Biz et al. BMC Musculoskeletal Disorders (2021) 22:1043
https://doi.org/10.1186/512891-021-04911-4 BMC Musculoskeletal

Disorders

RESEARCH Open Access

. ®
Prevalence of chronic pain syndrome i

in patients who have undergone hallux valgus
percutaneous surgery: a comparison of sciatic-
femoral and ankle regional ultrasound-guided
nerve blocks

Carlo Biz'#", Gianfranco de ludicibus', Elisa Belluzzi'*", Miki Dalmau-Pastor?*, Nicola Luigi Bragazzi®,
Manuela Funes®, Gian-Mario Parise® and Pietro Ruggieri'

Abstract

Background: Chronic pain syndrome (CPS) is a common complication after operative procedures, and only a few
studies have focused on the evaluation of CPS in foot-forefoot surgery and specifically on HV percutaneous correc-
tion. The objective of this study was to compare postoperative pain levels and incidence of CPS in two groups of
patients having undergone femoral-sciatic nerve block or ankle block regional anaesthesia before hallux valgus (HV)
percutaneous surgery and the association between postoperative pain levels and risk factors between these patient
groups.

Methods: A consecutive patient series was enrolled and evaluated prospectively at 7 days, 1, 3 and 6 months after
surgery. The participants were divided into two groups according to the regional anaesthesia received, femoral-sciatic
nerve block or ankle block, and their outcomes were compared. The parameters assessed were postoperative pain at
rest and during movement by the numerical rating scale (NRS), patient satisfaction using the Visual Analogue Scale
(VAS), quality of life and return to daily activities. Statistical analysis was performed.

Results: One hundred fifty-five patients were assessed, 127 females and 28 males. Pain at rest (p <0.0001) and during
movement (p <0.0001) significantly decreased during the follow-ups; at 6months, 13 patients suffered from CPS.
Over time, satisfaction remained stable (p >0.05), quality of life significantly increased and patients returned to daily
activities and work (p <0.0001). No significant impact of type of anaesthesia could be detected. ASA 3 (p =0.043)

was associated to higher pain during movement; BMI (p =0.005) and lumbago (p =0.004) to lower satisfaction. No
operative-anaesthetic complications were recorded. Postoperative pain at rest and during movement improved over
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erative pain with low incidence of CPS at last follow-up.

Ankle block, Femoral-sciatic block

time independently of the regional block used, with low incidence of CPS at last follow-up. Among risk factors, only a
higher ASA was associated to higher pain during movement, while higher BMI and lumbago to lower satisfaction.

Conclusions: Both ultrasound-guided sciatic-femoral and ankle blocks were safe and effective in reducing postop-

Trial registration: Clinical Trial NCT02886221. Registered 1 September 2016.
Keywords: Chronic pain, Postoperative pain, Hallux valgus, Foot surgery, Minimally invasive surgery, Anaesthesia,

Background

Chronic pain syndrome (CPS) is a common complication
after operative procedures, which can lead to a signifi-
cant disease burden and reduced quality of life in affected
individuals [1]. Overall, the estimated incidence of persis-
tent disabling pain after surgery is in the range of 10-50%
[2]. The first paper on CPS was published by Crombie
et al. [3] in 1998, and the first accepted definition was
proposed by Macrae in 2001 [4]: “CPS is a persistent pain
that has developed after a surgical procedure, of at least 2
months duration and for which other causes (malignancy,
chronic infection or a continuation of a pre-existing prob-
lem) have been excluded.”

This definition was later revised and implemented by
the International Association of Pain Study (IAPS) [5].
Currently, 3months are accepted as the minimal duration
for the diagnosis of CPS [5], while its minimum intensity
should be >4 on a 0-10 numeric rating scale (NRS) [6].

Different anaesthesiological techniques adopted also
seem to have a potential influence on postoperative pain
and CPS genesis [7]. In orthopaedic surgery, general and
spinal anaesthesia are often used, but they can cause
postoperative complications such as nausea, vomiting,
urinary retention, bowel motility alteration, back pain
and/or headache [8—12]. Currently, with the increasing
use of ultrasonography for guidance of peripheral nerve
blocks, regional anaesthesia has become the most popu-
lar method for foot and ankle surgery, and in particular
for elective orthopaedic forefoot operative procedures,
such as hallux valgus (HV) correction [13, 14]. Several
studies have shown peripheral nerve blocks to be highly
effective for patients having in-patient forefoot surgery,
both in delaying the onset of pain and reducing pain in
the early postoperative period [14, 15].

A recent report has shown that ultrasound-guided
femoral-sciatic nerve block is associated with satisfactory
anaesthesia without pre- and postoperative complica-
tions, besides providing postoperative pain control for
an average of 12h [16]. Nevertheless, the use of periph-
eral nerve blocks still holds some disadvantages such as
theoretically increased risk of accidental injury in the
early postoperative period due to transient weakness
and an insensate lower extremity [17]. Ankle block is an

attractive alternative to femoral-sciatic nerve block for
primary anaesthesia for forefoot procedures that may
reduce potential risks associated with a more proximal
nerve block [18]. While most of studies in the literature
describe CPS incidence after breast surgery, thoracot-
omy, amputation, abdominal surgery and other surgeries
[1], very few studies focus on the evaluation of postop-
erative pain and CPS after foot-forefoot surgery and spe-
cifically on HV percutaneous correction [19, 20].

Hence, the primary aim of this prospective study was to
evaluate postoperative pain levels and incidence of CPS
in patients who underwent ultrasound-guided femoral-
sciatic nerve block or ankle block before HV percutane-
ous operative procedure performed as outpatient surgery.
The secondary aim was to assess the association between
postoperative pain levels and the risk factors between
these two groups of patients.

