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Objectives: Accelerated Recovery Performance (ARP) Wave therapy is an electromyostimulation therapy 
designed to enhance neuromuscular control to rehabilitate patients with musculoskeletal pathology. The 
purpose of the study was to compare ARP Wave therapy and standard physical therapy (PT) in the setting 
of adolescent knee pain, assessing the duration of treatment and ability to improve knee function without 
complications.
 
Methods: A prospective pilot study was conducted randomizing adolescent patients into two therapy 
groups: 1) standard PT or 2) ARP Wave therapy. Patients crossed over to the other treatment type if symp-
toms persisted after their first course. The Pedi-IKDC, Hospital for Special Surgery Pediatric Function 
Activity Brief Scale (HSS Pedi-FABS), and Kujala outcome scores were recorded at baseline, after the 
initial treatment course, and upon conclusion of the crossover treatment course. 
 
Results: Six patients were randomized into the ARP Wave group and three patients were randomized into 
the PT group. Pedi-IKDC, HSS Pedi-FABS, and Kujala were similar at baseline among the two groups 
(p>0.25). The PT group did not improve their outcome scores with just PT (p>0.25); however, the ARP 
Wave group improved in all three outcomes after only ARP Wave treatment (p<0.05). 
 
Conclusions: Although a small sample size, this pilot study demonstrates the potential impact of ARP 
Wave therapy on the management of adolescent anterior knee pain with improvements in outcome scores. 
Further study of ARP Wave therapy is warranted for common benign knee pathologies, and perhaps even 
for children recovering from surgical intervention.

Level of Evidence I: Randomized controlled trial or systematic review of Level-I randomized controlled 
trials

INTRODUCTION
Accelerated Recovery Performance (ARP) Wave thera-
py utilizes direct current (DC) compounded with a high 
frequency double exponential background waveform that 
creates electromyostimulation. This has characteristics 
that contrast with more conventional therapeutic neuro-
muscular electrical stimulation, including: interferential, 
microcurrent, galvanic, Russian stimulation, and ionto-

phoresis1–3. ARP Wave therapy is a class II FDA medical 
device that has been approved for muscle re-education, re-
laxation of muscle spasms, increased neovascularization, 
prevention of disuse atrophy, and maintaining/increasing 
joint range of motion. The ARP Wave Rx100 uses a main 
electrostimulation pulse of 40 to 500 cycles per second 
that is coupled with a background high-frequency carrier 
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signal at 10,000 cycles per second. The polarity direc-
tion of electron flow is reversible within the unit and this 
is utilized as part of the therapy. Reversing the polarity 
during therapy is intended to create a deeper and more 
effective muscle contraction with the stimulation, which 
in turn can help to activate more muscle fibers. This in 
hypothesis would stimulate a natural healing processes, 
but there is currently limited scientific evidence for this 
concept. 

Recent literature for major knee injuries such as anteri-
or cruciate ligament tears, or patella instability, suggests 
that poor motor control of the core musculature is a root 
problem that increases the odds of sustaining one of these 
injuries4–6. In fact, many prevention programs have been 
developed to address the problem in hopes that the in-
cidence of injury can be decreased. The results of these 
programs have been met with mixed success7,8. The 
ARP Wave technology could add a clinically beneficial 
modality that may enhance the results of preventing these 
injuries, if the claims regarding success are upheld. The 
underlying concept behind ARP Wave therapy is that it 
educates the patient at multiple levels regarding neuro-
muscular control. By either holding a specific position 
or moving the afflicted limb through a discrete and con-
trolled range of motion during electromyostimulation, the 
patient develops strength, endurance, and more impor-
tantly muscle memory regarding the functional position 
of the adjacent joints.

