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Inter-and intra-observer reproducibility of ultrasound analysis of the long head of the biceps

Introduction: Ultrasound assessment of the long head of the biceps (LHB) is difficult. The aim of the present study was to analyze the inter-and intraobserver reproducibility of 2 ultrasound cross-sections not previously assessed: humeral head apex (image 1) and bicipital groove entrance (image 2).

Hypothesis: These ultrasound cross-sectional images allow reliable and reproducible analysis of the intra-articular LHB.

Material and methods:

A single-center prospective study was conducted. Interobserver reproducibility was assessed between 2 radiologists in 20 healthy shoulders (asymptomatic group) and 35 painful shoulders (symptomatic group); Intra-observer reproducibility was assessed for 1 observer in 10 healthy shoulders. Quantitative parameters comprised short and long axes and transverse area, and qualitative parameters comprise echogenicity and LHB position.

Results: On images 1 and 2, inter-observer agreement on the 3 quantitative parameters was good to excellent in both subject groups (p<0.05), and more precise and highly reproducible for image 1. Agreement on the 2 qualitative parameters was excellent (p<0.001). Intra-observer reproducibility results were non-significant on all parameters. Discussion: The 2 intra-articular LHB cross-sections proved reliable and reproducible in painful and in healthy shoulders. A standardized ultrasound protocol could thus enhance the precision of LHB assessment and treatment.

Introduction

Long head of the biceps (LHB) lesions are a frequent cause of anterior shoulder pain [START_REF] Ahrens | The long head of biceps and associated tendinopathy[END_REF], often associated and sometimes confused with rotator cuff tear [START_REF] Murthi | The incidence of pathologic changes of the long head of the biceps tendon[END_REF][START_REF] Beall | Association of Biceps Tendon Tears with Rotator Cuff Abnormalities: Degree of Correlation with Tears of the Anterior and Superior Portions of the Rotator Cuff[END_REF], as clinical examination can be non-specific [START_REF] Boileau | La pathologie du long biceps : synthèse du symposium SFA 2006[END_REF]. Cross-sectional imaging on MRI and contrast-enhanced CT-arthrography show moderate sensitivity in diagnosing extrinsic LHB lesions (subluxation, cover) and poor sensitivity for intrinsic lesions (degeneration, inflammation). CT-arthrography, moreover, is costly and invasive; otherwise, neither examination has proved superiority [START_REF] De Maeseneer | Assessment of the long head of the biceps tendon of the shoulder with 3T magnetic resonance arthrography and CT arthrography[END_REF].

The simplicity and low cost of ultrasound make it the examination of choice for LHB tendinopathy [START_REF] Plomb-Holmes | An orthopaedic surgeon's guide to ultrasound imaging of the healthy, pathological and postoperative shoulder[END_REF]. Sensitivity and specificity are high for diagnosis of macroscopically visible lesions such as subluxation or dislocation [START_REF] Read | Shoulder ultrasound: Diagnostic accuracy for impingement syndrome, rotator cuff tear, and biceps tendon pathology[END_REF][START_REF] Armstrong | The efficacy of ultrasound in the diagnosis of long head of the biceps tendon pathology[END_REF] and full-thickness tear [START_REF] Armstrong | The efficacy of ultrasound in the diagnosis of long head of the biceps tendon pathology[END_REF][START_REF] Skendzel | Long Head of Biceps Brachii Tendon Evaluation: Accuracy of Preoperative Ultrasound[END_REF]. Finer ultrasound analysis of the LHB by quantitative measurement, on the other hand, has been little described [START_REF] Toshiaki | Crosssectional area of the tendon and the muscle of the biceps brachii in shoulders with rotator cuff tears: A study of 14 cadaveric shoulders[END_REF][START_REF] Takahashi | Hypertrophy of the extra-articular tendon of the long head of biceps correlates with the location and size of a rotator cuff tear[END_REF][START_REF] Takahashi | Progression of degenerative changes of the biceps tendon after successful rotator cuff repair[END_REF].

