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Abstract

Purpose: Determine whether combining magnetic resonance imaging
(MRI) observations and clinical tests could substantially improve sensitivity
for diagnosis of long head of the biceps tendon (LHBT) pathology.
Methods: The authors retrospectively assessed a consecutive series of
140 patients who underwent arthroscopic rotator cuff repair for isolated
supraspinatus tears. The presence of LHBT pathology was assessed pre-
operatively on MRI using three criteria and four clinical tests specific to
shoulder injuries. Binary outcomes of MRI observations and four clinical
tests were combined to identify combinations resulting in the best sensitivity
using intra-operative arthroscopic findings as reference.

Results: The study cohort comprised 100 shoulders (58 men and 42
women) aged 56.6 + 9.4 years (range, 30—76) at index surgery. A total of 29
combinations were tested to obtain the best diagnostic algorithm for LHBT
pathologies. Only four combinations reached a sensitivity 20.75, but had a
specificity <0.45. The ‘Speed or Signal’ combination achieved the highest
sensitivity (Se: 0.88; 95% confidence interval [Cl]: 0.73%—0.96%; Sp: 0.20;
95% ClI: 0.10%—0.33%).

Conclusion: The most important findings of this study were that, for the
diagnosis of LHBT pathology using clinical tests alone, the Speed test had
the highest sensitivity (Se, 0.74), and using MRI observations alone, the
signal intensity had the highest sensitivity (Se, 0.68). Combination of ‘Speed
test or Signal intensity’ substantially improved the sensitivity (Se, 0.88) but
yielded the lowest specificity (Sp, 0.20). The clinical relevance of these
findings is that using the combination ‘Speed or Signal’ for preoperative
diagnosis, 88% of pathologic LHBTs would be correctly diagnosed, while
80% of healthy LHBTs could be misdiagnosed as pathologic.

Level of Evidence: Diagnostic study, Level IV.
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INTRODUCTION

When repairing rotator cuff tears (RCTs), the choice of
whether or not to perform tenodesis or tenotomy of the
long head of the biceps tendon (LHBT) is controversial
[12, 19]. While some surgeons recommend systematic
tenodesis or tenotomy regardless whether the LHBT is
normal or pathologic [2, 16, 29], other surgeons sug-
gest that tenodesis or tenotomy should only be per-
formed in shoulders with LHBT pathology [4, 13, 15,
18, 21, 28, 30].

There is no clear evidence to support systematic
LHBT procedures during rotator cuff repair (RCR).
Conservation of a pathologic LHBT could seriously
compromise clinical and functional outcomes, while te-
nodesis or tenotomy of a healthy LHBT can
unnecessarily extend surgery time, cause postoperative
pain, or result in the undesirable Popeye sign, negatively
affecting the patients' quality of life [3, 26]. Therefore,
preoperative diagnosis of the biceps should maximise
sensitivity (reliability at detecting/ruling-in pathology),
even if it compromises specificity (reliability at
eliminating/ruling-out pathology) [17]. Two recent sys-
tematic reviews on diagnosis of LHBT pathology
revealed that magnetic resonance imaging (MRI) has
low sensitivity (range, 0.52-0.56) but high specificity
(range, 0.64-0.99), while clinical tests have moderate
sensitivity (range, 0.17-0.71) and specificity (range,
0.38-0.92) [11, 23]. Even though studies have been
published on the diagnostic accuracy of either MRI or
clinical tests, to the authors' knowledge, there are no
published studies that attempted to improve the sensi-
tivity or specificity of diagnosis of LHBT pathology, using
combinations of MRI observations and clinical tests.

The purpose of the present study was therefore to
determine whether combining MRI observations and
clinical tests could substantially improve sensitivity for
diagnosis of LHBT pathology (compared to MRI alone
and clinical tests alone). The hypothesis was that a
combination of MRI observations and clinical tests
would grant higher sensitivity compared to MRI
observations alone or clinical tests alone.

