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Effects of Bicipital Groove Bony Morphology on the Stability
of Long Head of the Biceps Tendon
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Abstract

Objectives: To investigate the bony morphologic characteristics of the bicipital groove and to determine their relations
with the long head of the biceps tendon (LHBT) instability on magnetic resonance imaging (MRI).

Methods: The depth of the bicipital groove (DBG), the medial wall angle (MWA) and the total opening angle (TOA)
were measured on the shoulder MRI of 536 patients with anterior shoulder pain. 450 patients with a normally-located
LHBT determined stable LHBT, 86 patients with subluxation or dislocation of the LHBT determined unstable LHBT. We
assessed the relationship between measurements and LHBT stability and analyzed the cut-off values of the measure-
ments to identify the long head of the biceps tendon instability.

Results: The incidence of partial rotator cuff rupture, total rotator cuff tear, tendinosis and superior labral lesions were
significantly higher in patients with unstable LHBT (p<0.05). In patients with unstable LHBT, DBG was shallower, medial
wall angle was narrower and TOA was higher compared to those with stable LHBT. We recorded high sensitivity and
specificities for the cut-off values of 5.65 mm for DBG 53.3° for MWA, and 87.1° for TOA to determine the presence of
the unstable LHBT.

Conclusion: DBG, MWA and TOA can be used as stability criteria for LHBT.
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he disorder of the long head of the biceps tendon

(LHBT) is a well-known source of anterior shoulder
pain. LHBT pathologies occur because of the degeneration
and friction between the anterosuperior and coracoacro-
mial movement of the shoulder. 2 This leads to partial or
complete tearing of the biceps and tendinopathy, which
leads to instability.” The bicipital groove is an important

anatomic localization which plays a role in the stability of
the LHBT. Although the importance of the bony morphol-
ogy of the bicipital groove in LHBT pathologies has been
studied, there has been a minimal discussion about LHBT
pathologies.?# During surgical procedures for LHBT, it has
been noted that some bicipital grooves are narrow and
deep and some are wide and shallow, which may be asso-
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ciated with instability.”!

In recent years, magnetic resonance imaging (MRI) has
become a preferred diagnostic method for the evalua-
tion of shoulder joint pathologies because of the detailed
imaging of the structures around the joint.®™ And MRI is
useful in demonstrating the position of LHBTSs in the bicip-
ital groove.

Hence, we aimed to investigate the relationship between
bicipital groove bony morphology and LHBT instability and
to determine the cut-off values of the depth of the bicipital
groove (DBG), the medial wall angle (MWA) and the total
opening angle (TOA).

Methods

Patient Population and Study Design

The clinical records of 1093 patients who admitted with
anterior shoulder pain in orthopedic and traumatology
department, and underwent a shoulder MRI examination
between 1 January 2016, and 1 January 2019 were retro-
spectively reviewed.

The exclusion criteria were as follows: (1) a history of
trauma; (2) history of surgery; (3) history of inflammatory
arthritis.; (4) complete biceps tendon tear; (5) history of
the tumour. After applying the exclusion criteria, 536
patients remained. 450 shoulders of the patients had a
normally-located and 86 shoulders of the patients had
subluxation or dislocation of LHBT in MRI. Patients were
aged between 36 and 68 years old. The ethical compli-
ance of this study was approved in accordance with the
Helsinki Declaration by the Hospital Local Ethics Commit-
tee, Ankara, Turkey.

MRI Protocol and Morphometric Measurements

All MRl examinations was performed on a 1.5T MRI scanner
(Magnetom, Aera, Siemens, Erlangen, Germany) with stan-
dard shoulder wrap. Patients were in the supine position,
with the arm at the side at a neutral position. MRI evalua-
tions were performed on a picture archiving and communi-
cation system (Extreme PACS, Ankara, Turkey).

