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Purpose/Hypothesis  
The flexor-pronator mass of the forearm contributes dynamic stability to the medial 
elbow. Training this muscle group is essential for overhead athletes, however, there is 
lack of evidence supporting use of training exercises. The purpose of this study was to 
measure the extent of EMG activity of the flexor pronator musculature during two 
distinct forearm strengthening exercises using resistance bands. It was hypothesized that 
two exercises would elicit at least moderate level of muscle activity, but the activation 
would be different in the pronator versus the flexor muscles. 

Materials/Methods  
10 healthy subjects (all males, age 36±12 years) were included. Surface EMG activity was 
measured on three muscles of the dominant-side forearm: flexor carpi ulnaris (FCP), 
flexor digitorum superficialis (FDS), and pronator teres (PT). After measurement of 
maximal voluntary contraction (MVC) for each muscle, subjects performed wrist ulnar 
deviation and forearm pronation exercises using elastic band resistance. Resistance was 
set to elicit moderate exertion (5/10 on the Borg CR10 scale). Order of exercise was 
randomized and three repetitions of each exercise were performed. Mean peak EMG 
activity in each muscle across repetitions during the eccentric phase of each exercise was 
calculated and expressed as a percentage of MVC. Moderate level of activity was defined 
as 21% of MVC or higher. Peak normalized EMG activity in each muscle was compared 
using two-way (exercise x muscle) repeated-measures ANOVA with post-hoc pairwise 
comparisons if a significant interaction was found. 

Results  
There was an exercise by muscle interaction effect (p<0.001). The ulnar deviation exercise 
selectively activated FCU (40.3%) versus FDS (19.5%, p=0.009) and PT (21.5%, p=0.022). 
Conversely, the pronation exercise selectively activated FDS (63.8%, p=0.002) and PT 
(73.0%, p=0.001) versus FDS (27.4%). 

Conclusion  
The ulnar deviation and pronation exercises using elastic band resistance studied 
targeted and activated the flexor-pronator mass musculature. The ulnar deviation and 
pronation exercises using elastic band resistance are practical and effective means of 
training the flexor-pronator mass. These exercises can be readily prescribed to athletes 
and patients as part of their arm care program. 
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INTRODUCTION 

Overhead throwing places an extreme amount of valgus 
stress on the medial elbow.1,2 This valgus stress is predomi-
nantly experienced during the late cocking and acceleration 
phases of throwing and is primarily resisted by the anterior 
bundle of the ulnar collateral ligament (UCL).2,3 This repet-
itive stress placed upon the UCL is considered a contribut-
ing factor to the increasing rate of UCL tears.4 

The maximum force that the UCL is able to resist is 
about 54% of the valgus force experienced during pitching.2 

Therefore, it has been postulated that dynamic elbow sta-
bility is provided by the flexor-pronator musculature of the 
medial elbow.5–11 Specifically, the flexor carpi ulnaris 
(FCU), flexor digitorum superficialis (FDS), and the prona-
tor teres (PT) have been suggested as active stabilizers of 
the elbow during valgus stress.5,6,8,10,11 This suggestion 
is based on the anatomical location of the flexor-pronator 
mass being in close proximity to the UCL.5,10 It has also 
been shown that isometric contraction of the medial fore-
arm musculature decreases humeral-ulnar joint space dur-
ing a valgus stress11 and medial elbow stability decreases 
with fatigue of the forearm musculature,12 further suggest-
ing their dynamic contributions to stability. 
The medial forearm musculature also demonstrates high 

electromyographic (EMG) activity during the throwing mo-
tion, specifically during the late cocking and early acceler-
ation phases of pitching.13–16 These pitching phases have 
previously been demonstrated to involve the highest valgus 
stress on the medial elbow,2 leading researchers to suggest 
that the flexor-pronator mass provides dynamic stabiliza-
tion of the medial elbow.13–15 Additionally, the forearm 
musculature is considered a key component to pitching ac-
curacy and ball movement further establishing the impor-
tance of the flexor-pronator musculature to the throwing 
athlete.17,18 

Based on the flexor-pronator musculature’s role during 
the throwing motion, strengthening these muscles have 
been deemed an important component of a rehabilitation 
program for overhead athletes and have a potential benefi-
cial role of mitigating UCL injuries.5,6,8,16,19 To date, there 
is a paucity of evidence to suggest specific interventions 
that target the flexor-pronator forearm musculature. Elas-
tic band resistance provides for a portable and convenient 
means of performing flexor-pronator muscle strengthen-
ing. However, the extent of EMG activity of the flexor-
pronator musculature when using elastic resistance has not 
been reported. Therefore, the purpose of this study was to 
measure the extent of EMG activity of the flexor pronator 
musculature during two distinct forearm strengthening ex-
ercises using resistance bands. It was hypothesized that two 
exercises would elicit at least moderate level of muscle ac-
tivity but the activation would be different between the 
pronator versus the flexor muscles 

Table 1. Subject characteristics.   