Materials and methods

Patients

At our institution, between May 2018 and July 2020,
a consecutive series of adult, Caucasian patients with
diagnosis of symptomatic Hallux Valgus (HV), resistant
to at least six-month conservative treatment (includ-
ing stretching, mobilisation, manipulation, shoe modi-
fications, orthoses, splints or night splinting, medial
bunion pads, local ice and general analgesics [21], was
enrolled in this prospective, non-randomised, single-
centre and single surgeon cohort study. The study pro-
tocol was approved by the Local Ethics Committee of
Padova (4065/A0/17), registered with ClinicalTrials.
gov (NCT02886221 01/09/2016) and conducted accord-
ing to good clinical practice guidelines and the ethical
standards of the 1964 Declaration of Helsinki as revised
in 2000. The subjects participating in this study received
a thorough explanation of the risks and benefits of inclu-
sion and gave their oral and written informed consent to
publish the data.

According to the indications of our institutional fore-
foot operative protocol, a percutaneous surgery such as
Reverdin-Isham and Akin osteotomies associated with
lateral soft-tissue release was performed for the cor-
rection of mild-to-moderate HV deformity [22]. The
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classification of the HV deformity was based on the pres-
ence of one of the following Mann and Coughlin param-
eters [23]: mild HV was defined as an intermetatarsal
angle (IMA) <11° and a metatarsophalangeal hallux val-
gus angle (HVA) <20°, and less than 50% subluxation of
the medial sesamoid (grade 1); moderate HV was defined
as an IMA > 11 degrees but <16 degrees and a HVA of 20
° to 40 °, with 50 to 75% subluxation of tibial sesamoid
(grade 2).

All forefoot procedures were performed in the morn-
ing (8:00-2:00) in outpatient surgery by the same expe-
rienced surgeon, the senior author, trained in minimally
invasive surgery (MIS).

Inclusion criteria for the study population were
patients undergoing outpatient, elective, unilateral, only
percutaneous surgery as previously indicated [22] and
only on their first ray for mild-to-moderate HV (without
concomitant forefoot procedures: e.g. hammertoe cor-
rection, claw toe correction).

Exclusion criteria were as follows: use of peripheral
blocks different from ankle-block or sciatic-femoral
block, continuous nerve blocks, history of allergy to local
anaesthetic, previous dry needling or local corticosteroid
injections, bilateral HV, arthritis and stiffness of meta-
tarsophalangeal joint, previous trauma, foot and ankle
surgery, congenital deformities of the foot, hallux valgus
and rigidus, hypermobility of first ray, Freiberg infrac-
tion, metatarsalgia and Morton’s neuroma, and diagno-
sis of rheumatic, metabolic (diabetes), neurologic (prior
nerve injury, sciatica, peripheral neuropathy), infective or
psychiatric pathologies (bipolar disorder, schizophrenia,
dementia and developmental disorders including autism).
These strict selection criteria were used to avoid possible
confounding factors, which could have impacted the gen-
eralisability of our results. Specifically, we excluded those
conditions responsible for chronic pain or altered per-
ception of pain in the foot.

Regional anaesthesia procedures

Two different types of ultrasound-guided regional anaes-
thesia were performed: sciatic-femoral block and ankle-
block. All regional block procedures were performed by
one of the three senior anaesthetists of the same expe-
rienced anaesthesiological team of our Orthopaedic
Department. Both nerve blocks were performed with
ultrasound guidance with or without the use of a neu-
rostimulator for sciatic-femoral block and ankle-block,
respectively, and employed after positioning the patient
in a supine decubitus position. During the two-year study
period, both regional block procedures were chosen
without any technique preference by the same anaesthe-
siological team and alternated every week according to
the study protocol. Hence, patients were allocated into 2
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groups according to the type of block used: sciatic-femo-
ral block and ankle block.

To improve patient cooperation and comfort, stand-
ard premedication was administered using intravenous
Midazolam (1-2mg) and Fentanyl (0.1 mg). Intra-oper-
ative sedation was obtained using Propofol (Diprivan)
1.5mg/kg to 2.5mg/kg for induction and a continuous
infusion of 4-8mg/kg/h for maintenance. Finally, no
intraoperative morphine and/or nonsteroidal anti-
inflammatory (NSAID) was given during the operative
procedure, according to routine practice.

Sciatic-femoral nerve block technique
Sciatic-femoral nerve block was performed via anterior
approach, (Fig. 1).

For femoral block (A-B), using an ultrasound-guided
technique (A), the needle is advanced through the fas-
cia lata and iliaca until an adequate position with respect
to the femoral nerve (FN) is reached. The site of needle
insertion (B) is located at the femoral crease, below the
inguinal crease and immediately lateral to the pulse of
the femoral artery (FA).

For sciatic block (C-D), the sciatic nerve (SCN) is seen
as a hyperechoic oval structure sandwiched between
the adductor magnus muscle and the hamstring mus-
cles, typically visualised at a depth of 6—8cm, under the
femoral artery (FA), the femur and the adductor magnus
muscle. The femoral block is performed by inserting a
22-gauge needle connected to a nerve stimulator set at a
current intensity of 1mA (0.1 ms/2Hz), 1.5-2cm lateral
to the femoral artery and 1-2cm distal to an inguinal
ligament in a cephalic direction at a 30—45° angle. As the
quadriceps muscle contractions are obtained, the current
is gradually decreased while the needle is advanced. The
position of the needle is adequate when patellar twitches
are elicited with current output between 0.3 and 0.5mA.
The drug is then injected (Fig. 1A and B). For the sciatic
block, a 21-gauge needle is introduced at a perpendicular
angle to the skin plane. When nerve stimulation is used
(0.5mA, 0.1 ms), the contact of the needle tip with the
nerve usually is associated with a motor response of the
calf or foot. Then, 20mL of Ropivacaine 0.75% is injected
(Fig. 1C and D).