All studies were performed using the standard protocol,
which included oblique coronal proton density images
(2800/38; field of view [FOV] 14 cm; slice thickness 3.5 mm;
intersection gap 0.4 mm; matrix 320 x 256), axial, oblique
coronal, and oblique sagittal fat-suppressed T2- weighted
images (3400/50; FOV, 14 cm; slice thickness, 3.5 mm; inter-
section gap, 0.4 mm; matrix, 256 x 256) and oblique sagittal
T1-weighted images (780/15; FOV 14 cm; slice thickness 3.5
mm; intersection gap 0.4 mm; matrix 320 x 256). Neither

intravenous nor intraarticular gadolinium-based contrast
agents were used for any of the examinations.

In axial consecutively images, the change of the LHBT in
the bicipital groove was evaluated. Normal LHBT means;
LHBT was in the optimum anatomic position in the bicipital
groove (Fig. 1 a—d). LHBT subluxation means; LHBT was lo-
cated in the medial in the bicipital groove instead of normal
anatomical position, but maintaining partial contact (Fig.
1 e=h).®! LBHT dislocation means; LBHT was not located in
the bicipital groove, it was identified medially (Fig. 1 1-1).%
Subluxation and dislocation of the LHBT were evaluated as
unstable LHBT."”

As previously mentioned, DBG, MWA, TOA measurements
were performed for each patient from the deepest loca-
tion of the bicipital groove at the midline.”? The depth of
the bicipital groove (DBG); is the vertical distance from the
deepest point of the bicipital groove to the line connecting
the highest points of the greater and lesser tubercles (Fig.
2a). The medial wall angle (MWA) is; the angle between the
lines connecting the deepest point of the bicipital groove
to the highest points of the greater and lesser tubercles
(Fig. 2b). The total opening angle (TOA); is the angle be-
tween the line connecting the deepest point of the bicip-
ital groove to the highest points of the greater tubercle
and the line connecting the deepest point of the bicipital
groove to the highest points of the lesser tubercle (Fig. 2c).
Angle measurements were made in degrees, length mea-
surement in millimetres.

All measurements were performed by two radiologists with
12 and 6 years of experience in musculoskeletal imaging and
in a blinded manner for the findings of each other. To test the
intra-observer reliability, one of the radiologists repeated all
measurements three months after the first assessment.

Statistical Analysis

Data were analysed using SPSS software (IBM SPSS 25.0,
IBM Corporation®, Armonk, NY, USA). The intra-and inter-
observer reliability of MRl examinations was tested using
kappa statistics. Mean, standard deviation and percent-
ages were used in descriptive statistics. Mann-Whitney U
test was used to compare quantitative data, and Pearson’s
Chi-square test was used to compare qualitative data.
Spearman correlation test was used for the correlations of
the morphological changes of the unstable LHBT group.
Logistic regression analysis was used to analyse the factors
affecting the instability. Receiver operating characteristic
(ROC) curve analysis was used to calculate the cut-off value
(cut-off), specificity and sensitivity of the data. P<0.05 was
considered statistically significant.
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Figure 1. Illustrative shoulder figures demonstrate long head of the biceps tendon in the red line. lllustrative figures and axial magnetic res-

onance imaging sections through the bicipital groove of the patients with normal positioned (a-d), subluxed (e-h), and dislocated (1-1) long
head of the biceps tendon.

Figure 2. Axial magnetic resonance imaging sections through bicipital groove demonstrating the measurement methods of the bicipital
groove depth (a) is the vertical blue distance between red lines, the medial wall angle (b) is the blue angle between the yellow line that cuts
the parallel red lines and the total opening angle (c) is the blue angle between red lines.

Results 44.6% were male. For patients with unstable LHBT, 51.2%
were female and 48.8% were male. There was no significant
difference between the sex distributions of stable and un-
There were 450 patients with stable and 86 with unstable stable patient groups (p>0.05). The mean ages of the pa-
LHBT. For patients with stable LHBT, 55.6% were femaleand tients in the stable and unstable groups were 55.54+8.06

Demographic Data
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and 58.00+9.12, respectively. The mean age of the patients
in the unstable group was significantly higher than that in
the stable group (p<0.05).