Number of subjects 10 (all male) 

Age 36 ± 12 years 

Height 1.77 ± 0.04 m 

Weight 79 ± 5 kg 

Values are mean ± SD 

METHODS 
PARTICIPANTS 

Ten male subjects were recruited as a sample of conve-
nience from the local community. All subjects were healthy 
at the time of testing, did not have a history of elbow or 
wrist pathology, and were confirmed to have normal, func-
tional range of motion in their dominant wrist and forearm 
and were able to perform the tasks involved in this research 
study. Eight out of the ten subjects participated in regu-
lar strength training at least three times weekly; however, 
none of the subjects reported doing strengthening exercises 
specifically targeting the forearm musculature. Four out of 
the ten subjects had history of participation in throwing or 
overhead sports. Before participation in this research study, 
each subject provided written informed consent in accor-
dance with institutional review board regulations (North-
well Health IRB # 19-0586) 

PROCEDURES 

A 16-channel BTS FREEEMG 300 system, CMRR: >110 dB at 
50–60 Hz; input impedance: >10 GΩ (BTS Bioengineering, 
Milan, Italy) was utilized for the EMG collection during this 
study. 
Previously described anatomical landmarks for surface 

EMG placement were identified for FCU, FDS, and PT mus-
cles.20,21 The subject’s exposed skin was prepared by shav-
ing, cleaning, and lightly abrading. Disposable Ag/AgCl 
passive dual surface EMG electrodes (2.0 cm interelectrode 
distance; Noraxon, Scottsdale, AZ) were placed on the iden-
tified landmarks on the right proximal forearm of each sub-
ject (Figure 1). Muscle activity was sampled at 1000 Hz. 
Once the surface electrodes were attached to the subject, 

a maximum voluntary contraction (MVC) was performed, in 
the previously described manual muscle testing (MMT) po-
sition for each muscle.22 A single tester, a physical thera-
pist with over 20 years of clinical experience, performed the 
MMT for all subjects. 
Subjects then determined the level of resistance they 

would use for their trial by performing wrist ulnar deviation 
for five repetitions while holding a resistance band (Non-
latex TheraBand, Hygenic Corporation, Akron, OH). The 
resistance band was cut to the length of each subject’s 
leg length, to provide extra length for wrapping around 
the hand. To standardize the level of resistance across the 
two exercises, subjects determined which resistance level 
elicited exertion of 5 out of 10 on the Borg CR10 Scale.23 

This process was repeated for forearm pronation. Instruc-
tions were provided to each subject to ensure that there was 
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Figure 1. EMG Electrode Placement: (A) Pronator Teres, (B) Flexor Digitorum Superficialis, (C) Flexor Carpi              
Ulnaris  

Figure 2. Wrist ulnar deviation (A) starting position (B) end position.          

no tension or slack in the resistance band at the start of 
the exercise, as elongation of the resistance band influences 
perceived resistance and associated muscle activity.24 

Two exercises, wrist ulnar deviation and forearm prona-
tion were performed in random order. These exercises were 
included in the Evidence Based Arm Care program previ-
ously published with links to exercise videos.25 Randomiza-
tion was done by pulling a card out of an opaque envelope 
with the exercise written on the chosen card to be done 
first. Wrist ulnar deviation was performed by the subject 
holding the resistance band with elbows extended, palms 
facing down, and arms held at shoulder height. The resis-
tance band was wrapped twice around the subject’s hands, 
with the band resting without slack or tension when arms 
were kept shoulder-width apart (Figure 2A). The subject 
then moved his wrist into ulnar deviation (Figure 2B), per-
forming this movement for three repetitions. The subject 
was asked to match movement speed to a metronome set to 
20 beats/min, guiding the subject to move through a 3-sec-
ond concentric phase and a 3-second eccentric phase, to 
enable controlled movement in both phases of the exercise. 

Forearm pronation was performed with the subject in 
seated position. The resistance band was looped twice 
around the hand. The subject then tensioned the resistance 
band reaching halfway down their lower leg and stepping 
on the band with their right foot. Their forearm was placed 
on their right thigh, in supinated position, with their right 
wrist crease at the edge of their patella. (Figure 3A). The 
subject was instructed to move through the entire available 
range of forearm pronation motion for three repetitions 
(Figure 3B). Movement speed was matched to a metronome 
set to 20 beats/min, leading to a 3-second concentric phase 
and a 3-second eccentric phase. 