METHODS

The authors retrospectively included a consecutive
series of 140 patients that underwent arthroscopic RCR
for isolated supraspinatus tears, by eight orthopaedic
surgeons at eight centres, between November 2019
and January 2021. Patients were excluded if they did
not undergo preoperative MRI assessment (n=39), or
clinical testing (n=1) (Figure 1). This left a study cohort
of 100 patients in which biceps status was confirmed
intra-operatively during arthroscopy (considered as the
‘gold-standard’ diagnosis).

Initial cohort
140 patients (140 shoulders)
November 2019 — January 2021

Excluded patients:
- 39 patients had no available MRI data
- 1 patient had no available clinical testing data

Final cohort
100 patients (100 shoulders)

FIGURE 1 Flowchart following PRISMA guidelines.

Magnetic resonance imaging

The presence of LHBT pathology was assessed pre-
operatively on MRI by each surgeon using three binary
observations: (i) thickening of diameter, (ii) subluxation
or dislocation from the bicipital groove and (iii) pres-
ence of signal intensity (T2 hypersignal).

Clinical assessment

Patients were preoperatively assessed using four clin-
ical tests specific to shoulder injuries: (i) Speed test [7],
(i) Yergason test [8], (iii) Kibler test [6] and (iv) bicipital
groove tenderness. Each test rendered a binary out-
come, positive in case of pain and therefore suspected
pathologic LHBT, or negative if no pain was reported.
Furthermore, the constant score and subjective shoul-
der value (SSV) were recorded following surgery.

Combining MRI observations with clinical
tests

Considering intra-operative arthroscopic findings as the
‘gold-standard’, the authors tested various combina-
tions of binary MRI observations and binary clinical test
results, to identify the combination that renders the
highest sensitivity. The numbers of true positives (TPs),
true negatives (TNs), false positives (FPs) and false
negatives (FNs) were calculated for 29 combinations of
MRI observations and/or clinical tests (18 sets of two
criteria, 10 sets of three criteria and 1 set of four
criteria).

Ethical approval
All patients provided informed consent, and the study

was approved by the local ethics committee (IRB:2018-
A01382-53).



Statistical analysis

Descriptive statistics were used to summarise the data.
The sensitivity, specificity, accuracy, positive predictive
value (PPV) and negative predictive value (NPV) were
calculated for each of the 29 combinations of MRI
observations and/or clinical tests. Statistical analyses
were performed using R version 4.2.3 (R Foundation
for Statistical Computing).

RESULTS

The study cohort comprised 100 shoulders (58 men
and 42 women) aged 56.6 £ 9.4 years (range, 30-76) at
index surgery, with a body mass index of 26.6 +4.4
(range, 18.4-42.7). Of the 100 patients, 71 were
operated on their dominant shoulder (71%), and 17
were smokers (17%). Patients had a mean pre-
operative Constant score of 56.0+12.7, and a mean
preoperative SSV score of 51.7 £ 13.3 (Table 1).

Single criterion tests

Clinical testing resulted in 64 positive diagnoses for
LHBT pathology using the Speed test, 28 using the
Yergason test, 37 using the Kibler test and 50 using the
bicipital groove tenderness test. MRI observations
found 10 positive LHBT pathology diagnoses according
to signal intensity, 19 with regard to the diameter and 9
with regard to position. Intra-operative arthroscopic
findings, considered as gold standard, positively iden-
tified 43 pathological LHBT (Table 2).

The Speed's test had the highest sensitivity (0.74;
95% confidence interval [Cl]: 0.59%—0.86%), followed
by the bicipital groove tenderness test (0.72; 95% CI:
0.56%-0.85%) (Table 3).

For MRI, the signal intensity had the highest sen-
sitivity (0.68; 95% Cl: 0.51%—-0.81%), while both
diameter and position had low sensitivity (0.37; 95% ClI:
0.23%-0.53%; and 0.12; 95% CI: 0.04%-0.25%), but
high specificity (0.95; 95% CI: 0.85%-0.99%; and 0.93;
95% CI: 0.83%-0.98%) (Table 3).

