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Abstract

Objective Objectives were to study the MRI appearance of the
repaired distal biceps tendon (DBT), anatomically reinserted,
and to search for a correlation between tendon measurements
and functional results.

Materials and methods Twenty-five patients (mean age,49+
4.9 years old) who benefited from 3-T MRI follow-up of the
elbow after surgical reinsertion of the DBT were retrospec-
tively included and compared to a control group (n=25; mean
age,48+10 years old). MRI was performed during the month
of clinical follow-up and on average 22 months after surgery.
Delayed complications (secondary avulsion, new rupture),
intratendinous osteoma, tendinous signal on T1-weighted
(T1,,) and fat-suppressed proton density-weighted (FS-PD,,)
images as well as DBT measurements were recorded. The
maximum isometric elbow flexion strength (MEFS) and range
of motion of the elbow were assessed.

Results Repaired DBT demonstrated a heterogeneous but
normally fibrillar structure. Its low T1,, signal was less
pronounced than that of normal tendons, and the FS-PDyy
image signal was similar to that of T1,, images. MRI detected
seven osteomas (Se=53 % vs. plain radiography), one
textiloma and one secondary avulsion. Repaired DBT mea-
surements were significantly correlated with MEFS (dominant
arm R2: 0.38; nondominant arm R2: 0.54); this correlation
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involved the insertion surface (A= —75.7 mm?, p=0.046),
transverse diameter (A= —2.6 mm, p=0.018), anteroposterior
diameter at the level of the radial head (A= —3.9 mm, p=
0.001) and DBT cross-sectional area (A= —50.2 mm?, p=
0.003).

Conclusion The quality of functional outcome after anatom-
ical elbow rehabilitation of DBT correlates with the extent of
tendinous hypertrophy during the healing process.

Keywords MRI - Distal biceps - Tendon rupture - Repair -
Postoperative - Measurements

Introduction

The incidence of distal biceps tendon (DBT) rupture is low,
estimated at 1.2 cases per 100,000 patients per year in the
USA [1]. It represents only 3 % of the ruptures involving this
muscle, which mainly concern the tendon of its long head or,
more rarely, its muscular body [2, 3]. DBT rupture occurs in
the dominant arm (80 % of cases) of middle-aged males (40—
50 years old) engaged in heavy physical activity [1], although
some cases have been described in females [4]. Tobacco
intoxication and use of anabolic steroids or statins are associ-
ated with an increased risk of rupture [5, 6]. The injury appears
as a result of a concentric contraction against resistance on a
90° flexed and supinated forearm (lifting force) or by a sudden
eccentric contraction (forced extension), creating an avulsion
of its enthesis from the radial tuberosity [7, 8]. More rarely,
myotendinous strain and disinsertions may occur spon-
taneously or secondary to minor trauma on preexisting
tendinosis [2].

Conservative treatment is associated with significant func-
tional impairment [9, 10], so that except for patients with
severe comorbidities [11], surgery is the treatment of choice
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in almost all cases. The formerly nonanatomical surgical
fixation by tenodesis of the DBT is no longer performed
except in the case of chronic ruptures or among older patients
[12]. It has been superseded by the so-called anatomical
fixation, which allows the DBT to be fixed on the radial
tuberosity through transosseous reinsertion [13], suture an-
chors [14, 15] or intraosseous endobuttons [16]. These ana-
tomical techniques provide better functional outcomes in su-
pination and flexion strength [12, 17, 18].

While many studies have focused on clinical outcomes [3,
19, 20] or the complication rates of various surgical tech-
niques [21], few have explored the 1.5-T magnetic resonance
imaging (MRI) appearance of reinserted DBT [22, 23]. Three-
Tesla MRI now offers a better signal-to-noise ratio than 1.5-T
equipment and a better interobserver reproducibility than ul-
trasound exploration, especially in this postoperative context
[24, 25]. Although CT scans provide a good view of osseous
structures, they fail to reveal myotendinous structures distinct-
ly. However, this semiology may be useful when exploring a
painful elbow after reconstructive surgery. Our work retro-
spectively investigated the 3-T MRI appearance of anatomi-
cally reinserted DBT with an anterior single incision and a
suture anchor. The objectives were twofold:

—  to describe the MRI appearance of the DBT reinserted in
anatomical position

— and to search for a correlation between MRI semiology
and the quality of functional results.

