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Is conventional radiography still relevant for evaluating the acromioclavicular joint?
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Introduction

The acromioclavicular (AC) joint has an important role in the shoulder's dynamic function. It can be damaged by acute trauma or chronic degeneration and is often interlinked in rotator cuff pathologies; however, its role in shoulder pain is not well understood [START_REF] Kim | Asymptomatic acromioclavicular joint arthritis in arthroscopic rotator cuff tendon repair: a prospective randomized comparison study[END_REF].

The incidence of radiological changes in the AC joint increases with age. Degenerative changes in the AC joint have been found in 68% of patients less than 30 years of age, 93% of those older than 30 years and 100% after 50 years [START_REF] Stein | Detection of acromioclavicular joint pathology in asymptomatic shoulders with magnetic resonance imaging[END_REF][START_REF] Frigg | Seven-year course of asymptomatic acromioclavicular osteoarthritis diagnosed by MRI[END_REF][START_REF] Tauber | Erkrankungen des Schultereckgelenks[END_REF][START_REF] Seifarth | Systematik der glenohumeralen und akromioklavikulären Arthrose[END_REF][START_REF] Petersson | Degeneration of the Acromioclavicular Joint: A Morphological Study[END_REF]. Only age is strongly correlated with AC degeneration [START_REF] Stein | Detection of acromioclavicular joint pathology in asymptomatic shoulders with magnetic resonance imaging[END_REF][START_REF] Frigg | Seven-year course of asymptomatic acromioclavicular osteoarthritis diagnosed by MRI[END_REF][START_REF] Petersson | Degeneration of the Acromioclavicular Joint: A Morphological Study[END_REF], although physical and occupational activities can accelerate these phenomena. In a patient with shoulder pain, conventional radiography assessment consists initially of radiographs and an ultrasound to evaluate all the bones and tendons. The diagnosis of AC joint osteoarthritis is often made during this assessment [START_REF] Garretson | Clinical evaluation of injuries to the acromioclavicular and sternoclavicular joints[END_REF][START_REF] Mayerhoefer | Comparison of MRI and Conventional Radiography for Assessment of Acromial Shape[END_REF][START_REF] Tuite | Imaging Evaluation of Nonacute Shoulder Pain[END_REF]. But since radiography is a two-dimensional projection of a three-dimensional structure, there is-by definition-a loss of information and a flaw in the interpretation [START_REF] Garretson | Clinical evaluation of injuries to the acromioclavicular and sternoclavicular joints[END_REF][START_REF] Butters | The snapping scapula[END_REF][START_REF] Ernberg | Radiographic evaluation of the acromioclavicular and sternoclavicular joints[END_REF][START_REF] Clavert | Is anterior glenoid bone block position reliably assessed by standard radiography? A cadaver study[END_REF].

The study hypothesis was that conventional radiography provides a reproducible evaluation of the AC joint space. The primary objective of this study was to evaluate the AC joint using an anatomical specimen while varying the orientation of the x-rays (incidence angle).

Methods

Anatomical specimen

We isolated a scapula-clavicle block from a donated cadaver with no evidence of osteoarthritis (on AP view) or history of shoulder problems. The soft tissues were removed, while preserving the coracoacromial ligaments and the AC joint capsule. A stand was manufactured for the scapula that allowed the specimen to be positioned along two perpendicular axes and angles to be measured (Figure 1).

Radiography protocol

The radiographs were made at the Strasbourg University Hospital on a flat-panel X-ray detector (FDR Visionary Suite, Fujifilm) during a single session by a single operator. After taking a strict AP scout view of the AC, corresponding to a Zanca view (Fig. 2) -which was used as a reference throughout the study (red dot on Figure 3)-subsequent views were taken by changing the incidence angle by 5° in each plane. Vertical movements were done with the radiography device (digital system) and horizontal ones using the stand.

Measurements

We evaluated the visible joint space area, defined as the clear space between the acromial subchondral bone and that of the distal tip of the clavicle. The radiographs were loaded into the OsiriX lite image processing software. After locating the superior and inferior ends of the joint, displayed as a green box on Figure 4A, the joint contours were drawn manually using the limits of the subchondral bone on each edge of the joint, in the previously defined box.