Multiple criteria tests

A total of 29 combinations were tested to obtain the best
diagnostic algorithm for LHBT pathologies. Only four
combinations reached a sensitivity 20.75, but had a
specificity <0.45 (Table 4). The ‘Speed or Signal’ com-
bination achieved the highest sensitivity (Se: 0.88; 95%
Cl: 0.73%-0.96%; Sp: 0.20; 95% CI: 0.10%—0.33%),
followed by the ‘Speed or Diameter’ combination (Se:
0.78; 95% CI: 0.63%-0.89%; Sp: 0.42; 95% CI:
0.29%—0.56%), the ‘Speed or Position or Diameter’
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TABLE 1 Preoperative data.
Final cohort (n=100)
Mean = SD
N (%) Range
Constant score 56.0+12.7 21-80
SSV 51.7+13.3 20-80
Range of motion
Passive forward elevation 171+£17.0 90-180
Passive abduction 153+24.3 90-180
Passive external rotation 1 59+13.7 30-90
Passive external rotation 2 83+11.4 35-90
Active forward elevation 152+29.2 50-180
Active abduction 137+31.8 50-180
Active external rotation 1 50+16.0 10-80
Active external rotation 2 78+14.7 30-90
Active internal rotation
(0) Grand trochanter 1 1%
(2) Buttock 10 10%
(4) Sacrum © 5%
(6) L3 26 26%
(8) T12 32 32%
(10) T7 22 22%
Cc7 1 1%

Note: External rotation 1, arm at side and elbow at 90° flexion; External rotation
2, arm at 90° abduction and elbow at 90° flexion.

Abbreviations: C7, cervical vertabra 7; L3, lumbar vertabra 3; N, cohort size;
SD, standard deviation; SSV, subjective shoulder value; T7, thoracic vertabra
7; T12, thoracic vertabra 12.

combination (Se: 0.77; 95% CI: 0.61%—0.88%; Sp: 0.40;
95% CI: 0.28%-0.54%), and finally the ‘Yergason or
Signal or Position’ combination (Se: 0.75; 95% CI:
0.59%—0.87%; Sp: 0.33; 95% CI: 0.21%-0.47%). Of
these combinations, the best balance of sensitivity and
specificity was achieved for the ‘Speed or Diameter’
combination (Se + Sp, 1.20).

DISCUSSION

The most important findings of this study were that, for
the diagnosis of LHBT pathology the combination of
‘Speed test or Signal intensity’ substantially improved
the sensitivity (Se, 0.88) but yielded the lowest speci-
ficity (Sp, 0.20). These findings confirm the hypothesis
that a combination of MRI observations and clinical
tests grants higher sensitivity compared to MRI
observations alone or clinical tests alone. The clinical
relevance of these findings is that using the
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TABLE 2 Individual diagnostic findings.

Gold standard Clinical tests

MRI evaluations

Arthroscopic

findings Speed Yergason

Positive diagnosis for 43 64 28
LHBT pathology

Negative diagnosis for 57 36 72
LHBT pathology

True positives 32 18
True negatives 25 47
False positives 32 10
False negatives 11 25

Pain on Signal LHBT LHBT
Kibler palpation anomaly diameter position
37 50 10 19 9
63 50 85 81 91
24 31 27 16 5
44 38 23 54 53
13 19 32 3 4
19 12 13 27 38

Abbreviations: LHBT, long head of the biceps tendon; MRI, magnetic resonance imaging.

combination ‘Speed or Signal' for preoperative diag-
nosis, 88% of pathologic LHBTs would be correctly
diagnosed, while 80% of healthy LHBTs could be mis-
diagnosed as pathologic.

