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SUMMARY

The aim of this study was to evaluate biceps fatigue and strength after tenotomy vs tenodesis
of the LHBT. The hypothesis was that there may be differences when analyzing biceps fatigue
between both techniques.

Methods. 70 male heavy workers were initially enrolled to perform a biomechanical study. Preop-
eratively and 12 months after surgery a maximum elbow flexion force (MVC) and forearm supi-
nation test (MVS) were analyzed. Subsequently, a biceps fatigue test was performed by a submax-
imal contraction to 33 % of MVC maintained until claudication. After the claudication, the MVC
and MVS were measured again. In addition, the Constant score, SSI functional scale, VAS scale
and perceived symptoms were evaluated. 45 patients met de inclusion criteria and were random-
DOI: ized into tenotomy or tenodesis group. 41 of them were followed-up for at least one year.
10.32098/mltj.03.2020.25 Results. There were no differences between groups at the end of the follow-up in MVC
(246.81 + 57,4 vs 273.69 + 58,8 N) nor in MVS (50,73 + 6,31 vs 177.7 + 71.6 Nm). The fatigue
test was statistically shorter in the tenotomy group (95.18 + 28.8 vs 122.53 + 42.1 s). Popeye
sign was higher in the tenotomy group. There were no differences in postoperative pain, func-
tion scales, groove pain or biceps cramps.

Conclusions. The usual biomechanical study using maximum flexion or supination force has
not seen differences, while the study of biceps fatigue has found them. The study of biceps
fatigue is necessary to analyze the differences that with the standard study of maximum
strength could be hidden.

LEVEL OF EVIDENCE: 2B
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INTRODUCTION

Tenotomy and tenodesis are the surgical techniques most
commonly used in the treatment of the long head of the
biceps tendon (LHBT) pathology. It is frequently associat-

vative options have failed. Both surgical techniques are
widely known in the literature. The LHBT tenotomy (3,4)
is a simple and fast technique, with a short rehabilitation
time and which produces good results in the functional

ed with rotator cuff lesions due to the immunohistochemi-
cal pathogenesis that affects both tendons (1,2). These can
be carried out by arthroscopic techniques, when conser-
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assessment scales of the shoulder (4,5). But this technique
has a high prevalence of producing the Popeye sign (the
distal retraction of the muscular belly of the biceps)(6,7),
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the presence of muscle spasms and painful fatigue (8-10).
The LHBT tenodesis (9,11,12) reattaches the proximal
stump of the tendon to prevent the descent of the muscu-
lar belly, maintaining tension-length relationship (4,8), but
it can produce pain in the place where the tenodesis is
performed (13,14).

The presence of muscle weakness after surgery on LHBT
has been studied in numerous biomechanical articles using
isometric (5,13,15-20) and isokinetic (21-23) measure-
ments. Some authors have reported cases of weakness of
the peak flexion force of the elbow (15,21,22,24) or forearm
supination (21,22) when the LHBT tenotomy is performed
with respect to the healthy arm, although other authors
have also noted deficits when performing tenodesis of the
tendon (13,17,18).

There are also articles that directly compare tenotomy with
tenodesis (13,17-21,24). Generally, the authors of the biome-
chanical articles base their studies on the measurement of
the peak force of elbow flexion or forearm supination, but
this may not be the most interesting parameter to know the
functional result of the surgery on de LHBT, given that most
of the of daily tasks are performed by repeated submaxi-
mal contractions (25). This is why other authors have based
their biomechanical analysis on the quantification of fatigue
of the biceps after the surgery on the LHBT, demonstrating
early fatigue in cases operated by tenotomy, with respect to
the healthy arm (26).

Therefore, a prospective randomized comparative clini-
cal trial was designed analyzing biomechanical results of 2
different techniques for the treatment of the LHBT: tenot-
omy vs tenodesis. The aim of this study was to compare
the biomechanical results of biceps fatigue (time to claudi-
cation) in the patients who underwent LHBT tenotomy in
comparison to those who underwent tenodesis. We hypoth-
esized that there would be significant differences in time to
claudication among the techniques.

METHODS

The present study was approved by the ethics commit-
tees of both hospitals involved, and all the patients provid-
ed written informed consent to participate in this study, as
required for publication (27). It was a prospective, random-
ized, controlled clinical trial who underwent arthroscopic
repair of the LHBT lesions.