DATA PROCESSING 

All EMG data were processed according to previously de-
scribed methods.26 Briefly, raw EMG signals were high-pass 
filtered at 10 Hz, full-wave rectified and smoothed using 
an RMS filter with a 100-ms window. For each muscle, the 
peak EMG activation level was identified during each ex-
ercise. The mean activation level of each muscle from 250 
milliseconds before the peak to 250 milliseconds after the 
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Figure 3. Forearm pronation (A) starting position (B) end position.         

peak was then calculated. This was then averaged over the 
three repetitions for each exercise and each muscle. After 
processing, the EMG data were normalized to the maximum 
EMG activities recorded during maximal voluntary contrac-
tions (MVC) and expressed as a percent. Muscle activity 
level was classified according to the system of DiGiovine et 
al. as 0% to 20% MVC low activity, 21% to 40% MVC mod-
erate activity, 41% to 60% MVC high activity, and greater 
than 60% MVC very high activity.14 

STATISTICAL ANALYSIS 

Descriptive statistics were calculated for mean normalized 
peak muscle activity for each muscle during each exercise. 
Effect of exercise and muscle on mean normalized peak 
EMG activity was compared using two-way (exercise x mus-
cle) repeated-measures ANOVA. If an interaction effect was 
found, Bonferroni-adjusted post-hoc simple main effects 
were calculated. Significance level was set a priori at p = 
0.05. All statistical analyses were performed using IBM 
SPSS Statistics 25 (IBM Corp, Armonk, NY). 

RESULTS 

Mean normalized muscle activity for each muscle during 
each exercise studied is shown in Table 2. There was an ex-
ercise by muscle interaction effect (p < 0.001). The ulnar de-
viation exercise selectively activated FCU (normalized peak 
EMG of 40.3%) versus FDS (19.5%, p = 0.009) and PT (21.5%, 
p = 0.022). Following the classification system of DiGiovine 
et al., the ulnar deviation exercise elicited moderate muscle 
activity in FCU, low activity in FDS, and moderate activity 
in PT. Conversely, the pronation exercise selectively acti-
vated FDS (63.9%, p = 0.002) and PT (73.0%, p = 0.001) ver-
sus FCU (27.4%). The pronation exercise elicited very high 
muscle activity in FDS and PT, and moderate muscle activ-
ity in FCU. 

DISCUSSION 

The results of the current study demonstrate that exercises 
using elastic band resistance selectively targeted and 
elicited moderate to very high activity in the flexor-prona-
tor musculature. The normalized peak EMG was signifi-
cantly higher in the FCU compared to the FDS and PT dur-
ing the ulnar deviation exercise, while the normalized peak 
EMG was significantly higher in the FDS and PT during the 
pronation exercise. Therefore, the FCU was predominantly 
activated during the ulnar deviation exercise, while FDS 
and PT were more active during the pronation exercise. 
The flexor-pronator mass is an important muscle group 

in overhead athletes, as it provides dynamic stability to the 
elbow to resist valgus forces.5–11 This dynamic stabiliza-
tion is critical, as pitching places high degrees of stress on 
the UCL,1,2 and UCL tear rates are rising.4 Additionally, the 
flexor-pronator muscles have high levels of activity during 
overhead throwing13–16 and are important toward control 
and velocity of pitches.17,18 Despite their role in overhead 
throwing, minimal evidence exists in how to effectively 
train these muscles and if these muscles can be targeted 
with strengthening exercises. 
The knowledge that these exercises selectively activate 

the flexor-pronator muscles is important for overhead ath-
letes, as well as strength and conditioning and rehabilita-
tion personnel, due to the potential for increasing dynamic 
stability of the elbow and potentially decreasing the stress 
on the UCL.5,6,8,16,19 These results can influence clinical 
decision making as more than one exercise is required to 
strengthen all muscles of the flexor pronator mass and to 
best strengthen the dynamic stabilizers of the medial el-
bow. 
This research study had several limitations. The study 

sample included only healthy male participants and this 
limits generalizability of its findings, particularly to injured 
patient populations as patients with a history of UCL injury 
demonstrate alterations of musculature activity.19 The 
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Table 2. Average muscle activity for the muscles and exercises studied.          

Ulnar Deviation Exercise Pronation Exercise 

Flexor Carpi Ulnaris (FCU) 40.3 ± 20.2* 27.4 ± 11.7** 

Flexor Digitorum Superficialis (FDS) 19.5 ± 18.0* 63.9 ± 31.4** 

Pronator Teres (PT) 21.5 ± 19.9* 73.0 ± 32.1** 

All values are mean % MVC ± SD 
* FCU significantly higher activity than FDS (p = 0.009) and PT (p = 0.022) 
** FDS (p = 0.002) and PT (p = 0.001) significantly higher activity than FCU 

cross-sectional nature of this research study precludes 
study of training effects of these exercises. Future studies 
are needed to elucidate their training effects on muscle 
strength, muscle activation during overhead throwing, and 
medial elbow stability. 

CONCLUSION 

The findings of the current study suggest that ulnar devia-
tion and pronation exercise using resistance bands can tar-
get and activate the flexor-pronator mass. This information 
is useful for clinicians and strength and conditioning spe-
cialists who work with overhead athletes, as these exercises 

may be prescribed as an effective component of an arm care 
exercise program. 
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