
goniometer.

All patients were assessed for biceps brachii muscle
strength with an isometric digital dynamometer18–20 (Lafay-
ette Instrument), which measured the maximum flexion
strength with the elbow at 90 degrees of flexion and the
maximum supination strength with the forearm in neutral
position. To avoid bias, a reference bar was used, and all
analyses were performed by the same examiner (►Figures 2

and 3). Four measurements in flexion and supination were
performed at the injured and non-injured elbows. The meas-
urements were performed at one-minute intervals (►Figures

4 and5). Thefirstmeasurementofeach testwasdiscarded, as it
served as training for the patient. The other measurements
were used for statistical calculations using mean values.

The postoperative functional outcomes were assessed
with the DASH questionnaire,21 in which scores close to
“0” indicate lower limitations, and, therefore, better techni-
cal and surgical results, while “100” indicates greater limi-
tations, that is, worse results.

Postoperative complications were investigated and
recorded.

Age, DASH score, complications, passive RoM, and flexion
and supination strengths were analyzed descriptively with

Fig. 1 Case 7, 40-year-old male patient. Postoperative radiography.
(A) Anteroposterior view; (B) lateral view. Fig. 2 Accessory bar for the dynamometer.
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the Numbers (Apple Inc., Cupertino, CA, US) software. The
Mann-Whitney test was used to compare the RoM in the
operated and non-operated elbows, and amixed-models test
was used to compare the strength in the operated and non-
operated elbows. Values of p< 0.005 were considered
statistically significant.

Results

The average strength measured in flexed elbows was of
20.65 kgf in operated limbs, and of 22.02 kgf in non-operated
limbs (p¼ 0.904); in supination, the average strength was of
2.59 kgf in operated elbows, and of 2.64 kgf in non-operated

elbows (p¼ 0.668). There was no significant difference
between the strengths in operated and non-operated limbs.

The average active RoM in flexion was of 134.67 degrees
for operated elbows, and of 136 degrees for non-operated
elbows,while the average supinationwas of 69.47 degrees on
the operated elbows and of 79.33 degrees on the non-
operated elbows. These values were compared with the
Mann-Whitney test, which showed no statistically
significant difference (p> 0.05) between the operated and
non-operated elbows either in flexion or supination, with
respective p-values of 0.345 and 0.114 (►Table 1).

Regarding dominance, there were no significant differ-
ences between the average strength and angulation in the
operated and non-operated elbows during exercises regard-
less of whether the affected arm was dominant or not
(►Table 2).

The complications included a case of anchor loosening
after tendon healing, detected at the six-month postopera-
tive radiograph, which did not interfere with the surgical
outcome.

One patient presented radial neurapraxia of the “high”
type, that is, transient total radial nerve paralysis, with
spontaneous resolution after three months.

Discussion

Our case series is consistent with worldwide findings, in
which DBBT rupture is more common in the dominant limb
of men between the fourth and fifth decades of life.3,6

The literature describes several surgical techniques for the
treatment of DBBT injury; the first of them is performed

Fig. 3 Digital dynamometer.

Fig. 4 Case 13, 35-year-old female patient. Supination strength test.

Fig. 5 Case 13, 35-year-old female patient. Flexion strength test.

Table 1 Comparison of range of motion in operated and non-
operated elbows

Range of
motion

Operated Non-operated p-value

Flexion 134.67 136 0.345

Supination 69.47 79.33 0.114

Rev Bras Ortop Vol. 55 No. 2/2020

Reinsertion of Distal Brachial Biceps Tendon Rupture Mattos et al.194



througha single anterior incision across theelbow.Othermore
recent techniques have been described and widely used, such
as double anterior incision and double mini incision. So far,
there is no consensus in the literature about the superiority of
any of these techniques in published clinical studies. All
techniques have complications, including radial artery injury,
posterior interosseous nerve injury, heterotopic ossification,
or proximal radioulnar synostosis.2,4,6,8,12–17

We chose to use a 4-cm forearm single anterior approach
over the anterior radius tuberosity because it minimizes the
dissection of soft tissue during the repair, as it does not cross
syndesmosis, and provides direct access to the radial attach-
ment site of the DBBT, enabling a more anatomical ulnar
reinsertion and sparing the tuberosity.8,15,22,23 In addition,
this technique provides good esthetic results after healing
(►Figure 6).

Schmidt et al,9 in an anatomical and biomechanical study,
showed that sparing the radial bicipital tuberosity has a cam
effect on supination strength; the anatomical site of distal
reattachment of the biceps brachii is ulnar to such tuberosity.
In cadavers, the anatomical reattachment had the same bio-
mechanical results as the intact tendon regarding supination;
theworst resultswereobtainedwhenreattachmentwasradial
to the tuberosity, which is deemed non-anatomical. In this
situation, compared to the anatomical reattachment, there is a
15% biomechanical strength deficit in supination with the
forearm in neutral position, which increases to a 40% deficit
when forearm is tested at 45 degrees of supination.10

Our patients were evaluated six months after surgery, and
all participants answered the DASHquestionnaire.21Although
the mean DASH score of 18.66 (3.3–76.6) was higher than the
one reported in other studies6,11,14,22,23 (2.88–7.9), most
patients (73%) scored as expected for a normal population.

