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Abstract
Objectives Clarity regarding accuracy and effectiveness for interventional procedures around the foot and ankle is lacking.
Consequently, a board of 53 members of the Ultrasound and Interventional Subcommittees of the European Society of
Musculoskeletal Radiology (ESSR) reviewed the published literature to evaluate the evidence on image-guided musculoskeletal
interventional procedures around this anatomical region.
Methods We report the results of a Delphi-based consensus of 53 experts from the European Society of Musculoskeletal
Radiology who reviewed the published literature for evidence on image-guided interventional procedures offered around foot
and ankle in order to derive their clinical indications. Experts drafted a list of statements and graded them according to the Oxford
Centre for evidence-basedmedicine levels of evidence. Consensus was considered strong when > 95% of experts agreed with the
statement or broad when > 80% but < 95% agreed. The results of the Delphi-based consensus were used to write the paper that
was shared with all panel members for final approval.
Results A list of 16 evidence-based statements on clinical indications for image-guided musculoskeletal interventional proce-
dures in the foot and ankle were drafted after a literature review. The highest level of evidence was reported for four statements,
all receiving 100% agreement.
Conclusion According to this consensus, image-guided interventions should not be considered a first-level approach for treating
Achilles tendinopathy, while ultrasonography guidance is strongly recommended to improve the efficacy of interventional
procedures for plantar fasciitis and Morton’s neuroma, particularly using platelet-rich plasma and corticosteroids, respectively.
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Key Points
• The expert panel of the ESSR listed 16 evidence-based statements on clinical indications of image-guided musculoskeletal
interventional procedures in the foot and ankle.

• Strong consensus was obtained for all statements.
• The highest level of evidence was reached by four statements concerning the effectiveness of US-guided injections of cortico-
steroid for Morton’s neuroma and PRP for plantar fasciitis.
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Abbreviations
AT Achilles degenerative tendinopathy
ESSR European Society of Musculoskeletal Radiology
HA Hyaluronic acid
PF Plantar fasciitis
PRP Platelet-rich plasma
RCT Randomized controlled trials
US Ultrasonography

Introduction

Musculoskeletal interventional procedures are routinely per-
formed around the foot and ankle, including injections and
variable interventions on tendons, bursae, plantar fascia,
nerves, and joints [1–3]. Some of them are superficial and
can be easily approached using palpation, but others generally
require imaging, specifically ultrasonography (US), to guide
the procedure and to accurately deliver the medications [4–6].
Indeed, foot and ankle musculoskeletal structures can be very
small and located close to neurovascular bundles that can be
damaged during the procedures [7–9]. No clear guidelines
have been produced concerning the use of imaging guidance
for musculoskeletal interventional procedures around the foot
and ankle. Clarity is needed regarding the accuracy and effec-
tiveness of these interventions. These procedures are widely
adopted by different physicians, but there is no consensus on
which image-guided procedures should be considered first,
particularly when involving relatively novel approaches, in-
cluding hyaluronic acid (HA), regenerative medications like
platelet-rich plasma (PRP), or ablation (e.g., radiofrequency
and cryoablation of Morton’s neuroma) [10–12]. The
Ultrasound and the Interventional Subcommittees of the
European Society of Musculoskeletal Radiology (ESSR) car-
ried out a collaborative task, with the support of its Research
Committee, to analyze the published literature on image-
guided musculoskeletal interventional procedures in the lower
limb to establish clinical indications (upcoming publication in
Eur Radiol).We report the evidence-based statements for clin-
ical indications of image-guided musculoskeletal interven-
tional procedures around the foot and ankle listed by an expert
board of the ESSR after a Delphi method performed a review
of current literature.

