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Abstract
Objective We sought to determine the diagnostic accuracy of
unenhanced MRI and direct MR arthrography (MRA) for
evaluation of the intra-articular long head of the biceps brachii
tendon (LHBT) using arthroscopy as the gold standard.
Materials and methods A retrospective review of patients
who underwent shoulder MRI (n=132) and MRA (n=67)
within 12 months prior to arthroscopy was performed. MR
images were independently reviewed by two blinded muscu-
loskeletal radiologists. Routinely recorded arthroscopic
photos/videos were reviewed by an orthopedic surgeon. The
LHBTwas graded as normal, tendinosis, partial thickness tear
less or greater than 50 %, and complete tear. Sensitivity, spec-
ificity, positive predictive value (PPV), negative predictive

value (NPV), and accuracy for tendinosis and tear detection
were calculated.
Results MRI correctly diagnosed fewer normal LHBTs com-
pared to MRA (39–54 % versus 74–84 %, respectively;
p<0.005). MRI and MRA did not differ significantly in the
diagnosis of tendinosis (18–36 % and 15–38 %, respectively;
p>0.05) and tears (75–83 % and 64–73 %, respectively;
p>0.05). For tendinosis, MRI versus MRA showed 18–
36 % and 15–38 % sensitivity, 69–79 % and 83–91 % spec-
ificity, 22–28 % and 18–50 % PPV, 74–76 % and 80–86 %
NPV, and 61–64 % and 70–81 % accuracy; respectively. For
tears, MRI versus MRA showed 75–83 % and 64–73 % sen-
sitivity, 73–75 % and 82–91 % specificity, 66–69 % and 41–
62% PPV, 82–87% and 92–94%NPV, and 74–78% and 79–
88 % accuracy; respectively.
Conclusions No significant difference was found between
unenhanced MRI and direct MRA for the detection of
tendinosis and tears of LHBTs.

Keywords UnenhancedMRI .MR arthrography . Long head
of biceps brachii tendon . Arthroscopy . Accuracy

Introduction

Although the precise function of the long head of the biceps
brachii tendon (LHBT) remains controversial [1], it is a well-
recognized source of pain and dysfunction. Often accompa-
nied by other shoulder pathology [2–5], LHBT disorders are
challenging for clinicians with examination results that may
be inconsistent and bear limited impact on pretest probability
[6, 7]. Accurate diagnosis and treatment of LHBT injuries
may prevent complete rupture and loss of function as well as
offer relief even in the setting of massive rotator cuff tear
[8, 9]. Although recent studies have shown ultrasound
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accurate for certain types of LHBT pathology [10, 11], MR
imaging remains the preferred method for evaluation of the
LHBT [12].

The ability ofMR imaging to detect LHBTabnormalities is
known to vary with technique. For example, previous studies
have shown suboptimal detection of LHBT tears using
unenhanced MRI, with sensitivities ranging from 24 to 56 %
[2, 3, 13]. The use of either intravenous or intra-articular gad-
olinium has also produced mixed results. Zanetti et al. showed
adequate diagnosis of long head of biceps tendinopathy and
rupture using direct MR arthrography (MRA) with accuracy
rates of 79–86 %, suggesting its superiority to unenhanced
MRI [9]. Jung et al. found no significant difference between
indirect and direct MRA for identifying LHBT tears, with
sensitivities of 67–78 % and 78–89 %, respectively [14].
More recently, two studies have shown that the LHBT remains
inadequately evaluated by MRI with sensitivities as low as 7
to 43 % [15, 16], although both studies reported the combined
results of direct MRA and unenhancedMRI and both reported
results which were limited to either normal or abnormal ten-
dons, when it is known that accuracy varies with the specific
degree of LHBT tear [3]. To our knowledge, there has been no
study critically comparing unenhanced MRI to direct MRA in
a large series of patients for the evaluation of the intra-articular
LHBT.

The purpose of this investigation was to compare the most
frequently used techniques in shoulder MR imaging,
unenhanced MRI and direct MRA, for the assessment of the
intra-articular LHBT. We sought to determine the diagnostic
accuracy of these techniques using arthroscopy as the gold
standard.

