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Abstract 

Background Lateral ankle sprain (LAS) is a common injury. Conservative care is not uniformly effective. Chronic ankle 
instability (CAI) results in up to 70% of patients with LAS in the physically active population. LAS, together with sub-
sequent osteochondral lesions and pain in many patients, leads to the development of post-traumatic osteoarthritis, 
resulting in a substantial direct and indirect personal and societal health burden. Dextrose prolotherapy (DPT) is an 
injection-based therapy for many chronic musculoskeletal conditions but has not been tested for CAI. This protocol 
describes a randomized controlled trial to test the efficacy of DPT versus normal saline (NS) injections for chronic 
ankle instability (CAI).

Methods and analysis A single-center, parallel-group, randomized controlled trial will be conducted at a university-
based primary care clinic in Hong Kong. A total of 114 patients with CAI will be randomly allocated (1:1) to DPT and 
NS groups. The primary outcome will be the Cumberland Ankle Instability Tool scores at 1 year. The secondary out-
comes will be the number of re-sprains in 1 year, the Star Excursion Balance Test, the 5-level of EuroQol 5-dimension 
questionnaire, and the Foot and Ankle Ability Measure. All outcomes will be evaluated at baseline and at 16, 26, and 
52 weeks using a linear mixed model.

Discussion We hypothesized the DPT is a safe, easily accessible, and effective treatment for patients with CAI. This 
RCT study will inform whether DPT could be a primary non-surgical treatment for CAI.

Trial registration Chinese Clinical Trial Registry ChiCT R2000 040213. Registered on 25 November 2020.
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Introduction
Chronic ankle instability (CAI) is a common condi-
tion and it often results from lateral ankle sprain (LAS), 
especially in the physically active population [1]. Up to 
70% of individuals have some type of residual symp-
toms, such as recurrent ankle sprains and perceived 
instability [2, 3]. A recent large longitudinal prospec-
tive study examined the onset of sensorimotor deficits 
after LAS which reported that CAI often begins shortly 
after the acute sprain injury, with a prevalence of 40% 
in 1 year after a first-time LAS, and is associated with 
long-term postural control deficits and multiple aber-
rant movement patterns [4]. Chronic joint instabil-
ity together with subsequent osteochondral lesions 
eventually leads to the development of post-traumatic 
osteoarthritis [5], along with reduced physical activity 
levels and health-related quality of life [6, 7]. While the 
direct costs for treatment of isolated LAS are relatively 
low, compounding these are indirect costs from follow-
up care, loss of productivity and leisure time, and care 
of long-term consequences of CAI [8, 9].

The lateral ligament complex of the ankle is composed 
of 3 ligaments: anterior talofibular ligament (ATFL), pos-
terior talofibular ligament, and calcaneofibular ligament. 
The ATFL originates from the anterior aspect of the dis-
tal fibula, approximately 1 cm from the tip of the lateral 
malleolus, and it inserts on the talar body just anterior to 
the articular surface. The ATFL is the weakest ligament 
affected in most LAS injuries, and its residual laxity is 
the major underlying pathology of CAI [10]. Initial treat-
ment of CAI is always conservative, which includes the 
use of an ankle brace or ankle tape but has no effect on 
proprioceptive acuity [11]. Exercise-based rehabilitation 
improves ankle stability in CAI, yet no consensus has 
been reached on the optimal exercise content and train-
ing volume [12]. Surgical interventions are often reserved 
for complete rupture of the lateral ligament complex or 
CAI which failed conservative treatment, but have asso-
ciated surgical risks and high cost [13]. Therefore, the 
search for other minimally invasive therapies for CAI 
is necessary, among which injection therapy may be an 
option.

Dextrose prolotherapy (DPT) is an injection used to 
treat chronic painful musculoskeletal conditions through 
stimulation of tissue proliferations [14–17]. It consists 
of injections of hypertonic dextrose with a concentra-
tion between 10 and 25% to ligament-bone or tendon-
bone system or in the intra-articular space, which is 
performed repeatedly at the established interval. Pre-
clinical studies have suggested its mechanism of actions 
through initiation of a temporary inflammatory reaction 
with cytokine-induced tissue repair, granulation, soft tis-
sue proliferation, and extracellular matrix remodeling 

[18–20]. The exposure of human tenocytes to DPT had 
been shown to induce an inflammatory response through 
the up-regulation of pro-inflammatory mediators [21]. 
In mouse models, DPT was found to stimulate fibroblast 
proliferation through activation of the Erk Pathway [22]. 
Soft tissues such as ligaments and collagen bundles also 
demonstrate a larger cross-sectional area and a better 
tensile strength after DPT [23–25].

