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SCIENTIFIC ARTICLE

Effectiveness ofMagnetic Resonance Imaging inDetecting

Partial andCompleteDistal BicepsTendonRupture

Anthony Festa, MD, Philip J. Mulieri, MD, PhD, Joel S. Newman, MD, Damon J. Spitz, MD,
Bruce M. Leslie, MD

Purpose A magnetic resonance imaging (MRI) scan of the elbow is often obtained to confirm
the clinical suspicion of a distal biceps tendon rupture. The goal of this study was to evaluate
the effectiveness of MRI in diagnosing partial and complete distal biceps tendon ruptures as
determined at the time of surgery.

Methods We identified 22 partial and 24 complete distal biceps tendon ruptures operated on
by a single surgeon. The preoperative MRIs of these patients were obtained, along with MRIs
of the elbow in 10 asymptomatic individuals. Two musculoskeletal radiologists read each
MRI without knowledge of the diagnosis or the surgical findings. Their interpretations were
compared with the intraoperative findings and the results were statistically analyzed.

Results The overall sensitivity and specificity of MRI were 92.4% and 100%, respectively, in
detecting distal biceps tendon ruptures. The sensitivity and specificity of MRI for complete
tears were 100% and 82.8%, respectively. The sensitivity and specificity of MRI for partial
tears were 59.1% and 100%, respectively.

Conclusions Magnetic resonance imaging is an effective tool for diagnosing distal biceps tendon
ruptures. Although MRI is extremely sensitive in diagnosing complete tears, it is substantially
less sensitive in diagnosing partial tears. (J Hand Surg 2010;35A:77–83. Copyright © 2010 by
the American Society for Surgery of the Hand. All rights reserved.)

Type of study/level of evidence Diagnostic II.

Key words MRI, distal, biceps, tendon.
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OT ALL PATIENTS present with the classic signs
and symptoms of a complete distal biceps
tendon rupture.1–17 Complete tears without

etraction and partial tears may have a more subtle
resentation than complete, retracted tears. Such tears
ay not present with the usual proximal muscle migra-
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ion and associated ecchymosis. Patients with partial
istal biceps tendon tears may present with mild thick-
ning of the distal tendon or subtle proximal migration
f the musculotendinous junction. Many times the only
eport is anterior elbow pain. Sometimes the symptoms
ay even mimic or coexist with other conditions such

s bicipital tendinosis.18 Sometimes the diagnosis of
hronic distal biceps tendon tears can even be missed or
elayed.2,19–23

When the diagnosis of distal biceps tendon rupture is
uspected but uncertain, a magnetic resonance image
MRI) of the elbow is frequently obtained. Several
tudies have evaluated the use of MRI to diagnose
artial and complete distal biceps tendon ruptures.
hese studies have predominantly focused on describ-

ng the characteristic MRI findings. Whereas these
tudies comment on the accuracy of MRI in de-

ecting partial and complete tears, none have con-
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78 MRI DETECTION OF DISTAL BICEPS TENDON RUPTURE
firmed all their cases surgically.24 –26 O’Driscoll et
al compared the accuracy of MRI and surgical
findings when evaluating the accuracy of a specific
physical examination maneuver (the hook test).27

To our knowledge, no study has been performed
whose primary goal was to evaluate the sensitivity
and specificity of MRI for detecting partial and
complete tears of the distal biceps tendon.24 –28

This was the primary purpose of our study.

MATERIALS AND METHODS
We obtained internal review board approval at the par-
ticipating institution before the study commenced. A
consecutive series of 46 patients who had an MRI and
underwent surgical repair for partial or complete distal
biceps tears between 1996 and 2006, by a single sur-
geon at a single hospital, was identified from the sur-
geon’s personal database. Elbow MRIs performed dur-
ing the preoperative work-up of these patients were
obtained. To be included in this study, the MRI images
had to satisfy the following criteria: (1) the patient’s
name and birth date, the date of study, and the extremity
imaged had to be identifiable on the study; (2) an area
from proximal to the biceps musculotendinous junction
to past the radial tuberosity had to be viewable on the
study; (3) the MRI hardware needed a magnet strength
of 1.5 T; (4) no contrast was used. Because a small
proportion of patients were referred with MRIs from
outside institutions, a standard protocol for obtaining
images could not be used. All scans included T1, T2,
and a fluid/edema-sensitive sequence in the axial, sag-
ittal, and coronal planes.

We performed a chart review to identify the time
between symptom onset and MRI, and the time be-
tween MRI and surgery. For study purposes, tears were
defined as acute or chronic based on the timing of MRI.
Acute tears were defined as less than or equal to 4
weeks from symptom onset to MRI scan. Chronic tears
were defined as greater than 4 weeks from symptom
onset to MRI scan. Chart review was performed to
identify pertinent patient demographics, as well as per-
tinent intraoperative findings.

