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Abstract
Objective: To evaluate the functional outcome among patients with distal biceps injuries who were operated using
the Mayo mini-double route technique, with a minimum
follow-up of six months after surgery, through digital
isokinetic dynamometry, goniometry and subjective scores
in order to establish objective and subjective improvement
patterns and discuss the effectiveness of the procedure.
Methods: Nine patients who underwent surgery to treat
distal biceps injury were evaluated by means of Cybex
digital dynamometry using an angular velocity of 30°/s
with five repetitions and 120°/s with 15 repetitions, in
comparison with the uninjured side. DASH (Disabilities
of the arm, shoulder and hand), Mayo elbow score and

INTRODUCTION
Avulsion of the distal tendon of the brachial biceps
is an uncommon injury that accounts for around 3%
of all injuries of the biceps tendon. It mainly affects
the dominant arm, in active middle-aged men (in their
fifth and sixth decades of life)(1).
The brachial biceps is a muscle with insertion in
the radial tuberosity and, because of this anatomical
position, its main biomechanical function is to perform supination of the forearm. It is also considered
to be secondary flexor of the elbow. Elbow flexion
is optimized through supination, and the maximum

conventional goniometry were also used. Results: Digital
dynamometer showed that using the angular velocity of
30°/s with five repetitions, there was an average flexion deficit of 9.6% and an average supination deficit of -28.97%.
Using an angular velocity of 120°/s with fifteen repetitions,
the average flexion deficit was 4.43% and the average
supination deficit was -24.1%. Conclusions: The loss of
flexion followed the pattern already shown in the literature. However, in our series, there were supination strength
gains, possibly due to the strict rehabilitation protocol. The
technique used in this study was safe and low-cost, with
few complications and good functional results.
Keywords - Tendon Injuries; Tendons/surgery; Treatment
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torque with the elbow is at flexion of between 90o
and 110º(2-4).
The injury mechanism is usually traumatic, and
injury occurs when an eccentric load of 400 newtons
or more is applied to the forearm with the elbow at
90°(4-6). Tendons with degenerative characteristics
secondary to bursopathy and conditions that affect
collagen metabolism may also be factors predisposing
towards this type of lesion(2,7-11).
The clinical condition comprises sudden acute pain
in the region of the cubital fossa that persists for a
few hours, followed by a less intense pain that may
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continue for some days or even months. In the physical examination, edema may be observed in the same
region, accompanied by ecchymosis(1-21).
The belly of the biceps retracts proximally to produce a distal defect, thus forming the inverted Popeye
sign, which is enough to suggest that a lesion is present(1,5,12,14,16,17). Loss of movement is not a significant
characteristic, but loss of strength occurs, particularly for performing supination of the forearm, with
a deficit of around 40%. Since the loss of flexion
strength is around 30%, it may go unnoticed by the
patient(2-4,8,12,13,18).
The diagnosis is clinical, and the hypothesis of
the lesion can be confirmed by means of imaging
examinations (ultrasonography and magnetic resonance)(1-21).
The treatment for ruptures of the distal tendon on
the biceps can be conservative or surgical(1-21). With
conservative treatment, the loss of muscle strength
for supination is maintained(1,2,8,18). This suggests that
surgical repair might be more indicated for athletes,
patients with high functional demands and patients
who do not accept loss of strength or esthetic deformity(1,4,7).
Surgical repair may attain a muscle strength level similar to that of the unaffected contralateral
limb(2,3,6,8-12,20). Studies on surgical treatment have
demonstrated high levels of muscle strength and resistance for the elbow flexors and forearm supinators
after surgical repair(2,3,6,8-17,20).
The first technique described was lesion repair by
means of a single anterior incision. However, reports
in the literature have demonstrated complications
such as injury to the radial artery, median nerve and
posterior interosseous nerve(6,8-17,19-21).
In 1961, Boyd and Anderson(3) introduced a double-incision technique in order to minimize these
risks. However, their technique may have the complication of proximal radioulnar synostosis(3,4,8-18,20,21).
More recently, Morrey et al(22) modified the original
technique using a mini-double route, thereby achieving lower complication rates(13-15,20).
Conservative treatment is advised in cases of sedentary individuals or elderly people who do not need
to perform activities requiring forearm supination
strength and elbow flexion in their daily activities and
in cases in which the esthetic deformity is acceptable
to the patient(8,16,17,20).
Rev Bras Ortop. 2012;47(5):581-7