The joint area (in mm 2 ) was calculated by the software; when superimposition was present, the software subtracted the superimposed areas (Figure 4B).

Statistical analysis

XLSTAT software (Addinsoft, Paris, France) was used for the statistical analysis. A comparison of the areas measured relative to the reference area (strict AP view) was done using the Wilcoxon signed rank test (one-tail). The alpha risk was set at 2.5%.

For this analysis, we created so-called "linear" sets of values that corresponded to all the measurements with a 5° variation along a single axis (vertical or horizontal), with the other staying fixed (red rectangle on Figure 3). We also created a "central" set of values comprising all the angle variations [-10 ; +10°] on the two axes (green square on Figure 3), and two "diagonal" sets of value in which the incidence angle varied in both axes in a similar manner (5°, -5°; 10°, -10°, etc.).

Results

The study analyzed 65 radiological images (Figure 3). The measured areas ranged from 10.12 mm 2 to 55.23 mm 2 , with a mean area of 32.13 mm 2 and a standard deviation of 12.11 mm 2 (Table 1).

We created 21 sets of values based on the variations in incidence angle: 18 were linear, 2 were diagonal (No. 19, 20) and one was central (No. 21). The mean area in each set was calculated and ranged from 44.1 mm 2 to 18.02 mm 2 .

In 20 of the 21 sets, the null hypothesis (H0) was rejected with an alpha risk of 2.5% and a significance threshold of p < 0.05 (Table 2). Only data set No. 6 (+5° fixed on horizontal axis) could not be used to reject the H0. The H0 was rejected for the "central" set with a 2.5% alpha risk and p < 0.001.

Discussion

An AP view of the AC joint is the simplest and quickest examination method to evaluate the presence of degenerative lesions. It is often used in daily medical practice when evaluating a painful shoulder; its interpretation can lead to a surgical procedure being scheduled to perform distal clavicle resection [START_REF] Kim | Asymptomatic acromioclavicular joint arthritis in arthroscopic rotator cuff tendon repair: a prospective randomized comparison study[END_REF][START_REF] Butters | The snapping scapula[END_REF][START_REF] Stenlund | Correlation of macroscopic osteoarthrotic changes and radiographic findings in the acromioclavicular joint[END_REF][START_REF] Mall | Degenerative Joint Disease of the Acromioclavicular Joint: A Review[END_REF][START_REF] Shaffer | Painful Conditions of the Acromioclavicular Joint[END_REF]. It is also used during the postoperative phase to verify the success of the procedure that was done.

Based on the statistical analysis in this study, it is obvious that measuring the area of the joint space on AP views is strongly impacted by the x-ray source's positioning relative to the planes of the joint space. The results converge towards rejecting the null hypothesis with high levels of statistical significance (2.5% alpha risk, one-tail analysis) even for small variations relative to the reference. This modification is valid no matter the angle or size of the variation, as proven by our "central" set with variations of less than 10° in both planes. This finding appears logical given the nature of the examination, which brings about a loss of information since it is a 2D projection of a 3D object.

In clinical practice, the patient's position is difficult to reproduce and several elements can interfere with the patient's set-up (difficulty standing up, pain, back stiffness, scoliosis, etc.). Thus, the incidence angle of the x-rays at the joint is not fully controlled. Joint space narrowing cannot be interpreted on conventional radiography [START_REF] Stephenson | Striatal and extra-striatal D(2)/D(3) dopamine receptor occupancy by quetiapine in vivo. [(123)I]epidepride single photon emission tomography (SPET) study[END_REF][START_REF] Stenlund | Diminished space in the acromioclavicular joint in forced arm adduction as a radiographic sign of degeneration and osteoarthrosis[END_REF]. Instead, we need to do an overall analysis of the joint, looking for osteophytes and subchondral cysts.

