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Abstract

The purpose of this study was to assess the effectiveness of a new procedure, ultrasound-guided
partial plantar fasciotomy with needle for plantar fasciosis. Methods: This study was carried out
on 16 patients, 9 men and 7 women, with average age 47.5, diagnosed with plantar fasciosis, who
were treated through ultrasound-guided partial plantar fasciotomy using multiple perforations.
Clinical assessments and ultrasounds of all patients were carried out before treatment, after a
week, then after 1, 3 and 12 months. For the clinical assessment the Visual Analogue Scale (VAS) and
the Foot and Ankle Disability Index (FADI) were used. Results: There was significant progress at
95% (Greenhouse-Geisser p < 0.001) of the VAS and the FADI during the study. We had no nerve or
other complications: paraesthesia of the entry portal or vascular lesions. Conclusion: Ultrasound-
guided partial plantar fasciotomy using multiple perforations is a safe technique, with very satis-
factory preliminary results, reducing recovery times and time off work. The technique can be per-
formed in the specialist’s consultation room with local anaesthesia, without the need for stitches
and with very fast recovery, thus reducing costs. It can be performed on patients with underlying
pathology such as diabetes mild to moderate, vascular insufficiency, heart disease or other co-
morbidities, so this technique could be an improvement on other open plantar fasciotomy surgical
techniques.
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1. Introduction

Plantar fasciitis is the most common cause of lower heel pain. It is estimated that 10% of the population at some
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point in their lives has had heel pain, although there are few high-quality epidemiological studies available [1].

A study carried out in the USA between 1995 and 2000 found that approximately one million medical appoint-
ments were due to pain in the plantar fascia [2].

The incidence of plantar fasciitis is greater among people aged between 40 and 60, with predominance 2:1
female to male, although it is also common in the athlete population [3]-[5].

It is estimated that it represents 25% of all lesions in feet in the athlete population, being the most frequent
cause of talalgia in this population group [5].

The etiopathogenesis of plantar fasciosis is little known at present. It is believed that biomechanical changes
or repeated traumas favour a mechanical overload which can cause microscopic tears of the fascia and an initial
inflammatory process which, in the final phases, leads to fibrosis and myxoid degeneration of the collagen tissue,
with angiofibrotic hyperplasia, meaning that the more correct term would be plantar fasciosis, rather than plantar
fasciitis [6] [7].

When conservative treatments have failed and the lesion has been in place at least 12 months or more, surgery
will be indicated, consisting of the partial resection of approximately 40% of the fascia to minimise the effect of
the instability on the arch and maintain the normal biomechanics of the foot [8]-[10].

Surgical procedures to release plantar fasciitis include open surgery, percutaneous release and endoscopic
surgery [11]-[17].

Ultrasound-guided or assisted fasciotomy was described by Vohra et al., 2009 [18].

The author did not have direct control, at the same time, of all planes [19].

With the current equipment it is possible to see all planes from the onset of the procedure. We have presented
the advancement in this technique performed without tourniquet, with 1 - 2 mm incisions, with local anaesthesia,
as an outpatient procedure. This technique is performed in a surgical room [19].

Since 2014 we have modified our surgical approach, performing the ultrasound-guided plantar fasciotomy
using multiple perforations with a needle.

The objective of this article is to describe this new ultrasound-guided surgical technique and perform a retro-
spective review of our clinical results, recovery times and complications. The preliminary clinical results are just
as effective as other published techniques but the complications and recovery times are minimal and the costs
are hugely reduced, as the procedure can be performed in the consultation room. To the best of our knowledge
this is the first description of a non-incisional surgery on the lower limb for plantar fascia.

2. Materials and Method

Prospective randomised clinical trial. Evidence level I1-111.

This study was carried out on 16 patients, 9 men and 7 women, with an average age of 47.5. All patients were
treated using ultrasound-guided partial plantar fasciotomy using multiple perforations.

The data collected to prepare this study was obtained from the clinical history of the patients who attended
our centre, the Avanfi Institute.

The inclusion criteria were patients aged between 40 and 60, regardless of sex, who had been suffering from
plantar fasciosis in their proximal third for 6 months or more and who had previously undergone conservative
treatment. The common practice in our country is to treat patients conservatively for at least 6 months before
performing surgery and many of the patients in these series were referred to our Center for other professionals
after conservative failed treatments.

The exclusion criteria were all those patients with talalgia who did not meet the diagnostic criteria for plantar
fasciosis or who suffered from it but associated with another pathological entity such as nerve entrapment or
who had not received conservative treatment for at least 6 months, or who did not meet the inclusion criteria.