Clinically, DPT has been used to treat conditions with 
specific soft tissue-mediated joint instability. Its strength-
ening effect on anterior cruciate ligament laxity had been 
proposed in a small clinical trial with patients having 
knee osteoarthritis [26, 27]. In a prospective single-arm 
study, patients with sacroiliac joint instability receiv-
ing DPT injections to the dorsal interosseous ligament 
have shown functional improvement for up to 24 months 
[28]. DPT provided significant relief of pain in patients 
with sacroiliac joint instability, and with longer effect 
than steroid injections [29]. Overall, rigorous evidence 
supporting DPT for ligament injuries is lacking; trials 
are limited in number, often of short duration, and lack 
methodological rigor.

This study aims to assess the clinical efficacy of DPT 
compared to normal saline injections among individuals 
with CAI in a randomized controlled trial (RCT). Our 
hypotheses are that DPT, compared with blinded saline 
injection, will result in improved self-reported ankle 
instability, function, and quality of life; reduced total 
number of re-sprains; and improved objectively assessed 
function over 1 year.

Methods and analysis
The study is a 52-week, two-arm, parallel, superior-
ity, RCT. The study flow has been summarized in Fig. 1. 
The Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) schedule of enrolment, 
interventions, and assessments is illustrated in Fig.  2. 
We follow the International Ankle Consortium Posi-
tion Statement regarding the eligibility criteria for CAI 
and ultrasound evidence of ATFL laxity [30]. The inclu-
sion criteria include age ≥ 18 years old; a diagnosis of 
CAI, defined as having at least 1 significant ankle sprain 
at least 12 months prior to study enrolment, defined as 
sprain associated with inflammatory symptoms (pain, 
swelling, etc.) and created at least 1 interrupted day of 
desired physical activity; at least 2 episodes of “giving 
way” in the 6 months prior to study enrollment; and a 
Cumberland Ankle Instability Tool (CAIT) score ≤ 24. 
Eligibility will be further clinically determined by the 
principal investigator (PI). Eligible participants will have 
a positive anterior drawer test (anterior talofibular liga-
ment involvement) [31] and a length change of the ATFL 
under stress (maximum anterior draw position) and at 
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rest of >20% [32]. Ultrasound has a high sensitivity of 
97.7% and a high specificity of 92.3% for the detection of 
chronic ATFL injury [33] and is a recommended imaging 
modality for CAI.

The exclusion criteria include acute ankle sprain ≤ 6 
months; complete tear of ATFL confirmed by ultrasound 
or magnetic resonance imaging (MRI); a history of pre-
vious surgeries to musculoskeletal structures (i.e., bones, 
joint structures, nerves) in either lower extremity; acute 
injury to musculoskeletal structures of other joints of the 
lower extremity in the previous 3 months that impacted 
joint integrity and function (i.e., sprains, fractures), 
resulting in at least 1 interrupted day of desired physical 
activity; a history of a fracture in either lower extrem-
ity requiring realignment [30]; high ankle sprain, gen-
eralized ligament laxity [34]; pregnancy; anticoagulant 
therapy; prior ATFL or ankle injections within 3 months; 

inflammatory or post-infectious ankle arthritis, such as 
clinically diagnosed rheumatoid arthritis, gouty arthri-
tis, psoriatic arthritis, and septic arthritis; history of corn 
allergy [35, 36]; and co-morbidity or lifestyle preventing 
participation in the study protocol.

Recruitment and consent
Participants will be recruited through social media and at 
primary care clinics in the New Territories East Region 
of Hong Kong. The study site is a university primary 
care clinic. After confirming the eligibility of the partici-
pants, the principal investigator will take approximately 
15 min to describe the study goals, procedures, activities, 
and possible alternatives and answer all questions. Fol-
lowing this, interested candidates will be given 7 days to 
consider enrolment. The research assistant will then call 
the candidates for a second visit when written informed 

Fig. 1 Flow chart of the study
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consent will be signed. After enrolment, participants will 
receive a study identification number and undergo base-
line data collection.