Materials and methods
Inclusion criteria

Patients were retrospectively and consecutively recruited be-
tween May 2006 and August 2012 for this unicentric case-
control study. The case group included 25 patients who
benefited from a clinical follow-up at least 6 months after
anatomical reinsertion of the DBT on the radial tuberosity
and a postoperative MRI control within the month. Patients
whose postoperative MRI evaluation was incomplete (no
axial or sagittal images) or of insufficient quality were exclud-
ed. Local institutional review board approval was obtained as
well as informed consent from case group patients.

The control group was made up of 25 consecutive patients
over 18 years of age who benefited from a magnetic elbow
exploration and who had no injured DBT: retroolecranal in-
fectious bursitis, lateral epicondylitis, rupture of the triceps
tendon, ulnar tunnel syndrome, foreign body in soft tissues,
capillary-venous angioma or intraosseous synovial cyst. Ex-
clusion criteria were pathology involving the biceps muscle or
its immediate environment and examinations where MRI was
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incomplete (no axial or sagittal images) or of insufficient
quality. The control group was needed to allow quantitative
comparison between safe and repaired DBT. Informed con-
sent was waived for patients from the control group.

Patient follow-up

1. Every patient from the case group was clinically followed
up by the same orthopedic referent surgeon for at least 6
months after surgery. Besides the detection of a possible
delayed postoperative complication, this allowed the as-
sessment of two objective parameters:

» the active elbow range of motion in flexion, exten-
sion, supination and pronation, expressed as a deficit
in degrees to normal ranges of motion for age [26];

e the maximum isometric elbow flexion strength
(MEFS), expressed as a percentage of the contralat-
eral side. MEFS was registered using a hand-held
dynamometer. The arm was immobilized to prevent
shoulder movement, and the elbow was flexed to 90°
and fully supinated against the resistance of a fixed
horizontal plane. The peak force during isometric
flexion was measured three times to calculate a mean
for each arm and deduce the ratio. MEFS was
considered satisfactory when equal to 100 % for
the dominant arm or equal to 88 % for the
nondominant arm.

2. Three-Tesla MRI (3-Tesla Signa Excite, GE Medical
Systems, Milwaukee, W1, USA) was performed dur-
ing the month of clinical follow-up and on average 22
(range: 6-55) months after surgery. Patients were
placed in the prone position, their arm in complete
anteversion and supination, and the elbow centered in
a general-purpose multichannel receive-only flex coil.
Thus, the DBT was placed in the same sagittal section
as its insertion on the radial tuberosity. The MRI
protocol included sagittal T1-weighted (T1,,) and
fat-suppressed proton density-weighted (FS-PD,,)
images in the DBT plane (Fig. 1) and Tl1,, or FS-
PD,, axial images positioned perpendicular to
the DBT.

MRI interpretation was retrospectively performed on
PACS stations (Kodak Carestream PACS System, Carestream
Health, Rochester, NY, USA), by consensus reading between
a senior radiologist specialized in musculoskeletal imaging
and a junior radiologist.

In addition to seeking delayed postoperative complications
(new rupture, secondary avulsion), intratendinous osteoma
and analyzing tendinous signals on T1,, and FS-PD,, images,
the following were examined (Fig. 2, 3, 4 and 5):
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Fig. 1 FS-PD,, images:
unsatisfactory oblique sagittal
section (a). Oblique sagittal
section aligning the DBT and its
insertion on the radial tuberosity

(b)

+ extramuscular length of the tendon (expressed in mm);

* anteroposterior/transverse diameters and cross-sectional
area of the DBT at the radial head (expressed in mm);

» anteroposterior/transverse diameters and cross-sectional
area of the DBT at its distal insertion on the radial tuber-
osity (expressed in mm?).

The anteroposterior diameters were measured on the sagit-
tal images so as to avoid overestimation on strict axial images.

3. A plain radiograph of the reinserted DBT was systemati-
cally performed the day of the MRI to detect the presence
of an intratendinous osteoma and to study the sensitivity
of postoperative MRI in detecting it.