Materials and methods

Subjects

This was a retrospective study of consecutive patients who
underwent preoperative shoulder MR imaging and arthrosco-
py between 2011 and 2014 at one of our ambulatory surgical
centers. The study cohort included all patients who underwent
arthroscopy. Although there were a variety of indications for
shoulder arthroscopy in our cohort, in general, pain that was
not responsive to conservative treatment was the most com-
mon indication. Patients with suspected internal derange-
ments, including abnormalities of the labrum with or without
instability, rotator cuff disease with or without subacromial
impingement, adhesive capsulitis, glenohumeral arthritis,
and biceps tendon lesions were all included. Patients were
excluded if 12 months elapsed between MR imaging and ar-
throscopy or prior surgical procedure on the LHBT had been
performed. Institutional review board approval and waiver of
informed consent were obtained prior to chart review.

MR imaging evaluation

MR imaging was performed with a 1.5-T system (Magnetom
Avanto or Symphony; Siemens, Erlangen, Germany) using a
standard shoulder coil. At our institution, some referring phy-
sicians had a preference for unenhanced MRI while others
preferred direct MRA for evaluation of intra-articular pathol-
ogy and each patient had one exam performed. Although var-
ious imaging protocols were used, the following parameters
were used most often for unenhanced MRI: coronal spin-echo
T1-weighted (TR/TE, 1420/23; echo-train length of 5; 3-mm
section thickness, 0.6-mm interslice gap, 320×192 matrix,
12–14-cm field of view, and 1 signal average), coronal fast
spin-echo T2-weighted with fat saturation (3570/91, echo-
train length of 11, 3-mm section thickness, 0.6-mm interslice
gap, 320×192 matrix, 12–14-cm field of view, and 2 signal
averages), coronal fast spin-echo intermediate-weighted with
fat saturation (2290/46, echo-train length of 7, 3-mm section
thickness, 0.6-mm interslice gap, 320×192 matrix, 12–14-cm
field of view, and 2 signal averages), sagittal spin-echo T1-
weighted (500/12; echo-train length of 3; 3-mm section thick-
ness; 1-mm interslice gap; 256 × 205 matrix; 12–14-cm field
of view; and 1 signal average), sagittal spin-echo intermedi-
ate-weighted with fat saturation (2290/46; echo-train length of
7; 3-mm section thickness; 1-mm interslice gap; 320×192
matrix; 12–14-cm field of view; and 2 signal averages), and
axial spin-echo intermediate-weighted with fat saturation
(2220/46; echo-train length of 7; 4-mm section thickness; 1-
mm interslice gap; 320×192 matrix; 12–14 cm field of view;
and 1 signal average). Direct MRAwas performed within 1 h
of injection of a mixture of normal saline, Omnipaque
(iohexol 300 mg I/ml; GE Healthcare, Princeton, NJ, USA),
and Magnevist (gadopentetate dimeglumine; Bayer
Healthcare, Wayne, NJ, USA) into the glenohumeral joint
using routine fluoroscopic guidance. The final dilution of
Magnevist was 1:200 (2.5 mmol/l). Direct MRAwas obtained
using representative imaging parameters as follows: coronal
spin-echo T1-weighted with fat saturation (TR/TE, 689/12;
echo-train length of 3; 3-mm section thickness, 0.6-mm
interslice gap, 320×192 matrix, 12–14-cm field of view, and
1 signal average), coronal fast spin-echo intermediate-weight-
ed with fat saturation (2230/44, echo-train length of 7, 3-mm
section thickness, 0.6-mm interslice gap, 256×154 matrix,
12–14-cm field of view, and 2 signal averages), sagittal spin-
echo T1-weighted with fat saturation (689/12; echo-train
length of 3; 3-mm section thickness; 1-mm interslice
gap; 320×192 matrix; 12–14-cm field of view; and 1
signal average), sagittal spin-echo intermediate-weighted
with fat saturation (2000/45; echo-train length of 7; 3-
mm section thickness; 1-mm interslice gap; 256×154
matrix; 12–14-cm field of view; and 2 signal averages),
and axial spin-echo T1-weighted with fat saturation
(653/12; echo-train length of 3; 4-mm section thickness;
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0.8-mm interslice gap; 320×192 matrix; 12–14-cm field
of view; and 1 signal average).