Themean RoMof the operated elbows compared to that of
the non-operated elbows showed no significant difference in
flexion-extension or pronation-supination. The mean elbow
flexion was of 134 degrees, which is similar to that of other
studies; in addition, the average values for pronation and
supinationwere of 73 and 69 degrees respectively, which are
also close to those reported in the literature, with pronation
ranging from 75 to 82 degrees, and supination ranging from

62 to 88 degrees.6,11,14,22–24 An angular deficit of up to
10 degrees for supination in relation to the contralateral
limb does not compromise daily living activities for most
patients, and other studies with similar techniques found an
average deficit of 3 to 6.4 degrees.2,4,6,8–14,22–24

Table 2 Comparison of strength (average value) and range of motion (RoM) in dominant and non-dominant limbs

Dominant limb Non-dominant limb p-value

Dominant injured arm
n¼ 9

Supination 2.51 2.41 0.86

Flexion 20.28 20.67 0.93

RoM in Flexion 134.44 136.67 0.37

RoM in Supination 63.33 78.89 0.20

RoM in Pronation 72.22 75.00 1.00

Non-dominant injured arm
n¼ 6

Supination 2.7 2.99 0.62

Flexion 21.21 24.06 0.57

RoM in Flexion 135 135.00 1.00

RoM in Supination 78.67 80.00 0.37

RoM in Pronation 75.00 73.67 1.00

Fig. 6 Case 8, 59-year-old male patient. Late postoperative aspect.
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According to the literature, surgical reinsertion can
restoremuscle function andflexion and supination strengths
to values similar to those observed on non-operated limbs.
Stoll and Huang2 reported that the conservative treatment
resulted in losses of 21% to 55% in supination strength, 79% in
supination endurance, 10% to 40% in flexion strength, and
30% in flexion endurance.

Numerous implants and techniques have been used for
biceps brachii tenodesis in different biomechanical assays,
most commonly including metallic buttons, interference
screws, anchors and transverse sutures, all exceeding the
force required for DBBT rupture, which is of 204 N.1 Accord-
ing to a biomechanical study by Mazzocca et al,1 in decreas-
ingorder of pullout force (measured inN), there are themetal
buttons (440 N), anchors (381 N), transosseous tunnels
(310N), and interference screws (232 N). However, implants
that traverse the radius, such as metal buttons, interference
screw guidewires and transosseous sutures, can damage
neurovascular structures as they travel through the bone.
In addition, clinical studies comparing anchors with other
implants have shown good outcomes with the use of
anchors.3,8,13,15,22,24 In Brazil, anchors have been widely
used in other procedures, such shoulder surgeries, as they
are provided by the Brazilian Unified Health System (Sistema
Único de Saúde, SUS, in Portuguese), in addition to interfer-
ence screws. On the other hand, metallic buttons are not on
the official list of implants offered by the SUS (Management
System for the Table of Procedures, Drugs and Orthotics,
Prosthetics and Special Materials, Sistema de Gerenciamento
da Tabela de Procedimentos, Medicamentos e Órteses, Prót-
eses e Materiais Especiais, SIGTAP, in Portuguese).25 In
October 2018, according to the SIGTAP, an interference screw
was priced at BRL 486.29 and an anchor costed 197.66;
therefore, anchors were the cheapest implant available at
the Brazilian public health system. Despite lower costs,
transosseous sutures require greater exposure and, as previ-
ously described, go through the bone, which is a drawback
related to an increased risk of neurological injuries. There-
fore, we decided to use anchors with tenodesis in anatomical
position after scarification of an ulnar bed in the radial
tuberosity, similar to the techniques of rotator cuff or proxi-
mal biceps tenodesis with anchors.

An isometric digital dynamometer was used due to its
practicality and feasibility as an outpatient strength mea-
surement instrument.18–20 Our patients did not present
significant strength differences between limbs. On average,
supination and flexion strengths were restored in 98% and
94% respectively. These outcomes were considered satis-
factory, since a systematic review published by Chavan
et al23 reported that a good functional outcome is the
restoration of at least 80% of flexion and supination
strengths, with a maximum of 30 degrees reduction in
any elbow RoM (flexion, extension, supination or prona-
tion). Regarding the recovery of the operated limb
strength, the results were similar to those reported in
other studies with different techniques, ranging from
80% to 95% for elbow supination, and from 90% to 95%
for elbow flexion.2,6,8,12–14,23

The postoperative development of heterotopic ossification
wasnot observed in anyofour patients, even though the group
did not adopt a routine use of non-hormonal anti-inflamma-
tory drugs, as this prophylaxis may increase the risk of
gastrointestinal bleeding. One case of anchor release occurred
during the recovery process, but it did not negatively affect
objective tests results, representing a 6.6% complication rate,
similar to that of studies published in the literature.4,8,12–15,23

Despite the careful handling of the retractors and the frequent
release of radial soft tissue tension during the surgical proce-
dure, one patient presented radial neurapraxia, with charac-
teristics of high radial nerve motor deficit, that is, proximal to
the surgical site; this injury was associatedwith the use of the
tourniquet, and its total spontaneous resolution occurred in
threemonths. Thiswasnot considered adirect complication of
the surgical technique.

In summary, when using the anterior single approach for
the anatomical repair of DBBT with anchors, a minimally-
invasive and inexpensive procedure, the patients evolved
well, with high satisfaction indexes and minimal loss of RoM
in some cases. Thus, we have shown that this is a safe and
effective technique for this type of injury.

Conclusions

The anterior single transverse forearm approach to the ana-
tomical repair of DBBTwith two anchors showed good clinical
outcomes and a lowcomplication rate. This is a techniquewith
functional outcomes similar to those described for other
methods and with minimal esthetic alteration.
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