Statistical analyses

Statistical analysis was performed using Systat 12 Software
(Systat Software v12, Chicago, IL, USA). Continuous vari-
ables were expressed as the mean, standard deviation (SD)
and 95 % confidence interval (CI). An overall p-value or less
than 0.05 was considered statistically significant. We per-
formed linear regressions to search for a statistical correlation
between the DBT measurements and the following variables:
postoperative time of assessment, supination range of motion,

=
(—

Fig. 2 Extramuscular length of the DBT: distal extremity of the biceps
brachii (1); middle of the distal insertion on the radial tuberosity (2)

MEEFS of the dominant arm, MEFS of the nondominant arm
and the extramuscular length of the DBT.

When this correlation was significant, we used a Mann-
Whitney U test to determine whether there was a significant
difference between the case and control group.

Results
Population

Included patients were only males from 36 to 60 years of age
(mean age: 49+4.9). All were active at the time of rupture, and
68 % were manual workers (n=17). The trauma was reported
as a workplace accident in 52 % of cases (n=13). The dom-
inant arm was injured in 56 % of cases (n=14). The injury was
caused by a lifting force (n=8), a forced extension (n=8), a
flexion against resistance (n=7) or occurred spontaneously
(n=2). The average time interval between the injury and
surgery was 9 days (range: 0-50). Every patient had an
anterior single incision surgery with two metallic suture an-
chors. No endobuttons were used.

In the control group, the mean patient age was 48+ 10 years,
comparable to that of the study group.

/
2),_—

1

Fig.3 Anteroposterior diameter at the radial head: prior determination of
the level of the radial head (1), then measuring the diameter perpendicular
to the long axis of the DBT (2)
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Fig. 4 Transverse diameter at the radial head: prior determination of the
sagittal section axis (1), then measuring the diameter perpendicular to this
axis (2)

Clinical evaluation

The active ranges of motion in flexion and extension
were respectively normal in 92 % (n=23/25) and 96 %
(n=24/25) of patients. Two patients had a flexural def-
icit <10° and one patient had an extension deficit<5°.
The range of motion in supination was normal in 72 %
of cases (n=18/25), but six patients had a supination
deficit<20° and one patient<10°.
The mean postoperative MEFS was 91 (CI 66—121) %:

—  when the dominant arm was involved, the mean MEFS
was 92 (CI 66-121) %;

Fig. 5 Transverse (1) and
anteroposterior (2) diameters at
the distal insertion on the radial
tuberosity. The cross-sectional
area was calculated as follows: (1)
x (2) x /4
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— when the nondominant arm was involved, the mean
MEFS was 87 (CI 66—-105) %.

Immediate minor postoperative complications involved
about 40 % of patients (n=10) and were mainly peripheral
neurological disorders:

— paresthesia in the territory of the lateral cutaneous nerve
of the forearm (n=4);

—  paresthesia in the radial nerve territory (n=3);

— reflex sympathetic dystrophy syndrome (n=2);

— radial nerve paresis (n=1).

They all regressed spontaneously or under correct symp-
tomatic treatment.

Qualitative MRI evaluation

All reinserted DBTs appeared heterogeneous but kept the
characteristic fibrillar rearrangements (Fig. 6). In 24 % of
cases (n=0), the repaired DBT had multinodular rearrange-
ments associated with metal artifacts (Fig. 7).

The caliber of the myotendinous junction was similar to the
opposite side, while the DBT gradually widened and had a
flared appearance at its distal insertion.

The normal intratendinous homogeneous low signal
was altered. On TI1,, images, the low signal was less
pronounced than that of normal tendons. On FS-PD,,
images, the signal was more variable, mostly similar to
that observed on TI1,, images, but sometimes in mild
high signal (Fig. 8). One asymptomatic patient present-
ed a strong intratendinous high signal on FS-PD,, im-
ages (Fig. 9). This rearrangement was all the more
unusual since in this case the ranges of motion and
MEFS were preserved.