MR images were independently analyzed by two
fellowship-trained musculoskeletal radiologists with 3 and
4 years of experience, respectively. The two readers were
blind to arthroscopy results. The intra-articular LHBT was
graded as normal (grade 0), tendinosis (grade 1), partial thick-
ness tear less or greater than 50 % (grades 2 and 3, respective-
ly), and complete tear (grade 4). Normal tendons are charac-
terized by an absence of caliber change (thickened or attenu-
ated tendon) and smooth contour [9, 17]. Normal tendons
demonstrate low signal intensity compared with surrounding
tissue, except near the pulley where magic angle artifact can
cause increased signal, particularly on shorter TE images [17].
Tendinosis was defined as tendon thickening and/or high sig-
nal changes [9, 17]. Partial thickness tear was defined as focal
tendon caliber change [2], or high signal (approaching fluid
intensity or gadolinium, for non-contrast MRI and direct
MRA, respectively) in the tendon substance without complete
discontinuity [2, 8]. Tears that resulted in greater than or less
than 50 % diameter of the tendon remaining were character-
ized as<50 % (grade 2) and>50 % (grade 3), respectively.
Longitudinal tears, where tendon surrounds the tear [18], were
categorized as partial thickness tears<50 % (grade 2), regard-
less if the tear surfaced or not. Complete tear was defined as
complete discontinuity of the intra-articular LHBT [9]. All

planes were utilized for the evaluation of the biceps tendon,
although the sagittal and coronal planes were deemed the most
important. For the biceps tendon near the pulley (distal intra-
articular), careful comparison with long TE images (T2-
weighted with fat saturation), when available, was performed
to avoid over-diagnosing pathologic tendons due to magic
angle artifact [8, 19].

Arthroscopic evaluation

Arthroscopic findings were considered the reference standard.
Arthroscopic surgery was performed by two fellowship-
trained orthopedic surgeons with 23 and 29 years of experi-
ence. Diagnostic arthroscopy was routinely performed with
examination of the subacromial space and glenohumeral joint
using posterior, anterior, and lateral portals. In addition, each
LHBTwas pulled into the joint using an arthroscopic probe to
evaluate the pulley region. As part of routine clinical practice,
both surgeons recorded intra-operative photos and videos for
educational purposes, including training of sports medicine
fellows. An orthopedic sports medicine fellow who was
blinded to the MR grading of the LHBT retrospectively
reviewed and graded the LHBT based on the pre-recorded
arthroscopic photos and videos. The intra-articular LHBT
was arthroscopically graded as normal (grade 0), tendinosis
(grade 1), partial thickness tear less or greater than 50 %

Table 1 Distribution of long head of biceps tendon findings between unenhanced MRI and arthroscopy

MRI finding Normal Tendinosis Arthroscopy finding

Partial thickness tear<50 % Partial thickness tear>50 % Complete tear

Normal 25/18 15/7 1/2 0/1 0/0

Tendinosis 13/21 6/12 5/7 3/2 0/1

Partial thickness tear<50 % 8/5 10/11 10/8 5/5 0/0

Partial thickness tear>50 % 0/2 2/3 5/4 8/10 0/1

Complete tear 0/0 0/0 0/0 2/0 14/12

Total 46 33 21 18 14

Note: The first number indicates the result from reader 1 and the second number those of reader 2

Table 2 Distribution of long head of biceps tendon findings between direct MR arthrography and arthroscopy

MRI finding Normal Tendinosis Arthroscopy finding

Partial thickness tear<50 % Partial thickness tear>50 % Complete tear

Normal 36/32 6/5 1/2 1/0 0/0

Tendinosis 4/7 5/2 1/2 0/0 0/0

Partial thickness tear<50 % 2/3 1/4 3/1 0/1 0/0

Partial thickness tear>50 % 1/1 1/2 2/2 2/2 0/0

Complete tear 0/0 0/0 0/0 0/0 1/1

Total 43 13 7 3 1

Note: The first number indicates the result from reader 1 and the second number those of reader 2
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(grades 2 and 3, respectively), and complete tear (grade 4).
Tendinosis was defined as tendon thickening and/or erythema.