Ankle block technique

The ankle block involves anaesthetising the nerve supply
to the foot, which consists of five separate nerves (Figs. 2
and 3A): two deep (the posterior branch of the tibial
nerve and the deep peroneal nerve) and three superfi-
cial (saphenous, superficial peroneal and sural nerves).
All five nerves are identified using anatomical landmarks
as described by Schurman and Dhukaram and Kumar
(Fig. 4) [24, 25]. This block is performed by injecting
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Fig. 1 Ultrasound (A-C) and clinical (B-D) images of femoral-sciatic nerve block procedures with the patient lying in a supine position. For femoral
block (A-B), using an ultrasound-guided technique (A), the needle is advanced through the fascia lata and iliaca until an adequate position with
respect to the femoral nerve (FN) is reached. The site of needle insertion (B) is located at the femoral crease but below the inguinal crease and
immediately lateral to the pulse of the femoral artery (FA). For sciatic block (C-D), using an ultrasound-guided technique (C), the sciatic nerve (SCN)
is seen as a hyperechoic oval structure sandwiched between the adductor magnus muscle and the hamstring muscles. The nerve is typically
visualised at a depth of 6-8 cm, under the femoral artery (FA), the femur and the adductor magnus muscle. The needle is inserted in plane from the

medial aspect of the thigh and advanced toward the sciatic nerve (D)

Fig. 2 Anatomical dissection image of the anterolateral aspect of
the lower leg and ankle demonstrating the anatomy of the nerves of
the lateral compartment of the ankle involved in the ankle blocks: (1)
the sural nerve and (2) the superficial peroneal nerve. The dissection
shows the distal division of the sural nerve into several branches
along the lateral aspect of the ankle and foot and the two branches
of the superficial peroneal nerve (the medial and intermediate dorsal
cutaneous nerves)

19ml di Ropivacaine 0.75% in amounts of 5mL around
the two deeper nerves supplying the foot and 3 ml for the
superficial ones.

Operative procedures

All patients underwent MIS by Reverdin-Isham and
Akin percutaneous osteotomies for unilateral mild-to-
moderate HV deformity performed without the use of
ankle tourniquet hemostasis according to Prado’s tech-
nique [26] and as previously described (Fig. 5) [22]. At
the plantar side of the medial border of the first metatar-
sal head, an incision of 3-5mm long was made. A small
scalpel was introduced within the joint capsule of the
metatarso-phalangeal joint of the big toe through this
medial approach. The medial capsule was separated from
the exostosis by a sweeping movement, subsequently
using also a rasp. The location of this incision prevents
damage of the dorsomedial cutaneous nerve of the hal-
lux. A cylindrical burr (3.1 x 15mm) was then inserted
to perform the exostosectomy: the dorsal medial promi-
nence was removed from the first metatarsal head until a
flat surface was obtained under fluoroscopic control. The
bone eliminated, expressed as bone paste, was extruded
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Fig. 3 Anatomical dissection image (A) of the region of the tarsal tunnel demonstrating the anatomy of the nerves of the medial compartment of
the ankle involved in the ankle blocks: the tibial nerve: (1) Medial calcaneal branches; (2) Medial plantar nerve; (3) Lateral plantar nerve; (4) Inferior
calcaneal nerve (Baxter’s nerve). On the right, detail (B) of the first metatarsophalangeal joint showing the percutaneous entry points for (5) the first
metatarsal distal osteotomy (Reverdin-Isham) and for (6) the first phalanx osteotomy (Akin)

manually by manual light pressure. A Shannon Isham
burr (2 x 12mm) was introduced through the same inci-
sion used for the exostosectomy and applied to the flat
bone surface achieved previously at an angle of approxi-
mately 45° to the long axis of the first metatarsal bone.
In this position, under fluoroscopic control, the Rever-
din-Isham osteotomy was performed in dorsal-distal
to plantar-proximal direction, extending until the lat-
eral cortex, but without cutting it. The burr was slightly
withdrawn at this point to preserve a few millimeters
of the lateral cortex, while the osteotomy of the plantar
cortex was performed completely [22]. A Wedge burr
(3.1x13mm or 4.1 x13mm, depending on the distal
metaphyseal articular angle (DMAA) value) was then
used to create a wedge with a medially oriented base.
Osteoclasis of the preserved lateral cortex was achieved
at the point of closing the wedge, modifying the orien-
tation of the articular surface, normalising the DMAA
value and adding intrinsic stability to the osteotomy by
producing contact of the trabecular bone. Tenotomy of
the adductor hallucis tendon and lateral capsulotomy was
then performed through a small skin incision in the first
web space. Finally, once lateral soft-tissue release was
performed, a new incision 3 to 5mm long on the lateral
surface of the base of the proximal phalanx of the first toe

was performed, just medial to the extensor tendons. The
periosteum was removed from the lateral surface of the
base of the proximal phalanx using a small scraper. Then,
using a Wedge burr (3.1 x 13mm), a wedge Akin osteot-
omy (with medial base) was performed. Also for this step,
the lateral cortex was preserved. Closing of the osteot-
omy and osteoclasis of the lateral cortex was carried out
by a forced varus movement of the toe. After completing
the surgery, sutures and bandaging were applied. Patients
were allowed to bear weight the day after the procedure
using a rigid flat-soled orthopaedic shoe for the following
30-day period, according to the indications of our institu-
tional forefoot postoperative protocol also used for other
MI techniques [22, 27, 28].

