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Abstract
Background: Alterations in gait and muscular rigidity are common and disabling in persons with Parkinson’s disease (PD).

Objective: The aim of this study was to determine whether a single dry needling (DN) session can promote changes in
gait and muscle tone in the lower extremities as well as in the evolution of the disease in persons with PD.

Methods: A randomized double-blind clinical trial was designed. Participants were randomly assigned to an intervention
group (IG) that received a session of DN over the semitendinosus, medial gastrocnemius, soleus and rectus femoris
muscles, or to a control group (CG) that received a session of sham DN in the same muscles. The effects of DN were
assessed using the timed up and go test (TUG), 10 meter walk test (I0MWT), 6 minute walk test (6MWT) and myoto-
nometry before, immediately after, and 7 days after the intervention.

Results: Thirty-three participants were analyzed aged 69.9 = 7.2 years (mean * SD; 39% female). There were no
significant differences between the IG and CG for any outcomes. Significant differences were observed when comparing
the Pre and Follow-up values in the IG for functional mobility of gait in the TUG (p = 0.049), gait speed in the IOMWT (p
= 0.041) and muscle tone in the lower extremities by myotonometry (frequency (p = 0.027) and stiffness (p = 0.013)).
By comparison, there were no significant within-group differences in the CG.

Conclusion: A single session of DN had no measurable benefit compared to a single session of sham DN. Within-group
changes in the |G suggested improvements in functional mobility of gait and gait speed, as well as changes in the muscle
tone in the lower extremities of PD patients, which could be worthy of further exploration by future research.
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Introduction
'Universidad San Jorge, Zaragoza, Spain

Parkinson’s disease (PD) is a degenerative disorder of
the central nervous system (CNS) that mainly affects
people in the later years of life. It is the second most
common neurodegenerative disease worldwide.! Its
prevalence in industrialized countries is estimated
between 0.3% and 1% in persons older than 60 years,
and 3% in people over 80 years of age, with incidence
rates between 0.08 and 0.18 per 1000 people/year.? The
symptomatology varies between individuals, although
the most common clinical characteristics are resting
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tremor, muscular rigidity, dystonia, bradykinesia, pos-
tural instability and gait impairments.!

PD is usually managed through a combination of medi-
cal therapies, surgical interventions and physiotherapy,
with the aim of slowing down the loss of function.** Non-
pharmacological minimally invasive treatments have also
been used, such as acupuncture, based on inconclusive evi-
dence,’ and dry needling (DN), based on no evidence (to
our knowledge) in PD populations. However, DN of myo-
fascial trigger points (MTrPs) has been demonstrated to
improve gait and muscle tone in persons with stroke,®’
although the exact mechanism of action of DN in neuro-
logical patients remains unclear.®!2

DN has been demonstrated to be a safe treatment, the
most common adverse effects of which are bruising, bleed-
ing and pain during and after treatment.!> Besides, DN is
associated with lower costs than pharmacological treat-
ments in patients with musculoskeletal'* and neurological'
disorders. Despite this, the effect of DN in persons with PD
has not been researched and constitutes the novelty of this
randomized clinical trial (RCT), the aim of which was to
determine the effects of a single session of DN on gait,
muscle tone of the lower extremities and the evolution of
disease in persons with PD.

Methods
Design

A double-blind RCT was designed. It was approved by
the Ethics Committee of Aragon (CEICA; registration no.
P116/0226) and followed the clinical practice principles
of the Declaration of Helsinki. The trial was prospec-
tively registered at ClinicalTrials.gov (registration no.
NCT04101214) on 24 September 2019. All participants
provided signed informed consent before participation in
the study. This manuscript follows the CONSORT 2010
recommendation guidelines.!®