The best clinical test for preoperative assessment of
the state of the LHBT has been previously investigated,
and a number of tests have been created for the
shoulder or the biceps. Holtby et al. [20] reported
diagnostic values for the Speed and Yergason tests,
and found a sensitivity of 0.32 and 0.43, respectively. In
2007, Gill et al. [15] investigated the diagnostic values
of 10 clinical tests for LHBT tear, and found sensitivity
values ranging from 0.17 to 0.68, the highest being for
the active compression palm down test. The diagnostic
values reported in the studies are insufficient for reli-
able preoperative diagnosis of LHBT pathology. In a
systematic review by Rosas et al. [25], the authors
developed a practical, evidence-based clinical ex-
amination algorithm to accurately diagnose patients
with LHBT pathology. Rosas et al. found the highest
sensitivity (Se, 0.88) by combining bicipital groove
tenderness (Se, 0.57) with the uppercut test (Se, 0.73).
In contrast, the present study found sensitivities rang-
ing from 0.42 to 0.74 for individual clinical tests, while
the combination that provided the highest sensitivity of
0.65 was obtained when using ‘Speed and Tender-
ness’. The present study indicates that combining
clinical tests only does not provide adequate sensitivity
for the assessment of LHBT pathology.

As for clinical tests, the sensitivity of MRI findings
has been investigated in the literature. In 2019, Kim
et al. [22] assessed the diagnostic value for MRI find-
ings of abnormal signs (diameter, contour irregularity,
and signal alteration), which resulted in a sensitivity of
0.52-0.67 in the parasagittal view, and 0.58-0.67 in the
axial view. Shibayama et al. [27] investigated LHBT
diameter and change in signal intensity as diagnostic
criteria using MRI and found a higher sensitivity using
diameter (Se, 0.84) compared to change in signal
intensity (Se, 0.52). Finally, in a meta-analysis by

Lalevée et al. [23], the sensitivity of MRI for diagnosis
of LHBT pathologies was investigated by type of
pathology. Lalevée et al. [23] reported a pooled sensi-
tivity of 0.56 for full-thickness LHBT tears, 0.52 for
partial-thickness LHBT tears and 0.58 for any LHBT
tear. In the present study, the sensitivity of individual
MRI observations ranged from 0.12 to 0.68. Individual
MRI findings seemingly have low to moderate sensi-
tivity in diagnosing any type of LHBT lesion, while the
combination of MRI findings and clinical tests subs-
tantially improved the sensitivity (Se, 0.88).

Lesions of the LHBT are a common cause of pain
and dysfunction in shoulders with RCTs, and early
diagnosis and treatment can prevent further degener-
ation of the LHBT [6, 9, 10, 23, 24]. The most common
treatment options are tenotomy or tenodesis [5, 18]. In
2005, Walch et al. [29] reported that spontaneous
rupture of the LHBT during the evolution of RCTs
resulted in pain relief, and henceforth popularised
systematic tenodesis or tenotomy of the LHBT during
RCR [18], even when the LHBT showed no macro-
scopic signs of pathology. While satisfactory outcomes
have been reported for both tenodesis and tenotomy,
there is yet no consensus regarding the best treatment,
as both can lead to complications [1, 28]. Tenotomy is
often associated with the occurrence of a Popeye sign
and a decrease in strength, while tenodesis requires
longer recovery time, and can result in cramps [5, 14,
18]. There is a general consensus, however, that te-
notomy or tenodesis is necessary if the LHBT is path-
ologic during RCR, to avoid residual bicipital pain and
the need for reoperation, which is why diagnosis
requires high sensitivity [15, 20, 22, 23, 25, 27].

The present study revealed that a combination of
clinical tests and MRI findings (Se, 0.88) resulted in a
higher sensitivity than clinical tests (Se, 0.74) or MRI
findings alone (Se, 0.68). Correct preoperative
assessment is important, as it allows to manage pa-
tients' expectations and intra-operative time. None-
theless, intra-operative arthroscopic findings could
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Individual diagnostic accuracy.

TABLE 3

NPV
Est.

PPV
Est.

Accuracy
Est.

Specificity

Est.

Sensitivity

TP FP FN TN Est.