Materials and methods

Institutional Review Board approval was not needed as no pa-
tients were directly involved. This paper arises from the review
of published evidence on image-guided interventional musculo-
skeletal procedures around the foot and ankle. Similar to previ-
ous ESSR consensus papers [13–16], a literature-based Delphi
method of review was used. It includes multiple rounds of eval-
uation of the existing literature to assess the opinion of a panel of
experts on this topic. A list of statements were discussed and
drafted to reach a final shared agreement [17]. We used the
AGREE II tool to guarantee the quality of the working flow
[18]. The different steps of the Delphi method are thoroughly
explained and reported as supplementary material.

Results

1. Image-guided injections are safe and feasible to treat
Achilles degenerative tendinopathy (AT), but there is
insufficient evidence from randomized controlled trials
(RCT) to support them over conservative therapies.

Level of evidence: 1
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Both the Cochrane Review of 2015 [19] and Maffulli’s
systematic review [20] concluded that there is insufficient
evidence from RCTs to support the use of injection therapies.
The evidence has not changed since then. Previous meta-
analyses of RCTs demonstrated no superiority of US-guided
PRP injections over placebo [11, 21–25]. Notably, PRP injec-
tions and dry needling have similar short-term results with
weekly injections of PRP or dry needling for 3 weeks having
shown no clinical difference at 3 or 6 months [26]. A system-
atic review reported local US-guided corticosteroid injections
have no therapeutic role to treat AT [27] and subcutaneous fat
atrophy and tendon damage may occur [28]. A systematic
review of many high-quality RCTs showed corticosteroid in-
jections reduced pain in the short term compared with other
interventions, but this effect was reversed in the intermediate
and long term [29]. There is controversial evidence that bone
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marrow aspirate and stem cells help in the treatment of AT,
with few studies suggesting a potential short-term clinical im-
provement, with no role for imaging to predict or assess the
response [30, 31]. A meta-analysis reported that prolotherapy
may be safe and effective for AT [32]. However, long-term
studies and RCTs are still missing and one RCT found no
clinical difference between prolotherapy and the control
group. No significant pain variation was found between
polidocanol and lidocaine injection for AT [33].

High-volume injections seem to be effective at treating AT,
but confounding factors such as corticosteroid, aprotinin, dry
needling, or eccentric exercise prevent assessment of this
method alone [34, 35].

2. Image-guided anesthetic-corticosteroid injections into
the anterior and posterior tibial tendon sheaths are
safe and may provide effective diagnosis and treat-
ment in patients with anterior and posterior tibial ten-
don tenosynovitis.

Level of evidence: 3
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Several studies reported complete or near-complete
prolonged symptom relief after anesthetic-corticosteroid in-
jections for tenosynovitis unresponsive to conservative man-
agement [36–40]. A study [39] using US guidance success-
fully demonstrated excellent improvement of the tendon
sheath effusion and synovial hypertrophy around the anterior
and posterior tibial tendon 4 weeks after injection.

3. US-guided corticosteroid injections are more effective
than palpation-guided injections to treat plantar fasci-
itis (PF) providing significant short-term pain relief,
particularly when combined with strength training
and stretching.

Level of evidence: 2
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Ameta-analysis included 5 RCTs with 149 patients and con-
cluded that US-guided injections were superior with regard to
VAS, tenderness threshold, response rate, plantar fascia thick-
ness, and hypoechogenicity. There was no difference in heel pad
thickness and heel tenderness index [41]. A comparative trial
concluded that device-assisted US-guided injection for treating
PF was superior to palpation-guided injection [42]. US-guided
corticosteroid injections are associated with lower heel pain re-
currence when compared to palpation guidance. Comparative
trials of US-guided corticosteroid injections versus placebo re-
ported greater pain relief in the corticosteroid arm lasting up to

12 weeks [43]. Case series in the literature report efficacy of
corticosteroid injections for PF with objective measurement of
the therapeutic effect on proximal PF without significant deteri-
oration of heel pad mechanical properties [44–47]. Combining
corticosteroid injections with strength training and stretching is
superior both in the short- and in the long term and can be
recommended as a first-line treatment in patients with PF [48].