Institutional postoperative therapeutic protocol
Paracetamol (dose 1000 mg) was routinely administered
intravenously 2 times after surgery before discharge from
the hospital starting 2h after the end of the procedure.
No intramuscular injection of morphine sulphate or local
anaesthesia was administered in the operating room nei-
ther suggested during the postoperative period.
According to the indications of our institutional
forefoot postoperative protocol [22, 29], prophylactic
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Fig. 4 Anatomical, ultrasound and clinical images of ankle block procedures, which involve anaesthetising five separate nerves: two deep (posterior
tibial and deep peroneal) and three superficial nerves (superficial peroneal, sural and saphenous). (1) Deep Peroneal Nerve: it innervates the ankle
extensor muscles, the ankle joint and the web space between the first and second toes. A transducer placed in the transverse orientation at the
level of the extensor retinaculum will show this nerve (DPN) lying immediately lateral to the anterior tibial artery (ATA) on the surface of the tibia. (2)
Superficial Peroneal Nerve: it innervates the dorsum of the foot and emerges to lie superficial to the fascia, 10-20 cm above the ankle joint on the
anterolateral surface of the leg, and divides into two or three small branches. A transducer placed transversely on the leg, approximately 5-10cm
proximal and anterior to the lateral malleolus, will identify the hyperechoic nerve branches (SPN) lying in the subcutaneous tissue immediately
superficial to the fascia. (3) Sural Nerve: it innervates the lateral margin of the foot and ankle. This nerve (SUN) can be traced back along the
posterior aspect of the leg, running in the midline superficial to the Achilles tendon and gastrocnemius muscles, in the immediate vicinity of the
small saphenous vein (V). (4) Posterior tibial nerve: it provides innervation to the heel and sole of the foot. This nerve (N) can be seen posterior to
the posterior tibial artery (PTA) and vein (PTV) using a linear transducer placed transversely at the level of the medial malleolus. The nerve typically
appears hyperechoic with a honeycomb pattern. (5) Saphenous nerve: it innervates the medial malleolus and a variable portion of the medial
aspect of the leg below the knee. This nerve (SAN) travels down the medial leg alongside the great saphenous vein (SV). Because it is a small nerve,
itis best visualised 10-15cm proximal to the medial malleolus using the great saphenous vein as a landmark

antibiotic was administered only before surgery, and
thromboembolic prophylaxis with nadroparin calcium
was prescribed the same evening for a 10-day period.
Standard postoperative medication starting from the
day after surgery was prescribed: analgesic therapy with
Etoricoxib (90mg, 1 cp/day) in the morning for 2 weeks
(also to prevent the development of heterotopic ossifica-
tions in the following months due to the presence of bone
paste residues in surrounding soft tissues), in association
with an anti-edemigen therapy (Leucoselect, Lymphase-
lect, and Bromeline: 1 cp/day) for 30days [30].

Postoperative outcome assessment

Demographic and clinical data such as sex, age at time
of procedure, body mass index (BMI), American Soci-
ety of Anesthesiologists (ASA) scale [31, 32], which
globally estimates the surgical risk (1=Normal health;
2=Mild systemic disease; 3 =Severe systemic disease;

4 =Severe systemic disease constantly threatening life;
5=Moribund; 6 =Brain-dead organ donor), and risk
factors predisposing CPS (obesity, anxiety, depression,
pain at the operative site, lumbago and proinflamma-
tory states such as Raynaud syndrome and inflamma-
tory bowel disease) were taken from medical records
the day of surgery. For the present study, obesity was
defined according to the standardized World Health
Organization (WHO) criteria, utilizing a BMI of 30kg/
m? as cut-off value.

All patients were followed up using a questionnaire
collected by phone the first day after surgery and during
the post-operative scheduled consultation at our out-
patient clinic at 7 days, 1 month, 3 and 6 months after
surgery by an independent investigator not directly
involved in the patients’ operative treatment and blind
to the patients’ allocated group.
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Fig.5 A 39-year-old woman with right mild HV after having undergone percutaneous Reverdin-Isham osteotomy, lateral release and Akin
osteotomy for HV correction: (A) antero-posterior radiographic images at preoperative period (1), 3-month follow-up (2) and 6-month follow-up (e).
(B) Clinical images at preoperative period (1) and at 6-month follow-up (1-2)

The questionnaire was conceived to assess the postop-
erative pain referred by the patient by a numerical rating
scale (NRS, ranging from 0 to 10 points) both at rest and
during movement (dynamic); to index the overall patient
satisfaction using Visual Analogue Scale (VAS), rang-
ing from 0 to 10 points with 0 indicating no satisfaction
and 10 denoting complete satisfaction for the performed
block procedure; to assess the quality of life compared to
preoperative conditions by self-reported global change
(better/same/worse) on the basis of VR-12 physical and
VR-12 mental quality of life [33]; to examine the return
or not to daily activities and work. CPS was identified as
NRS at rest >4. Finally, any postoperative complications
of anaesthesia were recorded.

Statistical analysis

The a priori power analysis was conducted using the soft-
ware G*Power 3.1.9.7 for Windows. The minimum sam-
ple size required was computed selecting the following: F
tests, family option, opting for between-factors, repeated
measures ANOVA. In order to capture a small effect size
as defined by Cohen [34], with an alpha error probability

of 0.05, a power ranging from 0.8 to 0.95, with 5 time-
points and a weak correlation among repeated measures
(0.20), the minimum sample size varied from 87 to 134.

Before proceeding with data handling, statistical
processing and manipulation, all figures were visu-
ally inspected to capture any potential outlier. Normal-
ity of data distribution was verified carrying out the
D’Agostino-Pearson omnibus test. Continuous vari-
ables were computed as mean =+ standard deviation with
median reported when appropriate. Categorical variables
were expressed as percentages.

A univariate analysis was conducted to identify even-
tual differences between patients under femoral nerve
block and those under ankle block. Categorical variables
were compared using the chi-square test, whereas con-
tinuous parameters were compared conducting Student’s
t-test or its nonparametric version, based on the normal-
ity of data distribution.