Participants

Participants were recruited from the Aragon Association
of Parkinson (Zaragoza, Spain). Inclusion criteria were
as follows: (1) diagnosis of PD by a neurological doctor;
(2) age > 55 years; and (3) presence of resistance to pas-
sive movement = 1 in at least one of the two lower
extremities evaluated, according to the rigidity item of
the unified Parkinson’s disease rating scale (UPDRS).
Exclusion criteria consisted of: (1) severe cognitive
impairments or inability to communicate; (2) infiltration
of botulinum toxin (BTX) in the last 6 months; (3) fear
of needles; (4) progressive or severe neurological dis-
eases; (5) presence of fixed contractures; and (6) any
absolute contraindication to DN. Resignation criteria

were: (1) lack of tolerance to pain caused by DN; and (2)
refusal to continue.

Participants were informed about the nature of the study,
objectives, and voluntary participation, as well as the pos-
sible adverse effects of DN, such as slight post-DN pain.

Treatment allocation

Participants were randomly allocated into two groups:
the intervention group (IG) and the control group (CG).
Simple randomization was performed with a 1:1 alloca-
tion ratio, using an online research randomizer sequence
generator by a physiotherapist who was independent of
the study, administered the list, and prepared sequentially
numbered index cards containing the random assign-
ments. The index cards were folded and placed into
sealed envelopes. The allocation was concealed until
interventions were assigned. Another physiotherapist
(SC) opened each envelope and performed the interven-
tions according to group assignment. Participants were
evaluated by another physiotherapist that was blinded
(NBC).

Interventions

The 1G received a session of DN in the semitendinosus,
medial gastrocnemius, soleus and rectus femoris muscles in
both lower extremities. The CG received a session of sham
DN in the same muscles. Both interventions and evalua-
tions were performed in the same place to maximally stand-
ardize participant conditions. Participants were treated by a
physiotherapist trained in DN.

In the IG, DN was performed with DN needles (APS®,
Agu-punt, Spain). These were filiform, solid, with a
tapered tip, non-beveled, and included a guide tube. The
caliber of the needles was 0.25 mm and the length was
either 25 mm or 40 mm, depending on participant and
muscle characteristics. There was only one insertion
point per muscle. MTrPs were diagnosed following the
Dry Needling Hypertonia and Spasticity (DNHS®) tech-
nique with specific diagnostic criteria for DN in persons
with CNS impairments:®!” within the ensemble of taut
bands, the one that displays the highest degree of tension;
the nodular zone within the band or the more sensitive
area, if this exists; assessment of the movement and func-
tion of the patient. Application criteria were based on the
DNHS® technique;®!7 the muscle to be treated was placed
in a position of submaximal stretch, and MTrPs were
explored using the needle, while controlling the stability
of the segment. Local twitch response (LTR) achieve-
ment was key to confirm that MTrPs had been treated.
LTRs were obtained in all the muscles of the participants
of the IG. The application of the DN was performed with
repeated needle insertions in the selected MTrPs at a
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frequency of approximately 1 Hz over 1 min per MTrP,
during which the direction of needling was varied until
LTRs disappeared or substantially decreased. Treatment
was discontinued if the participant complained of intoler-
able pain.

The CG received the same intervention with sham DN
(considered a non-active treatment for MTrPs, as they
were not needled).'® Participants were blinded to the inter-
vention using sham needles which were only placed super-
ficially at the level of the skin, enough for participants to
perceive a needle prick but without going beyond the skin
layer. The same protocol and temporality were followed as
per the 1G.

Outcome measures

Participants who confirmed their willingness to participate,
and fulfilled the inclusion criteria, were enrolled in the
study and assessed for all outcome measures at baseline
(Pre), immediately after the intervention (Post) and after 7
days (Follow-up), except for the UPDRS, which was only
measured at Pre and Follow-up. Baseline data included
sociodemographic and clinical data: gender, age, height,
weight, and the Hoehn and Yahr scale.!” All evaluations
were performed when participants were in the “on” medi-
cation state and at the same time of day for each patient, to
control for this potential confounding factor. Furthermore,
other factors like changes in medication were also con-
trolled for, with no patients reporting any changes in the
medication regimen during the study. Primary outcomes
were changes in gait, evaluated using the timed up and go
test (TUG), the 10 meter walk test (10MWT) and the 6 min-
ute walk test (60MWT). Secondary outcomes included myo-
tonometry and the UPDRS.