When proximal retraction occurs, use of grafts is
indicated in order to perform tenodesis(6,8-17,19-21). The
grafts used generally come from the fascia lata, radial flexor of the carpus, semitendinosus or calcaneal
tendon(8-17,19-21).
To assess muscle strength after the operation,
measurements on the moment of force and torque at
constant velocity can be made using the isokinetic
test(8,16,17,20). This assessment can be done using an
isokinetic digital dynamometer, which can also assist
in rehabilitation, as well as identifying muscle deficits,
particularly during the postoperative rehabilitation
activity phase(8,16,17,20).
Few studies objectively evaluating the functional
results from the surgical procedures (using digital dynamometry) are available in the worldwide literature.
The existing studies present small numbers of patients
and a variety of surgical techniques(17).
The objective of the present study was to evaluate
the functional results from using the original Mayo
mini-double route technique for the biceps, with a
minimum of six months of postoperative follow-up,
using isokinetic digital dynamometry, DASH (Disabilities of the Arm, Shoulder and Hand), Mayo Elbow
Score and goniometry, in order to establish objective
improvement patterns and discuss the effectiveness
of the procedure.

METHODS
This was a retrospective cross-sectional study.
Between April 2006 and July 2011, 18 patients with
lesions of the distal biceps underwent operations, of
which 17 underwent the Mayo mini-double route
technique with transosseous sutures (Figures 1, 2, 3
and 4). Of these patients, nine underwent a digital
dynamometry examination using Cybex® and were
analyzed in this study.
Eight patients who underwent operations by means
of the Mayo mini-double route technique did not undergo this examination: three because less than six
months had passed since their surgery; one because
the same lesion was presented on the contralateral
side; and four who were unable to come back for the
examination.
The patient who was not operated using this technique was a professional bodybuilder and presented
great retraction, with injury more than two years
earlier. The surgery that was performed lowered the
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Figure 1 – Antecubital route.

Figure 4 – Transosseous sutures.

Lateral route
in forearm

Figure 2 – Lateral route.

Biceps tuberosity
of the radius
Figure 3 – Radial tuberosity, viewed through lateral route.

biceps using a graft from the semitendinosus, as far
as the insertion of the brachial muscle, since even
with the graft it was not possible to reach the radial
tuberosity. In this manner, the patient’s aim of esthetic
improvement was achieved, but without improvement
of supination strength.
After the surgery, all the patients used a plaster-cast
splint for one week, followed by use of a sling, and
they were instructed to perform passive movement
up to the pain threshold, for flexion-extension and
pronation-supination. Two weeks after the surgery,
the sling was removed and the patients were released
to perform light activities such as lifting objects of
the weight of a telephone, wallet, glass, etc. Physiotherapy was also started, in order to improve their
passive range of motion, along with indirect isometric
exercises (movements in which the biceps was the
secondary motor). Four weeks after the operation, the
patients started to perform isometric flexion-extension
and pronation-supination work and, six weeks after
the operation, isotonic work.
The four patients who required grafts were advised
to delay removal of the sling for one week, and likewise to delay the start of physiotherapy.
The patients were assessed at least six months after
the surgery. The following parameters were evaluated:
Mean DASH (Disabilities of the Arm, Shoulder
and Hand)
Mean Mayo Elbow Score
- Digital dynamometry using Cybex® for flexion-extension (Figure 5) and pronation-supination (Figure 6)
Rev Bras Ortop. 2012;47(5):581-7
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Figure 5 – Digital dynamometry for flexion-extension.