Morphological Changes

The DBG, MWA and TOA values after MRI examination of
the patients with stable and unstable LHBT were com-
pared (Table 1). Results showed that the DBG of patients
with unstable LHBT was lower, MWA was narrower and
the TOA was significantly higher than those in the stable
LHBT group (p<0.05). Table 2 shows that partial rotator cuff
tear, total rotator cuff tear, tendinosis and superior labral
lesions are seen more frequently in patients with unstable
LHBT (p<0.05). However, the development of adhesive cap-

Table 1. Comparison of morphological data determined by MRI
examination of patients with stable and unstable LHBT

Stable Unstable Test P
(MeanzxSD) (MeanzSD)
DBG 5.90+0.21 5.47+0.13 2520 <0.001
MWA 54.66+0.60 52.16+0.44 747 <0.001
TOA 83.61£10.30 86.27+6.34 13437 <0.001

Test: Mann-Whitney U, p<0.05 was considered significant. LHBT: long head
of the biceps tendon; SD: standard deviation; DBG: bicipital groove depth;
MWA: medial wall angle; TOA: total opening angle.

Table 2. Comparison of pathological data determined by MRI
examination of patients with stable and unstable LHBT

sulitis and calcification did not differ significantly between
groups (p>0.05). As shown in Table 3, the MWA of females
with unstable LHBT is smaller than that in men (p<0.05).
However, the DBG and TOA values did not show any sig-
nificant changes (p>0.05). The frequency of pathological
conditions in patients with unstable LHBT was examined
according to their gender, and there was no significant dif-
ference (p>0.05; Table 4).

Correlation

As shown in Table 5, there was a positive correlation be-
tween the age and TOA values of patients with unstable
LHBT (c>0, p<0.05). Depending on age, TOA increases.

Regression analyses

Logistic regression analysis was performed to determine

Table 3. Evaluation of morphological characteristics of unstable
patients according to gender

Female (n=44) Male (n=42) Test P
DBG (Mean+SD) 5.45+0.15 5.48+0.12 8425 0.471
MWA (Mean=SD) 52.05+0.22 52.27+0.57 664  0.023
TOA (MeanSD) 86.70+6.43 85.81+6.30 891 0.774

Test: Mann-Whitney U; p<0.05 was considered significance. DBG: bicipital
groove depth; MWA: medial wall angle; TOA: total opening angle.

Table 4. Comparison of pathological data determined by MRI
examination of patients with unstable LHBT

n Stable Unstable Test P
n (%) n (%)

Partial rotator cuff tear
None 450 386(85.8) 65(75.6) 5.626 0.018
Yes 86 64(14.2) 21(244)

Total rotator cuff tear
None 450 404(89.8) 70(81.4) 4960 0.026
Yes 86 46(10.2) 16(18.6)

Tendinosis
None 450 358(79.6) 33(38.4) 62.055<0.001
Yes 86 92(20.4) 53(61.6)

Adhesive capsulitis
None 450 418(92.9) 82(95.3) 0.697 0.404
Yes 86 32(7.1) 4(4.7)

Calcification
None 450 407 (904) 80(93) 0.578 0.447
Yes 86 43 (9.6) 6(7)

Superior labral lesions
None 450 407 (90.4) 62(72.1) 22.231<0.001
Yes 86 43(9.6) 24(27.9)

n Female Male Test P
(n, %) (n, %)

Partial rotator cuff tear
None 65 32(49.2) 33(50.8) 0.398 0.528
Yes 21 12(57.1) 9(42.9)

Total rotator cuff tear
None 70 36(51.4) 34(486) 0.011 0.918
Yes 16 8(50) 8(50)

Tendinosis
None 33 16(485) 17(51.5) 0.154 0.695
Yes 53 28(52.8) 25(47.2)

Adhesive capsulitis
None 82 41 (50) 41 (50) 0.954 0.329
Yes 4 3(75) 1(25)

Calcification
None 80 43(53.8) 37(46.3) 3.072 0.080
Yes 6 1(16.7) 5(83.3)

Superior labral lesions
None 62  31(50) 31(50) 0.120 0.729
Yes 24 13(54.2) 11(45.8)

Test: Mann-Whitney U; p<0.05 was considered significance. LHBT: long
head of the biceps tendon.

