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ABSTRACT
Objective: To report on the effectiveness of sonogra-
phically guided injections of hyperosmolar dextrose at
reducing the pain associated with chronic plantar fasciitis.
Design: Case series.
Setting: Ultrasound division of St Paul’s Hospital.
Patients: 20 referrals (3 men, 17 women; age 51 (SD
13) years) from local sports medicine primary care
practitioners who had failed previous conservative
treatments.
Interventions: A 27-gauge needle administered a 25%
dextrose/lidocaine solution under sonographic guidance at
6 week intervals returning for a median of three
consultations.
Main outcome measures: Visual analogue scale (VAS)
items for pain levels at rest (VAS1), activities of daily
living (VAS2), and during or after physical activity (VAS3)
were recorded at baseline and at the final treatment
consultation (post-test). A telephone interview conducted
an average of 11.8 months after the post-test consulta-
tion provided a measure of long-term follow-up.
Results: 16 patients reported a good to excellent
outcome, while the symptoms in 4 patients were
unchanged. There was a significant decrease (p,0.001)
in all mean VAS items from pre-test to post-test: VAS1
(36.8 (SD 25.6) to 10.3 (10.9)), VAS2 (74.7 (20.8) to 25.0
(27.7)) and VAS3 (91.6 (9.2) to 38.7 (35.1)) and there
were no apparent changes after the follow-up interview.
Conclusions: Sonographically guided dextrose injections
showed a good clinical response in patients with chronic
plantar fasciitis insofar as pain was reduced during rest
and activity. Further studies including a control group are
needed to validate these outcomes.

Plantar fasciitis, or its pseudonyms ‘‘painful-heel
syndrome’’ or ‘‘chronic plantar heel pain’’, is a
common injury among athletes in running-based
sports as well as professions requiring prolonged
periods of weight bearing. It is reported to account
for 15% of all adult foot complaints requiring
professional consultation, and, in a survey of 2002
running injuries, plantar fasciitis was the third
most prevalent injury.1 2 People over the age of
40 years are primarily affected; typical complaints
involve morning pain, pain on standing after
periods of inactivity, and pain with running
subsiding after warm-up and returning later in
the workout.3

There is limited evidence for the effectiveness of
any one treatment for plantar fasciitis. In many
cases, patients are recommended or prescribed a
multitude of treatments of varying degrees of
conservatism, usually starting with exercises to

stretch and strengthen the plantar intrinsic muscu-
lature of both the foot and the calf, ice, supportive
footwear, and activity modification.1 4 Depending
on outcomes, physicians may try prescription non-
steroidal anti-inflammatory medication, night-
splints, off-the-shelf or custom-made in-shoe ortho-
tic devices, and/or corticosteroid injections (which
are delivered either blindly or through ultrasound
guidance).5 6 Extracorporeal shock wave therapy
(ESWT) may be indicated for some patients.7 8

Surgery may be considered; however, as with most
soft-tissue overuse injuries, it is not considered until
all other measures have failed.9 10

The Cochrane Review Group concluded after
reviewing 19 randomised trials involving 1626
patients that there is only limited evidence for
the effectiveness of local corticosteroid injections,
and the efficacy of all other apparent treatments
has not been sufficiently proven in randomised
controlled trials.4 Some authors have suggested
that plantar fasciitis represents a self-limiting
condition without explicit proof of a treatment
benefit over a wait-and-see approach.1 In general,
the clinical course of plantar fasciitis is reported as
favourable, with resolution of symptoms in more
than 80 per cent of patients within 12 months.1

The concern for the practitioner lies with the
roughly 20 per cent of patients who are non-
responders to conservative treatment.

