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Abstract
AIM: To evaluate the effect of different elbow and forearm positions on radiocapitellar alignment.

METHODS: Fifty-one healthy volunteers were recruited and bilateral elbow radiographs were taken to form a radiologic database. Lateral elbow radiographs were taken with the elbow in five different positions: Maximal extension and forearm in neutral, maximal flexion and forearm in neutral, elbow at 90° and forearm in neutral, elbow at 90° and forearm in supination and elbow at 90° and forearm in pronation. A goniometer was used to verify the accuracy of the elbow’s position for the radiographs at a 90° angle. The radiocapitellar ratio (RCR) measurements were then taken on the collected radiographs using the SliceOmatic software. An orthopedic resident performed the radiographic measurements on the 102 elbows, for a total of 510 lateral elbow radiographic measures. ANOVA paired t-tests and Pearson coefficients were used to assess the differences and correlations between the RCR in each position. 

RESULTS: Mean RCR values were -2% ± 7% (maximal extension), -5% ± 9% (maximal flexion), and for elbow at 90° and forearm in neutral -2% ± 5%, supination 1% ± 6% and pronation 1% ± 5%. ANOVA analyses demonstrated significant differences between the RCR in different elbow and forearm positions. Paired t-tests confirmed significant differences between the RCR at maximal flexion and flexion at 90°, and maximal extension and flexion. The Pearson coefficient showed significant correlations between the RCR with the elbow at 90° - maximal flexion; the forearm in neutral-supination; the forearm in neutral-pronation. 

CONCLUSION: Overall, 95% of the RCR values are included in the normal range (obtained at 90° of flexion) and a value outside this range, in any position, should raise suspicion for instability. 
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Core tip: Assessing radial head alignment after injury and obtaining perfect lateral radiographs with the elbow at 90° and the forearm in neutral may be difficult. Therefore we designed this study to assess whether the radiocapitellar ratios (RCR) calculated from true lateral radiographs at different positions of elbow flexion and forearm pronosupination differ from those taken in 90° flexion and neutral position. The paper shows that the RCR measurement continues to be an overall valid and reliable method throughout different elbow and forearm positions. However, values in the negative range, > 5% regardless of forearm rotation, should raise suspicion for elbow instability. 

INTRODUCTION
The elbow is a complex joint that is comprised of three articulations: The ulno-humeral, the radiocapitellar and the proximal radio-ulnar joints. The joint capsule and the ligamentous structures surrounding the elbow’s congruent osseous articulations provide static stability while its adjacent muscles and tendons offer dynamic stability by aligning and compressing the joint surfaces together[1]. The components of elbow stability can be divided into primary and secondary stabilizers. The elbow’s primary stabilizers consist of the anterior bundle of the medial collateral ligament, the lateral ulnar collateral ligament, and the ulnohumeral joint[2]. The secondary stabilizers involve the radial head, the joint capsule and the adjacent muscles surrounding the articulation. All of these structures function together to permit functional elbow flexion-extension and forearm pronation-supination ranges of motion (ROM). However, elbow stability and alignment can easily be disrupted after a trauma. In fact, the elbow is second only to the shoulder for the incidence of non-prosthetic joint dislocation[3]. 

The literature highlights the importance of evaluating a joint’s integrity throughout its full arc of movement, as the stability of an articulation is a dynamic process. Assessing an articulation with a single radiologic view may lead to suboptimal diagnostics and treatments. Therefore, the evaluation of the radiocapitellar joint, which is known to contribute to elbow stability, would be an added resource. In their study of 80 healthy elbows, Rouleau et al[4] described a quantitative method to assess radiocapitellar joint translations, the radiocapitellar ratio (RCR), defined as the displacement of the radial head (minimal distance between the right bisector of the radial head and the center of the capitellum) divided by the diameter of the capitellum[4]. The mean normal RCR was 4% ± 4% (95%CI: -5% to 13%). It has been reported to have good inter- and intra-observer reliability when measured on a lateral radiograph with the elbow positioned at 90° of flexion with neutral forearm rotation. In a trauma setting, it may be difficult to obtain standardized lateral radiographs with the elbow flexed at 90° and the forearm in neutral rotation due to factors such as pain, swelling, or fractures[1], which may cause radiographs to be taken with the elbow and the forearm in different positions. The purpose of this study was to assess whether RCRs calculated from true lateral radiographs, at different positions of elbow flexion and forearm pronosupination, differ from those taken in 90° flexion and neutral position.