Diagnosis was established through the clinic, MRI and ultrasound confirmation using high-resolution equip-
ment (Alpinion E15) with an 8 - 17 MHz multi frequency linear probe. For fasciosis to exist, the thickness has to
be greater than 0.4 cm as described by McMillan in his study, describing a hypoechoic image in the area of the
damaged fascia compared to the healthy fascia. Each measurement was repeated three times at each visit, to
avoid intraobserver bias (Figure 1) [20] [21].

Other causes of heel pain were ruled out. The patients’ condition had progressed for over 8 months and other
conservative treatments had failed on all of them and collected by medical records.

All subjects were duly informed of the possibility of carrying out this study and gave their written consent and
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Figure 1. (a) Plantar fascia of normal echogenicity and thickness; (b) Hypoechoic and thickened plantar fascia: 5.8 mm.

commitment, in accordance with the premises laid down in the Helsinki Declaration for research on human sub-
jects.

All patients were under went an ultrasound-guided partial plantar fasciotomy using an Abbocath 16 g needle,
from January 2014 to January 2015.

3. Surgical Technique

A high-resolution ultrasound machine (Alpinion. E-CUBE 15, with Needle Plus Vision software) and 8 - 17
MHz multi frequency 32 mm surface contact area linear probe were used.

The patients were laid in a supine position with the affected limb in external rotation and the contralateral leg
in hip and knee flexion or also in extension.

The foot was left at the end of the examination table or even over the edge of it, in the air.

The tibial nerve was identified in the ankle and, monitored by ultrasound, was infiltrated using 2 to 3 ml of
mepivacaine at 2% (Scandinibsa® 2%).

An ultrasound sweep was carried out longitudinally and transversally with the objective of determining the
entry point of the needle. The point chosen would correspond to the safe point in order not to damage any nerves
or vessels and to perform the plantar fasciotomy.

Generally this point usually coincides with the extension of the posterior axis of the tibia and is located just
above the epidermal ridges of the heel, on its medial surface, away from the support area. It is usually located at
a distance or depth of 1.5 or 2 cm from the sole, which was determined with an ultrasound measurement taking
the interface between the short flexor muscle and plantar fascia as a reference point, up to the cutaneous border
(Figure 2).

The surgical field was prepared with sterile material, with the whole foot previously disinfected with povi-

done-iodine.
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Figure 2. (a) and (b) Ultrasound measurement of the depth and point of plantar fasciotomy. The entry portal was located
where the plantar and dorsal skin of the foot meet.

At the chosen point the 16 G needle was inserted, from medial to lateral, with the transducer situated on the
same plane as the needle, in the short or transverse axis to the plantar fascia (Figure 3).
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Figure 3. Placing the needle for plantar fasciotomy and the transducer in transversal position.

At all times the procedure was guided by ultrasound to see the point of the needle, the bevel of which was to
cut the plantar fascia.

With the ultrasound device in a transverse position, the needle was used to repeatedly perforate the plantar
fascia, from medial to lateral and from deep to superficial, always keeping the same plane of perforations, thus
obtaining the most linear cut possible and monitoring it at all times via ultrasound, alternating longitudinal and
transversal position, preserving the nerves, muscles and talar fat (Figure 4). At the same time as the perforations
were being made, a maintained dorsal flexion of the toes and ankle was carried out to tense the plantar fascia.
We try to release not more than 50% of the width of the medial fascicle. These movements were carried out with
the utmost care so as not to cause an irregular or excessive tear of the plantar fascia. A continuous monitoring of
the needle with the probe in transversal position and critical attention to the position of the tip, is crucial to ac-
complish this goal.

It is very important to keep the position of the needle and the probe and the plantar fascia tension the same
plane throughout the process of multiple perforations, because if the tension is released, the plane the needle was
originally in, will be lost, possibly rendering the fasciotomy unsatisfactory.

The procedure lasted between 10 - 15 minutes, until it could be seen, by palpating with the needle and under
ultrasound monitoring in transversal and longitudinal position (Figure 4) that the needle easily passed from the
most plantar area of the plantar fascia, at its border with the muscle, to the plantar fat, showing that there were
no fibres left to cut.

The plantar fascia was infiltrated with 1 ml of bupivacaine at 0.5% and 2 ml of betamethasone sodium phos-
phate (Celestone cronodose®) to reduce inflammation and pain.