To be included in the study, patients had to satisfy
the following criteria: (1) age greater than 18 years; (2)
no previously diagnosed elbow injury or condition; and
(3) no previous elbow surgery.

We used surgical notes to identify the degree of
distal biceps tendon tear and the presence of tendon
retraction. A complete distal biceps tendon tear was
defined as a complete loss of the normal attachment of
the distal end of the biceps tendon to the radial tuber-

osity. A tendon that was weakly attached to the tuber-
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osity by either scar or pseudotendon was considered a
complete tear. Scar or pseudotendon could easily be
divided by blunt dissection. Conversely, if any tendi-
nous attachment to the radial tuberosity remained, the
tear was defined as partial. With partial tears, the re-
maining fibers could not be separated by blunt dissec-
tion; the fibers needed to be sharply transected to mo-
bilize the tendon for repair. For incomplete ruptures, we
estimated the percentage of tendon rupture by determin-
ing what percentage of the distal biceps was still at-
tached. This estimation was facilitated by transecting
the remaining distal biceps tendon fibers that were still
attached to the tuberosity.6,17,22 For study purposes, a
low-grade partial tear was defined as less than or equal
to a 50% tear of the distal biceps tendon attachment. A
high-grade partial tear was defined as a greater than
50% tear of the distal biceps tendon attachment. Surgi-
cal findings were considered the reference standard for
identifying complete or incomplete distal biceps tendon
tears in this study. We also obtained MRI images of 10
elbows of asymptomatic individuals who were re-
cruited solely to serve as a control group.

Two fellowship-trained musculoskeletal radiologists
read each MRI scan in random order without knowl-
edge of the diagnosis. The radiologists participating in
this study had no role in the original care of any patient
involved in this study. The radiologists were told that
the indication for MRI was suspicion of a distal biceps
tendon injury, but they were unaware which films were
from patients with surgically confirmed distal biceps
tendon ruptures and which were from asymptomatic
controls. They were asked to characterize the distal
biceps tendon as intact, partially torn, or completely
torn. If the radiologist suspected a partial distal biceps
tendon tear, he was asked to characterize it as either a
high-grade or low-grade tear using the definition pro-
vided. The radiologists were also instructed to docu-
ment the presence (or absence) of (1) tendon disconti-
nuity, (2) intratendinous signal, (3) increased
peritendinous fluid, (4) increased signal in the biceps
muscle, (5) increased signal in the surrounding soft
tissues, and (6) edema in the radial tuberosity. The MRI
interpretations were then compared with the intraoper-
ative findings and the results were statistically analyzed
(SPSS Software, Chicago, IL). Values reported for sen-
sitivity, specificity, positive predictive value, and neg-
ative predictive value were calculated for each radiol-
ogist. The reported numbers in this study represent the
mean values calculated from each radiologist’s results.
The radiologists were instructed not to discuss the cases

with one another.
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RESULTS
After application of the previous criteria, a total of 56
MRIs were available for review. These included 10
asymptomatic elbows, and 22 confirmed partial and 24
confirmed complete distal biceps tendon ruptures. The
mean age was 46 years (range, 29–67 y) in the asymp-
tomatic control group, 45 years (range, 20–69 y) in the
partial tear group, and 47 years (range, 35–60 y) in the
complete tear group. There was no significant dif-
ference in age between the partial (p�.86) or com-
plete tear group (p�.60) and the control group. The
control group included 10 men, the partial tear group
included 22 men, and the complete tear group in-
cluded 23 men and 1 woman. The median time from
onset of symptoms to MRI was 26 days (range,
8–132 d) in the partial tear group, compared with 10
days (range, 1–189 d) in the complete tear group. The
median time from MRI to surgery was 37 days
(range, 1–120 d) in the partial tear group, compared
with 14 days (range, 1–104 d) in the complete tear
group. The decision to proceed to surgery was based
on a number of factors including the clinical evalu-
ation, the MRI interpretation, and the patient’s voca-
tional and avocational schedule.

A total of 12 of 22 partial tears were characterized as
acute, compared with 19 of 24 complete tears. Of the 22
partial tears, 6 were defined as low-grade based on
surgical findings and 16 were defined as high-grade
based on surgical findings.