Test: Mann-Whitney U; p<0.05 was considered significance. LHBT: long
head of the biceps tendon.



the factors that directly affected the instability (Table 6).
It was determined that DBG and MWA alone had an effect
on instability (p<0.05). When we evaluated the likelihood
ratio, DBG and MWA were <0.001 and 0.015, respectively.

Table 5. Evaluation of the correlation between the morphological
characteristics of unstable patients according to their age

Age

DBG

r -0.127

p 0.242
MWA

r 0.053

p 0.628
TOA

r 0.221

p 0.041

Spearman correlation test; p<0.05 was considered significant; r>0: positive;
r<0: negative correlation; DBG: bicipital groove depth; MWA: medial wall
angle; TOA: total opening angle.

Table 6. Logistic regression analysis of factors affecting instability

Variables in the Equation

B S.E. Wald df Sig. Exp.[B]
Age -0.086 0.066 1.692 1 0.193 0917
Partial rotator -0.221 1.374 0.026 1 0.872 0.802
cuff tear
Total rotator -0.106 1.581 0.004 1 0.947 0.900
cuff tear
Tendinosis 2651 1438 3398 1 0.065 14.162
Superior labral 2.844 2176 1.709 1 0.191 17.187
lesions
DBG -20.505 5451 14.148 1 <0.001 <0.001
MWA -4212 986 18254 1 <0.001 0.015
TOA 0.052 .067 0612 1 0.434 1.053
Constant 336.662 80.946 17.298 1 <0.001 1.623E+146

B: regression coefficient; standard error of the coefficient; Sig.: significant;
Exp [B]; explanasial regression coefficient. DBG: bicipital groove depth;
MWA: medial wall angle; TOA: total opening angle.
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Cut-off value

The cut-off value of DBG was determined to be 5.65 mm,
with 87.6% sensitivity and 86.5% specificity. The cut-off
value of MWA was determined to be 53.3°, with 98.7% sen-
sitivity and 97.7% specificity. The cut-off value of TOA was
determined to be 87.1°, with 40% sensitivity and 70.9%
specificity, the DBG values were below 5.65 mm, the MWA
values were below 53.3° and the TOA values were above
87.1° (Fig. 3 and Table 7).

Intra- and Inter-Observer Reliability Assessment

Intra and interobserver intraclass correlation coefficients
for all quantitative and semi-quantitative measurements
were 0.81 and 0.89, respectively.

Discussion

In our study, we showed that patients with unstable LHBT
can be identified radiologically by observing changes in
bicipital groove bony morphology such as DBG, MWA and
TOA. The high sensitivity and specificity for differentia-
tion of LHBT patients according to stability and instability
showed the importance of the morphological character-
istics in defining LHBT pathologies. The LHBT is deep in
the bicipital groove under normal conditions, and LHBT
height is less than the DBG.®! The superior glenohumeral
ligament, the subscapularis and supraspinatus tendons
are known as the main stabilisers, and the contours of the
bicipital tuberosity also help in keeping the LBHT in the
bicipital groove. 1%

Anatomical variations in the bicipital groove may cause the
LHBT to shift."" LHBT instability can result in both sublux-
ation and dislocation. Although isolated biceps instability
has been reported in previous studies, most agree that the
relationship between biceps tendon instability and injury
to the rotator cuff is unclear.? Although some studies
show differences between patients in different parts of the
world, the normal range is 4-5.1 mm for DBG 47°-56° for
MWA and 78°-87° for TOA.B & 11.13-131 Yoo et al.l'® reported
that the DBG in patients with unstable LHBT was shallower,
MWA was narrower and TOA was larger than those in pa-
tients with stable LHBT. In another study, Urita et al."” found

Table 7. Evaluation of area, cut off, sensitivity and specify of DBG, MWA and TOA values