The Abbocath was withdrawn and pressure was maintained for 3 - 4 minutes, to favour physiological haemo-
stasis in case of damage to any vessels or muscle fibre. A small adhesive dressing was then placed over the nee-
dle entry point (Figure 5), thus ending the procedure, and comfortable footwear, such as a trainer, was put on.
The patient left the consultation room walking without the help of crutches.

The patients were instructed to support themselves from the start of the procedure, in order to avoid secondary
retractions and adhesions in the plantar fascia. No low molecular weight heparin or antibiotic therapy was ad-

ministered.
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Figure 4. (a) and (b) Transversal view of the procedure, showing the placement of the needle between the plantar fascia plane
and muscles. Longitudinal view of the procedure, showing the placement of the needle in the centre of the plantar fascia and the
disruption of its fibres throughout its thickness. We try to release not more than 50% of the width of the medial fascicle.
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4., Evaluation of the Results

Clinical assessments and ultrasounds of all patients were carried out before treatment, after a week, then after 1,
3 and 12 months (Table 1). For the clinical assessment the Visual Analogue Scale (VAS) (Table 2) and the Foot
and Ankle Disability Index (FADI) (Table 3), which assesses function on a scale of 0 - 100, were used [22]
[23].

Figure 5. Needle entry and exit point.

Table 1. Plantar fascia thickness.

Mean Std. deviation N
Initial thickness 0.70 0.13 16
Thickness 1 week 1.12 1.84 16
Thickness 3 months 0.62 0.11 16
Thickness 12 months 0.58 0.09 16
Table 2. VAS.
Mean Std. deviation N
Initial VAS 7.63 1.09 16
VAS 1 week 4.69 2.33 16
VAS 1 month 2.19 1.72 16
VAS 3 months 1.06 1.34 16
VAS 12 months 0.63 0.89 16
Table 3. FADI.
Mean Std. deviation N
Initial FADI 42.68 14.70 16
FADI 3 months 92.56 8.13 16
FADI 12 months 97.19 4.61 16
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For the statistical analysis a repeated measures ANOVA test was performed to see the progress of VAS,
FADI and the plantar fascia thickness throughout the study. It was seen that the foot, age, sex, weight, height
and body mass index (BMI) factors did not significantly influence (p > 0.05) the progress. The significance
which is shown comes from the Greenhouse-Geisser corrected test. The statistical analysis of the data was car-
ried out using the SPSS 22.0 program for Windows.

There is significant progress at 95% (Greenhouse-Geisser p < 0.001) of the VAS during the study (Figure 6,
Table 2). It can be seen that VAS decreases significantly in all visits compared to the initial score and also
compared to the previous visit, except between 3 and 12 months where the decrease is not as significant (p =
0.069).

The measurement for the plantar fascia thickness was taken before the procedure, after a week, after 3 months
and after 12 months.

There is no significant progress at 95% (Greenhouse-Geisser p = 0.286) of the thickness throughout the study
(Figure 7, Table 1), although if the period from the initial measurement to the measurement taken a week after
the procedure is taken in isolation, an increase in thickness can be seen due to tissue inflammation.

The FADI questionnaire was carried out before the technique, 3 months after and 12 months after. There is
significant progress at 95% (Greenhouse-Geisser p < 0.001) of the FADI during the study (Figure 8, Table 3). It
can be seen that FADI increases significantly in all visits compared to the initial score and also compared to the
previous visit.

VAS
9
8
7
6
5
4
3
2
1
0
Initial 1 week 1 month 3 months 12 months
Figure 6. Visual analogue scale (VAS).
THICKNESS

2.5
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1.5

; |
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Figure 7. Plantar fascia thickness
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Figure 8. Foot and ankle disability index (FADI).

5. Discussion

Plantar fasciitis can generally be treated successfully with conservative measures, obtaining a complete resolu-
tion of symptoms and the return to normal activity in 90% of patients [24]-[27].

Surgical procedures to release plantar fasciitis include open surgery, percutaneous release and endoscopic
surgery. These are indicated when the lesion has progressed for more than 3 to 12 months and the conservative
treatments have failed [8]-[10] [12] [14]-[17].

Between 10% - 50% of patients are not completely satisfied with the results of their surgery, or due to the ap-
pearance of complications: residual heel pain, pain in the dorsum of the foot, scar pain or reflex sympathetic
dystrophy [9] [15] [16] [28]-[32].

The complications of open surgery are nerve damage, infection, persistent pain or prolonged recovery time.
Percutaneous release does not allow the plantar fascia to be viewed; the procedure is done “blind” and the inci-
sion is made through the support area, delaying complete support and recovery [33] [34].

