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ABSTRACT
Background: Periosteal and intraarticular electrical dry needling (PIEDN) has been found to reduce 
pain, stiffness, and disability in individuals with knee osteoarthritis (OA) in the short-term. 
Optimum dosing interval of PIEDN to maintain these improvements in the longer-term has yet 
to be determined.
Objective: Compare the longer-term effects (30 weeks) of three different dosing intervals of PIEDN 
boosters on pain, stiffness, and disability in individuals with knee OA, and to quantify the effect size 
of PIEDN as a stand-alone treatment.
Methods: Patients with knee OA (n = 586) received PIEDN (1–2 times per week) over 6 weeks. 
Patients were then randomized to receive a PIEDN booster session once every 4 weeks (n = 195), 
once every 8 weeks (n = 197), or no further treatment (n = 194) for the next 6 months. The primary 
outcome was the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index.
Results: Patients receiving PIEDN every 4 weeks experienced significantly greater improvements in 
disability (WOMAC: F = 33.060; p < .001) than those receiving PIEDN every 8 weeks, or those 
receiving no further treatment. Patients receiving PIEDN boosters every 4 weeks experienced 
significantly greater improvements in pain (NPRS: F = 25.678, p < .001; WOMAC-Pain: F = 22.816, 
p < .001), stiffness (WOMAC-Stiffness: F = 27.416, p < .001) and function (WOMAC-Physical 
Function: F = 32.856; p < .001). The between-group effect size was large (WOMAC: SMD = 1.32; 
95% CI: 1.10, 1.54) at 30 weeks in favor of the group that received PIEDN every 4 weeks. The 
between-group effect size was large for the NPRS (SMD = 1.14; 95% CI: 0.93, 1.36) at 30 weeks for 
the PIEDN-4 group. At 30 weeks, significantly more patients in the PIEDN-4 group (n = 123, 63.1%) 
had completely stopped taking medication compared to the control group (X2 = 70.158; p < .001; n  
= 41, 21.1%).
Conclusion: PIEDN boosters every 4 weeks were a more effective dosage regimen for maintaining 
improvements in pain, stiffness, function, and disability than once every 8 weeks or no further 
treatment sessions.
Trial Registration: www.clinicaltrials.gov NCT05365061 May 4, 2022.

ARTICLE HISTORY 
Received 17 July 2025  
Revised 11 October 2025  
Accepted 11 October 2025 

KEYWORDS 
Knee osteoarthritis; dry 
needling; periosteal; 
Intraarticular; dosage; 
frequency; interval; 
treatment

Introduction

The pooled global prevalence of knee osteoarthritis 
(OA) has been estimated to be 23% in individuals aged 
40 and above (Cui et al., 2020). Knee OA is considered 

the most common joint disease in middle-aged and 
older adults (Cross et al., 2014). The pathogenesis of 
knee OA may include degeneration of articular cartilage 
with osteophyte formation, microfractures, subchondral 
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sclerosis and plate thickening, synovial hyperplasia, and 
exposure of the articular end of the bone (Yunus, 
Nordin, and Kamal, 2020).

Several meta-analyses and international clinical 
guidelines recommend exercise (Fransen et al., 2015; 
Jansen et al., 2011) and acupuncture (Corbett et al.,  
2013; Lin et al., 2016; Zhang et al., 2010) as two non- 
pharmacological interventions for individuals suffering 
from knee OA. Although statistically significant benefits 
for various forms of exercise in individuals with mod
erate knee OA have been found, small effect sizes for 
pain (SMD: 0.24) and physical function (SMD: 0.15) are 
to be expected at 2–6 months follow-up (Fransen et al.,  
2015). In comparision, Zhang et al. (2010) concluded 
that acupuncture was superior to usual care and wait-list 
controls with a pooled effect size of 0.58 for pain relief in 
patients with knee OA. This effect size is higher than 
most other conservative treatments applied to patients 
with knee OA, including NSAIDs (0.32), muscle 
strengthening exercises (0.32) and aerobic exercises 
(0.52) (Zhang et al., 2010).

Pain may be a potential barrier leading to under
dosage of strength training and aerobic exercise stimu
lus in individuals with painful knee OA; therefore, 
needling therapies may be a reasonable non- 
pharmacologic alternative for the reduction of persis
tent pain in individuals participating in exercise pro
grams for knee OA (Corbett et al., 2013; Lin et al., 2016). 
Needling therapy refers to the insertion of thin mono
filament needles for therapeutic purposes without the 
use of injectate (Dunning et al., 2014). However, unlike 
traditional Chinese acupuncture, Western medical acu
puncture or dry needling neither attempts to move qi 
along meridians, nor does it rely on diagnoses from 
Oriental medicine (Deadman, Al-Khafaji, and Baker,  
2011; Dunning et al., 2014; Zhou, Ma, and Brogan,  
2015).

Targeting the periosteum with acupuncture needles 
is not a new approach in the treatment of knee OA 
(Dunning et al., 2018; Elbadawy, 2017; Weiner et al.,  
2007, 2013; Zhang, Bao, Wang, and Wu, 2016). 
Following 4 weeks of 7-point low-frequency electroacu
puncture in 100 knees, Zhang, Bao, Wang, and Wu, 
(2016) reported significantly lower T2 values in cartilage 
on MRI at the anteromedial and anterolateral tibial sub- 
regions, suggesting electroacupuncture may play a role 
in cartilage repair in individuals with knee OA. In 2018, 
a multi-center clinical trial (n = 242) found that the 
addition of a 9-point periosteal electrical dry needling 
(PEDN) protocol to a program of manual therapy and 
exercise resulted in significant reductions in pain, stiff
ness, and disability compared to manual therapy and 
exercise alone (SMD = 0.94) in patients with knee OA in 

the short-term (Dunning et al., 2018). However, the 
effect size of PEDN when used as a stand-alone treat
ment has yet to be determined.

Electroacupuncture has been found to suppress the 
local release of proinflammatory cytokines (i.e., IL-1β 
and TNF-α) in cartilage, synovium, and subchondral 
bone of osteoarthritic joints, thereby attenuating patho
logical pain and cellular cascades associated with the 
degenerative process (Huang et al., 2007; Lou and Bu,  
2025). In an animal model of knee OA, electroacupunc
ture has also been shown to decrease cartilage hypoxia 
by improving synovial microcirculation and fluid oxy
gen tension (Weiwei et al., 2024); moreover, electroacu
puncture may stimulate cartilage repair in individuals 
with knee OA (Zhang, Bao, Wang, and Wu, 2016). 
Nevertheless, no prior PEDN or electroacupuncture 
clinical trials have incorporated intraarticular needle 
placements to evaluate whether this approach may aug
ment the effectiveness of the intervention.

