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Abstract

Objectives: Due to the anti-inflammatory effects of dextrose prolotherapy, we evaluated the effectiveness of extra-articular, neuro-
fascial dextrose prolotherapy in chronic ankle ligament injury.
Methods: Patients with chronic ankle ligament injury entered this uncontrolled before-after study based on eligibility criteria.
Patients who consented to participate in the study filled out the prepared questionnaire containing demographic data, the Cum-
berland ankle instability tool (CAIT), and the Visual Analogue Scale (VAS). The initial CAIT score of less than 25 indicated functional
instability following an ankle sprain. Patients underwent neurofascial prolotherapy with dextrose 12.5%. Two injections within one
month were done. The CAIT was completed one, three, and six months after the intervention.
Results: Twenty-five patients with chronic ankle ligament injury were investigated. The mean CAIT score was 1.88 (± 2.35) before
the intervention, which increased significantly over the study (P < 0.001). The CAIT score reached 21.84 (± 6.04) in the sixth month
after the intervention. Moreover, the VAS score decreased significantly over the study from 6.12 (± 2.35) before the intervention to
1.24 (± 0.43) in the sixth month after the intervention (P < 0.001).
Conclusions: Our findings revealed the therapeutic effectiveness of dextrose neurofascial prolotherapy in decreasing pain and
functional instability in patients suffering chronic ankle pain due to ligamentous injury accompanied by chronic ankle instability.
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1. Background

Chronic ankle ligament injury is a common problem
in musculoskeletal clinics (1, 2). Chronic ankle instability
is a sequela of repeated sprains; however, it can happen af-
ter a single sprain, even after six years (3). Various methods
have been introduced to treat ligamentous injuries (4, 5),
such as corticosteroid injection (6), platelet-rich plasma,
prolotherapy (7), and even botulinum toxin injection (8)
but the most effective treatment of ankle tendinopathy re-
quires further investigations. Proliferation therapy, also
named prolotherapy, is known as an effective treatment
of different musculoskeletal disorders such as rotator cuff
tendinopathy, plantar fasciitis, and knee osteoarthritis (9-
11).

Although enthesofascial/intra-articular and myofas-
cial prolotherapy has been used widely, neurofascial or per-

ineural prolotherapy is a different concept introduced by
Pybus (12). Neurofascial prolotherapy fights neurogenic
inflammation developed by chronic constriction injury
(CCI) made by peripheral nerves penetrating the fascia.
Orthodromic C pain fiber impulses and antidromic sub-
stance P releases (by inflammation of Nervi Nervorum) can
cause pain, swelling, and inflammation of soft tissues. Dex-
trose can decrease neurogenic inflammation by binding
to presynaptic calcium channels (13). In addition, extra-
articular injection is easier and safer to perform, decreas-
ing the side effects of intra-articular injection like infection
and bleeding.

Hyperosmolar dextrose solution as a proliferant is
used to repair and restore soft tissues. We have used
this technique for rotator cuff tendinopathy and knee os-
teoarthritis (7, 14).
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2. Objectives

Due to the beneficial effects of neurofascial dextrose
prolotherapy, in this study, we evaluated the effectiveness
of extra-articular neurofascial dextrose prolotherapy in
chronic ankle ligament injury.

3. Methods

We performed an uncontrolled before-after clinical
trial in the Research Center of Clinical Biomechanics
and Ergonomics at AJA University of Medical Sciences.
This study was registered with the registration number
IRCT20180416039323N2 and ethically approved by the In-
stitutional Review Board of AJA University of Medical Sci-
ences.

Patients with chronic ankle ligament injury referred
to the Physical Medicine and Rehabilitation Department
of Imam Reza Hospital entered the study based on the el-
igibility criteria. The patients were aged 20 to 75 years
with a history of ankle sprain or injury whose magnetic
resonance imaging confirmed ligamentous injury, with no
pain and disability improvement after conservative treat-
ments. Patients with a history of the rheumatologic dis-
order, diabetes, immune deficiency, or recent bone frac-
ture or infection around the ankle were excluded. Patients
were also excluded if they were on anticoagulant agents
or had any previous allergic reaction to dextrose or lido-
caine injection. Patients who consented to participate in
the study filled out the prepared questionnaire containing
demographic data, the Cumberland ankle instability tool
(CAIT), and the Visual Analogue Scale (VAS) for pain.