TUG. This test assesses the patient’s functional mobility
with respect to gait. The patient gets up from a chair,
walks 3 m, turns, and sits back down. The TUG has been
shown to be reliable in PD.?°

IOMWT. This test consists of asking the subject to walk
a distance of 10 m on a flat area at a comfortable speed
and measuring the time spent from meter 2 to meter 8.
The comfortable speed 10MWT has been proven to be
reliable in PD.?!

6MWT. This test consists of measuring the maximum
distance in meters that the subject can walk during 6 min
on a flat surface.?? There is evidence that the 6MWT is
reliable in PD.?!

Myotonometry. The myotonometer can quantify differ-
ences in the mechanical properties of myofascial tissues. It
is measured with the MyotonPro® device (Miiomeetria AS,

Estonia). The parameters measured were: stiffness (N/m),
which reflects tissue resistance; oscillation frequency
(Hz), as an indicator of muscle tone; and logarithmic dec-
rement, which is considered to reflect the ability of the
muscle to restore its initial shape after being deformed.
The myotonometer was located perpendicular to the skin
surface and stable during the measurement position. An
automatically controlled preload (0.18 N) was applied
with an automatic mechanical impulse to the contact area,
with a duration of 15 ms and a constant force of 0.4 N. One
measurement set of 10 consecutive impulses was com-
pleted at the MTrPs that were treated, with a time interval
of 1 s between each impulse.”> The myotonometer has
shown to be reliable in PD.24%°

UPDRS. This is a specific scale for PD that measures its
degree of evolution. The scale is divided into four sub-
scales: I (mental state, conduct and mood); II (activities of
daily living); III (motor evaluation); and IV (complica-
tions). The scale score ranges from 0 to 199, where 199
represents the highest evolution and 0 the lowest evolu-
tion of the disease.?® The UPDRS has shown to be reliable
in PD.?

Sample size calculation

The sample size calculation was performed with G*Power
3.1 (Heinrich-Heine University Diisseldorf, Germany).
The calculations were based on a standard deviation (SD)
0f 2.9 s, a between-group difference of 3.5 s (the minimal
detectable change (MDC) of the TUG),?® an alpha level
0f 0.05, a beta level of 10% and a desired power of 90%.
These parameters generated a necessary sample size of at
least 16 participants in each group. The total number of
participants recruited was 15% higher than that calcu-
lated considering possible dropouts. Therefore, the sam-
ple required was estimated to be 37 participants.

Statistical analysis

Data were analyzed with the Statistical Package for the
Social Sciences (SPSS) version 25 (IBM Corporation,
Armonk, NY, USA). The Kolmogorov—Smirnov test was
performed to check for normal distribution of all variables.
Baseline sociodemographic and clinical variables were
compared between groups using independent Student’s
t-tests for parametric data, and chi-square tests of inde-
pendence for categorical data. Descriptive statistics were
calculated, including mean and SD for parametric data. An
intention-to-treat analysis was carried out. Statistical sig-
nificance was defined as p < 0.05.