Statistical analysis

Descriptive statistics were performed for the study groups and
differences between groups were evaluated with the Mann–
Whitney U or Pearson Chi-square test, as appropriate. True
concordance was calculated, defined as the percentage of pa-
tients in whom structures were identified exactly according to
the classification of pathology on both imaging and arthros-
copy. The performance of unenhanced MRI versus direct
MRA to detect each category was assessed for each reader.
Differences in proportions were evaluated using the Pearson
Chi-square test. Additionally, the ability of unenhanced MRI
versus direct MRA to detect a partial thickness tear (grades 2
and 3) or any tear (grade 2 or higher) was evaluated.
Sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy for tendinosis and
tear detection using unenhanced MRI and direct MRA were
calculated.

Inter-observer agreement between reader 1 and reader 2
was assessed using ĸ statistics. All discordant cases were an-
alyzed in consensus and categorized. Inter-observer agree-
ment was rated as slight for a ĸ value less than or equal to

0.20, fair for a ĸ value of 0.21–0.40, moderate for a ĸ value of
0.41–0.60, substantial for a ĸ value of 0.61–0.80, and almost
perfect for a ĸ value of 0.81–1.00 [17]. Differences were con-
sidered significant at p<0.05. Statistical evaluation was per-
formed using the SPSS software package (version 21; SPSS,
Chicago, IL, USA).

Results

The study group consisted of 199 patients (66 females, 133
males). The mean age of patients was 50.5 years (SD=
16.5 years). There were 132 unenhanced MRIs and 67 direct
MRAs. Mean age of patients who underwent unenhanced
MRI versus direct MRA was 56.4 years (SD=14.3 years)
and 38.8 years (SD=14.4 years), respectively (p<0.001).
The median number of days between MR imaging and
arthroscopy was 61 (range=1–336). Median days from
imaging to surgery for unenhanced MRI versus direct
MRA was 63 (range, 1–336) and 56 (range, 7–313),
respectively (p=0.621).

Arthroscopic surgery diagnosed 89/199 (45 %) of LHBTs
as normal, 46/199 (23 %) with tendinosis, 28/199 (14 %) with
partial thickness tears less than 50 %, 21/199 (11 %) with

Fig. 1 A 50-year-old man with
discordant imaging and
arthroscopic diagnoses near the
biceps pulley. Sagittal T1-
weighted fat-suppressed MR
arthrogram image (a) with linear
signal diagnosed as a tear less
than 50% near the pulley (arrow).
However, arthroscopy (b) showed
tendinosis characterized by mild
erythema (arrows)

Fig. 2 A 65-year-old woman
with discordant imaging and
arthroscopic diagnoses due to
longitudinal, intrasubstance tear.
Sagittal intermediate-weighted
fat-suppressed MR image (a)
shows linear signal diagnosed as
an intra-substance tear less than
50 % (arrow). However,
diagnosis of a normal tendon was
made on arthroscopy (b)
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partial thickness tears greater than 50 %, and 15/199 (8 %)
with complete tears.

Diagnostic accuracy

The distribution of LHBT findings between arthroscopy and
unenhanced MRI versus direct MRA is summarized in
Tables 1 and 2, respectively. Between unenhanced MRI and
direct MRA, there were significant differences in the propor-
tions of arthroscopically diagnosed normal LHBTs (46/132
[35 %] and 43/67 [64 %], respectively; p<0.001) and
LHBTs with tears (grade 2 and above) (53/132 [40 %] and
11/67 [16 %], respectively; p=0.001). The proportion of
LHBTs with tendinosis by arthroscopy was not significantly
different between unenhanced MRI and direct MRA (33/132
[25 %] and 13/67 [19 %], respectively; p=0.376). Overall true
concordance for combined unenhanced MRI and direct MRA
was 49–55%. True concordance for reader 1 was significantly
different between unenhanced MRI and direct MRA (63/132
[48 %] versus 47/67 [70 %], respectively; p=0.003).
However, true concordance for reader 2 was not significantly
different (60/132 [45 %] versus 38/67 [57 %], respectively;
p=0.133). Comparison with arthroscopic photos/videos dem-
onstrated causes for discordance to include 15 lesions near the
biceps pulley (Fig. 1), five longitudinal tears (Fig. 2), four

tendons with surrounding synovitis (Fig. 3), and three biceps
anomalies (Fig. 4).