4. US-guided PRP injections for PF are safe and provide
significant pain relief in chronic PF, with better clini-
cal outcome at mid- and long-term follow-up if com-
pared with corticosteroid injections.

Level of evidence: 1
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Four meta-analysis studies having compared US-guided
PRP and corticosteroid support the use of PRP instead of
corticosteroids, highlighting the favorable and long-lasting
clinical outcomes in patients with chronic PF [10, 49–51].

5. The effectiveness of US-guided injections with ozone,
hyaluronic acid, or botulinum toxin type A has not still
sufficiently proven to be recommended for PF.

Level of evidence: 3
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Limited number of outcome-based investigation studies
reported the effectiveness of those methods to treat painful
PF without inducing fat pad atrophy [52–54]. Most studies
are case series or trials comparing different doses of the same
substance [54], but no comparative studies are available.

6. US and fluoroscopy guidance improves the accuracy of
joint injections in the foot and ankle although these pro-
cedures can be safely performed with palpation alone.

Level of evidence: 4
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Intra-articular injections of the foot and ankle using palpa-
tion and US were conducted on a cadaver model and were
both 100% accurate [55]. The risk of extravasation into the
ankle or peroneal tendon sheath is higher when injections are
unguided [56]. When injections are used for diagnostic pur-
poses and surgical decision-making, especially in abnormal
joints, imaging guidance is useful. The use of US or fluoros-
copy significantly improved the accuracy of injections into the
tarsometatarsal joints [55]. A cadaveric study on talonavicular
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joint injection accuracy showed that the needle was correctly
positioned in all US-guided injections, while it was misplaced
in all cases of blind injections [57]. In juvenile idiopathic
arthritis patients with ankle synovitis, image-guided intra-ar-
ticular corticosteroid injections resulted in longer remission
time when compared with palpation guidance [58].

7. Image-guided corticosteroid injections for midfoot
joint osteoarthritis might provide short-term im-
provement, but further studies are warranted to
support their clinical use.

Level of evidence: 4
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Two uncontrolled studies of intra-articular corticosteroid
injections for midfoot osteoarthritis led to short-term improve-
ment with poor long-term outcome [59, 60]. Symptom im-
provement reported at 3–4months was generally not sustained
at 12 months [59, 60]. Larger prospective RCTs are needed.

8. PRP and prolotherapy are safe methods to treat
osteochondral lesions of the talus with promising re-
sults, but evidence on efficacy is limited.

Level of evidence 4
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

PRP and prolotherapy are shown to be safe methods to treat
talus osteochondral lesions and might be considered treatment
options for younger patients and for patients with early stage
and small lesions, as reported in a single retrospective cohort
study including 49 patients (n = 27 prolotherapy, n = 22 PRP)
[61]. Prolotherapy is cheaper and less invasive [61]. However,
further studies are still required.

9. Intraarticular foot and ankle anesthetic injections per-
formed under imaging guidance offers precise infor-
mation about pain source.

Level of evidence: 4
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Fluoroscopically guided foot and ankle joint anesthetic in-
jections aid diagnosis and have a potential for targeted therapy
when combined with corticosteroids. Large and small joints in
the foot and ankle are readily accessed [62, 63]. Anesthetic
response for surgical planning is controversial [64, 65], as
many foot joints are interconnected, with a potential con-
founding effect, but when correlated with magnetic resonance

or computed tomography arthrography, they may help con-
firm the diagnosis [63, 66].

10. US-guided tarsal tunnel decompression is a feasible
procedure in cadavers, but clinical value is unknown.

Level of evidence: 4
Agree, n = 52; disagree, n = 1; abstain, n = 0. Agreement =

98%

US-guided tarsal tunnel decompression associated with
flexor retinaculum release was feasible in a cadaveric study
without any vascular or neurological damage [67]. However,
no data is available about in-vivo feasibility and efficacy.