A 2 X 2 mixed model repeated-measures analysis of
covariance (ANCOVA) with time (Post, Follow-up)
as the within-subjects factor, group (IG, CG) as the
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between-subjects factor, and baseline scores (Pre) as the
covariate was used to determine the effects of the treat-
ment on the TUG, 10MWT and 6MWT. One-factor
ANCOVA (IG, CG) with baseline scores (Pre) as the
covariate was used to determine the effects of the treat-
ment on the UPDRS. A2 X 2 X 2 mixed model repeated-
measures ANCOVA with time (Post, Follow-up) and
extremity (right, left) as the within-subjects factors, group
(IG, CQG) as the between-subjects factor, and baseline
scores (Pre) as the covariate was used to determine the
effects on myotonometry. Separate repeated-measures
analyses of variance (ANOVAs) were conducted for each
dependent variable within each group in order to evaluate
changes over time for TUG, I0OMWT, 6MWT and UPDRS.
Separate 2 X 2 mixed model repeated-measures ANOVAs
with extremity (right, left) as the within-subjects factor
and group (IG, CQG) as the between-subjects factor were
conducted for myotonometry. If statistical significance
was obtained (p < 0.05) in the ANOVA, we used paired
samples t-tests with Bonferroni post hoc corrections for
pairwise comparisons.

Results

Thirty-seven participants with PD were screened for eligi-
bility between October and December 2019. Thirty-three
aged 69.9 = 7.2 years (mean = SD; 39% female) fulfilled
the eligibility criteria and agreed to participate. Baseline
characteristics of both groups were similar (Table 1).
There were no changes in the medication regimen of par-
ticipants during the study. In total, 31 participants (94%)
completed the treatment intervention (Figure 1). No par-
ticipants reported any adverse effects during or after the
interventions.

Regarding gait, the 2 X 2 mixed model repeated-meas-
ures ANCOVA revealed non-significant group X time
interactions for TUG, 10MWT and 6MWT (Table 2).
Separate repeated-measures ANOVAs showed significant
effects of time for the IG in TUG (F = 3.30; p = 0.049) and
1I0OMWT (F = 3.50; p = 0.041), while the CG exhibited no
changes in any outcome. Paired samples t-tests with
Bonferroni post hoc correction showed significant improve-
ments over time in IOMWT between Pre and Follow-up for
the IG (p < 0.05; Table 3).

Regarding muscle tone, the 2 X 2 X 2 mixed model
ANCOVA did not reveal any significant group X time X
extremity interaction for myotonometric measurements,
and there was no significant group X time interaction
(Table 2). Separate 2 X 2 mixed model repeated-measures
ANOVAs showed significant effects of time for the IG in
frequency (F = 4.00; p = 0.027) and stiffness (F = 4.92; p
= 0.013) myotonometric measurements, while the CG
remained invariable. Paired samples t-test with Bonferroni
post hoc correction showed significant improvements over

time in frequency and stiffness between Pre and Follow-up
for the IG (p < 0.05; Table 3).

There were no other significant changes in any of the
other variables included in the study (Table 3).

Discussion

To our knowledge, this study is the first to evaluate the
effects of DN on gait, muscle tone of the lower extremi-
ties and evolution of the disease in persons with PD. The
main findings showed that a single session of DN was not
associated with any statistically significant improve-
ments relative to an untreated control group, although
within-group analysis showed increased functional
mobility of gait and gait speed, and changes in frequency
and stiffness (evaluated by myotonometry) in PD patients.
Our results are in line with another published RCT of
stroke patients,” which showed improvements in the IG
over time in gait, measured with the TUG and 10MWT,
but not with in the CG or between groups. An apparently
controversial finding is that there were significant
changes at 7 days follow-up but not immediately after
DN in the IG. This is something described in the litera-
ture, mainly when applying DN in the lower extremities,
with different muscles potentially responding in different
ways just after being needled.?