Endoscopic partial fasciotomy has increased in popularity in recent years as it offers an improvement on the
recovery and complications of open surgery. This technique must be carried out with tourniquet since the bleed-
ing of the tissues will limit the endoscopy image [35] [36].

The main limitation of endoscopic surgery is that the incision is “blind” and the medial portal for this tech-
nique has proved to be in close proximity to the posterior tibial nerve and its branches. Barret and others have
described neurological complications, such as numbness of the fifth toe or damaging of the lateral plantar nerve,
although the incidence rate is very low [12] [35] [37] [38].

To avoid this risk, Ohuchi et al carry out an ultrasound to map the nerves and choose the endoscopy entry
portal; in other words they carry out the endoscopy with the assistance of ultrasound. The authors conclude that
the biggest advantage of this technique is that it allows the insertion of the endoscope to be guided, avoiding
damage to the nerves as it passes through the deep fascia, and it allows the plantar fascia to be viewed dynami-
cally [39].

Ultrasound-guided or assisted fasciotomy was described by Vohra et al., 2009 [18].

The author described a procedure which was carried out with a 5 mm incision, with ischaemia, in surgery, and
in which, probably due to the limited resolution of the equipment used, the authors could not directly monitor all
planes, but got to see the deep planes as they released the more superficial ones.

With the current equipment it is possible to see all planes from the start. We have presented an advance in this
technique performed without ischaemia, with 1 - 2 mm incisions, with local anaesthesia, as an outpatient proce-
dure. This technique is performed in a surgical room [19].

In the upper limb McShane described the ultrasound-guided release of the carpal tunnel with an abbocath
guided by ultrasound. The technique was carried out in the specialist’s consultation room. Although the author
described the technique as percutaneous, in reality it is the least invasive way described (without opening up),
with direct monitoring of the nerve and adjacent structures [40].

Since 2014 we have modified our surgical approach, performing ultrasound-guided plantar fasciotomy using

multiple perforations with a needle.
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This procedure does not require tourniquet, damage to the skin is minimal and it can be performed in the
consultation room, as though it were an infiltration, thus avoiding the cost that performing it in an operating
room would entail. We believe that it is the first description of a surgery “without opening up” on the lower limb
for plantar fascia. The operation is carried out with a real incision smaller than 1 mm, maintaining the bases of
our previous work: we do not use tourniquet and only use local anaesthesia, reducing the financial cost.

The ultrasound allows the fascia to be viewed at all times, limiting its release to 40% - 50% of the width;
other structures can also be viewed, thus avoiding damage to them (Figure 4).

In our series, the VAS and FADI scale values improved significantly, from 7.6 to 0.62 and from 42.6% to
97.1% of functionality. The biggest decrease occurred during the first month after the procedure (Table 2 and
Table 3).

The plantar fascia thickness decreased during the study, from 6.9 mm to 5.8 mm, without reaching normal
values (Table 1), just as other authors have reported [20] [41].

We had no nerve or other type of complications: paraesthesia of the entry portal or vascular lesions. Some pa-
tients had small haematomas which resolved themselves in two weeks.

In our experience, ultrasound-guided partial plantar fasciotomy using multiple perforations is a safe technique,
with very satisfactory preliminary results, reducing recovery times and time off work. The technique can be
performed on patients with underlying pathology such as diabetes, vascular insufficiency, heart disease or other
comorbidities. We believe that such a high success rate is due to the exclusion criteria, as in many cases with
chronic talalgia we have seen mixed symptoms with irritation or chronic compression of the plantar branches,
which may complicate the prognosis.

However, the technique is operator-dependent, and requires a learning curve and high-resolution equipment to
improve the surgical image and precision.

The main limitations of the study are the sample size and the possible population bias, as we have more
sporting patients of a high socio-economic level, who might not be representative of the general population. Our
strict criteria of inclusion and exclusion may influence our high percentage of good results. However, we believe
that in many older patients and those with more comorbidities, causes for surgery to fail could be that they are
not pure plantar fasciosis cases, but mixed talalgia symptoms.

A longer follow-up of these patients may reveal the mid-term performance after partial plantar fasciotomy.

Prospective randomised studies are required comparing this technique with other forms of minimally invasive
surgery to determine the theoretical advantages and disadvantages of this technique compared to others.

6. Conclusion

Ultrasound-guided plantar fasciotomy using multiple perforations with a needle could be better than other sur-
gical plantar fasciotomy techniques, reducing the risks and complications, the hospital costs as the procedure is
performed in the specialist’s consultation room, and favouring faster patient recovery.
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