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Introduction 

Studies in cognitive psychology show that a person will grasp an object based on the physical 

properties of the object and the person’s future intentions with the object (Rosenbaum et. al, 

2014). As shown in Figure 1, the participant in this study grasps the wine glass based on her 

intentions. If the desired end result is an upwards facing glass, the participant will grab the glass 

with thumb down and vice versa. Although we know how the mind might move the body 

situationally, we do not know the limits of these movements. There is no data library that lists all 

the possible ranges of motions for different sections of the body. The purpose of this study is to 

further establish the fundamental of biomechanics and better understand the interactions within 

the arm. Although the study is on the fundamentals of biomechanics, there is potential for the 

research to contribute to many other fields such as psychology, medicine, robotics, and even 

animation. 
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Based on observation, flexion of the elbow seems to decrease the total rotational range of motion 

of the forearm. The observation then led to a question of whether arm posture may affect the 

range of the motion for the arm. As a result, a study was devised to test the range of motions of 

the arm when flexed versus extended, with the elbow in front of the shoulder, as defined by our 

study and shown in Figure 2. We hypothesized that flexion of the elbow restricts the rotational 

range of motion of the arm compared to when the arm is fully extended. 
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We expected that research on this topic had been conducted already, as the question is so 

fundamental. To our surprise, only some research on the topic could be found. According to Dr. 

Ombregt M.D. (2013), an expert in orthopedic medicine, “supination has a range of 90 degrees… 

the limiting factor is purely ligamentous (interosseous membrane, oblique cord and anterior 

ligament of the distal radioulnar joint) and “[pronation] has an 85 degree amplitude and is [also] 

limited by the stretching of the interosseous membrane” (p. e93). In addition, another study 

stated that “the tract of the interosseous membrane is taut in pronation and loose in supination” 

(Gabi M. et al, 1998). Although these studies may explain the amplitude of the forearm’s 

rotational range of motion and the mechanics of forearm rotation, the studies did not directly 

address how arm posture may affect range of motion. Therefore, based on current literature, 

predictions about how arm posture may influence interactions between the radius and ulna 

cannot be made. As a result, this study was conducted to better understand how arm posture, 
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specifically flexion, may affect the interactions within the forearm and restrict the rotational 

range of motion. 
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Method 

The study tested ten participants (n=10): five female and five male subjects. After the trials, the 

participants were asked to fill out a survey describing their attributes such as their dominant 

hand, double jointedness (if any), and other attributes. All subjects were undergraduate students 

at the University of California, Riverside and consented to being recorded during the trials. The 

experiment was conducted in December 2019.  

Participants were instructed to stand in a general area marked by tape on the floor. Then 

subjects were asked to hold a baton with a power grip similar to holding a hammer with the 

thumb firmly wrapped around it, as shown in Figure 6. Additionally, the participants were asked 

to grip the baton with the thumb near the side marked with yellow tape, which indicated the 

‘thumb side’; meanwhile, the pinky finger resided near the side marked with green tape, which 

marked the ‘pinky side’. Subsequently, subjects either extended or flexed one of their elbows and 

then were asked to pronate or supinate their forearm as far as comfortably possible. Lastly, 

subjects were told to release the baton, allowing it to adhere to the metal stand. This requirement 

meant that subjects positioned the baton near the stand just prior to its release. 

After each of the 24 trials, the participant was asked to briefly step to the side, allowing 

for the rear camera to capture the orientation and position of where the baton was on the metal 

stand, before beginning the next trial. A typical picture is shown in Figure 4. 

Figures 4 and 5 display the materials used and how they were set up for the experiment. 