ted side/normal side); mean deficit with correction
(operated side with correction/normal side).
The examination was bilateral and comparative.
To evaluate pronation-supination, the patient was left
with the elbow at 90º in order roe void shoulder action.
To determine the deficit, the corrected deficit was
applied with a correction factor of 10% for right-handed individuals and 0% for left-handed individuals, in
accordance with the comparison standards established
for upper limbs(23). The simple deficit was also used,
because there is still some debate in the literature regarding whether correction factors should be used(24).
- Goniometry:
a) Mean loss of flexion-extension
Mean and Windsor mean for loss of pronation-supination
The measurements of loss of flexion-extension and
pronation-supination were made in comparison with
the unaffected side, using the international standard
for manual goniometry for each 5°, because the measurements were not made using digital goniometry.
The Windsor mean, or truncated mean, was used in
certain cases because this is a statistical measurement
of central trend that has the aim of extracting point
distortions in small samples.

RESULTS
Figure 6 – Digital dynamometry for pronation-supination.

of the elbow, maintaining an angular velocity of 30º/s,
with five repetitions. This system measured:
a) Flexion: mean peak torque; mean deficit (operated side/normal side); mean deficit with correction
(operated side with correction/normal side); Windsor mean; and mean without the patient debilitated.
b) Supination: mean peak torque; mean deficit (operated side/normal side); mean deficit (operated side
with correction/normal side); Windsor mean; and
mean without the patient debilitated.
- Digital dynamometry using Cybex® for flexionextension and pronation-supination of the elbow,
maintaining an angular velocity of 120º/s, with 15
repetitions. This system measured:
a) Flexion: mean peak torque; mean deficit (operated side/normal side); mean deficit with correction
(operated side with correction/normal side).
b) Supination: mean peak torque; mean deficit (operaRev Bras Ortop. 2012;47(5):581-7

Between April 2006 and July 2011, 17 lesions of
the distal biceps in male patients were operated using
the Mayo mini-double route technique and assessed.
Of these patients, nine underwent the digital dynamometry examination using Cybex® and were
analyzed in this study. Four of them needed grafts
from the semitendinosus tendon. One patient who is
currently undergoing prostate cancer treatment was
debilitated but insisted on participating in the examination; however, he was only able to do the text at an
angular velocity of 30°/s.
The patients’ mean age was 41.51 years (ranging
from 33 to 70 years). The 70-year-old patient (IJR)
was operated 42 months earlier, and thus was 66 years
of age at the time of the operation.
Three patients were operated on the right side and
six on the left side. Four were operated on the non-dominant side and five on the dominant side.
The mean DASH was 9.25 and the mean Mayo
Elbow Score was 95.56. The mean loss of range of
motion was 0.5° in relation to flexion-extension and
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14.44° in relation to pronation-supination. The Windsor
mean for loss of pronation-supination was 5.71°.
The results from digital dynamometry showed:
1. With five repetitions at an angular velocity of 30°/s.
a) Flexion: mean deficit of 9.6%; mean corrected
deficit of 7.03%; and Windsor mean of 6.12%.
When the debilitated patient (IJR) was excluded,
the mean was 3.40%.
b) Supination: mean deficit of –28.97%; mean corrected deficit of –29.89%; and Windsor mean of
–30.32%. When the debilitated patient was excluded, the mean was –36.52%.
2. Digital dynamometry using Cybex® for flexion
and supination of the elbow, maintaining an angular
velocity of 120º/s with 15 repetitions (the debilitated
patient was unable to perform this test):
a) Flexion: mean deficit of 4.43%; mean corrected
deficit of 2.76%.
b) Supination: mean deficit of –24.1%; mean corrected deficit of –24.89%.
The peak torque is detailed in Table 1.