The extra-articular part has been the most widely studied. Takahashi et al. [START_REF] Takahashi | Hypertrophy of the extra-articular tendon of the long head of biceps correlates with the location and size of a rotator cuff tear[END_REF][START_REF] Takahashi | Progression of degenerative changes of the biceps tendon after successful rotator cuff repair[END_REF] demonstrated hypertrophy of the extra-articular LHB after cuff tear, whether repaired or not. Collinger et al. [START_REF] Collinger | Reliability of quantitative ultrasound measures of the biceps and supraspinatus tendons[END_REF] and Drolet et al. [START_REF] Drolet | Reliability of ultrasound evaluation of the long head of the biceps tendon[END_REF] reported good intra-and inter-observer reproducibility in measuring LHB thickness and transverse area in the groove in asymptomatic subjects. An ultrasound crosssection at the bicipital groove is therefore the image validated for study of the extra-articular LHB. These quantitative criteria, however, have not been validated for the intra-articular LHB between the insertion on the supraglenoid tubercle and the entry into the groove, which is more difficult for the radiologist to analyze and is rarely undertaken. These quantitative measurements could provide supplementary information for the management of shoulder pathology, notably in case of associated rotator cuff tear.

The aim of the present study was to analyze intra-and inter-observer reproducibility on 2 ultrasound images assessing the intra-articular LHB: at the apex of the humeral head (horizontal part), and at the entrance to the bicipital groove. The study hypothesis was that these two cross-sections are reliable and reproducible for LHB analysis in healthy or painful shoulders.

Material and methods

A single-center prospective study for the period July 1 st to November 1 st , 2018 included subjects aged 18-75 years without history of shoulder surgery or fracture. Review board approval was obtained at the Regional University Hospital Center of Tours, France.

The "asymptomatic" group comprised 15 healthy volunteers with painfree shoulders: 7 male, 8 female; mean age, 21.2 years (range, 20-23 years). The "symptomatic" group comprised 35 volunteer patients with painful shoulder of more than 6 months' progression, with progressive or traumatic onset: 23 male, 12 female; mean age, 57.8 years (range, 43-66 years). Diagnoses, after MRI or CT-arthrography as part of the standard etiological work-up, comprised 17 cases of subacromial bursopathy without cuff tear and 9 with (6 isolated supraspinatus, 2 supraspinatus associated with subscapularis, and 1 isolated subscapularis), 4 of calcifying tendinopathy, 3 of centered osteoarthritis of the shoulder, and 1 of acromioclavicular arthropathy.

Ultrasound examination was performed by radiologists specializing in bone and joint imaging and experienced in shoulder ultrasound. The equipment comprised a Siemens® 18L6HD probe with high-frequency acquisition (18-6 MHz).

Reference segments were as described by Toshiaki et al. [START_REF] Toshiaki | Crosssectional area of the tendon and the muscle of the biceps brachii in shoulders with rotator cuff tears: A study of 14 cadaveric shoulders[END_REF]. The subject was positioned seated with the shoulder in slight retropulsion and external rotation so as to expose the horizontal proximal course of the biceps free of the acromial coverage. The probe was placed at the apex of the shoulder, pointing toward to elbow to explore the apical sphericity of the humeral head, covered in anechogenic thin hyaline cartilage. In this position, it is easy to locate the LHB: anisotropic, clearly echogenic and brilliant, with oval cross-section when the probe is precisely transverse to the muscle course. It is surrounded by the subscapularis tendon on the inside and the supraspinatus tendon on the outside (segment 2). Toward the groove entrance, it is guided by the rotator interval ligaments (segment 3) (image 1; Figure 1): coracohumeral ligament on the superficial side, and superior glenohumeral ligament, raising the inferomedial edge where it leaves the humeral cartilage. At the groove entrance (segment 4) (image 2;Figure 2), which is easily recognized from the inward curvature of the humeral bone surface under the biceps, the LHB is entirely surrounded by the ligament belt, which is hypoechogenic in contrast to the echogenic tendon. To follow the vertical part of the tendon descending into the groove (segments 5 to 7), the shoulder was repositioned in slight antepulsion.