Prolotherapy is a technique in which a small
volume of an irritant solution (proliferant) is
injected at multiple sites around a ligament or
tendon insertion.11 This solution initiates a loca-
lised inflammatory response at the site of injection,
which induces fibroblast proliferation and subse-
quent collagen synthesis from the resultant upre-
gulation and migration of various growth factors
responsible for tissue repair.12 13 In the case of
dextrose, it is speculated that the proliferative
response results from the higher osmolarity of the
injected solution relative to the interstitial tissue,
and, correspondingly, the treatment solution is
often referred to as ‘‘hyperosmolar dextrose’’.
Evidence exists for the stimulation of transforming
growth factor b-1, platelet-derived growth factor,
connective tissue growth factor, epithelial growth
factor and basic fibroblastic growth factor from
mesangial cells, smooth muscle cells and gingival
fibroblasts respectively upon exposure to various
levels of glucose.14–18 Topol et al (2005) report that
12.5% dextrose/0.5% lidocaine injections adminis-
tered blindly at 1 month intervals are highly
effective in their population of elite soccer and
rugby players with chronic groin pain.19
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We report on a modification of this therapeutic injection
technique for the treatment of chronic plantar fasciitis. Instead
of injecting peripherally to the ligament, or performing the
procedure blindly, we administered intraligamentous injections
of hyperosmolar dextrose/lidocaine under ultrasound guidance,
targeting the abnormally thickened and hypoechoic areas in the
ligament in order to stimulate healing. The present study
describes the effectiveness of ultrasound-guided dextrose/
lidocaine injections on pain removal in a population suffering
chronic plantar fasciitis. Previous research from our group
reports good results from sonographically guided intratendinous
dextrose/lidocaine injections for patients with chronic painful
Achilles tendinosis.20

MATERIALS AND METHODS
Twenty consecutive patients, three men and 17 women (mean
age 51.2 (SD 12.6) years) with chronic plantar fasciitis with
symptoms for more than 6 months (median 21 months; range
7–228 months) participated in this prospective study. Diagnosis
of plantar fasciitis was made on the basis of pain at, or around,
the plantar surface of the heel or the medial longitudinal arch.
All patients in the study group were referred from board-
certified sport medicine specialists within the local Vancouver
area and must have failed the previous conservative treatments
prescribed. Treatments included home-based physiotherapy-
prescribed exercises (n = 10), custom foot orthotics (n = 7) (two
included heel lifts), therapeutic ultrasound (physiotherapist)
(n = 4), ESWT (n = 4), massage (registered massage therapist)
(n = 3), prescribed medication (in all cases non-steroidal anti-
inflammatory) (n = 3), cortisone injections (n = 3). The major-
ity of subjects were runners (n = 13) and six individuals
reported spending prolonged periods of time with weight-
bearing activities (i.e. standing and walking) at work.

Exclusion criteria included patients with acute plantar foot
pain or symptoms associated with acute trauma. Patients who
had had surgery or interventional procedures within the
preceding 6 months were also excluded. All patients were fully
informed and provided written consent. The study was
approved by the local institutional ethics review board.

Ultrasound examination
The ultrasound examination and the injection procedure were
performed by a radiologist (AW) with extensive experience in
musculoskeletal ultrasound. The plantar fascia and surrounding
tissue were examined with the patient in a prone position. The
ultrasound examination was performed on a Philips HDL 5000
using both a 5–12 MHz and a 7–15 MHz linear array high
resolution transducer. The ligament in its entirety was
examined in the longitudinal and transverse planes. Care was
taken to image the plantar fascia parallel with the fibres in the
longitudinal plane and perpendicular to the fibres in the
transverse plane to avoid artefacts such as anisotrophy (fig 1).
Colour flow Doppler was used to diagnose neovascularity.

Hyperosmolar dextrose injection
A 2.5 ml syringe was filled with 1 ml of 2% lignocaine (20 mg/
ml) and 1 ml of 50% dextrose (25 g/50 ml) (dextrose mono-
hydrate 500 mg) giving a 25% dextrose solution. Care was taken
to expel all the air from the syringe and needle prior to the
injection. The injection procedure was performed under aseptic
conditions using a 27 G needle. Abnormal hypoechoic areas and
anechoic clefts/foci in the thickened portion of the plantar
fascia were targeted under ultrasound guidance using the

7–15 MHz Hockey Stick linear array transducer. The volume
of solution injected varied slightly from ligament to ligament
and depended on the degree of resistance, spread of solution
within the ligament and extent of the abnormality. Generally
less than 0.5 ml was injected at any one site. Between one and
three sites were injected during a treatment session. The
ligament was reimaged following the injection procedure to
assess for spread of the dextrose solution and identify any
intrasubstance or partial tears which became more conspicuous
following the injection.