The inclusion criteria were the clinical or radiological diag-
nosis of LHBT pathology in men between 40 and 65 years
of age. Patients older than 65 years as well as women were
excluded from the study because they less frequently partic-
ipated in intense physical work or intense sports activi-
ties, which may cause the sequelae to be less symptomatic.
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Patients with previous history of contralateral upper limb
pathology or with neuropsychiatric pathology were exclud-
ed. Associated concomitant injuries, such as those of the
rotator cuff, were treated intraoperatively, and the lesion
of the LHBT was reconfirmed intraoperatively, excluding
from the study patients where the LHBT injury was absent
or the lesion was small (less than 25% of the thickness of the
tendon), where debridement of the tendon was performed.
A total of 70 preoperative assessments of patients candi-
dates for surgical treatment of LHBT were performed.
Four patients were eliminated before randomization for not
giving their consent for the study, and 21 patients for not
meeting the selection criteria.

Randomization by blocks of 10 individuals from a total of
45 patients was carried out, assigning 24 subjects to the
tenotomy group and 21 to the tenodesis group. The cases
were analyzed by intention to treat. The principal investi-
gator was unaware of the randomization sequence and the
technique used until the end of the study. The technique
assigned by the randomization process was introduced in
a sealed envelope that prevented its reading before the
moment of surgery. It was at the time of surgery, once the
need to act on the LHBT was verified, when the sealed enve-
lope was opened and the technique specified in the enve-
lope was executed, without the presence of the examiner.
There was a loss of follow-up in 1 patient in the tenoto-
my group (contact was not achieved) and 3 in the tenode-
sis group (1 patient did not attend follow-up and 2 did not
contact). The patient flow diagram is presented in figure 1.
A total of 41 patients met the selection criteria and complet-
ed the biomechanical study 12 months after surgery. Patient
demographic data and preoperative pain scores, functional
scores and level of activity are detailed in table I.

In addition with clinical interviews with the surgeon, an
external investigator evaluated in the preoperative period
all patients where pathology of the LHBT were suspected.
If the LHBT injury was confirmed during surgery, the tech-
nique specified in the sealed envelope (tenotomy or tenode-
sis) was performed, and the external investigator examined
the patient at 3, 6 and 12 months after surgery.

Population data, and International Physical Activity Ques-
tionnaire (IPAQ) responses were recorded in the inter-
views with the external examiner. Clinical examination
was also performed using Shoulder Score Index (SSI) and
normalized Constant Score, as well as anthropometric
measurements including the presence of Popeye deformity,
perceived satisfaction and a biomechanical test.

The biomechanical test (26) consisted of measuring the
maximal voluntary flexion of the elbow, maximal volun-
tary supination of the forearm, a fatigue test, and maximal
isometric flexion of the elbow and supination of the forearm
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Figure 1. Flowchart of patients.

Table I. Demographic data before surgery in both groups.

Tenotomy group Tenodesis group p
(n=23) (n=18)

Age 54.7 +£5.78 50.73 £ 6.31 n.s.

Affected shoulder Right: 14 (60.9%) Right 11 (61.1%) n.s.
Left: 9 (39.1%) Left 7 (38.9%)

Dominance Yes: 14 (60.9%) Yes 11 (61.1%) n.s
No: 9 (39.1%) No 6 (38.9%)

Size of rotator cuff tear

- Not affected n=1 (4.3%) n=5 (27.7%)

- Small tear n=5 (21.7%) n=3 (16.6%) n.s

- Medium tear n=10 (43.5%) n=7 (38.8%)

- Massive tear n=7 (30.4%) n=3 (16.6%)

Level of physical activity (METS) 14608.7 + 9454.5 16282.6 £ 11223.7

Type of work: n.s

- Construction 4 (17.3%) 3 (16.7%)

- Heavy machinery operator 6 (26%) 4(22.2%)

- Athletes 3 (13%) 2 (11.1%)

- Marble, wood or metal workers 4(17.3%) 3 (16.7%)

- Security agent 2 (8.7%) 3 (16.7%)

- Mechanics 2 (8.7%) 2(11.1%)

- Farmer 2 (8.7%) 1(5.5%)

BMI 293 +4.8 292+33 n.s.

Pain (VAS) 7 (3:10) 7 (4;10) n.s.

SSI 43.33 (12;65) 36.67 (23;72) n.s.

UCLA score 20.50 (12;25) 20 (9;26) n.s.

Normalized Constant 70.43 (29;82) 58.51(34.9;93.75) n.s.