The materials utilized during the experiment include: a metal music stand that is magnetic, a 

PVC pipe (baton), tape used as markers, two cameras, a whiteboard, and MATLAB. The baton 

had magnets attached to it, which allowed for adhesion to the metal music stand when 

participants released the baton. The floor was marked with tape to ensure that participants stood 
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within the same general area during each trial, as shown in Figure 5; the differing lengths of tape 

on the floor served no purpose.  In addition, the tape acted as reference points for height and 

position, accounting for each participant’s subjective anatomy, since each experiment was 

slightly different. The two cameras were fixed in location and height; one was placed behind the 

participant, while the other was to the side of the participant. The rear camera captured video that 

allowed for collection and analysis of the data. Meanwhile, the side camera permitted for 

observation of the trials to determine if any discrepancies or invalid trials were performed. The 

whiteboard merely acted as a tool for logging the trials and ensured no trials were duplicated or 

neglected. Lastly, MATLAB was used to calculate the average rotational range of motion for 

each participant. 
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There were four conditions tested in a random order: flexed supination (FS), flexed 

pronation (FP), extended supination (ES), and extended pronation (EP). We tested all four 

conditions for both the left and right arms. For all participants, the 4 conditions were tested 

randomly 3 different times, equating to 12 trials total on one hand. Then, the procedure was 

repeated on the other hand. Overall, each of the participants had a total of 24 trials. To ensure 

randomization, we had even-numbered participants perform left-hand trials first followed by 

right-hand conditions and odd-numbered participants did the right-hand conditions first followed 

by the left-hand conditions.  
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 After recording all ten participants performing their trials, MATLAB was used to 

calculate the ranges of motions. A program was written, allowing for calculation of each 

participant’s four ranges of motion: left extension (LE), right extension (RE), left flexion (LF), 

and right flexion (RF). The range of motion for extension was composed of the ES and EP trials 

combined, while the range of motion for flexion was composed of the combining of FS and FP. 

Using the program, we had two analysts click on screenshots of the trials recorded in the same 

sequence every time. The two analysts clicked the yellow dot on the baton first, followed by 

clicking the on pinky-side dot marked by either the bright-green tape, as shown in Figure 7. Each 

screenshot required two clicks and each participant had 24 trials, equating to a total of 240 

screenshots and 480 clicks. After performing the clicking for all of the participants, several 

graphs were generated by MATLAB, allowing for the analysis of inter-rater reliability, 

positioning of the baton for each trial, and differences between the range of motions of LE, RE, 

LF, and RF. 
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Results 

One concern with having multiple analysts perform clicking for all trials was the possible error 

resulting from differences between the clicking of the raters. As a result, we had also coded the 

MATLAB program to compare the range of motions obtained by our analysts who had 

performed the clicking, allowing for a correlation value to be determined. As shown in Figure 8, 

the correlation value (r = 0.99) was nearly 1, indicating very strong inter-rater reliability. 

Moreover, the value suggests that there were miniscule differences between the clicking 

performed by the different analysts, ensuring identical ranges of motions were calculated. 
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The bottom image of Figure 9 is composed of the graphs that represent the (x, y) 

coordinates of the yellow dot of the baton when attached to the music stand; the graphs are one 

random participant’s trials. The music stand itself can be thought of as a graph with four 

quadrants. Meanwhile, the x and y axes of the charts represent the coordinates on the music 

stand. The green lines represent the supination trials, while the blue lines represent the pronation 

trials. The hollow circles in Figure 9 represent where the thumb side (marked by the yellow tape) 

was in space for that particular trial. Lastly, the thick green / blue lines display the average 

position of the 3 trials for that specific condition, which was used to calculate the range of 

motion. To help with visualization, the upper picture of Figure 9 displays a screenshot of one of 

the trials performed by a random participant. The music stand is divided into four quadrants by 

the two light-blue lines engraved onto the picture. Since the thumb side’s (x, y) coordinates are 

in the bottom left quadrant of the music stand, the trial is most similar to the pronation trials in 

the right extension or right flexion conditions. Similar graphs are generated for all ten 

participants. 
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The range of motion data were subjected to a repeated-measures 2-way analysis of 

variance whose fixed factors were hand (left or right) and arm extension (extended or flexed) and 

whose random factor was subject (1 through 10). There was a highly significant effect of arm 

extension, F(1, 9) = 39.60, p<.001, but the main effect of hand was not significant, F(1,9) = .02, 

p>.87), and the interaction between arm extension and hand was not significant, F(1, 9)=.15, 

p>.70. 