Osteomas corresponded to the intratendinous foci of
ossification seen in 13 patients on plain radiographs. Of
these 13 cases, 7 were detected on T1,, images and
appeared as high signal intratendinous foci, surrounded

=
(——
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Fig. 6 Tendinous thickening and
insertion enlargement of an
anatomically repaired DBT. It
appears heterogeneous but
remains fibrillar: here in low
signal on T1,, (a) and on FS-PD,,
(b) images

by a low signal border (Fig. 10). In all cases of osteo-
ma, the MEFS was conserved.

MRI made it possible to diagnose two delayed
complications:

— one textiloma, confirmed on plain radiographs,
which showed the metal surgical equipment within
the soft tissues (Fig. 11). On MRI, it appeared as
multiple concentric rings of variable signals within
an oblong mass syndrome facing the deep portion
of the DBT. The patient was asymptomatic and
there was no functional deficit.

— one secondary disinsertion of the DBT in a patient whose
MEFS was unsatisfactory at 88 %. The suture anchor was

Fig. 7 Common postoperative
aspect: multinodular
rearrangements on T1,, (a) and
FS-PD,, (b) images associated
with some metal artifacts

identified at a distance from the radial tuberosity
(Fig. 12).

Quantitative MRI results

In the control group, tendon measurements (extramuscular
length, cross-sectional area at the distal insertion of the DBT
and cross-sectional area at the radial tuberosity) were not
significantly correlated with age (R*=0.068, 0.047 and
0.039, respectively). This allowed us to compare the groups
even independently from the mean ages. Operated DBTs were
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Fig. 8 Postoperative standard mild hypersignal on FS-PD,, images

significantly longer and thicker and had a larger insertion area
than normal DBTs (Table 1).

In the case group, multivariable linear regressions identi-
fied a statistically significant relationship between the tendon
measurements and the MEFS, whether for the dominant (R*=
0.38) or the nondominant (R*=0.54) arm. The Mann-Whitney
U test indicated that the correlation concerned more specifi-
cally the cross-sectional area at the distal insertion,
anteroposterior diameter, transverse diameter and cross-
sectional area at the radial tuberosity (Table 2). Further anal-
ysis was done in subgroups with satisfactory MEFS and also
in those with an unsatisfactory MEFS (Fig. 13). There was a
statistically significant difference between these two sub-
groups regarding the anteroposterior diameter (p=0.01), trans-
verse diameter (p=0.003) and cross-sectional area at the distal
insertion (p=0.046). These measures were significantly higher

Fig. 9 Atypical strong high intratendinous signal on FS-PD,, images

@ Springer

in patients with a satisfactory MEFS. On the other hand, there
was no significant correlation between the extramuscular
length of the DBT and MEFS (p=0.934).

Discussion

Except for a case reported by Sotje in 1993 [27] and a
retrospective study by Schmidt in 2012 [22], ours is the first
study describing the 3-T MRI appearance of the repaired
DBT. The analysis is both qualitative, defining MRI aspects,
including atypia, and quantitative, with precise measurements
of the DBT. Our results are in agreement with the studies
respectively conducted by Roger and Mafulli on the calcaneal
tendon and the patellar tendon, which described an increased
tendon caliber and signal alterations after reconstructive sur-
gery [28, 29].

This is the first study showing the existence of a statistical
correlation between the measurements of the repaired DBT
and functional outcomes: larger cross-sectional areas at the
radial tuberosity and at the distal insertion resulted in a better
postoperative MEFS. The healthy DBT is thinner and has a
much more limited insertion than the repaired one. This sug-
gests that a satisfactory healing process occurs through a
tendinous thickening and enlargement of the insertion area.
By comparing the MRI signal of the repaired tendon (low
signal on T1,, images and variable signal on FS-PD,, images)
to histological studies [30], this thickening seems to be pri-
marily of a fibrous nature. Given patients’ improved function-
al outcomes, the neoformation of tendon fibers is most likely
to be associated with those patients who have thicker tendons.
However, DBT measurements, especially the cross-sectional
area at its distal insertion, should be interpreted with caution,
taking into consideration surgical techniques that would be
different from those performed in our institution.

B
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ossification is better seen on T1,, images as a central high signal surrounded by a low signal border

Metallic anchors artifacted the very close area of the radial
insertion, but measurements of the insertion itself were always
possible because this zone was enlarged and we used spin-
echo MR sequences.