DISCUSSION
The mechanism and physiopathology of lesions of
the distal biceps are well established(24). However, there
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are several possibilities for their surgical treatment. A
single anterior route is most commonly associated with
greater rates of neurological lesions, while the double
route is associated with proximal radioulnar synostosis(25). However, recent studies have demonstrated
greater safety with both approaches due to greater care
and better familiarization with the regional anatomy
among surgeons(26). Several fixation methods for the
biceps have also been reported(27). The Endobutton®
transcortical fixation method presents greater mechanical resistance, although there have been reports of
losses and impact due to abrasion by the wires (which
are at 180° to the insertion of the biceps in the radius)
with the edge of the ulna bone. Poor positioning of
the Endobutton® may also cause loss of the surgery
through loosening of the synthesis material(28). Some
studies have suggested the possibility that the posterior
interosseous nerve might be injured at the exit point
of the Endobutton®(29). Several biomechanical trials on
the elbow have shown that anchors have less fixation
strength(30). In the case of bioabsorbable anchors, there
may also be radial osteolysis(31). Interference screws
enable good fixation, but over the long term they diminish the area of biological healing by around 50%,
since the region of screw insertion may not heal, as

Table 1. Table of results.
Flexion
Loss with
Loss Flexion
rate
Loss %
correction
% - rate 120o/s
120o/s
Windsor
injured
%
IJR
normal
2.5
-3.23
-3.23 -3.23
34
31
28.93
36.04
0
0
0
0
42
49
22
14.2
14.2
14.2
27
39
-11
-0.064
-0.064 -0.064
46
38
20.69
20.69
20.69 20.69
72
87
19.05
10.96
10.96 10.96
31
37
9.42
0.35
0.35
0.35
68
77
-5.19
-15.64
-15.64
57
46
9.6
7.034
6.129429 3.4083 47.125
50.5

Flexion Flexion
Loss
Name Age Time Side Dominance Graft rate 30o/s rate 30o/s
%
injured
normal

Loss with
Loss
correction
%
%

DSOL
IJR
LRM
MORR
MP
RDM
RMLP
JBMC
VFD

-9.68

1.29

14.19
30.77
-21.1
17.25
16.22
11.69
-23.9
4.435

14.29
23.85
-8.95
17.25
7.84
2.86
-36.3
2.76625

Supination Supination
Loss with
Loss with
Supination Supination
Loss
Loss
Windsor Loss % Loss Loss
rate 30o/s rate 30o/s
correction
correction DASH MES
rate 120o/s rate 120o/s
%
%
mean %
IJR
F/E
P/S
injured
normal
injured
normal
%
%

Windsor
mean

49
70
64
33
55
37
54
36
45
49.2

8
3.5
14
5
11
7
7
16
8
8.83333

23
42
38
6
39
39
26
72
48
37

4
4.2
11
5
7
8
7
11
5
6.9111

R
R
L
L
R
L
L
L
L

R
R
L
R
R
L
R
R
R

-100
16.67
-27.27
0
-57.14
12.5
0
-45.45
-60
-28.966

N
S
S
N
N
S
N
S
N

-80
23.18
-27.27
-10
-41.42
12.5
-10
-60
-76
-29.89

39
8.6
42
39
47
46
34
77
41
41.51111

34
12.1
42
50
42
58
42
85
39
44.9

-80
-27.27
-27.27
-10
-10
-41.42
-41.42
12.5
12.5
-10
-10
-60
-60
-76
-76
-30.312857 -36.52

7

3

12
4
9
7
4
15
8
8.25

11
5
7
7
7
12
5
7.125

-133

-110

0.5
50
-9.09
-9.09
9
20
12
2.5
-28.57 -15.71
9.1
0
0
2.5
42.86 37.15
7.5
-25
-37.5
0.5
-60
-76
1.7
-24.1 -24.89375 9.256