BMI: Body mass index. VAS: visual analogue scale. SSI Shoulder score index. UCLA: The University of California Los Angeles shoulder score. VAS,

Normalized Constant score, UCLA score and SSI scale are expressed in median and ranges.
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after-fatigue. Maximal voluntary contraction (MVC) of the
elbow was determined in the patients while sitting in a chair,
with the elbow flexed at 90°. MVC was determined with
the forearm horizontal and in supination, with the trans-
ducer positioned on the wrist. The force exerted vertically
was quantified using the Commander Muscle Testing dyna-
mometer (JTECH Medical, Salt Lake City, USA) (figure 2),
and the results were expressed in Newtons. The volunteers
performed the maximal contraction test 3 times, trying to
reach the highest value possible. The MVC was the largest
parameter from among all exercises.

To measure maximal voluntary supination (MVS) force of
the forearm a torsion dynamometer has been used (Baseline
Hydraulic Wrist Dynamometer, FEI, White Plains, USA)
(figure 3). The subject was evaluated while seated, with the
elbow flexed at 90°, the forearm in pronation, and the hand
grasping the lever of the torsion dynamometer. The results
of the moment force were expressed in Newtons x m. The
subjects performed three measurements on both elbows.
The highest parameter of all the exercises was consid-
ered the MVS.

After performing the previous exercises, a submaximal
isometric fatigue test (26,28-33) was used. This test consist-
ed of performing a contraction in isometric flexion on 33 %
of the MVC obtained previously, and was maintained as long
as possible. The fatigue test concluded when the patient
deviated from the target force by — 10% MVC force for
more than 5 s. When this occurred, the patient was deemed
to have reached exhaustion. The time to claudication was
observed in seconds and the patient was not aware of the
result until the study was completely finished. Within 10 s
after the fatigue test, MVC and MVS were performed again.

During the arthroscopy of the shoulder, a standard posterior
and anterior portals were used to explore the joint. LHBT was
evaluated for pathological changes at its insertion and also
in the beginning of the bicipital groove. If there were others
pathologic changes in the glenohumeral joint, they were
managed first. In the tenotomy group, surgical technique was
performed sectioning the LHBT near of its insertion with an
electrocoagulator. The creation of a wide proximal stump was
favored to facilitate the stop in the bicipital groove.

In the tenodesis group, all procedures conducted in the
glenohumeral joint were similar except for the manage-
ment of the LHBT. The tenodesis technique was performed
by opening the bicipital slider, sectioning the transverse
humeral ligament. The LHBT was extracted to appreciate
the groove. The execution of the tenodesis was carried out
2 cm inferior to the upper vertex of the greater tuberosity,
always inside the slide. The hole was carried out with the
help of the Biceptor system (Smith & Nephew, Andover,
MA), using a guide wire for the realization of a hole of a
diameter similar to the interferential screw to be used, and
a length 0.5 cm longer. At that time, the tenotomy of the
intraarticular portion of the tendon was performed simi-
lar to that defined in the tenotomy group. With the help
of the fork of the Biceptor system, the tendon was intro-
duced into the hole, favoring the sliding of the proximal
part of the tendon, avoiding the overstretching. Then, the
Biosure PK interferential screw (Smith & Nephew, Ando-
ver, MA) was introduced and the remnant proximal stump
was removed.

Routine postoperative rehabilitation protocol was per-
formed. A sling was used during the first 3 weeks after
surgery, allowing passive mobilizations of the shoulder and

Figure 2. Commander muscle testing dinamometer
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Figure 3. Baseline Hydraulic Wrist Torsion Dynamometer
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Table Il. Clinical results 12 months after surgery.

Tenotomy group Tenodesis group p
Pain (VAS) 2(0.8;3.1) 3(1.2;4.8) n.s.
Normalized Constant score 88.9 (84.2;93.5) 89.7 (82.4;97) n.s.
SSI 84.3 (76.6;92) 76.1 (63.8;88.5) n.s.
UCLA score 32.8 (28.4;37.1) 31(28.3;33.8) n.s.
Popeye sign 56.5% 11.1% 0.01%
Residual groove pain 18.2% 27.7% n.s.
Biceps cramps 14.3% 22.2% n.s.
Perceived satisfaction 90.9% 100% n.s.