Area Asymptotic 95% Confidence Interval Cut-off Sensitivity Specificity
Lower Bound Upper Bound
DBG 0.935 0.915 0.955 5.65 % 87.6 % 86.5
MWA 0.981 0.964 0.998 533 % 98.7 % 97.7
TOA 0.347 0.301 0.394 87.1 % 40 % 70.9

DBG: bicipital groove depth; MWA: medial wall angle; TOA: total opening angle.
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Figure 3. ROC curves for the measurements of the depth of the bicipital groove, the medial wall angle and the total opening angle.

out that patients with shallower DBG had greater incidence
and amount of injury. Similarly, Pfahler et al.'® suggested
that, when DBG was lower than 2 mm, MWA was narrower
and TOA was less than 80° it was considered an LHBT
pathology. However, that study did not provide informa-
tion about stability. Furthermore, Spritzer et al.' reported
a strong correlation between bicipital groove morphology
and LHBT instability. By contrast, the study by Abbound et
al. indicated that bicipital groove morphology was unre-
lated to LHBT pathologies.®! In the present study, we found
out that DBG was lower, MWA was narrower and TOA was
larger in the unstable LHBT group when compared to the
stable LHBT group. Importantly, logistic regression analy-
ses in the current study found that DBG and MWA alone
could affect the stability of LHBT. In addition, the current
study demonstrated that gender should be prioritised in
the radiological evaluation because MWA in women was
narrower than that in men. We believe that stabilising LHBT
in the bicipital groove leads to instability because of the
continued dislocation of LHBT.

Beall et al.?” indicated that the sensitivity of MRI was 52%.
Zanetti et al.?" showed that the sensitivity of MRI could be
increased up to 90% with arthrography. Although Mala-
volta et al. showed that the sensitivity of MRl was 67% and
specificity was 98%, for the detection of instability, speci-
ficity was 72% and sensitivity was 53%.%% They stated that
the synovial distension in the bicipital groove and shoul-
der rotation decreased the sensitivity to instability.?? How-
ever, the sensitivity (87.6%, 98.7% and 40%) and specificity
(86.5%, 97.7% and 70.9%) of DBG, MWA and TOA, respec-
tively, were significantly higher in the current study. We be-
lieve that these parameters can be safely used in the evalu-
ation of LHBT stability. One of the more significant findings
that emerge from this study is the determination of the

cut-off values of DBG, MWA and TOA. It was observed that
DBG values below 5.65 mm, MWA values less than 53.3°
and TOA values more than 87.1° may be important criteria
in the evaluation of stability. The current findings add to a
growing body of literature on bicipital groove bony mor-
phology and LHBT instability.

Finally, disorders in the LHBT can be associated with many
other shoulder pathologies, including inflammation and
hypertrophy or stenosis of the bicipital groove. These have
been reported to have an effect on stabilisation.””®! Yoo et
al.' demonstrated that tendonitis, infections and partial
or complete tear of the cuff may contribute to the devel-
opment of LHBT instability. Another study conducted by
Urita et al. stated that subscapularis rupture has an effect
on LHBT stability."” In our study, the incidences of a partial
cuff tear, complete cuff tear, tendinosis and superior labral
lesions were significantly higher in patients with unstable
LHBT. Abnormal processes such as infection developing
in the region and damage to the anatomical structures re-
sponsible for stabilisation may lead to increased degenera-
tion and abnormal movement of tendons.?4

On the basis of the results of this study, it was found that
bicipital groove bony morphology had an important effect
on the development of LHBT pathologies. The high levels
of sensitivity and specificity of DBG, MWA and TOA sug-
gested that these parameters could be used as criteria for
LHBT stability.

The major limitation of the current study is that because of
the retrospective study design, the optimization of the arm
position of the patients in the magnet was not possible.
Our second limitation was that all measurements we per-
formed only static instability assessment. Further prospec-
tive and dynamic studies with large series are needed to
validate the cut-off values we obtained in our study.



Conclusion

Our findings suggest that DBG, MWA and TOA can be used
as stability criteria for long head of the biceps tendon.
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