11. US-guided injections of bursae around the foot are
technically feasible, but clinical value is unknown.

Level of evidence: 5
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Foot bursae aspiration and injection could be performed
in a wide series of rheumatologic and degenerative condi-
tions [68], but evidence about the interventional approach
for foot bursitis is poor. There is minor evidence for
intermetatarsal bursa US-guided corticosteroid injection
feasibility and its therapeutic role in Morton’s syndrome
[69].

12. US-guided deep retrocalcaneal bursa injections are
feasible.

Level of evidence: 4
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Deep retrocalcaneal bursa injections are feasible and effective
both under US [70] and fluoroscopy [71] guidance but there is
more evidence for US guidance [72]. A direct comparison be-
tween the two methods is not available, and the evidence about
injection indications is weak. Local US-guided corticosteroid in-
jection of the retrocalcaneal bursa improves bursitis symptoms
but risks Achilles tendon rupture [73].

13. US-guided corticosteroid injections are the most ef-
fective image-guided interventional procedure to im-
prove pain in patients with Morton’s neuroma, espe-
cially in the first 3 months.

Level of evidence: 1
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%
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A systematic review identified eight different types of inter-
ventions for Morton’s neuroma. The most frequent procedure
was US-guided corticosteroid (7 studies) and sclerosing injec-
tions (7 studies). Ameta-analysis of two RCTs conducted in the
same study found that US-guided corticosteroid injections de-
creased pain more than controls. Other RCTs reported the effi-
cacy of mobilization or extracorporeal shockwave therapy ver-
sus control. Treatment success was evaluated for extracorporeal
shockwave therapy versus control and for corticosteroids ver-
sus footwear padding. Sclerosing and Botox injections, radio-
frequency ablation, and cryoneurolysis had been investigated
only by case studies with limited methodological quality [74].
Results from a patient-blinded trial [75] comparing US-guided
injection of either corticosteroid-anesthetic or anesthetic alone
demonstrated that the corticosteroid group had significantly
better clinical improvement at 1 and 3 months. Controversial
results have been reported by a double-blinded RCT [76] com-
paring three US-guided injections of either corticosteroid-
anesthetic or local anesthetic alone, showing no clinical differ-
ences between the groups at 3 and 6 months.

14. US guidance improves the effectiveness of different
interventional procedures for Morton’s neuroma if
compared to palpation guidance, particularly for
corticosteroid injection.

Level of evidence: 1
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

When compared to palpation guidance, US was proven to
increase the effectiveness of interventional procedures in pa-
tients withMorton’s neuroma. A systematic review [77] report-
ed that US guidance may produce better short- and long-term
pain relief after corticosteroid injection and can reduce surgical
referral rate, and need for additional procedures after ethanol
injection. An RCT [78] concluded that US-guided injection of
Morton’s neuroma provides significant improvement at 45, 60,
and 90 days compared with palpation-guided injections.
Multiple studies reported the use of US guidance using different
types of intervention with satisfactory results: corticosteroids
[69, 75, 76, 79–81], alcohol [82–88], radiofrequency [89–91],
and hyaluronic acid [92]. A case study concluded that the in-
jection of Morton’s neuroma was better tolerated via a dorsal
approach and the preliminary use of local anesthetic did not
confer any benefit [93]. There is conflicting evidence about
the relationship between Morton’s neuroma size and efficacy
of US-guided anesthetic and/or corticosteroid injection. A case-
control study [94] concludes that size and age appear to be
predictors for further treatment within 2 years from corticoste-
roid injection. Another case study [95] reported that the effec-
tiveness of corticosteroid injection appears to be more signifi-
cant and long-lasting for lesions < 5mm.However, results from

a patient-blinded RCT [75] comparing corticosteroid-anesthetic
versus anesthetic alone reported that the neuroma size did not
significantly influence the treatment effect.

15. US-guided ethanol injection of Morton’s neuroma is
relatively safe and well-tolerated, but further investi-
gations are required to clearly demonstrate its clini-
cal value prior to supporting this procedure.