Randomization and allocation concealment
Randomization will be done in a 1:1 ratio using the Ran-
dom Allocation Software [37]. The allocation sequence will 
be concealed from the researcher enrolling and assessing 
participants through the use of sequentially numbered, 
opaque, sealed envelopes [38]. The treatment allocation 
process starts when the investigator calls the personnel 
keeping the envelopes. The computer database is designed 
in such a way that treatment allocation cannot be changed 
after randomization. Each participant will receive the enve-
lope and they will be asked to sign it. These envelopes will 
be kept by a person not involved in the care or evaluation of 
patients, or in the data collection or analysis. The envelopes 
will only be opened at 52 weeks after study completion.

Blinding of participants and personnel
Two registered nurses not involved in participants’ care 
will prepare the syringes with dextrose or NS identi-
fied only by study identification numbers. The syringes 
will be wrapped in aluminum foil to mask the solutions. 
The principal investigator and the study coordinator 
will therefore be blinded to the group status of all sub-
jects. The physician who conducts the injections will be 
blinded to the allocation group; he is also prohibited from 
communicating with participants. Dextrose and saline 
solutions are odorless and identical in color and viscosity. 
Participants will be blinded to their group status, know-
ing only their randomization group number.

Blinding in outcome assessment and data analysis process
All data collection will be performed by trained research 
assistants blinded to the allocation status of the patients 
via face-to-face interviews. They will receive rigorous 

Fig. 2 SPIRIT figure: schedule of enrollment, intervention, and assessment
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training in standardized data collection procedures. Data 
entry personnel external to the research team will be 
employed to perform data entry such that the statistician 
can analyze data without the need to refer to allocation 
information.

Intervention descriptions
The injection procedures will be conducted under an 
aseptic technique by trained physicians. Following ster-
ile preparation and injection of 1 ml 2% xylocaine as 
local anesthetic blebs, participants will be injected under 
ultrasound guidance with 25-gauge 1.5-inch needle 
directed to the ATFL attachment on the talus and fibula 
using a linear probe with an in-plane approach and pep-
pering technique (Fig. 3a, b). We will follow the conven-
tional prolotherapy technique prolotherapy adapted from 
standard prolotherapy texts to inject the ATFL at weeks 
0, 4, 8, and 16 [39].

In the intervention group, syringes will be loaded with 
5 ml of 15% dextrose (D15), prepared by mixing 1.5ml 
50% dextrose and 3.5 ml sterile water. In the control 
group, syringes will be loaded with 5 ml normal saline. In 
case of pain flares after injection, the subsequent injec-
tion will be commenced after the flare is subsided, or at 
1 month. If participants display allergic symptoms to the 
injected solution, therapy will be terminated but par-
ticipants will continue to be followed in their allocated 
group until the end of the study.

Participants will be observed for 10 min after each 
injection. They will be advised to take acetaminophen 
(500 to 1000 mg every 4 to 6 h as needed) and avoid non-
steroidal anti-inflammatory drugs in the first week after 
injection, which may interfere with the DPT mechanism 
of action. Participants will be instructed on post-injec-
tion care and slow ramp-up of activity.

Fig. 3 a Injection of anterior talofibular ligament, in-plane approach under ultrasound guidance (talus end). b Injection of anterior talofibular 
ligament, in-plane approach under ultrasound guidance (fibula end)
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Participants in both groups will receive an online video 
(https:// youtu. be/ 99VxZ oUtEVQ) which demonstrates 
proprioceptive training of the foot and ankle. The video 
includes the practice of 6 land-based exercises (i.e., one-
legged knee flexion, toe stand, one-legged stance, runner 
pose, cross-leg sway, and toe walk). The exercise fre-
quency is 3 times per week, consistent throughout the 
study period [40, 41].

Co-interventions will be discouraged but allowed in 
both groups, such as conventional medication, physical 
therapy, acupuncture, herbal medicine, over-the-counter 
drugs, and other active treatments. The use of co-inter-
ventions will be tracked during the study period and 
assessed as co-variates.

Baseline and outcome measurement at 0, 16, 26, and 52 
weeks
Primary outcome:

1) The primary outcome will be Cumberland Ankle 
Instability Tool (CAIT) assessed at 52 weeks. The 
CAIT is a 9-item 30-point scale, with a lower score 
indicating more functional ankle instability [42]. 
CAIT is a widely recommended discriminative 
instrument for the identification of CAI with good 
responsiveness [43]. A validated Chinese version will 
be used in this study [44].