After completing a course of standard care for mus
culoskeletal conditions, there is a “pressing need to 
evaluate the effectiveness of regular follow-up via boos
ter sessions for maintaining the beneficial effect of inter
ventions” over longer periods of time (Abbott et al.,  
2015; Paterno and Fitzgerald, 2024). Moreover, 
extended care models, or a “booster visit care model,” 
have been recommended to provide structured inter
mittent care for a more efficacious and cost-effective 
system of care for musculoskeletal pain conditions 
(Paterno and Fitzgerald, 2024). To date, there are just 
two prior randomized clinical trials that have investi
gated the sustained efficacy of PEDN boosters in 
patients with knee OA (Elbadawy, 2017; Weiner et al.,  
2013).

The purpose of this clinical trial was to compare the 
longer-term effects of three different dosing intervals of 
periosteal and intraarticular electrical dry needling 
(PIEDN) boosters on pain, stiffness, and disability in 
individuals with painful knee OA, and to quantify the 
effect size of PIEDN when used as a stand-alone treat
ment for knee OA.

Methods

Study design

This randomized, single-blinded, multi-center, parallel- 
group clinical trial compared three dosing intervals of 
PIEDN boosters for the management of knee OA. The 
primary outcome was related-disability as assessed by 
the Western Ontario and McMaster Universities 
(WOMAC total score) Osteoarthritis Index at 
30 weeks. Secondary outcomes included knee pain 
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intensity as measured by the Numeric Pain Rating Scale 
(NPRS), all WOMAC subscales (pain: WOMAC-P; 
stiffness: WOMAC-S; physical function: WOMAC-PF) 
, medication intake, and the Global Rating of Change 
(GROC). The current clinical trial was conducted fol
lowing the Consolidated Standards of Reporting Trials 
(CONSORT) extension for pragmatic clinical trials 
(Zwarenstein et al., 2008). The study was approved by 
the ethics committee at Universidad Rey Juan Carlos, 
Madrid, Spain (URJC-DPTO 47–2021) and the trial was 
registered (ClinicalTrials.gov:NCT05365061) on May 4, 
2022. All participants provided written informed con
sent prior to enrollment.

Participants

Consecutive individuals with painful knee OA from 64 
outpatient physical therapy clinics in 26 different 
U.S. states (Alabama, Arizona, Arkansas, Colorado, 
Connecticut, Florida, Georgia, Idaho, Illinois, Indiana, 
Iowa, Kentucky, Louisiana, Michigan, Minnesota, 
Mississippi, Montana, Nebraska, New Jersey, North 
Carolina, Ohio, Oklahoma, South Carolina, Tennessee, 
Texas, Wisconsin) and one British Overseas Territory 
(Anguilla) were screened for eligibility criteria and 
recruited over a 38-month period (from March 2021 
to May 2024).

For patients to be eligible, they had to meet the 
American College of Rheumatology criteria for the diag
nosis of knee OA (Altman, 1991; Altman et al., 1986) 
and have had chronic pain in the knee joint for more 
than 3 months. The clinical diagnosis of knee OA is 
typically made using the American College of 
Rheumatology clinical criteria developed by Altman, 
which has been found to be 89% sensitive and 88% 
specific (Altman, 1991; Altman et al., 1986; Wang 
et al., 2024). Patients had to have at least three of the 
following criteria to be included in the study: 1, >50  
years of age; 2, less than 30 min of morning stiffness; 3, 
crepitus on active motion; 4, bony tenderness; 5, bony 
enlargement; and 6, no palpable warmth of synovium 
(Altman, 1991; Altman et al., 1986). In addition, the 
participants had to have a minimum knee pain intensity 
score of 2 points and be older than 18 years of age.

Patients were excluded from the study if they: 1, 
had received an injection to the affected knee in the 
last 4 weeks; 2, had a history of a partial or total knee 
replacement to the affected knee; 3, had a history of 
surgery to either lower extremity in the last 12  
months; 4, had received physical therapy, massage 
therapy, acupuncture, or chiropractic for their knee 
pain in the previous 4 weeks; 5, were waiting for knee 
replacement surgery; 6, presented with two or more 

positive neurologic signs consistent with nerve root 
compression; 7, had a history of a psychiatric disorder 
or cognitive impairment; 8, presented with one or 
more contraindications to dry needling; 9, had pend
ing litigation or worker’s compensation regarding 
their knee pain; or 10, were currently pregnant. 
Additionally, before enrollment into the study, 
patients were instructed that treatment for their knee 
pain by other healthcare practitioners (i.e., injections, 
massage therapy, chiropractic, and physical therapy) 
was not permitted.

Treating therapists

Sixty-five physical therapists (mean age, 36.2 years, SD 
7.6) participated in the delivery of treatment for patients 
in this study. They had an average of 10.1 (SD 8.1) years 
of clinical experience, an average of 3.9 (SD 2.6) years 
using dry needling, and all had completed a 54-hr post- 
graduate certification program that included practical 
training in periosteal and intraarticular electrical dry 
needling for knee OA. All participating physical thera
pists were required to study a manual of standard operat
ing procedures and participate in a 4-hr training session. 
All treating therapists were Fellows-in-Training within 
a nationally accredited, post-graduate Fellowship pro
gram in Orthopaedic Manual Physical Therapy.

Randomization and blinding

Following a baseline examination, all patients received 
8–10 sessions of PIEDN over 6 weeks using a 23-point 
standardized protocol. Patients were then randomly 
assigned to 1 of 3 dosing interval groups: (1) a PIEDN 
booster treatment once every 4 weeks for the next 6  
months, (2) a PIEDN booster treatment once every 
8 weeks for the next 6 months, or (3) no booster 
treatments over the next 6 months. Concealed alloca
tion was conducted using a computer-generated ran
domized table of numbers created by a statistician 
who was not otherwise involved in the trial and did 
not participate in analysis or interpretation of the 
results. Individual and sequentially numbered index 
cards with the random assignment were prepared for 
each of the 64 data collection sites. The index cards 
were folded and placed in sealed opaque envelopes. 
Blinded to the baseline examination, the treating 
therapist opened the envelope and proceeded with 
treatment, according to the group assignment. The 
examining therapist remained blind to the patient’s 
treatment group assignment; however, based on the 
nature of the interventions it was not possible to blind 
patients or therapists.
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Interventions

All participants in all three groups received 8–10 treat
ment sessions of PIEDN at a frequency of 1–2 times per 
week over the initial 6-week period using a 23-point 
standardized dry needling protocol. At 6 weeks, partici
pants were then randomized to receive PIEDN once 
every 4 weeks (n = 195) for the next 6 months, PIEDN 
once every 8 weeks (n = 197) for the next 6 months, or 
no further treatment sessions (n = 194) for the next 6  
months. Each PIEDN treatment session included a 23- 
point standardized protocol as depicted in Figure 1. 
During the course of the study, patients were encour
aged to continue to perform their normal daily activ
ities, but were not permitted to receive any interventions 
for their knee pain by other healthcare practitioners 
including, but not limited to injections, massage ther
apy, chiropractic, and/or physical therapy.