Level of evidence: 2
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

A systematic review [88] found that ethanol injections ap-
pear to be safe, although some papers report short-term side
effects due to an inflammatory reaction. Ethanol concentration
and US guidance versus unguided injections vary. Evidence
suggests ethanol has a sclerosing histological effect on the
interdigital nerve but all reviewed studies had methodological
flaws causing bias and poor evidence. A level 3 [87] and mul-
tiple level 4 studies [82, 83, 85, 86, 88] explored treatment with
US-guided ethanol injection, with good tolerance and high suc-
cess rate. A prospective case series [84] demonstrated that
short-term benefits from ethanol injection exist with consider-
able morbidity and no long-term benefit. Pain and satisfaction
scores showed significant deterioration after 5 years.
Fluoroscopic and electroneurographic guidance gave a success
rate (defined as free of pain in daily life) of more than 82% per
single ethanol injection with no recurrence over 5 years [96].

16. Image-guided thermal ablation ofMorton’s neuroma
is safe with promising initial results andmight reduce
the need for surgery in the short term.

Level of evidence: 4
Agree, n = 53; disagree, n = 0; abstain, n = 0. Agreement =

100%

Case series reported the use of radiofrequency ablation as a
safe and efficient potential treatment for Morton’s neuroma
[90, 91]. A case series [89] reported successful symptom relief
in > 85% of cases, and only 10% of patients needed surgery in
the short term. Radiofrequency ablation has the disadvantage
of being more expensive compared to corticosteroid injec-
tions. Neurolysis is a treatment used for chronic peripheral
pain, with cryotherapy being recognized as a well-tolerated
procedure among the different methods of nerve ablation.
MR-guidedMorton’s neuroma cryoablation has been reported
by Cazzato et al as a feasible and tolerated technique with
initially promising results requiring further investigation
[12]. Friedman and colleagues reported good clinical results
from a retrospective study on 20 patients subjected to US-
guided cryoablation of Morton’s neuroma [97].
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Discussion

This panel listed 16 evidence-based statements on clinical
indications of image-guided musculoskeletal interventional
procedures in the foot and ankle, with strong consensus
reached for all statements. The highest level of evidence was
reached by four statements concerning the effectiveness of
US-guided injections of corticosteroid for Morton’s neuroma
and PRP for PF, and also concerning the limited role of injec-
tion therapies in AT.

Despite the safety and efficacy of image-guided injections for
AT, the superiority of these procedures over conservative thera-
pies has not been proven, leading us to consider them a second-
level approach for treating patients with AT (statement #1).

Regarding PF, prospective RCTs demonstrated the added
value of US guidance to improve the clinical outcome of in-
terventional procedures over blinded injections (statement
#3). The highest level of evidence paper showed that US-
guided PRP injections have better and long-lasting effects
than US-guided corticosteroid injections in patients with PF
(statement #4). In patients withMorton’s neuroma, the highest
level of evidence papers showed that US guidance improves
the efficacy of several interventional procedures (statement
#14), particularly corticosteroid injections used to improve
pain in the short-/mid-term (statement #13). Although ethanol
injections, radiofrequency, and cryoablation seem to be safe
alternatives for treating Morton’s neuroma, the clinical value
of these interventions still needs further clarification (state-
ments #15 and #16).

Anecdotal reports and small case series have shown the
feasibility, safety, and effectiveness of image-guided injec-
tions of ankle/foot joints (statements #6–9) and bursae (state-
ments #11–12), with too limited evidence to support these in
routine clinical practice.

In conclusion, 16 statements about image-guided musculo-
skeletal interventional procedures around the foot and ankle
have been produced by an expert panel of the ESSR. Image-
guided interventions should not be considered a first-level
approach for AT. US is strongly recommended as a guidance
for interventions for PF andMorton’s neuroma to improve the
effectiveness of the procedures, particularly using PRP and
corticosteroids, respectively.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-021-08125-z.
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