Regarding gait, our study showed results similar to
another study carried out in post-stroke patients,® who
improved after the application of a single session of DN, as
well as other studies in which a single session of BTX was
administered in PD and similar improvements in the TUG
were demonstrated.>*! Our participants improved by 1.7 s
at a follow-up time of 1 week, similar to the results of
Gupta et al., who reported improvements of 1.6 s** and 1.5
s3! after 3 weeks. However, these changes are below the
MDC for persons with PD, which is considered to be 3.5
s.”8 Regarding gait speed, measured with the 10MWT,
there were also within-group improvements after DN. Our
participants improved by 0.7 s after 1 week, similar to
another study that found an improvement of 0.7 s at 3
weeks after a single session of BTX in persons with PD.3!
However, persons with PD in another study improved by
1.3 s at 3 weeks after a single session of BTX,*’ which may
have been influenced by the fact that the participants in
that study started with lower baseline rates than in ours.
Despite this statistically significant change in the IG, the
mean change we obtained (0.12 m/s) was also less than the
MDC, which is considered to be 0.18 m/s for comfortable
speed.”! Although there were no significant results in
walking distance measured with the 6MWT, our results
showed an improvement of 22.6 m, similar to other studies
that found an improvement of 22.7 m at 3 weeks after a
single session of BTX in persons with PD.3° This change
was also under the MDC, considered to be 82 m.?!
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Table |. Clinical and sociodemographic characteristics of Parkinson’s disease (PD) patients in the intervention group (IG, n = 18)
and control group (CG, n = |5).

PD patient Age (years) Body mass Height (cm) Diagnosis Hoehn and
no. (3 Yahr scale
1G869 72 M 80 170 4 Il
1GO71 65 M 108 165 10 \%
1G324 80 M 67 164 7 Il
IG555 66 F 50 157 6 Il
1G876 53 M 110 184 7 Il
1G893 79 F 6l 160 8 Il
IG851 75 M 9l 180 6 Il
1G349 75 M 74 160 I5 1l
1G391 72 M 72 173 14 v
IG120 6l F 69 160 3 I
IGIT1 75 F 50 152 14 M
1G044 78 M 80 178 23 M
1G346 66 M 68 168 9 M
1G128 69 M 94 170 I5 1
1G230 71 M 10l 166 3 I
1G414 73 M 88 165 2 n
1G084 75 M 70 162 10 Il
1GO10 57 F 78 158 6 I
Mean * SD 70 £ 75 (5/13) 78 = 17.6 166 =+ 8.5 9+ 5.4 -
CG029 70 F 88 160 36 v
CG351 60 M 62 160 23 I
CG205 74 M 70 170 7 Il
CG584 75 F 77 150 10 n
CG370 59 F 74 151 7 Il
CG267 65 F 63 154 10 1]
CG137 79 F 68 145 I Il
CG573 73 F 92 159 6 Il
CG415 75 F 64 160 4 v
CG863 79 M 65 175 3 |
CG078 71 M 65 163 4 Il
CG330 62 M 95 168 3 I
CG036 76 M 89 179 5 |
CG320 64 F 62 170 18 v
CG98l 6l M 82 179 4 I
Mean * SD 70 = 7.1 (8/7) 74+ 119 163 = 10.5 10 + 9.2 -

No.: number; F: female; M: male; SD: standard deviation.
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Figure |. Flow chart of study participants.
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Regarding muscle tone, Rétsep and Asser found that, after
performing deep brain stimulation, there were changes in the
stiffness of resting muscles as measured by myotonometry in
persons with PD.> These results are similar to ours, showing
possible changes in both stiffness and frequency parameters
via myotonometry. Similarly, Marusiak et al.>? concluded that
dopaminergic medication induced changes in mechanical
properties of the muscle measured by myotonometry in per-
sons with PD. A case report published by Calvo et al.* in a

patient with chronic stroke found similar changes in muscle
tone after DN application, although the technique used to
measure muscle tone was tensiomyography, which uses dif-
ferent parameters. Moreover, a recent study found that DN
was better than simple stretching therapy at relieving MTrP
activity in rats,3* which may help us understand how DN may
work for tone management in PD patients.

In relation to the evolution of the disease measured
using the total scores of the UPDRS, we did not find
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Table 2. Treatment effects between groups immediately post-intervention and at 7-day follow-up (mean difference and 95% ClI).