Both radiologists correctly identified all 10 asymp-
tomatic control elbows as having no tears on MRI. Of
note, 1 radiologist identified 1 elbow in the control
group as having mild tendinosis. Because the control
group did not have surgery, this diagnosis was not
confirmed. Both radiologists also correctly identified all

TABLE 1. Comparison of Radiologist #1’s MRI
Interpretation and Surgical Findings

Surgical Findings

Radiologist’s
Interpretation

No
Tear

Low-Grade
Partial

High-Grade
Partial

Complete
Tear

No tear 10 1 2

Low-grade partial 5 4

High-grade partial 3

Complete Tear 7 24

Bolded values represent agreement of radiologist’s interpretation
with surgical findings.
24 complete tears on MRI (Tables 1, 2). Review of the
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surgical notes revealed that 18 of the 24 complete tears
showed some degree of tendon retraction.

When comparing MRI interpretations with intraop-
erative findings, radiologist #1 correctly identified 5 of
6 low-grade tears and 3 of 16 high-grade tears (Table
1). Radiologist #1 misread 1 low-grade tear as having
no tear but did identify some degree of tendinosis. Of
the 16 surgically confirmed high-grade partial tears, 7
were incorrectly identified as having complete tears, 4
as having low-grade partial tears, and 2 as having no
tears. Of the 10 partial tears that radiologist #1 read as
either intact or completely torn, 7 were defined as acute,
and 3 as chronic.

Radiologist #2 correctly identified 4 of 6 low-grade
tears and 4 of 16 high-grade tears (Table 2). Radiologist
#2 misread 2 low-grade tears as having no tear but did
identify some degree of tendinosis. (One of the 2 was
the same patient whom radiologist #1 had read as hav-
ing no tear, but having some degree of tendinosis.) Of
the 16 surgically confirmed high-grade partial tears, 4
were incorrectly identified as having complete tears, 6
as having low-grade partial tears, and 2 as having no
tears. Of these 8 partial tears that radiologist #2 read as
either intact or completely torn, 5 were defined as acute
and 3 were defined as chronic.

Of the documented partial tears that were read on
MRI as having no tears, the mean percentage of tear
(the amount of tendon detached from the tuberosity
defined intraoperatively) was 47%. Of the partial tears
that were read on MRI as having complete tears, the
mean degree of tear identified intraoperatively was
78%.

Overall in our series, MRI had a sensitivity of 92.4%
and a specificity of 100% in detecting distal biceps
tendon ruptures. The sensitivity and specificity in de-
tecting partial distal biceps tendon ruptures were 59.1%

TABLE 2. Comparison of Radiologist #2’s MRI
Interpretation and Surgical Findings

Surgical Findings

Radiologist’s
Interpretation

No
Tear

Low-Grade
Partial

High-Grade
Partial

Complete
Tear

No tear 10 2 2

Low-grade partial 4 6

High-grade partial 4

Complete tear 4 24

Bolded values represent agreement of radiologist’s interpretation
with surgical findings.
and 100%, respectively. The positive predictive value
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80 MRI DETECTION OF DISTAL BICEPS TENDON RUPTURE
was 100% and the negative predictive value was
79.1%. The sensitivity and specificity in detecting com-
plete distal biceps ruptures were 100% and 82.8%,
respectively. The positive predictive value was 81.4%
and the negative predictive value was 100% (Table 3).
The interobserver agreement among the radiologists in
this study was 80.6% for partial biceps tears and 100%

FIGURE 1: Axial image, Short Tau Inversion Recovery sequence.
Complete tear. Absence of tendon at insertion site on radial
tuberosity with fluid signal in sheath (white arrow).

TABLE 3. Accuracy of MRI in Detecting Distal
Biceps Ruptures

Complete Partial

Sensitivity 100% 59.1%

Specificity 82.8% 100%

PPV 81.4% 100%

NPV 100% 79.1%

PPV, positive predictive value; NPV, negative predictive value.

TABLE 4. MRI Findings for Distal Biceps
Ruptures

MRI Finding Complete Partial

Tendon discontinuity 100% 27.2%

Increased intratendinous signal intensity 68.8% 63.7%

Peritendinous or intrasheath fluid signal 74.9% 61.4%

Increased signal intensity: biceps muscle 66.7% 6.5%

Increased signal intensity in surrounding
soft tissue

75% 32%

Edema in radial tuberosity 4.2% 22.7%
for complete biceps tears. The most common MRI
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findings with complete biceps tendon rupture were ten-
don discontinuity (100%), increased signal intensity in
the surrounding soft tissue (75%), and peritendinous
fluid signal (74.9%). The most common MRI findings
with partial tendon tears were increased intratendinous
signal intensity (63.7%), peritendinous fluid signal
(61.4%), and increased signal intensity in the surround-
ing soft tissue (32%) (Table 4, Figs. 1–5).