VAS: visual analogue scale. SSI Shoulder score index. UCLA: The University of California Los Angeles shoulder score. VAS, normalized Constant score,

SSI scale and UCLA score are expressed in median and ranges.

elbow. Gentle active arm movements were allowed from the
third week until a full range of mobility was achieved.

The present study has been approved by the ethics commit-
tees of both hospitals: Hospital Clinico of Valencia (Spain)
and Unién de Mutuas of Valencia (Spain).

STATISTICS

Prior to the beginning of the clinical trial, a retrospective
pilot study (unpublished data) was conducted to know the
variability of the main parameter to be measured in order
to know the number of patients needed to be included in
the study. The main parameter was established as the time
in seconds until claudication when the elbow performs
an isometric contraction at 90° of flexion, maintaining the
contraction at 33 % of the Maximum Voluntary Contraction
(in Newtons) previously collected. In this study it was deter-
mined that typical deviation of time to claudication was 37
seconds. To detect a measurement difference of 40 seconds
(30% of the average fatigue time), using a significance level
a = 0°05 with a power of 80% and assuming a standard
deviation of 37 seconds, it was necessary to observe 13
patients per group, 26 in total.

The SPSS 15.0 program (SPSS Inc, Chicago, IL) has been
used for the analysis of the data collected from the sample.
An exploratory analysis of the database has been carried out
using basic statistical techniques descriptive in both treat-
ment groups, and expressed the quantitative variables in the
form of mean + standard deviation, and the qualitative vari-
ables in absolute number and percentage of the total. The
normality of the numerical variables was analyzed using the
Kolmogérov-Smirnov test.

For the assessment of the proposed objectives, statistical
group comparison techniques have been used. Specifical-
ly, for the comparison of continuous variables between the
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two groups, we used the t-Student test or its nonparamet-
ric alternative, Mann-Whitney U, according to the result of
the normality test. For the comparison of proportions, the
Chi-square test or its nonparametric alternative, Fisher’s
exact test, was used, depending on the number of cases. In
some cases, and according to the normality of the variables,
the dispersion of the data has been expressed, expressing
the 95% confidence interval.

RESULTS

Demographic data about groups is expressed in table I.
Differences in the base groups have been analyzed for later
comparison.

In the comparative study of both techniques 12 months
after the surgery, a similar result can be seen in terms of clin-
ical pain parameters, the Constant score and SSI and UCLA
scales. Additionally, there were no differences between
both techniques in residual groove pain, biceps cramps or
perceived satisfaction. Nevertheless, Popeye sign was statis-
tically higher in tenotomy group. These results are displayed
in table II, showing clinical values between techniques 12
months after surgery.

Biomechanical data are expressed in tables IIT and IV. A
significant increase has been proved in MVC in both groups
with respect to the preoperative values, both in the pre-fatigue
study and in the after-fatigue study. This increase with respect
to the preoperative values has also been seen in the measure-
ment of the MVS, except in the tenotomy group in the pre-fa-
tigue measurement, where no differences have been found.

A significant loss of fatigue time (time to claudication) was
found in the group where LHBT tenotomy was performed
(decrease from 139.1 £ 71.6 s to 95.18 + 28.8 s; p <0.01).
This deficit has not been evidenced in the group where
tenodesis was performed (137.6 £ 99.2 s in the preoperative

Muscles, Ligaments and Tendons Journal 2020;10 (3)
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Table Ill. Biomechanical results 12 months after surgery.

Tenotomy group Tenodesis group p
MVC at rest (N) 246.81 +57.4 273.69 £58.8 n.s.
MVS at rest (Nm) 147.5 £ 56,98 177.7+71.6 n.s.
Fatigue time (s) 95.18 +28.8 12253 +42.1 0.03*
MVC after-fatigue (N) 2073 +51.8 2193 + 65.77 n.s.
MVS after-fatigue (Nm) 137.1 £49.9 194.7 +72.9 0.01*
MVC: Maximal voluntary contraction (in elbow flexion). MVS: Maximal voluntary supination (of the forearm).
Table IV. Differences in biomechanics before and after surgery.
Before surgery 12 m after surgery P
MVC at rest (N) Tt 193.18 £57.9 246.81 £57.4 <0.01*
Td 193.36 = 88.6 273.69 +£58.8 <0.01*
MVS at rest (N) Tt 149.95 £73.2 147.5 £ 56.98 n.s.
Td 129.18 £ 77 177.7 +71.6 0.01%
Fatigue time (s) Tt 139.1+71.6 95.18 +28.8 <0.01*
Td 137.6 £ 99.2 12253 £42.1 n.s.
MVC after-fatigue (N) Tt 1695 + 6 2073 £51.8 <0.01*
Td 158.8 +76.8 2193 £ 65.77 0.01
MVS after-fatigue (N) Tt 1469 +77.5 137.1 +49.9 n.s.
Td 118 + 68.6 194.7 £72.9 <0.01*