Adolescent knee pain is believed to develop secondary 
to this same poor neuromuscular control that risks liga-
mentous injury, and stems from recent accelerated growth 
with slow adaption of muscle to acquired skeletal length 
in adolescence9. The objective of this pilot study is to 
elucidate either a benefit or detriment of electromyostim-
ulation via ARP Wave therapy in the outcomes of patients 
presenting with one of the many diagnoses included in 
the umbrella term: anterior adolescent knee pain. The null 
hypothesis is that ARP Wave therapy utilized in lieu of 
standard physical therapy will not decrease the duration 
of necessary treatment to achieve normal (symptom free) 
knee function. The primary aim was to determine if ARP 
Wave therapy would improve patient reported outcomes 
(PROs) during treatment in a shorter amount of time then 
a standard course of physical therapy. If this technology 
can be utilized to help neuromuscular control in adoles-
cents with knee pain without major injury, then perhaps 
it might also be beneficial in the management of adoles-
cents that present with a major injury (first-time patella 
dislocations, first-time traumatic anterior glenohumeral 
dislocations, ankle instability, et cetera), or even in the 

surgical rehabilitation of patients.

MATERIALS AND METHODS
After Institutional Board Review approval, this study 
utilized a prospective randomized cohort of adolescent 
patients who presented to the orthopedic sports center 
(age restriction greater than 12 years old) with a diag-
nosis under the umbrella of “adolescent anterior knee 
pain”. This knee pain included: Osgood-Schlatter dis-
ease, Sinding-Larsen-Johanssen syndrome, patellofemo-
ral syndrome, symptomatic medial plicae, and Hoffa fat 
pad syndrome/impingement. Exclusion criteria included: 
abnormal readings of 4 view (anteroposterior, lateral, 
merchant, and tunnel view) radiographs of bilateral knees 
other than possible apophyseal fragmentation by a pedi-
atric musculoskeletal radiologist, skeletal maturity, pre-
vious surgery, history of hemarthrosis, previous physical 
therapy (PT), and/or diagnosis of ligament, meniscus, 
cartilage, or tendon injury. Failure to attend either treat-
ment modality per study protocol was also a subsequent 
exclusion criteria, though this was recorded as a means of 
understanding perceived ease of attending treatment vis-
its by the patient and their parents.

During the consenting process, patients and their families 
agreed to computer randomization into one of two treat-
ment arms: 1) ARP Wave therapy 5 days a week for 4 
weeks (a standardize protocol for ARP Wave therapy), or 
2) physical therapy within the institution’s PT department 
(for standardization of the PT protocol) 2 days a week for 
6 weeks. Additionally, subjects were willing to cross-over 
if pain continued after the first round of treatment. 

Patients in the PT group, and patients in the ARP Wave 
group who crossed over to PT, underwent physical therapy 
utilizing a protocol for atraumatic knee pain that focuses 
on flexibility and development of hip/core strength over a 
6-week period, visiting the therapist twice per week and 
encouraged to maintain a daily home exercise program 
(HEP). They received a handout with basic exercises to 
use at home to ensure that progress with their HEP was 
maximized, but there was no accounting for the amount 
of HEP performed. The handout included basic core ex-
ercises including, but not limited to: planks, bridges, and 
other patient-specific directed exercises. Line drawings of 
basic stretches for the hamstring and quadriceps muscles 
were also provided. 

Patients in the ARP Wave group, and patients in the PT 
group who crossed over to ARP Wave, underwent a stan-
dardized ARP Wave program (following the protocols 
established for the device as a FDA approved class 2 
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medical device). The treatment protocol consisted of 20 
sessions completed by each individual over a period of 
30 days. During that time frame the athletes are not al-
lowed to undergo directed PT, HEP or their normal ath-
letic endeavors to avoid any potential interference with 
the neuromuscular training particular to this therapeutic 
modality. 

Both cohorts of patients were evaluated weekly, for up 
to 10 weeks (if crossover occurred), by an independent 
team of observers who were blinded to the treatment arm. 
These independent observers administered PROs, includ-
ing: Pedi-IKDC, Hospital for Special Surgery Pediatric 
Function Activity Brief Scale (HSS Pedi-FABS), and 
Kujala scores. Independent observers were not involved 
with the ARP wave therapy or the physical therapy, and 
the assessments occurred at the location of convenience 
and preference for the family (such as the child’s school, 
home, local park, or our gait lab). 