Sterilized disposable stainless steel acupuncture 
needles were used, ranging from 30 mm to 75 mm 
in length and from 0.25 mm to 0.35 mm in dia
meter. The depth of needle insertion ranged from 
25 mm to 70 mm and depended on the point 
selected (intramuscular, periosteal, intraarticular, 
joint line, periarticular), and the patient’s physical 
constitution. Following insertion, all needles were 

manipulated and rotated bidirectionally to elicit 
a sensation of aching, tingling, deep pressure, hea
viness, or warmth (Dunning et al., 2018; Zhou and 
Benharash, 2014).

Four of the 23 obligatory needles were intraarticular 
insertions via the medial infrapatellar sulcus (2 needles) 
and lateral infrapatellar sulcus (2 needles) to a 25–35
mm perpendicular depth using 30 mm ×0.25 mm or 
40 mm ×0.30 mm needles (Delgado et al., 2019; Zhang, 
Bao, Wang, and Wu, 2016). Notably, in patients with 
knee OA, perpendicular needle insertions at the medial 
or lateral infrapatellar sulcus to a depth of 25–35 mm are 
considered intraarticular on ultrasound imaging 
(Delgado et al., 2019; Toda and Tsukimura, 2008; 
Zhang, Bao, Wang, and Wu, 2016). In addition, 8 nee
dles passed through muscle, tendon, and/or connective 
tissue down to the periosteum of the femur or tibia 
(Dunning et al., 2018), and the remaining 11 needles 
were placed 1 cm above (3 needles) the anteromedial or 
anterolateral tibiofemoral joint line, 1 cm below (3 nee
dles) the anteromedial or anterolateral tibiofemoral 
joint line, or at the anteromedial or anterolateral tibio
femoral joint line (5 needles). The decision to target the 
anteromedial versus anterolateral aspects of the tibiofe
moral joint line area was based on each patient’s symp
toms. Notably, the 19 obligatory needles that targeted 
the periosteum were repeatedly thrusted and tapped on 
to the respective bone using a “periosteal stimulation” 
technique (Dunning et al., 2018; Weiner et al., 2013). In 
addition to the obligatory 23-point standardized proto
col, clinicians were also permitted to insert needles at up 
to four additional locations based on the presence of the 
symptoms.

The needles were then left in situ for 30 mins with 
electric stimulation (two ES-160 electrostimulator ITO 
co.) in pairs to 22 of the needles using a low frequency 
(2 Hz), moderate pulse duration (250 microseconds), 
and biphasic continuous waveform at a maximum tol
erable intensity (Dunning et al., 2018; Vas and White,  
2007). Eleven channels of the two electroacupuncture 
units were used; thus, based on symptom distribution, 
the treating clinician left one needle without electrical 
stimulation. In cases of bilateral knee OA, both knees 
were treated, but only the most painful side at baseline 
was recorded and analyzed throughout the study to 
satisfy the assumption of independent data (Menz,  
2005).

Outcome measures

The primary outcome was related-disability as 
assessed with the WOMAC total index score, 
whereas each WOMAC subscale [pain (WOMAC- 

Figure 1. Standardized 23-point protocol of periosteal and 
intraarticular electrical dry needling (PIEDN) for knee OA.

4 J. DUNNING ET AL.



P), stiffness (WOMAC-S), and physical function 
(WOMAC-PF)] were considered secondary out
comes. The WOMAC is a valid and reliable instru
ment and has been used extensively to evaluate three 
dimensions (pain, stiffness, and physical function) in 
patients with hip or knee OA (Bellamy et al., 1988; 
McConnell, Kolopack, and Davis, 2001). In patients 
with knee OA, the minimum clinically important 
difference (MCID) for the WOMAC has been calcu
lated to be 16.1 points (Kim et al., 2021).

Secondary outcomes included knee pain intensity, 
the 3 WOMAC subscales, medication intake, and the 
GROC. The NPRS was used to measure knee pain 
intensity. Patients were asked to indicate the average 
intensity of knee pain over the past week using an 11- 
point scale ranging from 0 (“no pain”) to 10 (“worst 
pain imaginable”) at baseline, 6 weeks, 14 weeks, 22  
weeks, and 30 weeks following the initial treatment ses
sion (Jensen, Karoly, and Braver, 1986). The NPRS is 
a reliable and valid instrument to assess pain intensity 
(Farrar, Young, LaMoreaux, and Poole, 2001). The 
MCID for the NPRS has been shown to be 1.74 in 
patients with chronic pain conditions (Farrar, Young 
Jp, LaMoreaux, and Poole, 2001); however, the MCID 
for knee-related pain has not yet been established. 
Nevertheless, a change of 2 points or a 30% decrease 
in pain from baseline can be considered as a MCID in 
subjects with chronic musculoskeletal pain (Farrar, 
Young, LaMoreaux, and Poole, 2001; Salaffi et al., 2004).

Medication intake was measured as the number of 
times the patient had taken prescription or over-the- 
counter analgesic or anti-inflammatory medication 
in the past week for their knee pain, with five 
options: (1) not at all, (2) once a week, (3) once 
every couple of days, (4) once or twice a day, or 
(5) three or more times a day. Medication intake was 
assessed at baseline and at 30 weeks after the first 
treatment session.

At 6 weeks, 14 weeks, 22 weeks, and 30 weeks fol
lowing the initial treatment session, patients com
pleted a 15-point GROC question based on a scale 
described by Jaeschke, Singer, and Guyatt, (1989) to 
rate their self-perceived improved function. The 
MCID for the GROC has not been specifically 
reported but scores of +4 and +5 have typically been 
indicative of moderate changes in patient status 
(Jaeschke, Singer, and Guyatt, 1989).

Treatment side effects

Patients were asked to report adverse events that they 
experienced during any part of the study. In the current 

study, an adverse event was defined as a sequelae of one- 
week duration with any symptom perceived as distressing 
and unacceptable to the patient that required further treat
ment (Carlesso, Macdermid, and Santaguida, 2010). 
Particular attention was given to the presence of ecchymo
sis and post-needling soreness.

Sample size determination

The sample size calculations were based on detecting 
a between-group moderate effect size of 0.40 (Dunning 
et al., 2018) in related-disability (WOMAC total index 
score) at 30 weeks, assuming a 2-tailed test, an alpha 
level (α) of 0.01, and a desired power (β) of 90%. The 
estimated desired sample size was calculated to be at 
least 188 subjects per group. A dropout percentage of 
10% was expected; therefore, 206 patients were required 
for each group.

Statistical analysis

Statistical analysis was performed using SPSS software, 
version 29.0 (Chicago, IL, USA) and it was conducted 
according to intention-to-treat analysis. We performed 
Little’s Missing Completely at Random (MCAR) test 
(Rubin, Witkiewitz, Andre, and Reilly, 2007) to deter
mine if missing data points associated with dropouts 
were missing at random or missing for systematic rea
sons. Intention-to-treat analysis was performed by using 
Expectation-Maximization whereby missing data was 
computed using regression equations.