Figure 10 is a bar graph that compiles the averages of all the ranges of motions for all 

participants. The x-axis represents the four different conditions: LE, RE, LF, RF; meanwhile, the 

y-axis represents the average range of motion. Since the standard error bars overlap between LE 

and RE and among LF and RF, this indicates that there were no significant differences between 

left-handed and right-handed rotational range of motion under both the extension and flexion 

conditions. However, because there is no overlap between the standard error bars for the 

extension and the flexion conditions, this signals that there is a significant difference between the 

extension range of motion compared to the flexion range of motion of the forearm. In addition, 

the graph displays that the flexion range of motion is significantly smaller than the extension 

range of motion. As a result, referring back to Figure 8, we can infer that the upper six points 

refer to the extension ranges of motion, while the lower six points represent the flexion ranges of 

motion. The reasoning being that the flexion ranges of motion for both hands are significantly 

less. 
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Discussion 

The current study was designed to test whether arm posture could significantly affect the arm’s 

rotational range of motion. Based on our findings, the hypothesis proposed was proven to be 

correct: flexion of the elbow does limit the rotational range of motion compared to when the 

elbow is extended. Although our findings were anticipated, we will discuss the results and their 

value for future research. 

 Theoretically, the differences between the analysts should have been minimal if the 

analysts were mindful of clicking. When clicking on the yellow dot on the baton in the 

screenshots input into the MATLAB program, the screenshots presented a tiny area in which 

analysts were supposed to click. The tiny area was due to the fixed resolution of the photos input 

into the program. Based on our findings in Figure 8, the differences between analysts was 

minimal, as expected. Although we only compared the differences between two analysts, the 

correlation value was nearly 1, which is very noteworthy. As a result, we believed it was 

unnecessary to test more than two analysts as the analysis of the data by more analysts would not 

have made considerable changes to the correlation data already obtained. 

 In Figure 9, the bottom graphs captured the thumb side’s position on the music stand for 

all trials for one of the ten participants. As observed mostly in the supination trials for the 

example presented in Figure 9, there seemed to be a learning curve in the experiment as the 

positions had greater variation between trials for the respective conditions. When observing 

participants, some were very strict with their postures and performed consistent movements, 

resulting in consistent measurements. Meanwhile, other participants were not as mindful of their 

trials; these participants would perform their supination or pronation trials, but sometimes recruit 

their shoulder muscles slightly extending their ranges of motion. As a result, to account for the 
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variability in positions of the baton in each trial, the averages of the positions were taken. 

Although there was some variation with the trials, there was not enough to negatively affect our 

results, as our hypothesis was still proven correctly. However, when moving forward with future 

research, a stricter procedure and instruction set should be used to limit the amount of 

discrepancy. 

 When comparing the range of motion data, it was expected that extension of the arm 

would have a considerable effect on the rotational range of motion of the arm. However, it was 

unclear whether handedness would have the same rotational range of motion. Based on our 

findings, the hand that was used did not have any significant effect on the range of motion. 

However, a consideration for future research could be to focus the sample on different age 

groups. We tested ten undergraduate students all of whom were young adults in their early 20’s. 

Within those ten participants, there were some who self-reported being double jointed; regardless 

of their double-jointedness, the data were not affected significantly by that particular trait. 

Perhaps a similar study conducted on children or athletes would result in different findings, as 

their bodies may allow for greater flexibility. 

 Although our main findings were expected, they remain significant. Earlier studies 

discussed may show how the forearm rotates and the amplitude of that rotation, however, those 

same studies did not discuss how arm posture may have an effect on the rotational range of 

motion of the arm. As a result, our findings are significant since no research on the topic exists. 

We hope to perform future studies in a similar manner to determine if the shoulder muscles have 

a role in the forearm’s rotational range of motion and if results are replicable. Moreover, by 

performing more studies and better understanding how posture can affect the ranges of motion, 
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we hope to contribute to many other fields of academics such as biomechanics, orthopedic 

medicine, psychology, robotics, and even animation. 
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