Among normal LHBTs by arthroscopy, 66–69 % were cor-
rectly identified. There was a significant difference between
the proportions of correctly diagnosed normal cases on
unenhanced MRI versus direct MRA for reader 1 (25/46
[54 %] and 36/43 [84 %], respectively; p=0.003) and reader
2 (18/46 [39 %] and 32/43 [74 %], respectively; p=0.001).

Of LHBTs with tendinosis by arthroscopy, 24–30 % were
correctly identified (Fig. 5). There was no significant differ-
ence between the proportions of correctly diagnosed
tendinosis cases on unenhanced MRI versus direct MRA for
reader 1 (6/33 [18 %] and 5/13 [38 %], respectively; p=0.147)
or reader 2 (12/33 [36 %] and 2/13 [15 %], respectively;
p=0.164).

Among LHBTs with partial thickness tear less than
50 % by arthroscopy, 32–46 % were correctly identified
(Fig. 6). There was no significant difference between
the proportions of correctly diagnosed cases with partial
thickness tear less than 50 % on unenhanced MRI ver-
sus direct MRA for reader 1 (10/21 [48 %] and 3/7
[43 %], respectively; p=0.827) or reader 2 (8/21
[38 %] and 1/7 [14 %], respectively; p=0.243).

Among LHBTs with partial thickness tear greater than 50 %
by arthroscopy, 48–57 % were correctly identified (Fig. 7).

Fig. 3 A 63-year-old man with
discordant imaging and
arthroscopic diagnoses due to
surrounding synovitis. Sagittal
intermediate-weighted fat-
suppressed MR image (a) shows
surface contour irregularity
diagnosed as an intra-substance
tear less than 50 % (arrow).
However, arthroscopy (b) showed
tendinosis characterized by
synovitis on the tendon surface
(arrows)

Fig. 4 A 51-year-old man with discordant imaging and arthroscopic
diagnoses due to congenital anomaly. Sagittal intermediate-weighted
fat-suppressedMR images (a and b) shows irregular, linear signal extend-
ing through the biceps tendon, diagnosed as an intra-substance tear

greater than 50 % (arrows). However, arthroscopy (c) showed a double
origin, split biceps tendon [28] arising from the rotator cuff and joint
capsule (arrows)
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There was no significant difference between proportions of
correctly diagnosed cases with partial thickness tear greater
than 50 % on unenhanced MRI versus direct MRA for reader
1 (8/18 [44%] and 2/3 [67%], respectively; p=0.476) or reader
2 (10/18 [56 %] and 2/3 [67 %], respectively; p=0.719).

Among LHBTs with complete tears by arthroscopy, 87–
100 % were correctly identified. There was no significant
difference between proportions of correctly diagnosed cases
with complete tear on unenhanced MRI versus direct MRA
for reader 2 (12/14 [86 %] and 1/1 [100 %], respectively;
p=0.685). Differences between proportions for reader 1 could
not be calculated due to perfect agreement (14/14 [100%] and
1/1 [100 %] for unenhanced MRI versus direct MRA,
respectively).

When partial LHBT tears (grades 2 and 3) were grouped
together, 67–81 % of those diagnosed on arthroscopy were
correctly identified. There was no significant difference be-
tween proportions of correctly diagnosed partial tear cases on
unenhanced MRI versus direct MRA for reader 1 (28/39
[72 %] and 7/10 [70 %], respectively; p=0.911) or reader 2
(27/39 [69 %] and 6/10 [60 %], respectively; p=0.579).
When all LHBT tears diagnosed on arthroscopy were grouped
together (grade 2 and above), 73–81 % were correctly identi-
fied. There was no significant difference between proportions
of correctly diagnosed tear cases on unenhanced MRI versus
direct MRA for reader 1 (44/53 [83 %] and 8/11 [73 %],

respectively; p=0.426) or reader 2 (40/53 [75 %] and 7/11
[64 %], respectively; p=0.419). Sensitivity, specificity, PPV,
NPV, and accuracy for the detection of tendinosis, a partial tear,
and a complete tear of the LHBT by unenhanced MRI versus
direct MRA are summarized in Tables 3, 4 and 5, respectively.