The effects of treatment on pain, stiffness, physical 
function, and related-disability were each examined 
with a 3-by-5 mixed-model analysis of covariance 
(ANCOVA) with treatment group as the between- 
subjects factor, time as the within-subjects factor, and 
adjusted for baseline data (i.e., age, weight, height, and 
duration of symptoms). Separate ANCOVAs were per
formed with each outcome as the dependent variable. 
For each ANCOVA, the main hypothesis of interest was 
the 2-way interaction (group by time) with 
a Bonferroni-corrected alpha level of 0.01 (5 time 
points). We used χ2 tests to compare self-perceived 
improvement with GROC and changes in medication 
intake. To enable comparison of between-group effect 
sizes, standardized mean differences (SMDs) were cal
culated by dividing mean score differences between 
groups by the pooled standard deviation. Numbers 
needed to treat (NNT) and 95% confidence intervals 
(CI) were also calculated at the 30-week follow-up per
iod using each definition for a successful outcome.
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RESULTS

Between March 2021 and May 2024, 1,081 consecutive 
patients with knee OA pain were screened for eligibility 
(Figure 2). Five hundred and eighty-six (54.2%) satisfied 
all the inclusion criteria and agreed to participate. All 
participants (n = 586) received 8–10 sessions of PIEDN 

over the initial 6 weeks using a 23-point standardized 
periosteal and intraarticular electrical dry needling 
(PIEDN) protocol. At 6 weeks, participants were then 
randomly allocated to the PIEDN once every 4 weeks (n  
= 195) for the next 6 months, PIEDN once every 8 weeks 
(n = 197) for the next 6 months, or the control group 

Figure 2. CONSORT flow diagram of patient recruitment and retention.
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with no further treatment sessions (n = 194) for the next 
6 months. Randomization resulted in similar baseline 
characteristics for all variables (Table 1). The reasons 
for ineligibility are found in Figure 2, which provides 
a flow diagram of patient recruitment and retention. 
From baseline to 6 weeks, there was no significant dif
ference (p = .776) between the mean number of com
pleted treatment sessions for the PIEDN once every 
8 weeks group (mean: 7.8 ± 1.6), the PIEDN once every 
4 weeks group (mean: 7.9 ± 1.8), and the control group 
(mean: 7.8 ± 1.7). In total, 545 of the 586 patients (93% 
follow-up) completed all outcome measures through 
30 weeks (Figure 2). None of the participants in any 
group reported receiving other interventions during 
the study.

During the initial 6-week PIEDN intervention 
period, 341 of the 586 patients (58.2%) experienced 
post-needling muscle soreness and 184 (31.4%) 
experienced mild bruising (ecchymosis) that most 
commonly resolved spontaneously within 48 hr 
and 2–4 days, respectively. In addition, 8 of the 
586 patients (1.4%) experienced drowsiness, head
ache, or nausea, which spontaneously resolved 
within several hours. No other adverse events were 
reported.
Adjusting for baseline outcomes, the mixed-model 
ANCOVA revealed a significant group-by-time 
interaction for the primary outcome of related- 
disability (WOMAC: F = 33.060; p < .001, Figure 3). 
Patients in the PIEDN-4 group experienced signifi
cantly greater improvements in related-disability at 
22 weeks (Δ −9.4, 95% CI: −11.7, −7.0, p < .001) and 
30 weeks (Δ −16.9, 95% CI: −19.4, −14.3, p < .001) 
than those in the control group (Tables 2 and 3). 

−7.2, −2.4, p < .001) and 30 weeks (Δ −9.3, 95% CI:
−11.9, −6.7, p < .001) than those in the control
group (Figure 3). For the WOMAC, the between- 
group effect size (compared with the control group)
was medium (SMD: 0.72, 95% CI: 0.52, 0.93) at
30 weeks for the PIEDN-8 group and large (SMD:
1.32; 95% CI: 1.10, 1.54) at 30 weeks for the PIEDN-
4 group (Table 3).

Table 1. Baseline characteristics by treatment assignment.

Baseline Variable Control (n = 194)
PIEDN booster once every 

8 weeks (n = 197)
PIEDN booster once every 

4 weeks (n = 195)

Gender (male/female) 85/109 83/114 82/113
Age (years) 57.1 ± 12.7 56.9 ± 13.1 57.3 ± 11.6
Weight (kg) 85.1 ± 15.5 86.1 ± 16.3 86.2 ± 15.8
Height (cm) 171.5 ± 9.1 171.9 ± 9.3 172.1 ± 9.7
Years with knee pain 7.5 ± 7.4 7.7 ± 6.8 7.4 ± 7.8
Medication intake n (%)
Not at all 13 (6.7%) 24 (12.2%) 15 (7.7%)
Once a week 24 (12.4%) 31 (15.7%) 37 (19.0%)
Once every couple of days 66 (34.0%) 58 (29.4%) 63 (32.3%)
Once or twice a day 76 (39.2%) 68 (34.5%) 60 (30.8%)
Three or more times a day 15 (7.7%) 16 (8.1%) 20 (10.3%)
Number of treatment sessions 7.9 ± 1.7 7.8 ± 1.6 7.9 ± 1.8
Mean intensity of knee pain (NPRS, 0–10) 5.8 ± 1.6 5.7 ± 1.8 5.7 ± 1.7
WOMAC Pain Scale (0–20) 9.5 ± 3.2 9.3 ± 3.2 9.5 ± 3.0
WOMAC Stiffness Scale (0–8) 4.2 ± 1.5 4.3 ± 1.6 4.3 ± 1.5
WOMAC Physical Function Scale (0–68) 31.9 ± 8.9 32.0 ± 9.7 32.1 ± 8.8
WOMAC Total Score (0–96) 45.6 ± 12.8 45.6 ± 13.7 45.9 ± 12.5

Data are mean (SD) except for gender and medication intake.  
PIEDN = periosteal intraarticular electrical dry needling, NPRS = Numeric Pain Rating Scale, 0–10, lower scores indicate less pain; WOMAC = Western 

Ontario and McMaster Universities Osteoarthritis Index, 0–96, lower scores indicate less pain and related-disability.

Figure 3. Evolution of the WOMAC Osteoarthritis Index (0–96) 
throughout the course of the study stratified by randomized 
treatment assignment. Data are means (standard error).

Notably, patients in the PIEDN-4 group experienced 
significantly greater improvements in related- 
disability at 22 weeks (Δ −4.2, 95% CI: −6.3, −2.2, 
p < .001) and 30 weeks (Δ −7.2, 95% CI: −9.4, −5.0, 
p < .001) than those in the PIEDN-8 group 
(Table 3). Likewise, patients in the PIEDN-8 group 
experienced significantly greater improvements in 
related-disability at 22 weeks (Δ −4.8, 95% CI: 
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Secondary outcomes

Significant group-by-time interactions were found 
for all the WOMAC subscales (WOMAC-P: F =  
22.816, p < .001; WOMAC-S: F = 27.416, p < .001; 
WOMAC-PF: F = 32.856, p < .001) in favor of the 
PIEDN-4 group (Table 3). For the WOMAC sub
scales, the between-group effect sizes (compared 

with the control group) were medium (0.57 < SMD  
< 0.72) at 30 weeks for the PIEDN-8 group and large 
(1.03 < SMD < 1.31) at 30 weeks for the PIEDN-4 
group (Table 3).