Secondary outcomes:

2) The total number of re-sprains in 1-year follow-up as 
assessed by a study-specific injury registry. Partici-
pants will be asked to send a digital message to the 
study coordinator in the event of an ankle sprain. An 
ankle sprain is defined as an ankle injury occurring 
as a result of sports participation or activities of daily 
living and which causes one or more of the following: 
participants have to stop the sports activity, and/or 
cannot (fully) participate in the next planned sports 
activity, and/or cannot go to work/school the next 
day, and/or needs medical attention (ranging from 
onsite care by, e.g., general practitioner, to personal 
care by, e.g., sports physician) [45].

3) Self-reported function as assessed by the 29-item 
Foot and Ankle Ability Measure (FAAM): it includes 
two subscales: activity of daily living (21 items) and 
sports (8 items). The total score ranges from 0 to 100; 
a higher value means greater physical function [46]. 
Its validity has been demonstrated in CAI [47], and a 
validated Chinese version will be used in this study [48].

4) Objectively measured balance, as assessed by the 
Star Excursion Balance Test (SEBT) [49]. To perform 
the SEBT, patients will stand on a single leg with the 

study limb placed at the center of a grid with 8 lines 
extending at 45° increments. They then attempt to 
reach the furthest possible point with one leg while 
maintaining balance on the contralateral leg. During 
the performance of SEBT, only the anterior (A), pos-
terior-medial (PM), and posterior-lateral (PL) direc-
tions will be used. The distance from the center of the 
grid to the maximal reach point will be measured in 
centimeters with a measuring tape. Participants will 
be allowed 4 tries in each direction to get familiar-
ized with the test and will be allowed to perform 3 
reaches in each direction with 30-s rest between tri-
als. The starting position will be randomly assigned 
to avoid a learning effect. The reaches in each direc-
tion will be normalized with the leg length. Lower 
limb length will be determined, with the subject lying 
supine, by measuring from the anterior superior iliac 
spine to the distal end of the medial malleolus. The 
SEBT composite score will be calculated by dividing 
the sum of the 3 reaches distances in the 3 directions 
by 3 times the limb length (LL) of the individual, then 
multiplied by 100 {[(A+PM+PL)/(LL×3)] }×100.

5) Health-related quality of life as assessed by the 5-level 
of EuroQol 5-dimension questionnaire (EQ-5D-5L) 
[50]. Patients will be asked to self-rate their current 
health state on a visual analogue scale (EQ5D VAS) 
from 0 to 100. The EQ-5D-5L assesses five dimen-
sions of current health: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression 
(EQ5D index). A local study has evaluated the value 
set of the Hong Kong Chinese EQ-5D-5L question-
naire [51].

6) To assess the success of blinding, participants will be 
asked to guess their group status at 52 weeks.

7) Treatment satisfaction will be assessed at 52 weeks 
by a question “Are you satisfied with the treatment 
received?”.

Sociodemographic data such as age, sex, occupation, 
and imaging confirmed osteochondral lesions or post-
traumatic osteoarthritis will be collected and controlled 
as con-founders.

Sample size calculation
Since no previous studies have evaluated the role of 
DPT in CAI, we estimated our sample size based on 
the paper by Weight et  al. which calculated the mini-
mal clinical important difference (MCID) of CAIT in 
a group of athletes with CAI. In this paper, the mean 
change of CAIT after focused ankle rehabilitation 
interventions, i.e., wobble board balance training and 
resistance tubing strengthen training, was 4.4 (SD 5.1) 

https://youtu.be/99VxZoUtEVQ
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whereas the control group without any intervention 
was −1.4 (SD 3.4), yielding Cohen D of 1.34 [52]. Since 
the sample size of Weight’s et  al. was small (n=50), 
the assessment period was short (only 4 weeks), and 
their participants were very young (mean age 21.5), 
we assumed a more conservative effect size for DPT 
of 0.60. With alpha 0.5 and power 85%, the calculated 
sample size will be 102. With the dropout rate of 10%, 
the total sample size will be 114, with 57 at each arm.

Statistical analysis
We will conduct an analysis of covariance (ANCOVA) to 
compare the CAIT score at 52 weeks between the inter-
vention groups with adjustment of the baseline CAIT 
score. For the secondary analysis, we will use ANCOVA 
for other secondary continuous outcome measures and 
logistic regression for the binary outcome. To study the 
trend, we will conduct generalized estimating equations 
models (GEE) for both primary and secondary outcomes 
following the intention to treat principle, i.e., all available 
data will be analyzed according to the group they are ran-
domly assigned. The use of GEE also provides the means 
to include subjects with incomplete and use all available 
data to assess the treatment effect over time. Given the 
longitudinal nature of the clinical trial data, we assume 
the autoregressive covariance structure will be the best 
fit for the data, but the statistical fitness by using other 
covariance structures will also be evaluated [53].