Inter-observer agreement

Inter-observer agreement for LHBT tendinosis and tear detec-
tion for combined imaging was fair (ĸ=0.39, p<0.001) and
substantial (ĸ=0.78, p<0.001), respectively. For unenhanced
MRI, inter-observer agreement for LHBT tear detection was
almost perfect (ĸ=0.83, p<0.001) whereas it was moderate
for direct MRA (ĸ=0.57, p<0.001). Across all LHBT find-
ings, inter-observer agreement for combinedMR imaging was
moderate (ĸ=0.55, p<0.001).

Discussion

Despite the prevalence of the LHBT as an important pain
generator within the shoulder, the diagnostic role of MR im-
aging of the LHBT remains unclear. Our study was undertak-
en to assess the accuracy of unenhanced MRI versus direct
MRA for detection of intra-articular LHBT pathology.

Fig. 5 A 60-year-old woman
with concordant imaging and ar-
throscopic diagnoses of
tendinosis. Sagittal intermediate-
weighted fat-suppressed MR im-
age (a) shows increased signal
and caliber of the biceps tendon,
consistent with tendinosis
(arrow). Arthroscopy (b) showed
irregular contour and color,
confirming tendinosis (arrows)

Fig. 6 A 59-year-old woman
with concordant imaging and
arthroscopic diagnoses of partial-
thickness tear less than 50 %.
Coronal intermediate-weighted
fat-suppressed MR image (a)
shows a small tear of the tendon
near the pulley (black arrow).
Arthroscopy (b) confirmed the
diagnosis as the tendon was
pulled into the joint (white arrow)
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Across both MR techniques, the diagnosis of normal
LHBTs wasmoderately accurate with 66–69% correctly iden-
tified. Among false positive findings, the majority was report-
ed as tendinosis (19–31 %). In comparing both MR tech-
niques, direct MRAwas superior to unenhanced MRI in cor-
rectly diagnosing normal LHBTs for both readers. As the ra-
tionale for intra-articular contrast relates to distension of the
joint [19], which may help outline the LHBT and reveal ten-
don surface irregularities [20], this finding may have been
related to a lack of native joint fluid in these patients and
relative decreased tissue contrast on unenhanced MRI.
Further, the use of gadolinium with T1-weighted imaging
may have offered improved signal-to-noise ratios, although
this is not specific to normal LHBTs.

Among tendinotic LHBTs, only 24–30 % were correctly
identified with no significant difference between both tech-
niques. The sensitivity for detection of LHBT tendinosis was
poor at 18–36 % for unenhanced MRI and 15–35 % for direct
MRA. The PPV for LHBT tendinosis was similarly low at 22–
28 % for unenhanced MRI and 18–50 % for direct MRA.
These results are consistent with published data examining
the challenges of diagnosing tendinosis of the LHBT. For
example, Zanetti et al. studied direct MRA in 19 patients with
tendinopathy and found the most reliable findings to include
caliber changes and signal abnormalities [9]. More recent data
comparing gross anatomic and histologic findings of the
LHBT with MRI showed abnormal tendon diameter as the
primary, though not sole criterion, for the diagnosis of tendon
degeneration, whereas signal changes were less reliable [17].

These findings were related to partial volume artifacts due to
the curved course of the LHBT, magic-angle artifact, and fatty
infiltration of the tendon [17]. For similar reasons, it is recog-
nized that partial tears of the LHBTat or within one centimeter
of the bicipital groove entrance are problematic on MRI [8,
18]. Expectedly, several discordant cases had imaging find-
ings in the region of the biceps pulley, which were almost all
over-diagnosed by either reader compared with normal or
tendinosis by arthroscopy. Interestingly however, among in-
correctly diagnosed tendinotic LHBTs, most were reported as
normal. This may be related to differences in grading criteria
on imaging versus arthroscopy. In particular, the diagnosis of
tendinosis by arthroscopy is frequently based on the presence
of erythema involving the thin layer of synovium covering the
intra-articular LHBT [21]. This finding however is likely be-
low the resolution ofMR imaging. Similarly, arthroscopy may
have a limited ability to detect non-surface tendon abnormal-
ities that are readily seen as abnormal intrasubstance signal on
MR imaging. Wu et al. recently demonstrated that the macro-
scopic appearance of the LHBT at arthroscopy does not nec-
essarily reflect its histopathologic grade [5]. This was most
notable among macroscopically normal LHBTs, which had
various degrees of tendinopathy [5]. Although these speci-
mens were obtained from patients with chronic rotator cuff
tears, this may explain the low PPV seen with both MR tech-
niques and potentially challenge the reference standard of ar-
throscopy used in this study.