The intention-to-treat analysis also revealed 
a significant group-by-time interaction for knee pain 

Table 2. Within-group mean scores by randomized treatment assignment*.

Outcomes

Timeline Scores: Mean ± SD (95% CI) 
Within-Group Change Scores: Mean (95% CI)

Control (n = 194) †
PIEDN booster once every 

8 weeks (n = 197)
PIEDN booster once every 

4 weeks (n = 195)

WOMAC-P: Pain (0–20)
Baseline 9.5 ± 3.2 (9.1, 10.0) 9.3 ± 3.2 (8.9, 9.8) 9.5 ± 3.0 (9.1, 9.9)
6 weeks 4.3 ± 3.1 (3.9, 4.8) 4.2 ± 2.8 (3.8, 4.6) 4.2 ± 2.7 (3.9, 4.6)
Change baseline → 6 weeks −5.2 ± 3.0 (−5.6, −4.8) −5.1 ± 3.0 (−5.5, −4.7); p = .710 −5.3 ± 2.7 (−5.7, −4.9); p = .834
14 weeks 3.6 ± 2.8 (3.2, 4.0) 3.5 ± 2.5 (3.2, 3.9) 3.1 ± 2.1 (2.8, 3.4)
Change baseline → 14 weeks −5.9 ± 2.9 (−6.3, −5.5) −5.8 ± 2.8 (−6.2, −5.4); p = .738 −6.4 ± 2.8 (−6.8, −6.0); p = .077
22 weeks 4.3 ± 2.8 (3.9, 4.7) 3.3 ± 2.4 (2.9, 3.6) 2.5 ± 2.2 (2.2, 2.9)
Change baseline → 22 weeks −5.2 ± 2.7 (−5.6, −4.8) −6.0 ± 2.9 (−6.5, −5.6); p = .004 −7.0 ± 3.0 (−7.4, −6.6); p < .001
30 weeks 5.3 ± 3.0 (4.9, 5.7) 3.4 ± 2.4 (3.1, 3.7) 2.2 ± 2.3 (1.9, 2.5)
Change baseline → 30 weeks −4.2 ± 2.9 (−4.6, −3.8) −5.9 ± 3.0 (−6.3, −5.5); p < .001 −7.3 ± 3.1 (−7.8, −6.9); p < .001

WOMAC-S: Stiffness (0–8)
Baseline 4.2 ± 1.5 (4.0, 4.4) 4.3 ± 1.6 (4.1, 4.5) 4.3 ± 1.5 (4.1, 4.5)
6 weeks 2.1 ± 1.5 (1.9, 2.3) 2.2 ± 1.7 (2.0, 2.5) 2.3 ± 1.7 (2.1, 2.6)
Change baseline → 6 weeks −2.1 ± 1.7 (−2.4, −1.9) −2.1 ± 1.7 (−2.3, −1.8); p = .892 −2.0 ± 1.6 (−2.2, −1.8); p = .534
14 weeks 1.8 ± 1.4 (1.6, 2.0) 1.9 ± 1.5 (1.7, 2.2) 1.9 ± 1.5 (1.7, 2.1)
Change baseline → 14 weeks −2.4 ± 1.7 (−2.2, −2.6) −2.4 ± 1.6 (−2.6, −2.1); p = .748 −2.4 ± 1.6 (−2.7, −2.2); p = .825
22 weeks 2.2 ± 1.4 (2.0, 2.4) 1.8 ± 1.2 (1.6, 1.9) 1.4 ± 1.2 (1.2, 1.6)
Change baseline → 22 weeks −2.0 ± 1.4 (−2.2, −1.8) −2.5 ± 1.5 (−2.8, −2.3); p < .001 −2.9 ± 1.6 (−3.1, −2.7); p < .001
30 weeks 2.7 ± 1.4 (2.5, 2.9) 1.8 ± 1.3 (1.6, 2.0) 1.0 ± 1.2 (0.9, 1.2)
Change baseline → 30 weeks −1.5 ± 1.3 (−1.7, −1.4) −2.5 ± 1.6 (−2.7, −2.3); p < .001 −3.3 ± 1.5 (−3.5, −3.1); p < .001

WOMAC-PF: Physical Function (0–68)
Baseline 31.9 ± 8.9 (30.6, 33.2) 32.0 ± 9.7 (30.7, 33.4) 32.1 ± 8.8 (30.9, 33.4)
6 weeks 15.4 ± 9.5 (14.1, 16.8) 16.2 ± 9.2 (14.9, 17.5) 15.6 ± 9.0 (14.4, 16.9)
Change baseline → 6 weeks −16.5 ± 9.8 (−17.9, −15.1) −15.8 ± 9.7 (−17.2, −14.5); p = .519 −16.5 ± 9.2 (−17.8, −15.2); p = .965
14 weeks 13.7 ± 8.6 (12.5, 15.0) 14.2 ± 7.8 (13.1, 15.3) 12.4 ± 7.2 (11.4, 13.5)
Change baseline → 14 weeks −18.2 ± 8.5 (−19.4, −17.0) −17.8 ± 9.0 (−19.1, −16.5); p = .691 −19.7 ± 8.9 (−21.0, −18.5); p = .075
22 weeks 16.6 ± 8.4 (15.4, 17.8) 13.4 ± 7.3 (12.3, 14.4) 10.2 ± 7.2 (9.2, 11.2)
Change baseline → 22 weeks −15.3 ± 7.9 (−16.4, −14.2) −18.7 ± 9.2 (−19.9, −17.4); p < .001 −22.0 ± 9.1 (−23.3, −20.7); p < .001
30 weeks 19.5 ± 9.8 (18.1, 20.9) 12.9 ± 8.1 (11.8, 14.1) 7.7 ± 7.6 (6.6, 8.7)
Change baseline → 30 weeks −12.4 ± 8.6 (−13.6, −11.2) −19.1 ± 9.9 (−20.5, −17.7); p < .001 −24.5 ± 9.7 (−25.9, −23.1); p < .001

WOMAC: Total Index (0–96)
Baseline 45.6 ± 12.8 (43.8, 47.4) 45.6 ± 13.7 (43.7, 47.5) 45.9 ± 12.5 (44.2, 47.7)
6 weeks 21.9 ± 13.5 (20.0, 23.8) 22.6 ± 13.2 (20.8, 24.5) 22.2 ± 12.9 (20.4, 24.0)
Change baseline → 6 weeks −23.7 ± 13.6 (−25.7, −21.8) −23.0 ± 13.5 (−24.9, −21.1); p = .587 −23.8 ± 12.5 (−25.5, −22.0); p = .981
14 weeks 19.2 ± 12.2 (17.5, 20.9) 19.7 ± 11.1 (18.1, 21.2) 17.4 ± 10.2 (16.0, 18.9)
Change baseline → 14 weeks −26.4 ± 11.9 (−28.1, −24.7) −26.0 ± 12.4 (−27.7, −24.2); p = .704 −28.6 ± 12.1 (−30.3, −26.8); p = .079
22 weeks 23.1 ± 12.1 (21.4, 24.8) 18.3 ± 10.4 (16.9, 19.8) 14.1 ± 10.2 (12.7, 15.6)
Change baseline → 22 weeks −22.5 ± 11.1 (−24.1, −20.9) −27.3 ± 12.8 (−29.1, −25.5); p < .001 −31.9 ± 12.6 (−33.6, −30.1); p < .001
30 weeks 27.4 ± 13.8 (25.4, 29.4) 18.1 ± 11.5 (16.5, 19.7) 10.9 ± 10.7 (9.4, 12.4)
Change baseline → 30 weeks −18.2 ± 12.1 (−19.9, −16.5) −27.5 ± 13.7 (−29.4, −25.6); p < .001 −35.1 ± 13.4 (−37.0, −33.2); p < .001