The case of strong intratendinous high signal on FS-PDy,
images (Fig. 9) was seen 14 months after the operation. It has
to be considered as pathological, as suggested by Fantino,
who described postoperative intratendinous signal

Fig. 11 Textiloma visualized on
T1,, images in MRI (a) and on
plain radiographs (b): Oblong
mass syndrome with concentric
rings

abnormalities of the calcaneal tendon occupying more
than 50 % of its cross-sectional area [31]. We diagnosed
tendinosis, a term commonly used in tendon pathology,
as opposed to tendinitis, which refers to the transient
state of early inflammation. The absence of functional
deficit in this case shows the lack of correlation be-
tween an intratendinous signal alteration, detected long
after surgery, and clinical outcome. This did not allow
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Fig. 12 Secondary disinsertion of the DBT: The myotendinous junction
is not seen on the upper axial section (a). The tendon is retracted and is
seen on the highest axial section (1) and medially displaced via the safe

us in this case to determine whether the tendinosis was
the cause or the consequence of the rupture.

We identified the presence of osteoma on 3-T MRI, with a
sensitivity of 53 % as compared to plain radiographs. This rate
is slightly higher than that of the literature data (0-50 %) and
could be explained by the use of a 3-T magnetic field. Anal-
ysis of the osteoma signals (central high signal surrounded by
a border of low signal on T1,, images) reflects a genuine

lacertus fibrosus (black arrowheads) (b). No tendon was seen on the radial
tuberosity in axial section (c¢) or sagittal section (d). Suture anchor holes
were seen on the sagittal section (white arrows)

intratendinous ossification, consisting of a central medulla
(fatty signal) surrounded by cortical bone. As is the case in
the literature, we did not find any significant association
between the presence of an osteoma and postoperative func-
tional outcomes [18, 32-34].

In the absence of consensus regarding the evaluation of the
functional outcome of the operated elbow [35], we chose to
measure the MEFS, which is a simple, reproducible and

Table 1 Mann-Whitney U test evaluating the statistical difference between the study and control groups
Quantitative variables Study group Control group A p
Mean SD Mean SD Control-study group

Transverse diameter at the distal insertion (mm) 94 2.7 37 0.5 =57 <0.001
Anteroposterior diameter at the distal insertion (mm) 13.1 4.0 6.8 0.9 —6.2 <0.001
Cross-sectional area at the distal insertion (mm?) 305.9 99.1 114.5 27.5 -191.4 <0.001
Transverse diameter at the radial head (mm) 10.0 2.1 44 1.0 -5.6 <0.001
Anteroposterior diameter at the radial head (mm) 10.9 24 5.0 0.9 -5.9 <0.001
Cross-sectional area at the radial head (mm?) 88.9 39.7 16.9 5.6 =72 <0.001
Extramuscular length of the DBT (mm) 71.4 8.3 68.2 3.8 -32 0.013
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Table 2 Mann-Whitney U test evaluating the statistical link to the maximum isometric elbow flexion strength (MEFS)

Quantitative variables Satisfactory MEFS Unsatisfactory MEFS A MEFS p
Mean SD Mean SD Unsatisfactory—satisfactory

Transverse diameter at the distal insertion (mm) 18.0 2.7 15.8 38 —2.2 0.127
Anteroposterior diameter at the distal insertion (mm) 25.0 4.1 21.9 5.6 -3.1 0.255
Cross-sectional area at the distal insertion (mm?) 351.0 63.9 275.3 108.2 =75.7 0.046
Transverse diameter at the radial head (mm) 11.5 1.8 8.9 2.6 -2.6 0.018
Anteroposterior diameter at the radial head (mm) 13.2 1.7 9.3 2.5 -39 0.001
Cross-sectional area at the radial head (mm?) 119.0 254 68.8 34.8 -50.2 0.003
Extramuscular length of the DBT (mm) 69.6 17.6 72.7 9.1 3.1 0.934

discriminating way to assess the effectiveness of the treatment
without using any specialized equipment. The thresholds be-
tween satisfactory and unsatisfactory MEFS were deduced
from the work of Morrey and Askew [36, 37]. They found a
physiological difference of 6 % in the MEFS between the two
arms. Regarding the dominant arm, the normal MEFS ratio
would be 106 % of the opposite side. On the contrary, the
normal MEFS ratio for the nondominant arm would be 94 %
of the opposite side. We arbitrarily set the 6 % deficit
as a unsatisfactory postoperative MEFS so that cutoff
for unsatisfactory postoperative MEFS was 100 % for
the dominant arm (106-6 %). As a consequence, the