The sensitivity of unenhanced MRI for detecting LHBT
tears was higher than previous reports (75–83 % compared

Fig. 7 A 60-old man with
discordant imaging and
arthroscopic diagnoses. Sagittal
intermediate-weighted fat-
suppressed MR image (a) shows
mild diffuse increased signal of
the long head of the biceps tendon
interpreted as tendinosis (arrow).
Arthroscopy (b) showed a tendon
tear greater than 50 % near the
pulley (arrow)

Table 3 Unenhanced MRI and
direct MR arthrography
compared with arthroscopy for
detection of long head of biceps
tendinosis

Reader 1 Reader 2

Unenhanced MRI (%) Direct MRA (%) Unenhanced MRI (%) Direct MRA (%)

Sensitivity 18 38 36 15

Specificity 79 91 69 83

PPV 22 50 28 18

NPV 74 86 76 80

Accuracy 64 81 61 70

MRA MR arthrography, PPV positive predictive value, NPV negative predictive value
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to 24–56 %) [2, 3, 13], whereas it was slightly lower for direct
MRA (64–73 % compared to 78–92 %) [9, 14]. The specific-
ity of both techniques was in the range of published data (73–
75 % for unenhanced MRI and 82–91 % for direct MRA) [2,
3, 9, 13–16]. The proportion of correctly identified LHBT
tears, by each tear classification and when grouped together
as partial tears or any tear type, did not significantly differ
between unenhanced MRI and direct MRA. This may be a
corollary of the findings seen among normal LHBTs. In par-
ticular, given the high association of abnormal LHBTs with
other shoulder pathology [2–5], sufficiently large joint effu-
sions in these patients may have provided comparable tissue
contrast on unenhanced MRI relative to a contrast-distended
joint. This remains open to speculation however as the pres-
ence of a joint effusion was not recorded in this study. In
comparison to prior reports suggesting improved detection
of LHBT pathology using direct MRA, the potential benefit
of intra-articular contrast may have been outweighed by the
current use of high field strength unenhanced MRI.
Specifically, in the two previous studies evaluating direct
MRA, field strength ranged from 0.5 to 1.5 T [9, 16]; whereas
shoulder exams in this study were performed solely on 1.5-T
scanners. Given these findings, unenhancedMRImay even be
considered advantageous because it is non-invasive, less ex-
pensive, and can be performed offsite or during off hours [22].

Accounting for all LHBT findings, reader 1 showed a sig-
nificant difference between unenhancedMRI and direct MRA
(48 % versus 70 %) however this was not seen for reader 2
(45 % versus 57 %). True concordance for combined
unenhanced MRI and direct MRAwas higher than published

data [3], though moderate at 49–55 %. Overall, evaluation of
the LHBT may potentially be improved through the use of
dedicated MR sequences aimed at overcoming the challenges
generated by its curved course. For example, prior studies
have suggested evaluation of the LHBT near the bicipital
groove entrance on T2 sequences to avoidmagic-angle artifact
[8, 19], the use of improved out-of-plane spatial resolution,
and different arm positions to increase the tendon’s extra-
articular location and thereby improve interpretation [23].

In addition to lesions near the biceps pulley, discordant
imaging and arthroscopic findings included longitudinal tears,
tendons with surrounding synovitis, and biceps anomalies.
Among discordant patients with synovitis, nearly all were
over-diagnosed by both readers as tears compared with nor-
mal or tendinosis by arthroscopy. Of the three patients with
biceps anomalies, two were graded as partial thickness tears
greater than 50 % by one or both readers compared with nor-
mal or tendinosis by arthroscopy. This is consistent with sev-
eral previous studies reporting variations in the intra-articular
LHBT that can resemble tendon tears or retraction [24] and are
often not diagnosed prospectively [25–27]. In such cases, the
LHBTwill often appear adherent to the superior joint capsule
with absent normal glenoid origin or a Bsplit^ intra-articular
tendonwith a bifurcate or Y-shaped origin [24, 28]. It has been
suggested that direct MRA is superior to unenhanced MRI for
diagnosing biceps anomalies [29], however there were too
few cases in this series to adequately evaluate this.