Numeric Pain Rating Scale (0–10)
Baseline 5.8 ± 1.6 (5.6, 6.0) 5.7 ± 1.8 (5.5, 6.0) 5.7 ± 1.7 (5.5, 6.0)
6 weeks 2.7 ± 1.8 (2.4, 2.9) 2.7 ± 1.7 (2.4, 2.9) 2.6 ± 1.6 (2.4, 2.9)
Change baseline → 6 weeks −3.1 ± 2.1 (−3.4, −2.8) −3.0 ± 2.0 (−3.3, −2.8); p = .623 −3.1 ± 1.8 (−3.4, −2.8); p = .853
14 weeks 2.2 ± 1.7 (2.0, 2.5) 2.3 ± 1.5 (2.1, 2.5) 1.8 ± 1.1 (1.7, 2.0)
Change baseline → 14 weeks −3.6 ± 1.9 (−3.8, −3.3) −3.4 ± 2.0 (−3.7, −3.1); p = .465 −3.9 ± 1.7 (−4.2, −3.7); p = .052
22 weeks 2.8 ± 1.6 (2.6, 3.0) 2.2 ± 1.5 (2.0, 2.4) 1.6 ± 1.5 (1.3, 1.8)
Change baseline → 22 weeks −3.0 ± 1.7 (−3.2, −2.7) −3.5 ± 1.9 (−3.8, −3.2); p = .006 −4.2 ± 1.8 (−4.5, −3.9); p < .001
30 weeks 3.4 ± 1.7 (3.2, 3.7) 2.2 ± 1.5 (1.9, 2.3) 1.3 ± 1.6 (1.1, 1.5)
Change baseline → 30 weeks −2.4 ± 1.7 (−2.6, −2.1) −3.6 ± 1.9 (−3.8, −3.3); p < .001 −4.5 ± 1.9 (−4.7, −4.2); p < .001

Timeline Scores: Mean ± SD (95% CI), Within-Group Change Scores: Mean (95% CI). 
*p values are for tests of treatment effect comparative to those of the control group. 
†No p values as inferential tests are comparative with those of the control group.  
PIEDN = periosteal intraarticular electrical dry needling, NPRS, lower scores indicate less pain; WOMAC = Western Ontario and McMaster Universities 

Osteoarthritis Index, 0–96, lower scores indicate less pain and related-disability.
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(NPRS) intensity (F = 25.678; p < .001) in favor of the 
PIEDN-4 group (Table 2). For knee pain intensity 
(NPRS), the between-group effect size (compared with 
the control group) was medium (SMD: 0.64; 95% CI: 
0.44, 0.85) at 30 weeks for the PIEDN-8 group and large 
(SMD = 1.14; 95% CI: 0.93, 1.36) at 30 weeks for the 
PIEDN-4 group (Table 3).

At 30 weeks, significantly more patients in the PIEDN- 
4 group (n = 123, 63.1%) had completely stopped taking 
medication for their pain compared to the control group 
(X2 = 70.158; p < .001; n = 41, 21.1%), or the PIEDN-8 
group (X2 = 14.950; p < .001; n = 77, 39.1%). At the 30- 
week follow-up and based on the cutoff score of ≥ +5 on 
the GROC, significantly more patients (n = 142, 72.8%) 
within the PIEDN-4 group achieved a successful outcome 
when compared to the control (X2 = 88.028; p < .001; n =  
49, 25.3%) group or the PIEDN-8 (X2 = 35.553; p < .001; 
n = 108, 54.8%) group. Therefore, compared with the 
control group and based on the cutoff score of ≥ +5 on 
the GROC, the NNT was 2.10 (95% CI: 1.78, 2.58) in 
favor of the PIEDN-4 group at 30-week follow-up. 
Likewise, compared with the control group and based 
on a 50% improvement from baseline to 30 weeks in the 
primary outcome (WOMAC), the NNT was 1.83 (95% 

CI: 1.59, 2.14) in favor of the PIEDN-4 group at 30-week 
follow-up.

Discussion

In individuals with painful knee OA, the PIEDN dosing 
interval of once every 4 weeks was a more effective 
dosage regimen for maintaining improvements in 
pain, stiffness, physical function, medication intake, 
and related-disability at long-term (30 weeks) than the 
dosing interval of once every 8 weeks or no further 
treatment sessions. For middle-aged or older adults 
with painful knee OA, PIEDN with monthly boosters 
may provide an alternative and cost-effective treatment 
option for those wanting to avoid adverse drug reactions 
or surgery.

For the primary outcome (WOMAC), the between- 
group effect size (compared with the control group) was 
medium (SMD: 0.72, 95% CI: 0.52, 0.93) at 30 weeks for 
the PIEDN-8 group and large (SMD: 1.32; 95% CI: 1.10, 
1.54) at 30 weeks for the PIEDN-4 group. The point 
estimate (16.9 points, 95% CI: 14.3, 19.4) for the 
between-group difference (PIEDN-4 group comparative 
to the control group) of the WOMAC, exceeded the 

Table 3. Between-group differences and effect sizes comparative to the control group*.

Outcome

Between-Group Differences: Mean (95% CI) 
Standardized Mean Differences: Mean (95% CI)

PIEDN booster once every 8 weeks (n = 197) PIEDN booster once every 4 weeks (n = 195)

WOMAC-P: Pain (0–20)
Change baseline → 6 weeks 0.1 (−0.5, 0.7); SMD = 0.04 (−0.16, 0.24); p = .710 −0.1 (−0.6, 0.5); SMD = 0.02 (−0.17, 0.22); p = .834
Change baseline → 14 weeks 0.1 (−0.5, 0.6); SMD = 0.03 (−0.16, 0.23); p = .738 −0.5 (−1.1, 0.1); SMD = 0.18 (−0.02, 0.38); p = .077
Change baseline → 22 weeks −0.8 (−1.4, −0.3); SMD = 0.30 (0.10, 0.49); p = .004 −1.8 (−2.3, −1.2); SMD = 0.62 (0.41, 0.82); p < .001
Change baseline → 30 weeks −1.7 (−2.3, −1.1); SMD = 0.57 (0.36, 0.77); p < .001 −3.1 (−3.7, −2.5); SMD = 1.03 (0.81, 1.24); p < .001