An interim analysis for each patient was performed once 
they completed their first arm of the study by the manag-
ing orthopedic surgeon. At that visit, the collected out-
come variables (Pedi-IKDC, HSS Pedi-FABS, Kujala) 
were reviewed to confirm and ensure safety in treatment. 
Along with outcome collection, all subjects underwent a 
clinical exam. Those with continued symptoms crossed 
over to the other treatment group, regardless of outcome 
scores. Those that crossed over were re-evaluated at the 
conclusion of their subsequent treatment modality. 

Basic descriptive statistics are presented. Due to the low 
patient number and uneven randomization into the two 
study groups, data was analyzed with non-parametric 
tests. The Mann-Whitney U was used to evaluate dif-

ferences among our groups. The Wilcoxon signed ranks 
test was used to evaluated changes over time. No a pri-
ori power analysis was performed (since this is the first 
study of ARP Wave therapy), but a post-hoc analysis was 
done to determine the full extent of sample size needed 
after the pilot results were evaluated. Statistical analysis 
was conducted using SPSS (version 28; IBM, New York, 
NY). Statistical significance was defined as p<0.05.

RESULTS
Seventeen patients were enrolled in the study but only 9 
patients completed the treatment protocol as outlined by 
the study design (4 patients dropped out of each group). Of 
those completing the study, 3 patients were randomized to 
the PT group and 6 patients were randomized to the ARP 
Wave group. Two patients in the PT group crossed over 
into the ARP Wave treatment arm and 1 patient in the ARP 
wave group crossed over into standard PT. The mean age 
of patients included was 15.4±1.8 years (median: 15.7, 
range 12.8 to 17.4 years), with a breakdown between 
cohorts of mean 16.1 years in the PT group, and mean 
15.0 years in the ARP Wave group (p=0.548). All three 
patients in the PT group were female, and 2/6 patients 
in the ARP Wave group were female (p=0.167). The PT 
group included adolescents participating in Dance, Water 
polo and Running; whereas, the ARP Wave group includ-
ed: Soccer, Basketball, Volleyball, and Running. Duration 
of management (inclusive of time with the crossover) was 
15.0 weeks in the PT group and 10.9 weeks in the ARP 
Wave group, p=0.262.

Baseline outcome scores did not differ significantly 
among the two treatment groups, nor did they differ sig-
nificantly at the conclusion of the first treatment course 
(Table 1). Patients treated with ARP Wave therapy im-
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Using our observed effect size, the post-hoc power analy-
sis indicated that 32 subjects would be needed to have an 
80% chance of detecting a significant difference in HSS 
Pedi-FABS between outcomes in adolescents undergoing 
ARP Wave versus traditional PT.

DISCUSSION
Although a small sample size, this pilot study demon-
strates the potential impact that ARP Wave therapy may 
have on the management of adolescent anterior knee pain, 
especially considering that ARP Wave therapy takes only 
4 weeks compared to the standard 6-week PT protocol. 

proved in all three scores from baseline to the end of the 
first course of treatment. Patients treated with PT did not 
see a statistically significant improvement in any of the 
outcome measures from baseline to the end of the first 
course of treatment (Table 2). When looking at the pa-
tients who crossed over, we observed no statistically sig-
nificant difference in any of the three outcome measures 
when comparing baseline scores to the scores obtained at 
the end of the first treatment course (p>0.1), or from the 
end of the first treatment course to the end of the cross-
over sessions (p>0.1), or from baseline to the end of the 
crossover session (p>0.1)(Table 3). 
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The loss of approximately 50% of the patients/families 
who enrolled into the study suggests that either the in-
tensity of the ARP wave program was too much of a time 
commitment or that the benign diagnoses were not wor-
risome enough for families to follow through with pre-
scribed management. Further study is warranted to iden-
tify the utility of ARP Wave therapy for these common 
benign knee pathologies and its potential use in other 
childhood musculoskeletal injuries; however, these early 
results of improved PROs with ARP Wave therapy appear 
to at least rival traditional PT.