100
0
0
0
90
0
0
0
85
0
90
100
0
0
0
100
5
15
15
100
0
0
0
85
0
25
25
100
0
0
0
100
0
0
95.6 0.5556 14.444 5.714286
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well as possibly causing osteolysis. The technique of
using interference screws in association with Endobutton® is the method that presents greatest resistance to
traction(27), but it has the same problems as shown in
using interference screws and Endobutton® separately.
Transosseous stitches(22) have demonstrated satisfactory results in our experience, although they present lower fixation strength than shown by Endobutton® and interference screws. On the other hand such
stitches have the advantage of being more biological
and cheaper. One of the contraindications of transosseous stitches is osteoporotic bone, and in such cases
the best option is Endobutton®(28). Our results from
evaluating Cybex® showed that this surgical procedure improved the specific performance for flexion
and supination, and that for elderly and osteoporotic
patients, the losses in these parameters were acceptable and often unnoticed. Thus, the indication among
elderly and osteoporotic patients is debatable. We performed two operations on patients over the age of 60
years who were doing physical exercises in gyms on a
regular basis, and one of them was even participating
in basic weightlifting championships.
Our preference is the Mayo mini-double route described by Morrey et al(22), using transosseous stitches,
given that we have not had any losses from the 17
operations followed up that we have so far performed
using this technique. This is despite the high functional
demands of some of the patients: one was a player in
the Brazilian national rugby team, one was a basic
master weightlifter, two were professional jiu-jitsu
players, one was a freestyle wrestler, two were doing muscle-building exercises, one was a professional
bodybuilder and one was an abseiling instructor.
In our opinion, Endobutton® may be the best option in cases of surgical reconstruction using transosseous stitches.
Use of grafts, when necessary, has been reported in
several studies. Our preference is for the semitendinosus because of the vast range of studies relating to
its resistance to tension in knee ligament reconstructions, its ease of harvesting and the lack of grafts from
cadavers in Brazil.
The loss of range of motion was not significant for
flexion, but was significant for supination because
of one patient who had a deficit of around 90°, with
a range of 40° for pronation and 40° for supination,
while his contralateral angles were respectively 90
Rev Bras Ortop. 2012;47(5):581-7

and 80°. This patient required a graft and underwent
the operation more than two years after injury. Because this was an isolated case, the Windsor mean,
which corrects distortions by giving the sample a
more central trend and eliminating the best and worst
results from the series, was used to correct this distortion in the sample, such that the measured loss of
pronation-supination of the group fell from 14.44º to
5.71°. These data demonstrate that even if the loss of
range of motion is insignificant, it may be a complication of the surgery. Nonetheless, this patient said that
he was satisfied with the surgical procedure.
The losses of strength relating to unrepaired lesions of the distal biceps reach 30% for flexion and
40% for supination(24). An improvement in flexion
strength rates through the surgery was expected in the
present study, but supination presented results beyond
what was expected(32).
The literature also shows that reconstruction is associated with better results for supination in subjective examinations, but few studies have demonstrated
this objectively, though digital dynamometry.
One important finding was that the gain in supination strength was greater than expected, and this may
have been due to the rigid and accelerated protocol
used in the rehabilitation. This gain was effective in
training specific movements that the patients possibly
were not doing before their injuries. It has been recognized that accelerated protocols bring benefits in terms
of early mobilization in cases of tendon repair(33).
Our sample was relatively small, like in all other
published papers relating to this type of injury, which
is considered to be of low prevalence.
Our results follow the trend in the literature, showing an improvement in strength parameters that was
associated with high degrees of satisfaction(22,23,26,28,32).
The functional losses do not justify surgery among
patients with low demand. Surgery is indicated for
athletes, young patients, those with high functional
demands and those who do not accept the loss of
strength or esthetic deformity.

CONCLUSION
The technique of transosseous reinsertion by means of the Mayo mini-double route for treating lesions of the distal biceps was shown to be a safe and
low-cost method, with few complications and good
functional results.
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