A generalised linear model for repeated measures (at
different time-points, namely, 1 and 5 post-operative
days, and at 1, 3 and 6 months) was used. The homo-
geneity of covariance matrices and the independence
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assumptions were checked. The sphericity assumption
was verified carrying out the Mauchly’s W test. In case
of sphericity violation (when the ‘F’ test was significant)
and with epsilon values (e, quantitatively measuring the
extent of departure from sphericity) less than 0.75, the
Greenhouse-Geisser correction was adopted to properly
adjust for the degrees of freedom of the interaction effect
between different time points and the sample group. Oth-
erwise (in case of € greater than 0.75), the Huynh-Feldt
correction was carried out. Effect size was estimated by
computing the partial eta squared (np2) and interpreted
using the following rule: small if <0.06, moderate in the
range 0.06—0.14 and large if >0.14. Post-hoc tests using
the Bonferroni correction for pairwise comparisons were
conducted. This generalised linear model was applied for
investigating changes in pain, movement with pain, satis-
faction and quality of life at different time points.

To shed light on the determinants of the insurgence of
CPS, a multivariate logistic regression analysis (with the
“enter” method) was conducted.

Figures with p-values less than 0.05 were consid-
ered statistically significant. All statistical analyses were
carried out with the commercial software “Statistical
Package for the Social Sciences” (SPSS version 24.0 for
Windows, IBM, Armonk, NY, USA). Graphs were gen-
erated by means of the commercial software MedCalc
(MedCalc Statistical Software version 18.11.3, MedCalc
Software bvba, Ostend, Belgium).

Results
The recruited population included 155 patients. A fem-
oral nerve block was used for 82 (52.9%) patients, while
73 (47.1%) received an ankle block. Demographic and
clinical data of the recruited population are reported in
Table 1.

Pain at rest significantly decreased from 2.17 at the
first post-operative day to 0.52 at 6 months (Fig. 6A, F
= 44.43, p <0.0001), as well as pain during movement
from 2.79 to 1.18 (Fig. 6B, F = 36.26, p <0.0001). For
both measures, all time-points were significant at the
post-hoc pairwise comparison analysis except for the
comparison between the measurement at 1 and 5days
after the operation and between 3 and 6 months for
pain at rest and between 1 post-operative day and the
1-month point as well as between 3 and 6 months for
pain during movement. At 3 and 6 months, 11 (7.1%)
and 13 (8.4%) patients suffered from CPS, respectively.
Satisfaction remained stable at the different time-
points (Fig. 7A, F = 1.53, p >0.05), whereas quality of
life significantly increased from 1.40 to 2.74 (Fig. 7B,
F=151.24, p <0.0001). All time-points were significant
at the post-hoc pairwise comparison analysis except for
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Table 1 Main characteristics of the recruited sample of 155
patients

Parameters Value
Age (years) 59.01£1221;62
BMI (kg/m?) 26.8844.86;27
Sex (n, %)
Male 28 (18.1%)
Female 127 (81.9%)
ASA classification (n, %)
1 47 (30.3%)
2 93 (60.0%)
3 15 (9.7%)
Risk factors (n, %)
Preoperative Pain 73 (47.1%)
Anxiety-depression 24 (15.5%)
Inflammation 7 (4.5%)
Obesity 28 (18.1%)
Lumbago 23 (14.8%)
Anesthesia (n, %)
Femoral nerve block 82 (52.9%)
Ankle block 73 (47.1%)

the comparison between the 1 and the 5 post-operative
days as well as between 3 and 6 months after the opera-
tion (Table 2). At the different time-points, 1 (0.6%),
15 (9.7%), 93 (60.0%), 140 (90.3%), and 147 (94.8%)
patients gradually returned to their daily activities and
previous employment (p <0.0001).

No overall impact of type of anaesthesia (sciatic-fem-
oral nerve block versus ankle block) on the outcomes
could be detected (Table 3). Pain at rest on the fifth day
was higher among those with the femoral nerve block
with respect to those with the ankle block (»p =0.034).
Perceived quality of life on the fifth day also differed
between the two groups, being higher among those
with ankle block (p =0.041). However, when correct-
ing for multiple comparisons, these small differences
failed to achieve statistical significance. Further, other
variables under study did not impact major outcomes
apart from the ASA classification (p =0.043) with
higher movement with pain values reported in the ASA
3 group, and BMI (p =0.005) and lumbago (p =0.004),
with lower satisfaction values (Table 4). Finally, no
complications relative to both regional anaesthesia
procedures were recorded, such as postoperative neu-
ropathic symptoms, nerve injuries or systemic adverse
events.

At the multivariate logistic regression analysis, no
statistically significant predictors of CPS could be
detected at 3 (Table 5) and 6 months (Table 6).
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Discussion blocks and risk factors on the development of postop-

Operative procedures of the forefoot usually cause mod-
erate to severe acute pain that can occasionally progress
into CPS [35]. For these reasons, inadequate postopera-
tive pain management in patients having undergone HV
percutaneous correction in outpatient surgery can have
several adverse outcomes, such as length of hospital stay,
precipitated withdrawal and overall increase in health
care costs.

While several studies have focused on the development
of CPS after knee and hip surgeries [36—38], the literature
still lacks studies concerning postoperative pain and CPS
in foot and forefoot surgery and its prevalence after HV
percutaneous correction. Studies on HV report mostly
functional scores to describe clinical outcomes obtained
after surgery.

Hence, the aims of this prospective study were to
investigate the postoperative pain and CPS in a cohort
of patients having undergone the same percutaneous
operative procedure for HV correction, performed under
ultrasound-guided sciatic-femoral block or ankle-block.
Specifically, the impact of these types of anaesthetic

erative pain, patient satisfaction and quality of life were
evaluated.