MVC: Maximal voluntary contraction (in elbow flexion). MVS: Maximal voluntary supination (of the forearm). Tt: tenotomy group. Td: tenodesis group.

period and 122.53 + 42.1 s at the end of the follow-up; p =
n.s.). Statistical differences were found between groups at
the end of the follow-up in terms of fatigue time (95.18 +
28.8 svs. 122,53 +42.1; p = 0.03).

DISCUSSION

The most important finding in this study has been the
difference in fatigue time between groups found at the end
of the follow-up (95.18 + 28.8 s in the tenotomy group
vs 122.53 + 42.1 s in the tenodesis group; p = 0.03). To
date, no clinical trial has focused on the study of biceps
fatigue as the main study parameter. The different biome-
chanical studies carried out to date analyze the results of
the surgery based on the analysis of basic biomechanical
parameters (MVC, MVS). Maximum peak force in elbow
flexion or supination of the forearm are important biome-
chanical parameters, but they may not be the most relevant
parameters in clinical practice, because most of the daily
activities are performed by repeated submaximal contrac-
tions (25).

There is controversy in whether there is a decrease in MVC
or MVS after the surgery on the LHBT. There are differ-
ent studies that show a decrease in flexion strength between

Muscles, Ligaments and Tendons Journal 2020;10 (3)

4.4% and 14% (15,21,22,24) in patients where tenoto-
my where performed with respect to the healthy arm. But
this decrease is very similar to the data provided by studies
that analyze patients undergoing tenodesis with respect to
the healthy arm (decrease between 9% and 15%)(21,22).
Shank ez al. (21) and Sentiirk ef al. (23) studied the biome-
chanical differences between patients undergoing tenotomy
or tenodesis of LHBT. Both authors, using the Cybex isoki-
netic dynamometer, found no differences in flexion strength
or supination. In the same way, other authors have also not
found differences when manual dynamometers were used.
Lee et al. (19) and Oh et al. (20) did not find differences
between groups in flexion, but in supination, in favor of
performing tenodesis.

In the present study, no differences in pre-fatigue flexion
strength were observed between the groups (246.81 + 57.4
N vs 273.69 + 58.8 N), nor in the pre-fatigue supination
force of the forearm (147.5 £ 56.98 N vs 177.7 + 71.6 N).
Generally, force measurements in biomechanical studies
are analyzed with the arm in baseline (not fatigued). Fried-
man et al. (13) trying to find differences between tenotomy
and tenodesis, analyzed the MVC and MVS in the fatigued
arm. For this, they performed a fatigue test by lifting dumb-
bells and subsequently quantified the MVC and the MVS
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in the fatigued arm, without finding differences between
the groups. In the present study, no differences were found
between groups in the after-fatigue MVC (207.3 + 51.8 N
vs. 219.3 + 65.77 N), but statistical differences have been
observed in the after-fatigue MVS (137.1 £ 49.9 N vs. 194.7
+ 72.9 N; p=0.01). These differences were not appreciat-
ed in the pre-fatigue study. This suggests that the biome-
chanical study in the fatigued arm is useful for demonstrat-
ing differences that were not appreciated with the arm at
baseline. This particularity in the biomechanical measure-
ment after-fatigue has its relevance in the clinic, given that
manual workers do not carry out their job in a baseline situ-
ation, but are progressively more fatigued when performing
their workday.

It is interesting to note that in the present study differenc-
es between groups in after-fatigue supination force were
observed (table III), while no differences were observed in
terms of muscle cramps or residual pain in the slider (table
IT). This suggests that the strength deficit is not related to
pain. This supination deficit was only seen in the after-fa-
tigue study. This means that, in basal conditions (non-fa-
tigued arm), the generation of supination force does
not differ between the groups, while differences in time
to claudication and supination force after fatigue have
been found. An electromyographic study of the operated
patients could determine if the deficit is due to a failure
in neuromuscular transmission (inhibition of the motor
neuron, central fatigue) or if it is due by a cellular cause
(peripheral fatigue).