We recognize that estimating the amount of a partial
tear is probably subject to error. Tears that represent a
substantial portion of the tendon or, just the opposite,
tears that represent only a small percentage of the distal
biceps attachment are probably easier to grade and less
subject to error. As a consequence, we went back and
divided our partial tears into 3 surgical groups: low-
grade partial tears representing detachment of 0% to

FIGURE 2: Axial image, Short Tau Inversion Recovery sequence.
Partial tear. Increased intratendinous signal (white arrow).

FIGURE 3: Axial image, Short Tau Inversion Recovery sequence.
Partial tear. Peritendinous fluid signal (white arrow).
25% of the tendon; middle-grade partial tears represent-
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ing detachment of 26% to 75% of the distal biceps
tendon, and high-grade partial tears representing de-
tachment of 76% to 99% of the distal biceps tendon.
Even when we looked at our partial tears with a broad
middle ground representing anywhere from 26% to
75% detachment, the radiologists still read some as
intact and some as completely torn (Tables 5, 6).

When the study was complete, we told the radiolo-
gists the surgical findings and allowed them to review
the films with known distal biceps tendon tears and
modify their interpretations. The low-grade partial tears
that were read as having no tears all had some degree of
tendinosis. Two of the high-grade partial tears that were
read as having no tears were in the same patient. In
retrospect, this patient’s scan should not have been

FIGURE 4: Axial image, Short Tau Inversion Recovery sequence.
Complete tear. Increased signal intensity in biceps brachii muscle and
surrounding soft tissue (white arrow).

FIGURE 5: Coronal image, Short Tau Inversion Recovery
sequence. Partial tear. Increased signal at radial tuberosity, indicating
bone edema (white arrow).
accepted. The MRI scans had moderate motion artifact,
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poor spatial resolution, and an incomplete axial T2
study that did not go far enough down to the radial
tuberosity. Despite these shortcomings, 1 of the radiol-
ogists re-read the study as showing a thin tendon con-
sistent with a partial tear. A third patient with a high-
grade tear that was read by 1 of the radiologists as
having no tear had a fair amount of tendon still attached
to the tuberosity, which gave the false appearance of an
intact tendon.

DISCUSSION
Several studies have evaluated distal biceps tendon
tears by MRI. In Falchook et al,24 2 radiologists expe-
rienced in musculoskeletal imaging retrospectively
evaluated the MRI scans of 20 patients with suspected
distal biceps injuries. Ten complete and 6 partial tears
were diagnosed, but not all cases were surgically con-
firmed. Common findings on MRI for complete distal
biceps rupture included discontinuity of the tendon at its
insertion site, a fluid-filled tendon sheath, and increased
signal intensity in the biceps muscle belly and surround-
ing soft tissues. Common findings for partial tears in-
cluded intratendinous fluid signal, edema in the radial
tuberosity, and increased fluid signal intensity in the
tendon sheath. In a similar retrospective study, Fitzger-
ald et al25 evaluated the MRI scans of 21 patients
suspected of having distal biceps tendon injuries. Of
those patients, 12 were diagnosed with complete tears,
and 4 with partial tears. Again, surgical confirmation
was not obtained in all cases. MRI findings for com-
plete and partial biceps tendon tears were similar to
those found in the Falchook et al study and are consis-
tent with the findings in our study (Table 4).

O’Driscoll et al compared the accuracy of both MRI
and surgical findings when reporting on the accuracy of
a specific physical examination maneuver (the hook
test). The study evaluated 12 partial tears and 33 com-
plete tears in patients who were eventually treated sur-
gically. A total of 11 of 12 partial tears and 11 of 13
complete tears were identified correctly on MRI. The
accuracy of MRI in O’Driscoll’s study was 85% in
detecting complete tears and 92% in detecting partial
tears.27 In our study, the overall accuracy of MRI in
detecting distal biceps tendon ruptures was 92.4%. The
accuracy in detecting complete tears was 100%,
whereas the accuracy for partial tears was notably
lower, at 59.1%. Unlike the work by O’Driscoll et al,
our study also looked at the degree of the partial tear
(low-grade or high-grade).

Distal biceps tendon ruptures, like other tendon rup-
tures, represent a spectrum of injury ranging from a

complete tear to one that is still attached by varying
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82 MRI DETECTION OF DISTAL BICEPS TENDON RUPTURE
amounts of tissue. Complete ruptures are generally a
dramatic event and are usually recognized by both the
patient and the physician. Partial tears are not always as
dramatic, but generally present as anterior elbow pain.
When the diagnosis of distal biceps tendon rupture is in
question, MRI of the elbow is often performed. This
study highlights the problems associated with determin-
ing treatment based on the clinical evaluation and the
MRI interpretation. How is one to diagnose a partial
distal biceps tendon tear accurately if the MRI scan is
not always accurately interpreted and a pseudotendon
or tethering of the distal biceps tendon can make a
complete distal biceps tendon rupture appear to be only
partially ruptured?