The most important findings of the present study,
observed from the first day to 6-month follow-up after
surgery were as follows: a significant decrease of pain at
rest and during movement; a stable level of patient satis-
faction; a significant increase of patient quality of life and
return to daily activities and work. Importantly, no sig-
nificant impact of type of anaesthesia could be detected.
ASA 3 was associated to higher pain during movement,
while BMI and lumbago to lower patient satisfaction.
Among risk factors, only a higher ASA was associated
to higher pain during movement, while higher BMI and
lumbago to lower satisfaction.

Both types of pain improved over time (from 1day to
6months after surgery) as well as the quality of life, in
accordance with the literature [39, 40]. Patient satisfac-
tion did not change over time, and the high satisfaction
rate observed was in agreement with data reported for
the use of regional anaesthesia [41, 42]. The percentage
of patients who developed CPS (NRS>4) was 7.1 and
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Table 2 Major outcomes at different post-operative time-points of the analyzed cohort

Variable Mean sD 95% Cl Statistical significance
Pain at rest
1day 217 0.22 1.74 t0 2.60 Significantly different from 3,4, 5
5days 2.54 0.20 21510292 Significantly different from 3,4, 5
Tmonth 1.06 0.14 0.80t0 133 Significantly different from 1, 2,4, 5
3months 0.52 0.11 031t00.73 Significantly different from 1, 2, 3
6 months 0.52 0.12 0.28t00.75 Significantly different from 1,2, 3
Pain during movement
1day 2.79 0.25 2.28t03.29 Significantly different from 2,4, 5
5days 3.79 0.20 339t04.20 Significantly different from 1, 3,4, 5
1 month 2.70 0.19 2331t03.06 Significantly different from 2, 4, 5
3months 1.74 0.16 14210207 Significantly different from 1, 2, 3
6months 118 0.16 0.86 to 1.50 Significantly different from 1, 2, 3
Satisfaction
1day 7.53 0.13 72810778 Not significantly different from 2, 3,4, 5
5days 7.75 0.12 7.521t07.98 Not significantly different from 1, 3,4, 5
T month 7.83 0.12 7.59108.07 Not significantly different from 1, 2,4, 5
3months 7.73 013 747 t07.99 Not significantly different from 1,2, 3,5
6 months 7.66 0.13 74010 7.93 Not significantly different from 1, 2, 3, 4
Quality of life
1day 1.40 0.05 1.31t0 149 Significantly different from 3,4, 5
5days 1.53 0.06 140to 1.66 Significantly different from 3, 4, 5
1 month 2.19 0.07 2.05t0233 Significantly different from 1, 2,4, 5
3months 2.58 0.06 24710 2.70 Significantly different from 1, 2, 3
6months 2.74 0.05 26510283 Significantly different from 1, 2, 3

8.4% at 3 and 6 months after surgery. These findings are
acceptable considering that the surgical sites of feet are
constantly solicited during daily activities. It should be
underlined that for this report, the use of the NRS scale
to evaluate pain was chosen as it is easier to administer
and manage both verbally and in writing compared to the
VAS scale [43].

The impact of risk factors and the type of anaesthesia
(femoral-sciatic versus ankle block) on pain, pain during
movement, satisfaction and quality of life was also ana-
lysed, finding that the block type does not have any influ-
ence on clinical outcomes. Many studies have compared
ankle blocks to more proximal blocks [42, 44, 45] or com-
pared the analgesic efficacy of an ankle block in addi-
tion to general anaesthesia or spinal anaesthesia [46, 47].
Only one study, by Tharwa et al., compared the efficacy
and safety of ankle block versus sciatic-saphenous nerve
block in 42 patients with HV having undergone surgery
[48]. No difference was found comparing the efficacy and
safety between the two blocks, but they observed a sta-
tistically significant difference in the VAS pain score in
the 12-h postoperative period, with ankle block show-
ing higher pain levels requiring more postoperative pain
killers [48]. The authors concluded that both blocks

provided good intraoperative anaesthesia and satisfac-
tory postoperative pain controls. However, they did not
show a follow-up of these patients, making comparison
with our data difficult.

In general, the relationship between ASA classes and
postoperative pain has been poorly studied, and no stud-
ies about the impact of percutaneous HV procedures on
pain after regional blocks have been published to date.
On the contrary, the ASA scale used for this analysis was
relevant, not only to objectively define the physical sta-
tus of each enrolled patient before surgery, reducing the
potential inter-observer variability classification of our
cohort, but also to better correlate its preoperative health
level with postoperative pain. In particular, we found that
higher ASA had a major impact on pain during move-
ment. A likely explanation of this finding is that patients
with higher ASA are more prone to have other diseases
and co-existent pain [49] despite the exclusion criteria
proposed for this study. The ASA 1 and 2 patients rep-
resented 90% of our cohort, reflecting a slight difference
between groups in terms of major comorbidity (ASA
3:10%).