To date, no author has focused the study on fatigue time
until biceps claudication when analyzing the differences
between tenotomy and LHBT tenodesis.

Some authors have tried to make an approximation to
biceps fatigue by lifting dumbbells, measuring the number
of repetitions until claudication of the arm. Kelly ez a/. (9)
appreciated differences in the number of elevations two
years after performing biceps tenotomy (32.3 repetitions)
compared to the healthy arm (34.5 repetitions). In a similar
way, Drakos et al. (34) did not appreciate differences in the
number of dumbbell elevations in the arm where the teno-
desis was performed (33.2 repetitions) with respect to the
healthy arm (34.3 repetitions).

Using dumbbells to perform the fatigue test is an easy,
accessible and reproducible way to perform the biome-
chanical test, but it can lead to bias. This is because it does
not report the test time or the frequency of repetitions. It
does not take into account the biomechanical character-
istics of each subject (all subjects lift 10lbs without taking
into account biometrics) nor do the authors report the posi-
tion of the forearm during the dumbbell lift. Other studies
induce biceps fatigue by isometric contraction of the elbow,
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using a manual dynamometer (28,31,32,35). To do this, the
MVC is determined first and, depending on it, perform a
submaximal percentage isometric contraction maintained
over time. This fatigue induction model has been used in
basic studies and also in studies that analyze the results after
the surgery on LHBT?, This biceps fatigue induction model
has been used in the present study. It estimates the fatigue
test based on the biomechanical characteristics of the indi-
vidual, in a dynamic way over time, according to their MVC.
It pays special attention to the duration of the test until the
claudication and allows the performance of the MVC and
the MVS after-fatigue. The study of the time until claudi-
cation after performing the surgical techniques on LHBT
has clinical relevance because it provides information on the
possible fatigue of the biceps in patients who require a phys-
ical activity maintained during the workday. This must be
taken into account for the choice of surgical technique on
the LHBT by the surgeon.

Avoiding the Popeye sign is one of the reasons why LHBT
tenodesis is performed. In a recent systematic review, Slenk-
er et al. (6) quantified this deformity in 42% of the patients
where tenotomy had been performed, compared to 8% of
the patients operated by tenodesis. In the present study,
this difference between groups has been significant (56.5%
vs. 11.1%; p = 0.01). The data obtained have been similar
to other studies in the literature (5,9,13,20,36), but slight-
ly higher than those provided by the systematic review.
This can be justified by the mean age (50.73 + 6.31 years
in the tenodesis group), lower than in the systematic review
(over 60 years). It can also be justified by the male sex of
all subjects, more prone to deformity after surgery on the
LHBT (9,15,20,37). There were no differences between
groups in terms of pain (VAS), functional scales (normal-
ized Constant score, SSI, UCLA), residual pain in the slide,
biceps cramps or perceived satisfaction.

It has been analyzed whether in the presence of aesthetic
deformity there are differences in function, pain, side effects
or biomechanical parameters with respect to subjects with-
out deformity. In the function scales, differences were found
in favor of the group with deformity in the SSI scale (75.68
+ 18.54 in the group without deformity vs 89.44 + 18.15 in
the group with deformity; p = 0.03), but not in normalized
Constant score nor UCLA. No differences were observed
in terms of pain, muscle cramps, pain in the slide or biome-
chanical parameters.

The evolution of postoperative pain after LHBT surgery is
a parameter to be taken into account, because a higher inci-
dence of initial surgical pain has been observed in patients
where tenodesis have been performed’. In the present study,
there were no differences in the VAS scale in the postoper-
ative period at 3 months (3.06 + 2.28 in tenotomies vs 4.33
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+ 2.28 in tenodesis), 6 months (2.67 + 2.49 vs 2.83 + 2.44),
nor at 12 months. (2 +2.65 vs 3 +2.97).

In this study some methodological weaknesses have been
assumed. The first is the small sample size. Although the
population studied is small, it reaches the minimum required
by the power study that was conducted prior to the clinical
trial. The second weakness is the short period of follow-up
of patients (1 year). Longer temporal evolution can lead to
adaptive changes that modify the clinical and biomechanical
results. There is also a weakness induced by the age range of
the sample studied and sex. This can lead to bias in extrap-
olation of data to the general population.

As mentioned in this discussion section, the results of this
clinical trial are important in daily clinical practice, because
they offer biomechanical and clinical data to be taken into

account in the choice of surgical technique to be used in the
pathology of LHBT.
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