The patient was instructed to refrain from any heavy loading
activity during the week following the procedure. Patients were
cautioned against taking aspirin or other anti-inflammatory
agents to relieve any discomfort. Acetaminophen-based analge-
sia was allowed.

The patient was asked to return for repeat ultrasound and
injection approximately every 6 weeks depending on schedul-
ing. This continued until either the patient’s symptoms resolved
or no improvement was evident, at which time the treatment
was discontinued.

Data collection
At the initial consultation all patients were asked to fill out an
information questionnaire containing brief questions regarding
their condition, including participation in sporting activity,
length of symptomatic period, previous and current treatments
and level of disability.

Visual analogue scale (VAS) scores (100 mm) were recorded
for assessment of pain at the baseline consultation (pre-test),
and at the final treatment consultation (post-test). VAS scales
have been shown to be reliable, valid and responsive tools in
assessing pain levels in patients rehabilitating from a muscu-
loskeletal condition.21 A follow-up telephone interview con-
ducted a mean of 11.8 months (range 6–20 months) following
the patient’s final treatment session (follow-up) assessed long-
term outcomes by asking the patients to rate their current levels
of pain at rest, during activities of daily living, and during or
after sport or activity on a scale from 0 to 100. Patients were
asked to complete a Visual Analogue Scale item for pain at rest
(VAS1), pain during normal daily activity (VAS2), and pain
during or after sporting or other physical activity (VAS3).

Data analysis
Descriptive and mean comparisons of the study data were
analysed using SPSS statistical software (copyright 2006,
version 15.0.1.). Paired samples t test compared the change in
scores from baseline (pre-test) to post-test for the three visual
analogue scale items. While the follow-up telephone interview
did serve as a quantitative measure of pain, its results were not
formally analysed due to the difference in administration from
the earlier visual analogue scale items. Statistical significance for
this study was set at a p value of 0.05.

RESULTS
There were no reported complications from the injection of
hyperosmolar dextrose/lidocaine into the plantar fascia in our
subject population. A median of three injection sessions (range 1
to 12) were necessary for either a satisfactory treatment
outcome or determining that the patient was not responding.
The majority of treatment sessions required only one injection
site per treatment session (74.7%) with a mean volume of 0.7
(SD 0.45) ml. Patients returned for follow-up consultations 5.6
(2.0) weeks after each treatment session. The average time
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period required to administer all treatment injections was 22
(15) weeks.

Most of our patients responded well to the ultrasound-guided
dextrose/lidocaine injections, as reflected in the significant
difference between the pre-test and post-test VAS values
(table 1). The effect sizes, or Cohen’s d values, for the difference
in pre and post-test VAS1, VAS2 and VAS3 values were 1.3, 1.9,
and 2.0, respectively. After the 11.8 month follow-up period, 12
patients reported being asymptomatic, four reported good
outcomes (70–80% reduction in pain with return to activity),
and four reported not responding to the treatment at all.

DISCUSSION
Chronic overuse injury to tendon follows a degenerative
pathway that results in breakdown of extracellular constitu-
ents, namely type I collagen and proteoglycans, leading to tissue
disorganisation.22 23 The tensile strength of the tendon unit is
reduced, and reinjury of the structure is increasingly likely when
high load is reapplied.

The present study indicates that injections of dextrose/
lidocaine under ultrasound guidance appear to reduce the pain
in a majority of patients with chronic plantar fasciitis. All
patients were referred from board-certified sports medicine
physicians, and all patients had previously failed their prescribed
conservative treatment regimen. Eighty per cent of patients
undergoing this treatment reported good to excellent outcomes
in pain reduction at the cessation of their treatment.