WOMAC-S: Stiffness (0–8)
Change baseline → 6 weeks 0.0 (−0.3, 0.4); SMD = 0.01 (−0.18, 0.21); p = .892 0.1 (−0.2, 0.4); SMD = 0.06 (−0.26, 0.14); p = .534
Change baseline → 14 weeks 0.1 (−0.3, 0.3); SMD = 0.03 (−0.17, 0.23); p = .748 0.0 (−0.4, 0.3); SMD = 0.02 (−0.18, 0.22); p = .825
Change baseline → 22 weeks −0.5 (−0.8, −0.2); SMD = 0.35 (0.15, 0.55); p < .001 −0.9 (−1.2, −0.6); SMD = 0.61 (0.40, 0.81); p < .001
Change baseline → 30 weeks −1.0 (−1.2, −0.7); SMD = 0.64 (0.43, 0.84); p < .001 −1.7 (−2.0, −1.4); SMD = 1.19 (0.98, 1.41); p < .001

WOMAC-PF: Physical Function (0–68)
Change baseline → 6 weeks 0.6 (−1.3, 2.6); SMD = 0.07 (−0.13, 0.26); p = .519 0.0 (−1.9, 1.8); SMD = 0.01 (−0.20, 0.19); p = .965
Change baseline → 14 weeks 0.4 (−1.4, 2.1); SMD = 0.04 (−0.16, 0.24); p = .691 −1.6 (−3.3, 0.2); SMD = 0.18 (−0.02, 0.38); p = .075
Change baseline → 22 weeks −3.4 (−5.1, −1.7); SMD = 0.39 (0.19, 0.59); p < .001 −6.7 (−8.4, −5.0); SMD = 0.78 (0.57, 0.99); p < .001
Change baseline → 30 weeks −6.7 (−8.5, −4.8); SMD = 0.72 (0.51, 0.92); p < .001 −12.1 (−13.9, −10.3); SMD = 1.31 (1.09, 1.53); p < .001

WOMAC: Total Index (0–96)
Change baseline → 6 weeks 0.7 (−1.9, 3.4); SMD = 0.06 (−0.14, 0.25); p = .587 0.0 (−2.6, 2.5); SMD = 0.00 (−0.20, 0.20); p = .981
Change baseline → 14 weeks 0.5 (−2.0, 2.9); SMD = 0.04 (−0.16, 0.24); p = .704 −2.1 (−4.5, 0.3); SMD = 0.18 (−0.02, 0.37); p = .079
Change baseline → 22 weeks −4.8 (−7.2, −2.4); SMD = 0.40 (0.20, 0.60); p < .001 −9.4 (−11.7, −7.0); SMD = 0.79 (0.58, 0.99); p < .001
Change baseline → 30 weeks −9.3 (−11.9, −6.7); SMD = 0.72 (0.52, 0.93); p < .001 −16.9 (−19.4, −14.3); SMD = 1.32 (1.10, 1.54); p < .001

Numeric Pain Rating Scale (0–10)
Change baseline → 6 weeks 0.1 (−0.3, 0.5); SMD = 0.05 (−0.15, 0.25); p = .623 0.0 (−0.3, 0.4); SMD = 0.02 (−0.18, 0.22); p = .853
Change baseline → 14 weeks 0.1 (−0.2, 0.5); SMD = 0.07 (−0.12, 0.27); p = .465 −0.4 (−0.7, 0.0); SMD = 0.20 (−0.01, 0.40); p = .052
Change baseline → 22 weeks −0.5 (−0.9, −0.1); SMD = 0.28 (0.08, 0.48); p = .006 −1.2 (−1.6, −0.9); SMD = 0.69 (0.49, 0.90); p < .001
Change baseline → 30 weeks −1.2 (−1.5, −0.8); SMD = 0.64 (0.44, 0.85); p < .001 −2.1 (−2.4, −1.7); SMD = 1.14 (0.93, 1.36); p < .001

Between-Group Differences: Mean (95% CI), Standardized Mean Differences: Mean (95% CI). 
*p values and SMD values are for tests of treatment effect comparative to the control group. 
PIEDN = periosteal intraarticular electrical dry needling; NPRS, lower scores indicate less pain; WOMAC = Western Ontario and McMaster Universities 

Osteoarthritis Index, 0–96, lower scores indicate less pain and related-disability. 
Large between-group effect size: Cohen’s d = .8 or greater. Medium effect size: Cohen’s d = .5 or greater. Small effect size: Cohen’s d = .2 or greater. Effect size 

provides information about the magnitude or strength of the difference between two groups.
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MCID (i.e., 16.1 points) for that instrument at 30 weeks 
(Kim et al., 2021). For the NPRS, the point estimate for 
the between-group change (2.1 points, 95% CI: 1.7, 2.4) 
exceeded the reported MCID (i.e., 1.74 points (Farrar, 
Young, LaMoreaux, and Poole, 2001; Salaffi et al.,  
2004)) at 30 weeks.

To date, there are just two randomized clinical trials 
that have investigated the sustained efficacy of PEDN 
and boosters in patients with painful knee OA 
(Elbadawy, 2017; Weiner et al., 2013). Similar to the 
findings of our study, after an initial 10-week (once 
per week) treatment protocol of periosteal stimulation 
therapy (with acupuncture needles touching the bone 
over the medial femoral condyle, lateral femoral con
dyle, medial tibial condyle, and head of the fibula) and 
following monthly boosters for 6 months in patients 
with advanced knee OA, Elbadawy (Elbadawy, 2017) 
(n = 60) reported statistically and clinically meaningful 
improvements in pain (VAS) and all 5 KOOS subscales 
(i.e., pain, symptoms, activities of daily living, sport and 
recreation function, knee-related quality of life) com
pared to TENS and a home exercise program. 
Additionally, after 6 months of periosteal stimulation 
boosters, large within-group effect sizes (SMD: 1.30 to 
5.62) were reported for pain, function, and quality of life 
(i.e., all 5 KOOS subscales) (Elbadawy, 2017).

In contrast to the findings of our study, after an 
initial 10-week treatment period in patients with 
advanced knee OA (i.e., KL grade 3 and grade 4 disease), 
although Weiner et al. (2013) found periosteal stimula
tion (n = 190) with monthly boosters was superior to 
periosteal stimulation without boosters or with placebo 
boosters at 6 months, only “modest reductions” in pain 
were reported. Notably, neither within-group nor 
between-group effect sizes were reported (Weiner 
et al., 2013). However, the authors concluded their 
sample size was insufficient to achieve statistical signifi
cance (Weiner et al., 2013). Compared with the large 
effect size found in the present study, Weiner et al. 
(2013) used only four needles and did not place any 
needles through the synovium to target inside the knee 
joint. Notably, in an individual patient meta-analysis of 
17,922 patients with chronic pain in 29 randomized 
controlled trials, superior pain outcomes were observed 
when a higher number of needles were used 
(MacPherson et al., 2013). Moreover, “adequate” dosage 
of acupuncture (i.e., higher number of needles, the use 
of electroacupuncture rather than manual acupuncture, 
strong intensity of electric stimulation, a course of 8–10 
treatment sessions, treatment durations of 20–30 min, 
and “deep needling” at the medial and lateral infrapa
tellar sulcus) may explain why some clinical trials found 