Se + Sp

N

Clinical test

(0.52-0.84) 1.18

0.69

(0.37-0.63)

(0.47-0.67) 0.50

0.57

(0.31-0.58)

25 0.74 (0.59-0.86) 0.44

11

100 32 32

Speed

1.24

(0.53-0.76)

0.65

(0.44-0.81)

0.64

(0.55-0.74)

0.65

(0.70-0.91)

0.82

(0.27-0.58)

0.42

47

10 25

18

100

Yergason

(0.57-0.81) |1.33

0.70

(0.47-0.80)

(0.58-0.77) 0.65

0.68

(0.64-0.87)

(0.40-0.71) |0.77

0.56

19 44

13

100 24

Kibler

1.39

(0.62-0.87)

0.76

(0.47-0.75)

0.62

(0.59-0.78)

0.69

(0.53-0.79)

19 12 38 [0.72 (0.56-0.85) 0.67

100 31

Tenderness

MRI observation

1.09

(0.46-0.79)

0.64

(0.33-0.59)

0.46

(0.42-0.63)

0.53

(0.29-0.56)

0.42
0.95
0.93

(0.51-0.81)

27 32 13 23 0.68

95

Signal

1.32

(0.55-0.77)

0.67

(0.60-0.97)

0.84

(0.60-0.79)

0.70

(0.85-0.99)

(0.23-0.53)

54 0.37

27

16

100

Diameter

1.05

(0.68-0.68) 0.56 (0.21-0.86) 0.58 (0.47-0.68)

0.58

(0.83-0.98)

(0.04-0.25)

38 53 0.12

4

100 5

Position

Abbreviations: Est., estimation; FN, false negative; FP, false positive; MRI, magnetic resonance imaging; N, cohort size; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity; TN, true

negative; TP, true positive.

serve as the final assessment of the intra-articular
portion of LHBT, during which a pathologic LHBT that
was misdiagnosed as healthy, would still be correctly
treated. To the author's knowledge, no other study has
investigated the combination of clinical tests and MRI to
detect LHBT pathologies. The present study, however,
found a sensitivity of 0.88 by using the ‘Speed or Sig-
nal’. In a meta-analysis by Courage et al. [11], com-
paring diagnostic values of clinical tests versus ultra-
sound findings, the pooled sensitivity of ultrasound
assessment of LHBT was 0.70, which is more than
what was found in the literature, as well as in the
present study for MRI assessment. Even though the
present study found a high sensitivity, it is possible that
future studies using other imaging modalities or com-
binations thereof, find even higher sensitivities. Future
studies should evaluate the reliability of ultrasound, as
an alternative to MRI, to maximise sensitivity of diag-
nosis of LHBT pathologies, as ultrasound is consider-
ably faster and cheaper to perform, and therefore
could facilitate decision-making during initial patient
assessment.

The findings of the present study should be inter-
preted with the following limitations in mind. First, the
number of patients excluded for missing MRI assess-
ment was approximately 40%, as some patients had
computed tomography arthrography (CTA) instead of
MRI. Second, for five patients, signal intensity was not
measured on MRI, which could leave doubts on the
reliability of this single criterion, and its use as diag-
nostic criteria. Third, as some MRI criteria can be
subjective to interpret, it is possible that MRI readings
might have differed between the eight surgeons since
interobserver repeatability was not assessed, and the
ultimate diagnostic repeatability of the combinations
used cannot be ascertained, although the authors had
sufficient confidence in the repeatability of MRI as re-
ported in numerous previous studies [22, 27]. Finally,
the present study is based on MRI assessments by
surgeons, which could differ from assessments by
radiologists. It is worth noting, however, that the eight
surgeons had agreed on common assessment criteria,
while the undetermined number of radiologists could
have increased heterogeneity. Nonetheless, the
strength of the present study is that it is the first to
investigate the combination of clinical tests and MRI
observations for the diagnosis of LHBT pathology,
which could provide greater diagnostic value for
clinicians.

CONCLUSION

For the diagnosis of LHBT pathologies, the combina-
tion ‘Speed or Signal’ could diagnose 88% of patho-
logic LHBTs correctly, while 80% of healthy LHBTs
could be misdiagnosed as pathologic.
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