Images 1 and 2 were taken for all subjects. Three quantitative descriptive parameters were measured: short axis, long axis and transverse area (Figure 3). Two qualitative parameters were assessed: tendon echogenicity (homogeneous, hyperechogenic, hypoechogenic), and LHB position (centered or subluxated).

Inter-observer agreement was assessed between 2 radiologists in 10 asymptomatic patients (20 shoulders: 10 left, 10 right) in 2 series of measurements on images 1 and 2 for each shoulder. Intra-observer reproducibility was assessed for 1 radiologist in 5 other asymptomatic patients (10 shoulders: 5 right, 5 left), following the same protocol. Finally, interobserver agreement was assessed between 2 radiologists in the 35 symptomatic patients (35 shoulders) in 2 series of measurements on images 1 and 2 for each shoulder (Figure 4).

Statistical analysis was performed by an experienced statistician on

XlStat® software, version 2015.5 (Addinsoft, Paris, France). For quantitative variables, agreement was assessed on absolute differences in measurement; agreement on ranks and measurements were assessed respectively on Kendall ] 0.6 ; 0.8 ] good; ] 0.8 ; 1.0 ] excellent). For qualitative variables, agreement was assessed on Kappa coefficient with 95% confidence interval. The significance threshold was set at p ≤0.05. 1 and2)

Results

Image 1, apex of humeral head (Tables

Inter-observer agreement on the 3 quantitative measurements was good to excellent in the 2 groups (p<0.05), and equivalent on all 3 measurements in both asymptomatic (0.65<K<0.78: good agreement; p<0.007) and symptomatic subjects (0.80<K<0.84: excellent agreement; p<0.02).

Qualitative analysis was precise, with good agreement on LHB echogenicity (kappa=0.77; p<0.01), and perfect agreement on biceps position (kappa=1; p=0.04).

In contrast, there was no intra-observer concordance on any measurement in either image in the asymptomatic group (p>0.05). 2 and3)

Image 2, bicipital groove entrance (Tables

Inter-observer agreement on the 3 quantitative measurements was good to excellent in the 2 groups (p<0.05), and best for LHB area in asymptomatic subjects (K=0.86: excellent agreement; p=0.0002).

The level of agreement was equivalent on all 3 measurements in symptomatic subjects (0.76<K<0.78: good agreement; p<0.03).

Qualitative analysis was even more precise, with excellent agreement on LHB echogenicity (kappa=0.87; p<0.001), and perfect agreement on biceps position (kappa=1; p=0.01).

In contrast, there was no intra-observer concordance on any measurement in either image in the asymptomatic group (p>0.05).

Discussion

The present levels of inter-observer agreement on the qualitative and quantitative parameters in both groups indicate that ultrasound is contributive to intra-articular LHB assessment.

For qualitative measurements, agreement was excellent on both images.

LHB position is partly reliable on cross-sectional imaging [START_REF] Rol | Diagnosis of long head of biceps tendinopathy in rotator cuff tear patients: correlation of imaging and arthroscopy data[END_REF]: it is always clear when the LHB is not in the groove or dislocated out of it, but diagnosis of tendon subluxation is less consensual. One reason for this may be the choice of acquisition plane, which, like for analyzing the supraspinatus, should be tangential to the tendon, although the course varies between the insertion and the groove entrance [START_REF] Etancelin-Jamet | Diagnostic value of angled oblique sagittal images of the supraspinatus tendon for the detection of rotator cuff tears on[END_REF]. The interest of ultrasound thus lies in assessing the LHB on two reproducible cross-sections, which can be adjusted during examination so as to be either in the axis of the tendon or tangential to it, depending on the objective. Tendon echogenicity is also useful information provided by ultrasound. Intrinsic tendon abnormalities are poorly visualized and unreliable on cross-sectional imaging. The fact that inter-and intra-observer reproducibility is strong for this criterion is an important advantage of ultrasound. However, this sheds no light on the positive predictive value of signal abnormality; crossed arthroscopic and pathologic analysis could usefully confirm this point or not.