larger effect sizes on pain and disablity in patients with 
knee OA (Dunning et al., 2018; Vas and White, 2007; 
Vas et al., 2004; White, Foster, Cummings, and Barlas,  
2007). Additionally, in our study, we utilized a low 
frequency (2 Hz) electrical stimulation at a high inten
sity (i.e., “maximum tolerable intensity”) (Ahsin et al.,  
2009; Dunning et al., 2018; Sangdee et al., 2002; 
Taechaarpornkul et al., 2009; Yuan et al., 2024) in com
parison to the low intensity (“perceptible but not pain
ful”) and high frequency (100 Hz) periosteal stimulation 
used in the (Weiner et al., 2013) protocol. Notably, 
according to a recent meta-analysis of patients with 
knee OA, low-frequency (2 Hz) and high-intensity elec
troacupuncture provides superior pain relief and has 
a more profound effect on emotional scale scores than 
low-intensity electroacupuncture (Yuan et al., 2024). 
Lastly, in the short/intermediate term follow-up, exer
cise for knee OA has been reported to have a small effect 
size for function (SMD = 0.15), a small effect size for 
pain (SMD; range = 0.24 to 0.36) (Fransen et al., 2015; 
Serrano-García et al., 2025), and effect sizes of “ques
tionable clinical importance” on pain and disability 
(Holden et al., 2023). Manual therapy is reported to 
have a large effect size (SMD = 0.79) in the immediate/ 
short-term (Serrano-García et al., 2025), while the addi
tion of manual therapy to exercise has a medium effect 
size (SMD = 0.56) in the long term (Runge, Aina, and 
May, 2022). However, the large between-group effect 
size found in the current trial (WOMAC: SMD = 1.32; 
95% CI: 1.10, 1.54) should not be directly compared to 
the aforementioned studies that are considered “conser
vative” interventions, as dry needling (more specifically 
intraarticular and periosteal needling) is classified by the 
American Medical Association as an “invasive proce
dure” rather than a conservative intervention 
(American Medical Association, 2016).

Although the current study did not investigate the 
underlying neurophysiological mechanisms of PIEDN, 
electroacupuncture has been found to: (1) block the 
local release of proinflammatory cytokines (i.e., IL-1β 
and TNF-α) in cartilage, synovium, and subchondral 
bone of osteoarthritic joints (Huang et al., 2007; Lou 
and Bu, 2025), (2) decrease cartilage hypoxia by improv
ing synovial microcirculation and fluid oxygen tension 
in knee OA (Weiwei et al., 2024), (3) significantly lower 
T2 values in tibial weightbearing cartilage on MRI, 
suggesting a role in cartilage repair (Weiwei et al.,  
2024; Zhang, Bao, Wang, and Wu, 2016), (4) reduce 
IL-6 mRNA expression in bone marrow, thereby limit
ing inflammation and inhibiting myelogenic osteoclast 
activity driving degeneration (Liu et al., 2004; Zhang 
et al., 2017), (5) stimulate sympathetic fibers in 
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proximity to the periosteum to modulate knee joint 
microcirculation (Loaiza, Yamaguchi, Ito, and 
Ohshima, 2002), and (6) inhibit the NLRP3 inflamma
some-associated protein in the synovial membrane, 
thereby downregulating the release of proinflammatory 
cytokines (Han et al., 2023; Zhang et al., 2023).

The major strengths of the current study include the 
inclusion of a large sample size with 65 treating physical 
therapists from 64 clinics in 26 different geographical 
states and one British Overseas Territory, and the use of 
the same standardized 23-point needling protocol and 
dosage parameters.

Limitations

There are five important limitations to the current 
trial. First, the present study did not use a placebo- 
needling or control group. Although the authors 
recognize the use of a placebo-needling group as 
an ideal situation (Kamper, 2018), the purpose of 
this clinical trial was to compare the longer-term 
effects of three different dosing intervals of PIEDN 
boosters on pain, stiffness, and disability in indivi
duals with painful knee OA, and to quantify the 
effect size of PIEDN when used as a stand-alone 
treatment for knee OA (Durlak, 2009; Faraone,  
2008), without the potential for an inflated between- 
group effect size (Faraone, 2008; Kamper, 2019). 
Trials measure relative efficacy of a treatment com
pared to a control, placebo, or usual care (Kamper,  
2018). Further, the authors believe the question of 
how frequently PIEDN booster sessions are needed 
for maintaining the beneficial effect of the interven
tion over longer periods of time is meaningful to 
clinicians and to patients with knee OA (Abbott 
et al., 2015; Paterno and Fitzgerald, 2024). In addi
tion, a recent secondary analysis of an individual 
patient data meta-analysis of 29 trials (n = 19,827) 
of acupuncture for chronic pain concluded that real 
acupuncture was superior to sham needling irre
spective of the subtype of control or sham proce
dure (penetrating or non-penetrating) (MacPherson 
et al., 2014). Moreover, a recent systematic review 
and network meta-analysis of 15 trials found real 
acupuncture to be more effective than nonpenetrat
ing or penetrating sham acupuncture for improving 
pain (SMD −0.56) and function (SMD −0.73) in 
patients with knee OA (Lee et al., 2022). Second, 
the current trial was retrospectively registered, as it 
was submitted to clinicaltrials.gov after data collec
tion had already begun. Although the majority of 
the data collected occurred after trial registration, 
classification as a retrospectively registered trial is 

appropriate, promotes transparency, incorporates all 
valuable data from subjects who volunteered for the 
trial, and reduces the risk of bias (Holst and 
Carlisle, 2024). Third, we cannot be certain that 
the results are generalizable to other dry needling 
techniques or protocols that do not involve perios
teal and/or intraarticular stimulation. Fourth, thera
pist and patient treatment preferences were not 
collected and could potentially affect the results. 
Fifth, while two prior studies (Weiner et al., 2007,  
2013) have reported successful outcomes following 
periosteal stimulation in patients with advanced 
knee OA (i.e., Kellgren-Lawrence grade 4, bone on 
bone) and although disease severity measured by 
radiography (i.e., the KL 0–4 scale) has previously 
been found to not affect treatment response of 
periosteal stimulation in patients with knee OA 
(Weiner et al., 2013), our study did not use imaging 
to classify disease severity; therefore, the results may 
not be indicative of an equal response across all five 
radiological grades of disease severity in knee OA.

Conclusion

In individuals with painful knee OA, the PIEDN dosing 
interval of once every 4 weeks was a more effective 
dosage regimen for maintaining improvements in 
pain, stiffness, physical function, medication intake, 
and related-disability at long-term (30 weeks) than the 
dosing interval of once every 8 weeks or no further 
treatment sessions. For adults with painful knee OA, 
PIEDN with monthly boosters may provide an alterna
tive and cost-effective treatment option for those want
ing to avoid adverse drug reactions or surgery.
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