We also identified an association between a lower satis-
faction with BMI and lumbago. HV has been reported to
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Table 3 Main characteristics of the recruited sample of 155
patients broken down according to the type of anesthesia
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Table 4 Impact of variables under study on major outcomes of
the analyzed cohort

Parameters Sciatic-Femoral Ankle block  P-value
nerve block (82 (73 patients)
patients)

Age (years) 57.98+12.71 60.16£11.60 0.267

BMI (kg/mz) 27.134£5.08 2659+461 0493

Sex (n, %) 0450

Male 69 (84.1%) 58 (79.5%)
Female 13 (15.9%) 15 (20.5%)
ASA classification (n, %) 0.841
1 26 (31.7%) 21 (28.8%)
2 49 (59.8%) 44 (60.3%)
3 7 (8.5%) 8(11.0%)
Risk factors (n, %)
Preoperative Pain 42 (51.2%) 31 (42.5%) 0.277
Anxiety-depression 14 (17.1%) 10 (13.7%) 0.563
Inflammation 4 (4.9%) 3(4.1%) 0.819
Obesity 17 (20.7%) 11 (15.1%) 0.362
Lumbago 11 (13.4%) 12 (16.4%) 0.598
Pain at rest
1day 2.50+2.85 1.79+£248 0.104
5days 2934252 210+2.29 0.034
Tmonth 1.07+1.62 1.05+£1.76 0.946
3months 0544121 051+145 0.890
6months 052+144 0.51£1.50 0.941
Pain during movement
1day 287+3.17 270£3.19 0.744
5days 3.76+2.54 3844257 0.847
T month 2434217 3.00+244 0.124
3months 1.84+£2.11 1.63+£197 0.521
6 months 146+2.36 0.86+£1.58 0.068
Satisfaction
1day 7454154 7.62+1.64 0519
5days 757+£156 7954133 0.114
1 month 7.794+1.60 7.88+1.44 0.733
3months 776175 7.70+£1.54 0.829
6 months 7.73+1.66 7.59+1.63 0.591
Quality of life
1day 1354057 1454055 0.281
5days 141£0.79 1.67+£0.80 0.041
T month 2124087 2.27+0.89 0.282
3months 254+0.74 2.63+0.66 0472
6months 274+0.58 2.74+0.58 0.964

be inversely associated with obesity [50], and only Wirth
et al. reported no evidence of an association of improv-
able patient satisfaction with BMI in patients treated
surgically for HV, but no data about the anaesthesia used
were reported [51]. In line with our results, Hegewald
and colleagues demonstrated that patient age and BMI

Source F P Value Ny
Pain at rest
Intercept 0.66 0418 0.005
Age 0.00 0.970 0.000
Sex 0.00 0.986 0.000
BMI 048 0490 0.003
ASA 0.03 0.968 0.000
Anesthesia 1.93 0.167 0.013
Pain 2.16 0.144 0.015
Anxiety-depression 0.09 0.760 0.001
Inflammation 0.19 0.661 0.001
Lumbago 0.07 0.799 0.000
Pain during movement
Intercept 19.26 0.000 0.119
Age 2.85 0.094 0.020
Sex 0.23 0.635 0.002
BMI 232 0.130 0.016
ASA 322 0.043 0.043
Anesthesia 0.03 0.858 0.000
Pain 0.69 0.409 0.005
Anxiety-depression 0.66 0416 0.005
Inflammation 0.05 0.821 0.000
Lumbago 0.15 0.695 0.001
Satisfaction
Intercept 49.87 0.000 0.259
Age 0.09 0.766 0.001
Sex 0.51 0478 0.004
BMI 8.32 0.005 0.055
ASA 0.79 0457 0.011
Anesthesia 0.55 0460 0.004
Pain 0.37 0.544 0.003
Anxiety-depression 0.71 0.399 0.005
Inflammation 2.31 0.131 0.016
Lumbago 8.70 0.004 0.057
Quality of life
Intercept 44.51 0.000 0239
Age 0.68 0412 0.005
Sex 148 0.226 0.010
BMI 0.15 0.702 0.001
ASA 1.05 0.352 0.015
Anesthesia 245 0.120 0.017
Pain 1.79 0.183 0.012
Anxiety-depression 0.06 0.809 0.000
Inflammation 0.25 0.620 0.002
Lumbago 261 0.109 0.018
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Table 5 Multivariate logistic regression analysis shedding light on the determinants of the insurgence of CPS at 3months
Variable Coefficient Standard error Wald p-value Odds ratio 95%(Cl
Age 0.00 0.03 0.01 0.9406 1.00 0.94 to 1.07
BMI —0.15 0.11 1.70 0.1921 0.87 0.70to 1.08
Sex —1.23 0.77 2.58 0.1080 0.29 0.06to 1.31
ASA classification 1.94 117 2.73 0.0985 6.94 0.70t0 69.10
2(vs 1)
Risk factors:
Preoperative Pain —1.06 0.76 1.95 0.1625 0.35 0.08 to 1.54
Anxiety-depression 0.33 091 0.13 0.7142 140 0.23t0 837
Obesity 1.15 122 0.90 0.3424 3.17 0.29to 34.31
Lumbago —047 1.20 0.16 0.6916 0.62 0.06 to 6.50
Anaesthesia 0.30 0.69 0.19 0.6629 1.35 035t05.24
Constant 0.73 313 0.05 0.8167
Table 6 Multivariate logistic regression analysis shedding light on the determinants of the insurgence of CPS at 6months
Variable Coefficient Standard error Wald p-value Odds ratio 95%Cl
Age 0.03 0.03 0.70 0.4023 1.03 096to 1.10
BMI —0.04 0.09 0.19 0.6660 0.96 0.80to 1.15
Sex 1.37 111 1.52 0.2170 3.93 045 to 34.54
ASA classification
2(vs 1) 1.01 0.88 1.32 0.2509 2.75 049101549
3(vs1) 0.62 137 0.21 0.6484 1.86 0.13t027.14
Risk factors:
Preoperative Pain —1.16 0.68 2.96 0.0853 0.31 0.08t0 1.18
Anxiety-depression —038 0.87 0.19 0.6659 0.69 0.13t03.77
Obesity —-0.18 115 0.02 0.8762 0.84 0.09 to 7.91
Lumbago —0.52 0.87 0.36 0.5492 0.59 0.11t03.26
Anaesthesia —0.52 0.66 0.64 0.4254 0.59 0.16t0 2.14
Constant —4.81 3.04 2.50 01137

contribute to the differences in overall block outcome
with more successful blocks observed in patients with
a lower BMI [52]. Chen et al. [53] compared the clinical
outcomes of obese patients with normal weight patients
treated surgically for HV, and no differences were found.