On quantitative measurements, the level of agreement on all criteria in both images was more or less equivalent in the symptomatic and asymptomatic groups. LHB area and long axis were the most consensual. This was partly reported by Takahashi et al., who suggested measuring tendon cross-sectional area, but in the bicipital groove [START_REF] Takahashi | Hypertrophy of the extra-articular tendon of the long head of biceps correlates with the location and size of a rotator cuff tear[END_REF][START_REF] Takahashi | Progression of degenerative changes of the biceps tendon after successful rotator cuff repair[END_REF]. Collinger et al. [START_REF] Collinger | Reliability of quantitative ultrasound measures of the biceps and supraspinatus tendons[END_REF] and Drolet et al.

[14] also found good inter-observer agreement on LHB thickness and area, although once again in the groove, and in asymptomatic subjects. The present study thus confirmed the reproducibility of ultrasound measurement, but on two different cross-sections so as to explore the intra-articular LHB: at the apex, and at groove entrance, in symptomatic subjects. This ultrasound analysis, however, probably requires an examiner experienced in imaging of shoulder bone and joint pathology. As reported by Drolet et al. [START_REF] Drolet | Reliability of ultrasound evaluation of the long head of the biceps tendon[END_REF], measurement errors according to acquisition plane are possible, especially for LHB width. Taking the mean of 2 measurements may even be recommended. In the present study, while agreement was good to excellent on all quantitative criteria, the margin of error could sometimes be significant considering the small size of the structure being analyzed. This may explain why inter-observer reproducibility was lower for small-axis measurement than for the other parameters. The absence of intraobserver concordance may also explain the difficulty of measurement, even for an experienced radiologist. A standardized ultrasound protocol could improve LHB assessment reliability and precision, especially considering that this examination is increasingly used by orthopedic surgeons, who have varying levels of expertise. It was unfortunately not possible to show superiority of one image over the other for intra-articular LHB assessment, although image 1 seemed more reliable.

The strong points of the present study were to assess the LHB in a large sample with 2 different clinical presentations: symptomatic and asymptomatic.

The aim was to assess reproducibility on two ultrasound cross-sections, and it might be supposed that the pathological presentation would interfere in examination and interpretation. Shoulder pain, bursitis, tear of varying severity and intra-articular osteoarthritic effusion can hinder the examination, known to be limited by operator-dependency. Likewise, to limit interpretation bias, statistical analysis used concordance assessment based on absolute measurement differences rather than means, generally increasing the Kendall coefficient and thus the level of inter-observer agreement. The lack of clinical precision regarding shoulder pain, with multiple diagnoses, was, however, a study limitation, and could be influenced by rotator cuff tear type and severity. And lastly, there were only 10 patients for the intra-observer analysis, which may account for the non-significant results despite the good concordance. There may also have been a bias in ultrasound measurement according to clinical differences between the two groups (mean age was greater in group 2 than group 1).

Conclusion

Quantitative and qualitative intra-articular LHB assessment on ultrasound was reliable and reproducible in both healthy and painful shoulders. In the light of the strong inter-observer agreement, ultrasound images at the apex of the humeral head and at the entrance to the bicipital groove may serve as references for follow-up of LHB pathology. A standardized protocol involving 2 crosssections could improve management of intra-articular LHB pathology associated with rotator cuff tear. Comparing ultrasound results with arthroscopy could be the focus of a further study assessing predictive value. 
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 123 Figure 1: Ultrasound image of left shoulder, showing long head of the biceps at
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 4 Figure 4: "Symptomatic" and "asymptomatic" groups

Table 1

 1 Inter-observer agreement in asymptomatic and symptomatic subjects, for long head of the biceps small axis, long axis and area, in image 1 (humeral head apex).

	Image 1 "Asymptomatic" group	"Symptomatic" group
		(n = 20)			(n = 35)	
		Kendall	P	Agreement	Kendall	P	Agreement
	Short					
		0.656	0.0071	Good	0.8407	0.0077 Excellent
	axis					
	Long					
		0.7592	0.0012	Good	0.804	0.0138 Excellent
	axis					
	Area	0.7801	0.0008	Good	0.8168	0.0113 Excellent
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Inter-observer agreement in asymptomatic subjects, for long head of the biceps small axis, long axis and area, in image 1 and 2 (head apex, groove entrance).