MATERIALS AND METHODS
Radiographs

Fifty-one healthy volunteers were recruited and bilateral elbow radiographs were taken to form a radiologic database. In this study, the volunteers included 31 females and 20 males, with an average age of 32 years old (SD = 9.0). The number of radiographs observed followed the guidelines of Harrison et al[5]. The inclusion criteria were: patients aged between 18-50 years old, and the absence of a preexisting elbow pathology in both upper extremities. The exclusion criteria consisted of: Elbows with preexisting abnormalities, such as arthrosis, fractures, surgical implants, etc., and pregnant women or those at risk of being pregnant. Each individual was asked to give informed consent and protected with lead aprons. They were asked to actively move their elbow into the various positions, so that no passive maximal pressure was applied. Ninety degree elbow flexion was assured by measuring with a goniometer at the time of imaging and was reviewed during measurements on the computer software. Lateral elbow radiographs were taken with the elbow in five different positions: Maximal extension and forearm in neutral, maximal flexion and forearm in neutral, elbow at 90° and forearm in neutral, elbow at 90° and forearm in supination and elbow at 90° and forearm in pronation (Figure 1). As described by London et al[6] a true lateral elbow radiograph was achieved when the trochlear sulcus, the capitellum and the medial trochlea were concentrically superimposed. The Institutional Review Board of the ethical committee approved this study.

Measurement method
The RCR method was used to measure the translation of the radial head on the capitellum, described in 5 steps[4], with SliceOmatic (Tomovision Inc, Magog, Quebec, Canada) software: (1) A line, perpendicular to the joint, was drawn at the center of the articular surface of the radial head (Figure 2, point 1); (2) The diameter of the capitellum (Ø capitellum) was measured; (3) The center of the capitellum was identified as the bisector of the capitellum’s diameter (Figure 2); (4) The minimal distance between the center points of the radial head and the capitellum was measured (Figure 2); and (5) The Radial-Capitellum-Ratio was calculated: RCR (%) = DRH/Øcapitellum.

A positive RCR value indicates anterior radial head translation, while a negative RCR result signifies posterior radial head translation. An orthopedic resident (ES) performed the radiographic measurements on the 102 elbows, for a total of 510 lateral elbow radiographic measures. The intra-observer (0.72) and inter-observer reliability (0.52) of this method were previously reported using intraclass correlation tests[4]. The results obtained were compared to the normal RCR range, measured in the previous study by Rouleau et al[4] and described as a RCR value between -5% to 13%. In their study, the measurements were taken twice by two different observers and the mean normal RCR was 4% ± 4%, with the normal RCR range within a 95%CI.

Statistical analysis

ANOVA and paired t tests were used to assess the differences in RCR measurement results between the five different elbow and forearm positions, with a level of significance established at P < 0.05. Pearson coefficients were calculated to assess the correlation between the RCR measurements in each different elbow and forearm position. Correlation coefficients (r) were considered small if r = ± 0.00 to 0.09; medium if r = ± 0.10 to 0.30; and strong if r = ± 0.50 and 1.00[7]. According to the results of the mean and standard deviation, analyses of the power for the Pearson coefficients correlations were also calculated. Statistical review of the study was performed by a biomedical statistician.

RESULTS
The mean maximal flexion achieved by the 51 subjects was of 151° ± 5° and the mean maximal extension was of 12° ± 7°. The mean RCRs for each position were: elbow in maximal extension: -2% ± 7% (95%CI: -4% to -1%), elbow in maximal flexion: -5% ± 9% (95%CI: -6% to -3%), elbow at 90° and forearm in neutral: -2% ± 5% (95%CI: -3% to -1%), elbow at 90° and forearm in supination: 1% ± 6% 95%CI: 0% to 2%), and elbow at 90° and forearm in pronation: 1% ± 5% (95%CI: 0% to 2%) (Figure 3). According to the ANOVA results, a significant difference exists between the RCRs in different elbow positions (P = 0.01) and in different forearm positions (P < 0.001). Moreover, 95% of our cohort obtained RCR values between the normal ranges initially evaluated, with posterior translation of the radial head of 5% to anterior translation of 13%. 

Paired t tests were used to accommodate the fact that these are non-independent events, and confirmed a significant difference between maximal elbow flexion and 90° of elbow flexion (P = 0.003), as well as for maximal elbow extension and maximal elbow flexion (P = 0.034) (Table 1). Additionally, the paired t test showed significant differences between the positions of the forearm in neutral and pronation (P ≤ 0.001), as well as between the forearm in neutral and supination (P < 0.001). However, there was no significant differ​ence between the positions of elbow flexion at 90° and maximal extension (P = 0.86), nor between the positions of the forearm in pronation and in supination (P = 0.28). 

According to the Pearson coefficients, significant correlations exist between elbow flexion at 90° and in maximal flexion (r = 0.19, P = 0.049), the forearm in neutral and in supination (r = 0.34, P < 0.001), as well as the forearm in neutral and in pronation (r = 0.42, P < 0.001). 

There was no significant correlation observed bet​ween the forearm positions in pronation and supination (r = 0.37, P = 0.55), the elbow positioned at 90° and in maximal extension (r = 0.086, P = 0.39) or between maximal elbow flexion and maximal elbow extension (r =0.085, P = 0.39). 