Although surgical confirmation has an obvious ad-
vantage, it can introduce a selection bias. Partial tears
that require surgery may be more symptomatic, more
significant, and, theoretically, more obvious on MRI.
For this reason, we analyzed the percentage of the
tendon detached from the tuberosity in our partial tears.
We characterized 6 partial tears as low-grade (�50%
detached), and 16 as high-grade (�50% detached).

When low-grade tears were misdiagnosed on MRI (1
of 6 by radiologist #1 and 2 of 6 by radiologist #2), all

TABLE 5. Detailed Comparison of Radiologist #1’s

Radiologist’s Interpretation No Tear Low-Grade Partia

No tear 10

Low-grade partial 1

High-grade partial

Complete tear

Data reflect a third middle group of partial tears broken out from the or
represent agreement of radiologist’s interpretation with surgical findin

TABLE 6. Comparison of Radiologist #2’s MRI Inte

Radiologist’s Interpretation No Tear Low-Grade Partia

No tear 10 1

Low-grade partial

High-grade partial

Complete tear

Data reflect a third middle group of partial tears broken out from the or
represent agreement of radiologist’s interpretation with surgical findin
were identified as having some degree of tendinopathy.
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This suggests a difficulty in distinguishing tendinosis
from low-grade partial distal biceps tears. A study by
Williams et al26 highlighted this point. In that study, 2
musculoskeletal radiologists retrospectively evaluated
20 elbow MRIs of patients suspected of having partial
distal biceps rupture. The most common findings in-
cluded increased signal intensity in the tendon, bicipi-
toradial bursitis, and increased bone marrow signal
edema at the tendon insertion site. Increased intraten-
dinous signal intensity could be interpreted as a partial
tear, but Williams et al. concluded that it could also be
the result of tendinosis. Although we included an
asymptomatic control group in our study, no cases of
confirmed tendinosis were knowingly included.

Our study did not compare retracted distal biceps
tendon tears with nonretracted distal biceps tendon
tears, but we suspect that retracted tears are more ob-
vious than nonretracted tears on MRI, and consequently
the amount of retraction could affect the degree of
accuracy in diagnosing complete tears on MRI. We
used no standardized method to quantify the degree of
tendon retraction in this study, but all surgical notes
commented on the presence or absence of retraction. A
total of 75% of complete tears were identified as having

I Interpretation and Surgical Findings

Surgical Findings

Mid-Grade Partial High-Grade Partial Complete Tear

1 2

5 3

2 1

1 6 24

l high- and low-grade partial tears confirmed at surgery. Bolded values

etation and Surgical Findings

Surgical Findings

Mid-Grade Partial High-Grade Partial Complete Tear

1 2

6 4

1 3

1 3 24

l high- and low-grade partial tears confirmed at surgery. Bolded values
MR

l

igina
gs.
rpr

l

igina
gs.
some degree of retraction.
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The degree of accuracy in diagnosing distal biceps
tendon ruptures on MRI could also theoretically be
affected by the chronicity of the tear. It is possible that
chronic tears are more difficult to read on MRI than
acute tears, but this was not demonstrated in our results.
Of the 10 partial tears that radiologist #1 read as either
intact or completely torn, 7 were defined as acute. Of
the 8 partial tears that radiologist #2 read as either intact
or completely torn, 5 were defined as acute.

The advantage of this study is that the radiologists
were not only blinded to the presence of either partial
and complete tears, but were also given films from
asymptomatic adults. This reduced the bias that would
be introduced if the radiologists suspected that all the
films demonstrated a distal biceps tendon tear.

In summary, MRI may not be necessary in confirm-
ing the diagnosis in all cases of complete distal biceps
ruptures. When the diagnosis is in question, MRI of the
elbow can be a useful tool to aid in the diagnosis.
Although MRI is sensitive in diagnosing complete
tears, it is substantially less sensitive in diagnosing
partial tears. In our study, high-grade partial tears were
more frequently misread than low-grade partial tears.
The difference may be based on the degree of retrac-
tion. Our study also suggests that there may be a diffi-
culty differentiating tendinosis from low-grade partial
tears, and high-grade partial tears from nonretracted
complete tears. As with any condition, the diagnosis
should not rely on imaging studies alone but should
attempt to integrate the history and clinical findings.
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