The CAIT questionnaire is a self-declared questionnaire
containing nine questions measuring functional ankle in-
stability of patients with at least one period of an ankle
sprain. The maximum score is 30 points, and lower scores
indicate more instability. The initial score of less than 25 (≤
25) indicates functional instability following ankle sprain
with 96.6% sensitivity and 86.6% specificity. The minimal
clinically significant difference for the CAIT questionnaire
is≥ 3 points (7, 15). We used the Persian version of the CAIT
questionnaire validated by Haji-Maghsoudi et al. among
Iranian athletes with a lateral ankle sprain (16). In this
study, 46 athletes who had experienced at least one episode
of lateral ankle sprain entered the study and completed the
Persian version of the CAIT questionnaire. The Cronbach’s
alpha was 0.64, and the test-retest correlation coefficient
for the total score of CAIT was 0.95. The VAS is a 0 to 10
measure representing the subjective pain level: from 0, "no
pain" to 10, the "worst pain."

Based on our previous study of chronic rotator cuff
tendinopathy (7), patients underwent neurofascial pro-

lotherapy with 12.5% dextrose solution (1 to 3 ratios of
50% dextrose and 2% lidocaine solutions). The Hackett-
Hemwall technique similarly used 15% dextrose and 0.2%
lidocaine solution (17). The patient laid supine while the
ankle was placed on the bed in a resting position to avoid
any traction on ligaments. Tender points were identified
by palpating the superficial peroneal and saphenous nerve
as explained by Waldman and shown in Figure 1 (18). In
addition, tender points on ligaments and bony structures
around the ankle were identified. All areas around the an-
kle were sterilized with 10% iodine solution. A 25-gauge,
3.5-cm needle was used to inject superficial tender points,
and deeper structures were injected using sonographic
guidance. In each tender point, 1 to 2 cc of the solution was
injected to a total volume of 10 cc.

We did not use any intra-articular injection. Two injec-
tions within one month were done. After each injection,
patients were recommended using ice and relative rest
and were followed for any immediate or latent adverse re-
action. They were asked to stop any other treatment during
the study and allowed to use acetaminophen as needed.
Any intensive exercise or prolonged weight-bearing was re-
stricted. All previous exercise-based treatments continued.
The outcomes were measured one, three, and six months
after the intervention.

Data are presented as the mean and standard de-
viation for continuous variables and numbers and pro-
portions for categorical variables. The baseline and
post-intervention data normality was examined with the
Kolmogorov-Smirnov test. Significant differences in the
VAS and CAIT scores at the follow-up were tested with re-
peated measures ANOVA. Levene’s test investigated the ho-
mogeneity of variances. The significance level was set at
0.05. All data analyses were performed with IBM SPSS ver-
sion 26 for Windows.

4. Results

This study enrolled 25 patients with chronic ankle lig-
ament injury (23 females to two males). The mean age and
Body Mass Index (BMI) of the patients were 58.64 (± 8.69)
years and 29.09 (± 3.77), respectively. The ANCOVA showed
that the age and BMI were not significant covariates for the
VAS score [F (1,22) = 1.03, P = 0.321 and F (1,22) = 3.77, P = 0.06,
respectively] and CAIT score [F (1,22) = 0.04, P = 0.83 and F
(1,22) = 0.01, P = 0.89, respectively].

Figure 2 shows the CAIT score trend during the study.
The mean CAIT score was 1.88 (± 2.35) before the interven-
tion. This score was 16.45 (± 6.24), 20.28 (± 5.76), and
21.84 (± 6.04) in the first, third, and sixth months after the
intervention, respectively. The repeated measures ANOVA
assessed the within-subject effect of prolotherapy during
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Figure 1. A, superficial peroneal; and B, saphenous nerve branches demonstrating chronic constriction injury sites explained by Waldman (18).

the study (prolotherapy × time). Mauchly’s test showed
that the sphericity assumption was violated (W = 0.332, P
< 0.001). The Greenhouse-Geisser estimates of sphericity
for correcting the degree of freedom were used (ε = 0.735),
showing that time was a significant factor [F (2.20, 50.73) =
122.90, P < 0.001]. In the first, third, and sixth months af-
ter the intervention, the mean CAIT score differences were
more than the minimal clinically significant difference (≥
3) (Table 1). The effect size showed the considerable effect
of prolotherapy on the CAIT score (2.32, 6.84, and 3.18 in the
first, third, and sixth months after the intervention, respec-
tively).

Table 1. Within-Group Analysis of Changes in VAS and CAIT Scores

Variables and Features CAIT Score VAS Score

First month-baseline

Mean difference a 14.91 -2.84

t-statistic (DoF) 11.38 -15.81 (24)

P-value < 0.001 < 0.001

Third month-baseline

Mean difference 18.40 -4.24

t-statistic (DoF) 15.97 -35.49 (24)

P-value < 0.001 < 0.001

Sixth month-baseline

Mean difference 19.96 -4.88

t-statistic (DoF) 15.90 -40.66 (24)

P-value < 0.001 < 0.001

Abbreviations: DoF, degree of freedom; VAS, Visual Analog Scale; CAIT, Cumber-
land ankle instability tool.
a Mean differences are the differences between VAS and CAIT scores at baseline
and after the intervention.