While our study is not the first to cast doubt on the reliability of radiography, no studies up to now had provided statistical evidence in the context of AC degenerative lesions. MRI and/or CT scan have been shown to be superior for evaluating the cartilage, bone and neighboring soft tissues. Given the better spatial resolution and result that is completely independent of the patient's positioning, they allow the diagnosis of early stages of osteoarthritis (capsule hypertrophy, subchondral edema, osteophyte) [START_REF] Stein | Detection of acromioclavicular joint pathology in asymptomatic shoulders with magnetic resonance imaging[END_REF][START_REF] Frigg | Seven-year course of asymptomatic acromioclavicular osteoarthritis diagnosed by MRI[END_REF][START_REF] Butters | The snapping scapula[END_REF][START_REF] Ernberg | Radiographic evaluation of the acromioclavicular and sternoclavicular joints[END_REF][START_REF] Itoi | Quantitative assessment of classic anteroinferior bony Bankart lesions by radiography and computed tomography[END_REF]. Often performed during the standard work-up for rotator cuff lesions, MRI provides a complete assessment of the joint and 3D reconstruction.

However, our study has certain limitations. The use of a cadaver specimen without soft tissues allowed us to better control its positioning in the x-ray device. All the images were made during a single session, on the same x-ray device, allowing us to eliminate one achievement bias. The measurements were done by an observer who knew the experimental conditions and the relative position of the scapula, and these measurements were done manually. Lastly, the intra-observer and inter-observer reliability were not determined.

Conclusion

This study found that a patient's position relative to the x-ray incidence angle when making an AP view of the AC joint is critical, since this positioning is not very reliable or reproducible. Measuring the joint area on a plain radiograph is not reliable for diagnosing AC arthropathy or determining an indication for distal clavicle resection. In fact, variations in the incidence angle bring about a bias when analyzing an x-ray image. Nevertheless, conventional radiography is still useful in the context of an imaging assessment for chronic shoulder pain to look for signs of AC joint degeneration other than joint space narrowing. 
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 12 Figure 1: Positioning of the scapula and clavicle on the stand
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 3 Figure 3: Distribution of the x-ray views (numbers on the x-axis and y-axis correspond to the x-ray incidence angle)

Figure 4 :

 4 Figure 4: Method used to measure the area of the joint

  

  

Table 1 :

 1 Area measured as a function of incidence angle relative to reference area (red number in grey box)

	Incidence angle	-20	-15	-10	-5	0	5	10	15	20
	20	12.05 19.81 26.61 34.48 38.84 30.33 27.96 21.24	18.23
	15	11.23 19.97			45.72			25.17	18.58
	10	11		29.89 36.67 45.14 34.58 33.17		15.66
	5	11.39		29.25 40.77 44.74 39.62 30.36		14.95
	0	11.57 22.39 34.76 39.16 49.26 42.81 34.02 22.35	10.12
	-5	15.23		35.07 46.09 47.87 45.61 35.07		15.8
	-10	27.74		44.86 45.18 42.82 47.24 40.81		18.66
	-15	34.56 38.68			42.74			36.05	23.11
	-20	34.59 39.77 48.21 51.53 39.75 55.23 45.8	33.9	27.08

Table 2 :

 2 Results of statistical analysis on the various data sets

	Set	Mean (mm 2 )	Max	Min	SD	P value
	1	18.81	34.59 11.00	10.38	0.0038
	2	28.12	39.77 19.81	10.19	0.0139
	3	35.23	48.21 26.61	7.81	0.009
	4	41.98	51.53 34.48	5.95	0.014
	5	44.10	49.26 38.84	3.45	0.0059
	6	42.20	55.23 30.33	8.29	0.031
	7	35.31	45.8	27.96	6.13	0.009
	8	27.34	36.05 20.35	7.24	0.0139
	9	18.02	27.08 10.12	4.89	0.0038
	10	27.19	38.84 18.23	7.27	0.0038
	11	37.36	45.72 18.53	12.56	0.0139
	12	32.52	45.14 15.66	9.72	0.009
	13	33.28	44.74 14.95	10.85	0.009
	14	31.61	49.26 10.12	13	0.0059
	15	37.59	47.87 15.8	12.08	0.009
	16	39.60	47.24 18.66	10.49	0.009
	17	35.15	42.74 23.11	8.48	0.0139
	18	42.66	55.23 27.08	9.36	0.0253
	19	36.41	49.26 18.23	9.92	0.0059
	20	33.50	49.26 12.05	0.36	0.0059
	21	39.71	49.26 29.25	39.71	< 0.0001
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