Assessment Effect pre—post

Adjusted mean
difference [95% Cl]

Effect pre—follow-up

Adjusted mean
difference [95% Cl]

ANCOVA

Effect size

TUG (s) -0.57 [-2.11 t0 0.97] -0.72 [-2.08 to 0.63] 0.04 0.842 0.001
IOMWT (s) 0.03 [-0.83 to 0.89] -0.15 [-0.95 to 0.66] 029 0.593 0.010
6MWT (m) 47[-224t0319] -3.6 [36.7 t0 29.5] 0.28 0.601 0.009
UPDRS - 1.0 [-2.9 to 4.9] 027 0.610° 0.009
SF-LE
R ~1.5 [-3.5 to 0.6] -0.3 [-2.8 to 2.3] 0.0l 0.979 0.001
L 0.9 [-0.9 to 2.7] -0.4[-2.6 to 1.9]
SD-LE
R -0.20 [-0.53 t0 0.12] -0.17 [-0.57 to 0.23] 3.30 0.080 0.102
L 0.01 [-0.30 to 0.32] 0.24 [-0.19 to 0.67]
3S-LE
R -21 [-59 to 16] 9 [-35 to 54] 0.10 0.757 0.003
L 2 [-26 to 30] 14 [~46 to 73]

Cl: confidence interval; ANCOVA: analysis of covariance; F: frequency; TUG: timed up and go test; IOMWT: 10 meter walk test; 6MWT: 6
minute walk test; UPDRS: unified Parkinson’s disease rating scale; LE: lower extremity; D: decrement; S: stiffness; R: right; L left; X: summation; I1G:

intervention group; CG: control group.

Positive between-group differences represent greater change [improvement] in the IG compared to the CG.

2ANCOVA (group X time interaction) p value.
®One-factor ANCOVA p value.

statistically significant changes following a single session
of DN. Our results are similar to another study** that found
no significant changes in the total score of the UPDRS after
20 sessions of acupuncture.

Treatments carried out to date in PD patients are
highly variable and are mainly based on the reeducation
of balance and gait through different methods like resist-
ance training, treadmill, cycling, dual task, complemen-
tary therapy, or external cuing, among others. This leads
to the notion that improvements in mobility or gait are
mainly due to improvements in motor learning and mus-
cle strength in the lower extremities.*>> However, DN may
also achieve improvements in gait, which cannot be
explained through the aforementioned mechanisms, and
whose effects must rely on a combination of local changes
in the muscle®!%!22 and increased activation of the sen-
sory and motor areas.®!! Because of these different and
complementary mechanisms of action, future studies
should evaluate if DN can achieve any additional effects
when it is combined with contemporary treatments car-
ried out for PD. In addition, considering other studies in
PD carried out with needling procedures such as acu-
puncture or BTX, it is necessary that future studies ana-
lyze if more than one DN session can lead to cumulative
effects in PD patients.

Although this study has some strengths, like being a
double-blind RCT and, to our knowledge, the first study to
analyze the effects of DN in persons with PD, a few limita-
tions should also be considered. First, this study only evalu-
ated the short-term effects of DN (7 days) with just a single
session. Future research should evaluate over longer fol-
low-up periods and following a greater number of sessions.
Second, due to ethical reasons, we could not analyze the
isolated effects of DN since it was applied in combination
with the standard treatment received by persons with PD in
this study.

In summary, the results of this RCT did not show any
benefit of a single session of DN compared to a single ses-
sion of sham DN. However, within-group changes in the IG
suggested there may be increased functional mobility of
gait and gait speed in persons with PD, as well as changes
in muscle tone in the lower extremities. Similar intra-group
effects were not seen following sham DN, suggesting these
potential effects are worthy of further investigation, ideally
in a larger sample of PD patients. Ultimately, the within-
group changes observed were not clinically meaningful, so
future studies should evaluate if more DN sessions can
achieve clinically relevant effect sizes and if DN can
achieve any additional effects when it is combined with
contemporary treatments carried out in persons with PD.
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