Although the technology of ARP Wave therapy has been 
available for nearly 20 years, there is very little clinical 
research supporting its utilization. The only clinical tri-
al performed to date is a published report on ARP wave 
therapy to improve muscle strength after disuse atrophy 
following anterior cruciate ligament surgery in adults10. 
This previous work suggests that the electromyostimu-
lation evoked by ARP Wave therapy produces minimal 
inhibitory protective muscle contractions allowing active 
range of motion during therapy and training, permitting 
eccentric contractions to occur that potentiates the ability 
to mobilize and build muscle. The previous results sug-
gested that quadriceps muscle could be developed in less 
time when ARP Wave was utilized in conjunction with 
physical therapy.

The present prospective randomized study identified that 
ARP Wave therapy could both shorten duration of therapy 
and significantly improve patient-derived outcome scores 
within the pilot study sample size, but without disproving 
our null hypothesis. The intensive process of undergoing 
ARP Wave therapy is time prohibitive for busy families, 
especially with students in-season for sports. Patients are 
instructed that for the duration of the ARP Wave therapy 
sessions, the patient is not supposed to continue in regu-
lar activities or physical therapy, as these may affect the 
re-education of the muscle groups being treated. This is 
in contrast to other forms of adjunct electrostimulation 
that are performed in order to augment standard physical 
therapy. In fact, it is the greater level of electromyostim-
ulation of ARP Wave (compared to other modalities) that 
allows this therapy type to be used in isolation to stan-
dard physical therapy. Five day-a-week visits, although 
of shorter duration at each visit, is time consuming for 
families, and may be counter-indicated as our study did 
demonstrate a failure to attend visits in 40% of patients 
in the ARP Wave cohort. However, there was also a 57% 
dropout rate for the PT group. Therefore, it is difficult to 
attribute the time-commitment of ARP Wave therapy as 
the primary reason for failure to complete the assigned 

treatment regimen. Another possible explanation is that 
the benign nature of the diagnoses may have relieved pa-
tients and their families of any fears, allowing them to 
return to sport without any therapeutic modality being 
applied once they were educated on the benign nature of 
their pain.
	
There are a few limitations of this study, predominately 
related to the nature of it being a pilot (small sample size 
to determine the number to treat), and the lack of con-
trolling for the consistency and effort of the adolescents 
performing the exercises prescribed. Despite the small 
sample size, there was an unexpected significant find-
ing related to the primary aim of improved PROs after 
completing the ARP Wave therapy. The null hypothesis 
cannot be refuted however, despite a 4-week difference 
in treatment duration, since the small sample size did not 
find a statistical difference in the treatment groups. More-
over, since the pilot was performed on non-surgical pa-
tients, the commitment of the patients/families to the re-
habilitation process is in question. However, perhaps the 
5 times a week of ARP Wave therapy is merely akin to pa-
tients actually participating in HEP that they obtain from 
PT. Because compliance with HEP was not monitored, 
conclusions cannot be drawn regarding this possibility. In 
reality, the low sample size of our pilot study limits any 
conclusions that we can draw regarding outcomes; how-
ever, the statistical improvement in PROs despite being a 
low sample size pilot study is encouraging for the utility 
of ARP Wave therapy. 

ARP Wave therapy uses electromyostimulation therapy to 
safely improve knee pain via strength training and engag-
es the adolescent athlete to participate in their rehabilita-
tion exercises. Our null hypothesis that ARP Wave would 
not significantly improve the duration of treatment com-
pared to traditional PT is upheld in the small sample size 
of this pilot study. Notwithstanding, evidence gleaned 
from our primary aim that ARP Wave therapy would im-
prove PROs suggests that this intense near-daily therapy 
program is at least as safe and effective as traditional PT. 
Future studies based on this pilot data may be performed 
that include both non-surgical and surgical outcomes as 
no deleterious effects of ARP Wave were noted during the 
study. For families with the time and means to fully en-
gage with the ARP Wave program, it appears to be worth 
consideration amongst the various treatment modalities 
available. 
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