Figure 3 also shows the VAS score trend. The baseline

VAS score was 6.12 (± 0.33) while this measure was 3.28 (±
0.79) in the first, 1.88 (± 0.44) in the third, and 1.24 (±
0.43) in the sixth month after the intervention. Mauchly’s
sphericity test showed the sphericity assumption violation
(W = 0.535, P = 0.01). After Greenhouse-Geisser correction (ε
= 0.717), time showed a significant effect on the VAS score
[F (2.15, 163) = 461.69, P < 0.001]. Also, the mean VAS score
differences in the first, third, and sixth months after the in-
tervention were significant compared to baseline (Table 1),
and the effect size was significant (3.16, 7.09, and 8.12 in the
first, third, and sixth months after the intervention, respec-
tively).

5. Discussion

This study indicated that neurofascial prolotherapy
significantly improves pain and functional instability in
chronic ankle ligament injury. The VAS and CAIT scores de-
creased significantly after one month, and this trend con-
tinued till the sixth month after the intervention. The in-
creased CAIT score was much more than the minimal clin-
ically significant difference. The study patients had severe
ankle instability and experienced different therapies with-
out sufficient pain relief. Although this study was a clinical
trial, its strength is questioned due to the lack of a control
group.

Pain and functional instability are essential complica-
tions of ankle sprains, reported in 50 to 79% of patients (19).
Although performing surgery to stabilize the joint is an op-
tion, postoperative pain is still a significant problem in 13
to 35% of patients (20). Non-operative treatment options
have short-term and insufficient effects on pain and insta-
bility (17). A systematic review of the dextrose prolother-
apy effect on chronic musculoskeletal pain concluded that
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Figure 2. Changes in the mean CAIT score over the study. Error bars represent the 95% CI (CAIT, Cumberland ankle instability tool; CI, confidence interval).
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Figure 3. Changes in the mean VAS score over the study. Error bars represent the 95% CI (VAS, Visual Analog Scale; CI, confidence interval).
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prolotherapy helps manage tendinopathies, osteoarthri-
tis, and pain in the spine or pelvis due to ligament injuries
(10, 21). Nevertheless, dextrose neurofascial prolotherapy
is a novel approach targeting chronic constriction injury,
resulting in neurogenic inflammation (22, 23). Different
studies have revealed the pain-reducing effect of neuro-
fascial dextrose injection, which fights against this neuro-
genic inflammation pathway. Lyftogt studies since 2005
have shown its therapeutic effects on Achilles tendinopa-
thy, knee, shoulder, elbow, and low back pain (24, 25). We
showed the therapeutic effect of neurofascial dextrose pro-
lotherapy on rotator cuff tendinopathy in another study
with a method explained by Waldman (18).

After an acute injury, inflammatory mediators like
prostaglandins, interleukins, nerve growth factors, and
even tumor necrosis factors can modify the receptor poten-
tial of the nervous system, which is predominantly done
on C fibers, leading to chronic pain (26). This continu-
ous production and release of pain-producing neuropep-
tides like substance P and calcitonin gene-related peptide
(CGRP) is the main characteristic of chronic pain. Stud-
ies have shown that this process occurs in the absence of
leukocytes (22).

Our study was the first interventional study that as-
sessed the effect of neurofascial prolotherapy on ankle
pain. In a similar study, Hauser et al. showed the beneficial
effect of dextrose prolotherapy on chronic ankle pain (17).
Hauser et al.’s study used a similar injection approach but
focused on injecting tender points around ankle ligaments
and bony structure. Although this study is retrospective
and the weak methodological approach impels us to the
cautious interpretation of results, its main finding showed
a reduction in the pain level. In Hauser et al.’s study, the VAS
score dropped from 7.9 to 1.6, similar to our study (6.12 to
1.24). Decreased stiffness, crepitation, medication use, and
even anxiety were the other findings not measured in our
study.

This interventional study is limited by its uncontrolled
design. We did not compare our intervention with a con-
trol group, thus a possible source of bias. The symptom
severity in our patients did not allow us to use other non-
surgical approaches. Our patients tried other non-invasive
treatments without symptom improvement, but neuro-
fascial prolotherapy significantly reduced their pain and
functional instability. Other studies with controlled inter-
ventions need to evaluate the efficacy of neurofascial pro-
lotherapy in a better way.

5.1. Conclusion

To our knowledge, this is the first interventional study
to evaluate the efficacy of dextrose neurofascial prolother-
apy in chronic ankle ligament injury. Our findings revealed

the therapeutic effectiveness of dextrose neurofascial pro-
lotherapy in decreasing pain and functional instability in
patients suffering chronic ankle pain due to ligamentous
injury accompanied by chronic instability. Despite the lim-
itations of our study protocol, we recommend this proce-
dure as a non-invasive, effective way to alleviate such pa-
tients’ symptoms.
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