The association between satisfaction and lumbago is
not surprising, as it has been reported that both foot and
ankle deviation could be a potential cause of low-back
pain due to the disruption of the kinetic chain from the
foot to the back [54].

In our study, the presence of preoperative pain was
not related to development of postoperative pain, while
it has been reported that the presence of preoperative
pain is correlated to the development of chronic neu-
ropathic pain [2]. Generally, inadequate treatment of
acute pain represents a critical risk factor for the devel-
opment of chronic pain, and persistent pain is suggested
to influence procedure-related functional outcomes [55].
Chen et al. found that a higher preoperative VAS pain

increased the risk of having some degree of residual pain
at 6 months after surgery in a cohort of 317 patients who
underwent HV surgery for pain and deformity [19]. How-
ever, it should be specified that in our study, although
all HV treated were symptomatic, we recorded the pres-
ence of preoperative pain in less than 50% of our patients
without using VAS scores, which could explain this low
percentage with respect to those reported in the litera-
ture [2, 19, 55]. Probably, the preoperative recording of
VAS scores among our patients would not have reached
those reported previously, our subjects having mild-to-
moderate HV deformity and often complaining about
pain only during some daily activities.

Further, depression, anxiety and pre-existing inflam-
matory states were not associated with pain, quality of
life and patient satisfaction. This may be related to the
low number of patients affected by these risk factors in
our cohort. In 2016, some factors of socioeconomic sta-
tus (unemployment, poverty and no health insurance
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coverage) were reported to be common elements in pro-
moting a high-impact chronic pain prevalence on the
USA population [56]. For this study however, different
risk factors were selected because national health care
and economic unemployment support are guaranteed, so
socioeconomic status is not a problem. Consistent with
the literature [46], we did not observe anaesthesia com-
plications, supporting the use of regional anaesthesia,
which has several advantages including improved patient
satisfaction, faster mobilisation, reduced length of hospi-
tal stay and reduced used of opioids [41, 57].

An inadequate perioperative anaesthesia and unsatis-
factory postoperative pain control protocol may lead to
the development of CPS, inducing the use of opioids in
postoperative therapy, and sometimes the consequent
development of an opioid use disorder (OUD), which
can compromise pain management also in the case of
future operations. Parrish JM and colleagues [58] dem-
onstrated that patients with a history of OUD undergo-
ing hallux valgus correction had higher odds of 90-day
readmission rates and 30-day Emergency Room visits.
Further, patients with a history of OUD demonstrated a
higher 90-day total global episode-of-care cost compared
with those without OUD. Our patients, closely follow-
ing the postoperative protocol did not need to resort to
opioid use, which is reported to be greater in chronic
pain patients due to tolerance, dependence and opioid-
induced hyperalgesia [59]. For these reasons, orthopaedic
surgeons should be aware that long-term postoperative
opioid use must be avoided [59], as its inadvertent over-
prescription may place patients and their communities at
risk of abuse or OUD [58, 60].

Strengths and weaknesses

The strengths of our study include: (1) the standardiza-
tion of anaesthesiology, operative procedures and post-
operative pain therapy including aftercare, according
to our institutional protocol for the same percutaneous
operation — the first performed by the same team of
anaesthesiologists, the second by the senior surgeon, the
third in use at our institution since 2009; these aspects
avoid confounding bias and allow adequate methodol-
ogy for comparative reasons; (2) the prospective data col-
lection of the case series with the same fixed follow-ups
using validated questionnaires; (3) an adequate number
of patients in both groups — none was lost at different
follow-up points until the last one, and the appropriate
power calculations were conducted for the primary out-
come measures; (4) the analysis of the clinical outcomes,
carried out separately by independent investigators; the
person who performed clinical assessment was blinded
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to the type of procedure used; (5) the multivariable sta-
tistical analysis performed by an independent statistician.

We are also aware of the study’s weaknesses. (1) It was
a single centre case series study with the same team of
anaesthesiologists and a single surgeon for all operations;
these aspects could have affected the generalisability
of the operative procedure. (2) There was a lack of ran-
domisation with potential selection biases, although the
patients were operated during the 2-year study period
alternating weekly one or the other regional anaesthesia
block according to our study protocol and without any
regional block preference by the anaesthetists. (3) We
lacked a control group, which prevented us from compar-
ing results. (4) The mere inclusion of cases of unilateral
HV treated percutaneously prevented us from reporting
outcomes of cases operated bilaterally or by more tra-
ditional open techniques. (5) Multivariate analysis was
performed, but no determinants were found, probably
because of the small number of CPS subjects. It would
require a larger number of individuals. In our study, we
found that only 11 (7.1%) and 13 (8.4%) patients suffered
from CPS at 3 and 6 months, respectively.

Further larger studies aimed at identifying the determi-
nants underlying the occurrence of CPS are needed.

Conclusions

Our data show that postoperative pain at rest and during
movement improved from the first day to 6-month fol-
low-up after percutaneous HV correction, independently
of the regional blocks performed and without postopera-
tive complications of anaesthesia.

Supported by a tested institutional aftercare therapy
protocol, both sciatic-femoral and ankle blocks were
safe and effective in reducing postoperative pain with
low incidence of CPS at last follow-up. The ultrasound-
guided peripheral blocks were well suited to forefoot
outpatient surgery settings, showed high patient accept-
ance rates and allowed improvement of quality of life and
return to daily activities and work.

Finally, in relation to the different risk factors ana-
lysed, only a higher ASA was associated with pain during
movement, while higher BMI values and the presence of
lumbago were associated with lower satisfaction values.
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