1 H Lﬂl 1

<100 <150 <200 <250 <300 <350 <400 <450 <500
Cross sectional area at the distal insertion (mm2)

g -
7
6
5+
N= 4 -
34
2 -
1
0 - - -
>50 >60 >70

Extra-muscular tendon length (mm)

>80

threshold for the nondominant arm was 88 % (94—6 %).
Nothing in the literature indicates which quantitative
MEFS values should be considered satisfactory. Such a
correction of dominance was challenged by Wittstein
[38] although previously validated by Sotereanos [39].
The lack of evaluation of the isokinetic flexion strength
of the elbow was not detrimental because different
studies in this area are inconsistent and could not serve
as a reference [20, 38, 40, 41].

One limitation of our study is the absence of measurement
of the supination strength of the elbow. Unlike the flexion
movement, which has compensatory mechanisms via the

0 - L - L
<50 <75 <100 <125 <150

Cross sectional area at the radial head (mm2)

| Satisfactory MEFS

O Unsatisfactory MEFS

Fig. 13 Statistical distribution of the quantitative variables considering the satisfactory (dark gray bars) or unsatisfactory (light gray bars) MEFS
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lacertus fibrosus, supination is profoundly altered in case of
DBT rupture [19, 35, 42]. Despite a particularly pronounced
difference in the preoperative deficit, the literature review
shows a relatively similar recovery of the MEFS and the
supination strength after anatomical reinsertion of the DBT.
Thus, the MEFS appears then to be as good as the supination
strength in the postoperative evaluation of the repaired DBT
[18, 33-35, 42-44].

Although patient height would have been a relevant pa-
rameter, it was not specifically studied in our series. Another
limitation was the absence of evaluation of other muscles of
the elbow that interact with the biceps brachii (brachialis
muscle, brachioradialis muscle).

The MRI examinations lasted on average 15 min. Patient
cooperation was essential to align the DBT and radial tuber-
osity on the same sagittal section. The correlation between the
tendon measurements and the functional outcome was detect-
ed using a strict methodology, emphasizing on the use of
sagittal section to estimate the anteroposterior diameter
(avoiding the strict axial section that would overestimate
measurement).

We only used 2D MRI sequences because during the
period of the study 3D acquisitions were not available.
These recent sequences should be evaluated in further
studies in order to determine whether or not they are
able to improve measurement precision. However, 3D
acquisitions may not be relevant for a proper evaluation
of the DBT because:

—  the DBT is a small structure and we needed a good signal-
to-noise ratio, which is better in traditional 2D sequences;

— the 3D gradient echo sequences are very sensitive to
metal artifacts.

The discovery of delayed complications confirmed
the interest of postoperative radiological follow-up. Un-
like the secondary avulsion of the DBT, which we had
suspected because of a sudden drop in MEFS, textiloma
was not clinically expected because it was asymptomat-
ic. The secondary rupture involved a patient who was
operated on later in our series, 55 months after the
rupture. Tendon retraction was probably more pro-
nounced with an exaggerated traction force due to the
suture anchor system. Conservative rehabilitation should
probably have been preferred in this case [45].

Conclusion
Obtaining a better MEFS after anatomical reinsertion of
a ruptured DBT depends on increased cross-sectional

areas of the DBT at the radial tuberosity and at its
distal insertion. Therefore, the tendon-healing process
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occurs when new functional tendon fibers are formed,
associated with the production of fibrous scar tissue.
Furthermore, intratendinous postoperative signal alter-
ations and the occurrence of osteomas are not correlated
with the functional outcome.

Author disclosure statement The authors declare that they have no
conflict of interest.
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