Post hoc power analyses of the Pearson coefficient correlations were done for the different elbow and forearm positions (Table 2). Significant power was only obtained when comparing maximal elbow flexion and maximal elbow extension (Π = 0.84). The power calculated for elbow flexion at 90° with the forearm in neutral and maximal elbow extension was Π = 0.63, and Π = 0.05 for elbow flexion at 90° with the forearm in neutral and maximal elbow flexion. When analyzing the power for the different forearm positions, significant results were obtained when comparing pronation and neutral, as well as between supination and neutral forearm positions, both with a power Π = 0.99. The power found for the correlation between supination and pronation forearm positions was 0.18. 

DISCUSSION
Following upper extremity trauma, a complete evalua​tion of the elbow’s primary and secondary stabilizers is necessary to avoid occult injuries and inappropriate treatments. The stability of an articulation can be determined clinically or with radiographic imaging. In the trauma setting, an elbow’s clinical stability and complete ROM evaluation may be difficult due to associated injuries and pain. Perfect lateral radiologic views at 90° of flexion may also be difficult to obtain due to multiple factors. Cheung et al[8] described the importance of obtaining proper alignment on a lateral radiograph with the forearm in neutral, with views of both the elbow and the wrist. Moreover, it has been suggested in the literature that stability of the radial head, especially after reduction, should be evaluated throughout its full ROM under radiological imaging which is what would make the RCR value of interest. 

When analyzing the results obtained with the paired t-tests, significant differences were found for the RCR measurements between maximal elbow flexion and elbow flexion at 90°; between maximal elbow flexion and maximal elbow extension; between neutral and pronation forearm positions; as well as between neutral and supination forearm positions. Thus, elbow and forearm positioning seem to substantially influence radiocapitellar alignment, because our results tend to demonstrate significant differences for most of the positions evaluated. Although these differences are statistically significant, further research is needed to evaluate if they are clinically important, as a RCR of 5% represents a small translation of the radial head (1.25 mm for a capitellum of 25 mm of diameter). 

The RCR measurement method has previously been shown to be valid and reliable when evaluating translations of the radiocapitellar articulation, with the elbow at 90° and the forearm in neutral[4]. This study evaluated the RCR method in five different elbow and forearm positions. The different elbow positions seem to have a greater effect on the RCR measurement results, when compared to the different forearm ranges of motion. Nonetheless, 95% of our cohort obtained RCR values between the normal ranges initially evaluated from -5% to 13%[4]. To illustrate, this range corresponds, in a capitellum with a diameter of 25 mm, to a radiocapitellar translation of 1.25 mm posterior to 3.25 mm anterior, for a total average of 5 mm displacement. Thus, the RCR measurement continues to be an overall valid and reliable method throughout different elbow and forearm positions. 

The main limitations of this study are that the radio​graphs were all taken with the radiological beam perpen​dicular to the elbow joint, to obtain a perfect lateral view. Further studies should be done to evaluate the effect of the radiological beam angle on the measurement of radial head displacement, since radiographs taken with mild misalignment or with the elbow slightly oblique might influence the measure​ments. Finally, an injured elbow may not be able to achieve the different elbow positions tested in the study, due to pain, swelling or altered mechanics. However, the positions were chosen to cover the entire range of motion of the elbow, as well as to maximize the differences on the RCR measurements.

To conclude, even if positioning is not ideal, if a true lateral radiograph of the elbow is taken, the RCR should fall within the normal range of -5% to 13% when the radiocapitellar joint is intact. The RCR measurement method is dependent on elbow (flexion-extension) and forearm (pronation-supination) positions. In both maximal elbow positions in flexion and extension, the measurements of the RCR have a higher standard deviation. In order to decrease its variability, we recom​mend, as a convention, measuring the RCR on lateral radiographs with the elbow at 90° and the forearm in any position (pronation, neutral or supination). In normal elbows, at 90° of flexion, the RCR measurement with the forearm in pronation and supination show a significant difference from the forearm in neutral, and move the RCR in a positive direction. Therefore values in the negative range, > 5% regardless of forearm rotation, should raise suspicion for instability. A clinical study on the prognosis value of RCR in the presence of acute elbow dislocation would further support its clinical utility[9]. 

COMMENTS
Background

The elbow is a complex joint that is comprised of three articulations and all of these structures function together to permit functional elbow flexion-extension and forearm pronation-supination ranges of motion (ROM). The literature highlights the importance of evaluating a joint’s integrity throughout its full arc of movement, since the stability of an articulation is a dynamic process. However, elbow stability and alignment can easily be disrupted after a trauma and few reliable measurement methods are available. The radiocapitellar ratio (RCR) was described as a quantitative method to assess radiocapitellar joint translation on standardized lateral radiographs with the elbow flexed at 90° and the forearm in neutral rotation. However, it may be difficult in a trauma setting to obtain perfect lateral radiographs. Thus, it was of interest to assess whether the RCRs calculated from true lateral radiographs, at different positions of elbow flexion and forearm pronation-supination, differ from those taken in 90° flexion and neutral position. 