Similar to what is advocated in the literature [30], at our
institution, indications for treatment of LHBT pathology in-
clude tearing, instability, and tenosynovitis. In our study, we

Table 4 Unenhanced MRI and
direct MR arthrography
compared with arthroscopy for
detection of long head of biceps
tendon partial tears (grades 2 and
3 combined)

Reader 1 Reader 2

Unenhanced MRI (%) Direct MRA (%) Unenhanced MRI (%) Direct MRA (%)

Sensitivity 72 70 69 60

Specificity 78 91 76 82

PPV 58 58 55 38

NPV 87 95 86 92

Accuracy 77 88 74 79

MRA MR arthrography, PPV positive predictive value, NPV negative predictive value

Table 5 Unenhanced MRI and
direct MR arthrography
compared with arthroscopy for
detection of all long head of
biceps tendon tears (grades 2 and
above)

Reader 1 Reader 2

Unenhanced MRI (%) Direct MRA (%) Unenhanced MRI (%) Direct MRA (%)

Sensitivity 83 73 75 64

Specificity 75 91 73 82

PPV 69 62 66 41

NPV 87 94 82 92

Accuracy 78 88 74 79

MRA MR arthrography, PPV positive predictive value, NPV negative predictive value
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did not include evaluation of LHBT instability. However, for
tearing and tenosynovitis (represented as tendinosis in our
study), we did not see any benefit for direct MRA over
unenhanced MRI. There are several limitations to this study.
First, our study was a retrospective review rather than a pro-
spective design. Second, there may have been a bias related to
inclusion of only patients with arthroscopy performed. Indeed,
the prevalence of LHBT disease was relatively high in our
series of patients (55 % compared to 21–25 %) [8, 31].
Third, our study included a variable and sometimes lengthy
time between MR imaging and arthroscopy. However, other
radiology-surgical comparison studies have utilized similar
methods with similar average number of days between imag-
ing and surgery [2, 14, 15, 32–34]. Of the 199 enrolled sub-
jects, 169 had less than 180 days (6month) time lapse between
imaging and arthroscopy. Fourth, there was a higher frequen-
cy of abnormal LHBTs among patients who underwent
unenhanced MRI compared to direct MRA. Given our insti-
tution’s referring physician preference to perform unenhanced
MRI over direct MRA in older patients (56.4 years versus
38.8 years of age, respectively), these findings are consistent
with previous work showing a direct relationship between
abnormal histologic LHBT findings and patient age [4].
Fifth, arthroscopy was used as a reference standard and recent
studies have suggested that the LHBT near the pulley region
cannot be entirely evaluated by pulling the tendon into the
joint [35]. As previously discussed, arthroscopy may also
have been subject to diagnostic error as the macroscopic ap-
pearance of the LHBT has been shown to unreliably reflect its
histopathologic grade [5]. Finally, the results from this study
likely represent one of the best-case scenarios. Unlike
prior studies in which MRIs were prospectively
interpreted in routine practice [3, 36], the interpretations
in this current study were performed without interrup-
tions or time constraints, used all three imaging planes
to score the LHBT, and only evaluated the LHBT rather
than all structures in the field of view.

In summary, both unenhanced MRI and direct MRA are
fairly accurate for the diagnosis of LHBT pathology. No sig-
nificant difference was found between unenhanced MRI and
direct MRA for the detection of tendinosis and tears of
LHBTs, and therefore the addition of intra-articular contrast
may not add any significant benefit to unenhanced MRI for
the evaluation of LHBT pathology. BothMR techniques show
poor sensitivity and PPV for detecting tendinosis, which may
be related to differences in grading criteria on imaging versus
arthroscopy. Knowledge of potential pitfalls and strategies for
improving evaluation of the LHBT may allow the radiologist
to be confident when appropriate.
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