With a clearly defined target population, efficacy and 
safety outcomes, and convenient data collection pro-
cedures, our trial should realize the goal of maximizing 
the number of participants who are maintained on the 
protocol-specified intervention until the outcome data 
are collected. We will use multivariate imputation using 
chained equations (MICE) to incorporate auxiliary infor-
mation about the missing data. The imputation model 
will include prerequisite variables in the data analysis. 
About 10 iterations will be conducted in each imputation 
process with more iterations to be considered until the 
chain reaches convergence [54]. Twenty completed data-
sets will be imputed with the use of the chain equations. 
Rubin’s rule will be applied to combine the effect esti-
mates [55]. This approach provides estimated standard 
errors and P values that incorporate missing-data uncer-
tainty. We will use the statistical package SPSS version 24 
(SPSS Inc., IL, USS). All statistical tests will be two-tailed 
with a significant level of 0.05.

Safety monitoring
Participants will have a diary to document any discom-
fort after each injection. Potential injection risks include 
bleeding, infection, and nerve injuries. Participants are 

advised to call or WhatsApp the study coordinator if they 
are uncertain whether the discomfort is related to the 
injections. Standardization forms will be used for moni-
toring and reporting side effects and adverse events. The 
principal investigator will be present in case of a signifi-
cant adverse event. The principal investigator will report 
serious adverse events to the ethics committee within 24 
h, and annual reports summarizing adverse events will 
be submitted to the Drug Office of the Department of 
Health, Hong Kong Administrative Region. A “stopping 
rule” will be applied to participants who underwent ankle 
surgery or experienced severe adverse events during the 
study period [56].

Data monitoring committee
A data monitoring committee is formed for data quality 
assurance, monitoring, and reporting. The team is com-
posed of a senior clinical researcher with rich experience 
in clinical trials, an Orthopedic surgeon, and a Family 
Medicine Specialist. A research assistant and a nurse will 
also be members of the QA team. Interim data moni-
toring will be done by a biostatistician who is not a co-
investigator to monitor the quality of the study every 3 
months.

Monitoring and quality assurance
The coordinating center is composed of the principal 
investigator (physician), nurse, and research team mem-
ber and are responsible for monitoring the whole trial 
process. They will meet every week to discuss the trial 
process and any problem that was encountered during 
the trial. The data will be stored in a password-protected 
cloud server and only the principal investigator and 
research team member have access to the dataset.

Dissemination
The findings of this RCT will be disseminated through 
presentations at public lectures, scientific institutions, 
and meetings and through peer-reviewed scientific arti-
cles. The de-identified data with statistical codes can be 
obtained from the corresponding author upon reason-
able request.

Discussion
Apart from foot and ankle rehabilitation on muscle 
strengthening, balance, proprioception, and correction 
of biomechanics, conservative treatment options for CAI 
are limited, and surgery is an effective option when con-
servative treatment fails; drawbacks include the risk of 
surgical complications and relatively higher costs [57]. 
DPT, with reported pain and function effects for other 
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musculoskeletal soft tissue injuries, and potential regen-
erative effects on soft tissue injury, may be an alterna-
tive treatment option to those who failed conservative 
management of CAI. Dextrose is inexpensive and read-
ily accessible, and the injection of ATFL can be easily 
performed by trained physicians with or without ultra-
sound. The efficacy of DPT, as measured by validated 
self-reported instability, function and quality-of-life, and 
objectively assessed-functional outcomes in this trial, will 
further inform its role in clinical practice.

Trial status
The first approved protocol was on 23 October 2019 
and the latest approved protocol is version 4 on 11 
March 2022, by the Joint Chinese University of Hong 
Kong – New Territories East Cluster Clinical Research 
Ethics Committee. Recruitment began in February 
2021 and was completed in December 2021. The last 
patient visit will be expected on 5 March 2023. The 
protocol was initially submitted before the completion 
of recruitment; however, the review process was much 
delayed due to COVID-19 and other administrative 
issues. The protocol is now submitted to Trials, and the 
last patient visit for outcome assessment will be on 5 
March 2023.
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