Research frontiers

The authors aimed to evaluate the effect of different elbow and forearm positions on radiocapitellar alignment, using the RCR on fifty-one healthy volunteers. Bilateral elbow radiographs were taken with the elbow in five different positions to form a radiologic database to investigate if elbow position influenced the RCR.

Innovations and breakthroughs

This study demonstrate that even if positioning is not ideal, if a true lateral radiograph of the elbow is taken, the RCR should fall within the normal range of -5% to 13% when the radiocapitellar joint is intact. However, values in the negative range, > 5% regardless of forearm rotation, should raise suspicion for elbow instability or subluxation. 

Applications

The authors believe that further studies should be done to evaluate the effect of the radiological beam angle on the measurement of radial head displacement, since radiographs taken with mild misalignment or with the elbow slightly oblique might influence the measurements.

Terminology

A quantitative method to assess radiocapitellar joint translations, the RCR, is defined as the displacement of the radial head (minimal distance between the right bisector of the radial head and the center of the capitellum) divided by the diameter of the capitellum. The mean normal RCR is 4% ± 4% (95%CI: -5% to 13%). It has been reported to have good inter- and intra-observer reliability when measured on a lateral radiograph with the elbow positioned at 90 degrees of flexion with neutral forearm rotation.

Peer-review

The authors concur with the literature with regard to the importance of obtaining proper alignment on a lateral radiograph with the forearm in neutral, with views of both the elbow and the wrist. Moreover, stability of the radial head, especially after reduction, should be evaluated throughout its full ROM under radiological imaging which is what would make the RCR value of interest. Therefore, this review article may have potential to increase knowledge to optimize diagnosis and treatment of elbow injuries. 
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Figure 1  Different elbow and forearm positions evaluated.
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Figure 2  Method for radiocapitellar ratio measurement. (1): A line, per​pendicular to the joint, was drawn at the center of the articular surface of the radial head (point 1); (2): The diameter of the capitellum (Ø capitellum) was measured; (3): The center of the capitellum was identified as the bisector of the capitellum’s diameter (point 2); (4): The minimal distance between the center points of the radial head and the capitellum was measured (DRH); (5): The RCR was calculated: RCR (%) = DRH/Øcapitellum. RCR: Radiocapitellar ratio.
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Figure 3  Mean radiocapitellar ratio and 95%CI for each elbow position (A) and prosupination movement (B). RCR: Radiocapitellar ratio.

Footnotes
Supported by Fondation de Recherche et d’Éducation en Orthopédie de Montréal.

Institutional review board statement: Comité d’éthique de la recherche de l’HSCM, CÉR 2010-04-32. Each individual was asked to give informed consent.

Informed consent statement: Each individual was asked to give informed consent.

Conflict-of-interest statement: The authors declare no conflicts of interest regarding this manuscript.

Data sharing statement: No data were created so no data are available.

Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Peer-review started: May 15, 2015
First decision: September 29, 2015
Article in press: December 4, 2015

P- Reviewer: Malik H, Ranjan Patra S    S- Editor: Qiu S    L- Editor: A    E- Editor: Liu SQ





Table 1  Paired t-tests for the different elbow and forearm positions


Paired t-test for elbow and forearm positions


�
P


�
�
Maximal elbow extension and maximal elbow flexion


�
0.034


�
�
Maximal elbow flexion and elbow flexion at 90°


�
0.003


�
�
Maximal elbow extension and elbow flexion at 90°


�
0.86


�
�
Forearm in neutral and forearm in pronation


�
0.001


�
�
Forearm in neutral and forearm in supination


�
0.001


�
�
Forearm in pronation and forearm in supination


�
0.28


�
�









Table 2  Pearson coefficient correlation power analyses for the different elbow positions and forearm positions


�
r


�
P


�
Power (Π)


�
�
Pearson coefficient correlation for the elbow


�
�
�
�
�
   Maximal extension and Maximal flexion


�
-0.0854


�
  0.394


�
0.84


�
�
   Maximal flexion and flexion at 90°


�
  0.1948


�
  0.050


�
0.05


�
�
   Maximal extension and flexion at 90°


�
-0.0860


�
  0.390


�
0.63


�
�
Pearson coefficient correlation for the forearm


�
�
�
�
�
   Neutral and pronation


�
  0.42


�
  0.001


�
0.99


�
�
   Neutral and supination


�
  0.34


�
  0.001


�
0.99


�
�
   Pronation and supination


�
  0.37


�
0.55


�
0.18


�
�
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