Similar findings have recently been published using sono-
graphically guided intratendinous injections of dextrose to treat
chronic insertional and non-insertional Achilles tendinosis.20 A
mean reduction in pain levels of 88%, 84% and 78% while at

rest, performing activities of daily living, and during or after
physical activity, respectively, was reported. Structurally, there
was a mean reduction in tendon thickness, number of tendons
with anechoic clefts or foci, and degree of neovascularity.
Ninety-six per cent of patients contacted at 12 month follow-
up reported either being asymptomatic or having a treatment
satisfaction level of 70–90%.

The concept of using ultrasound guidance in the delivery of a
therapeutic agent directly to the injured plantar fascia has been
documented in the case of corticosteroids. Several authors
report the success of steroid injections; however, there is limited
evidence for this treatment without consistent results from well
designed randomised controlled trials.24–26 Results from steroid
injections must also be weighed against the risks of plantar
fascial rupture.27 28 Consequently, while the Cochrane group
acknowledged the popularity of steroid injections, it concluded
that their treatment efficacy is useful only in the short term and
to a limited degree.4

In the administration of cortisone to the plantar fascia, there
is some discussion as to the necessity of using ultrasound
guidance for optimal clinical efficacy. Tsai et al (2005)
recommend using ultrasound guidance for improved injection
accuracy, which could result in patients tolerating greater direct
pressure on the plantar fascia and having a lower recurrence rate
than patients receiving palpation-guided injections.29 However,
these results were not in agreement with Kane et al (2001), who
reported no significant difference in pain levels between their
ultrasound guidance and palpation control groups.30

Sonography is implemented in our study as much to provide a
comment of changing tissue structure with treatment progres-
sion as for its usefulness in refining the clinical protocol of
injecting dextrose into the plantar fascia.

There are some limitations to consider with the present pilot
study. The case-series design and the lack of control group limit
the evidence of the treatment effect. Neither the physician
administering the dextrose nor the patient was blinded to the
treatment. While there was a significant improvement in pain
scores from the baseline consultation to the final consultation
that remained until follow-up, we cannot comment on the
exact treatment mechanism, whether from the needle stick
injury, the dextrose, or the average of 6 months needed to
conduct the treatment.

Despite the absence of a control group and a formal
randomisation scheme, the results of this study introduce a
potential treatment indicating long-term efficacy in pain relief
for a patient group experiencing chronic plantar fasciitis. A

Figure 1 Ultrasound image of calcaneal insertion of plantar fascia with
cursor marker indicating exaggerated tendon thickness and hypoechoic
region.

Table 1 A summary of baseline and outcome scores for visual
analogue scales (VAS) and follow-up telephone interview at rest, with
activities of daily living and during sport/activity

Pre-test VAS
(mm)

Post-test VAS
(mm)

Follow-up telephone
interview

Pain at rest 36.8 (25.6) 10.3 (10.9)* 12.1 (21.0)

Pain with daily
living

74.7 (20.8) 25.0 (27.7)* 21.6 (29.5)

Pain with sport/
activity

91.6 (9.2) 38.7 (35.1)* 35.1 (41.4)

Results are expressed as mean (SD).
*Indicates significant difference (p,0.001).

What this study adds

Introduces a treatment alternative that appears to be effective at
relieving pain and improving the sonographic appearance at the
plantar fascia.

What is already known on this topic

c Chronic overuse plantar fasciitis may be difficult to treat with
conventional therapies and there is little agreement in the
literature on accepted treatments for recalcitrant cases.

c While cortisone injections may be effective, they carry a risk
of ligament rupture.
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multi-arm clinical trial implementing proper blinding of the
practitioner and participant and randomisation into a treatment
group, an anaesthetic-only group, or a wait-and-see group
would provide greater insight into the specific role that dextrose
plays in the effectiveness of this treatment regimen.

In conclusion, sonographically guided intraligamentous injec-
tions of hyperosmolar dextrose/lidocaine showed good clinical
response in patients with long-standing plantar fasciitis with
significant reduction in tendon pain at rest and during tendon-
loading activities.
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