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Summary. Hallux rigidus (HR) is a degenerative disease of the first metatarsophalangeal (MTP1) joint and 
affects about 2.5% of people older than 50 years. The real etiology of this condition remains under debate. 
Clinical symptoms, physical exam, and instrumental evidence are important in assessing and grading the dis-
ease. The anatomy of the first metatarsal is unique and its configuration may play a significant role in the HR 
development. The first approach in the early stages of the disease usually begins with shoe modifications and 
foot orthoses, designed to limit irritation from the dorsal osteophytes, reducing motion and the mechanical 
stresses on the joint. To prevent or delay the development of HR, shoes should be sufficiently long, comfort-
able, with high toe box and broad toe-boxed, and should bear an allowed space for the orthotic device. The 
ideal orthotic appears to require a 3-mm thickness with a correct stiffness, and also increasing and extending 
the medial metatarsal arch just proximal to the metatarsal head, raising the first metatarsal and allowing the 
proximal phalanx to rest in a more plantarflexed position, decompressing the dorsal aspect of the joint. The in-
creased foot pronation moment with medial column overload, when present, should be corrected. In addition, 
the maximum follow-up found by the analyzed studies was of 14.4 years, so the Authors cannot conclude how 
long conservative care can keep a patient free from pain and able to perform normal daily activities. However, 
the use of shoe modifications and foot orthoses may be considered a safe treatment and then should be always 
offered to patients, before any surgical management. (www.actabiomedica.it)
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Introduction

Hallux rigidus (HR), Latin for Stiff Toe, is a 
degenerative disease of the first metatarsophalangeal 
(MTP1) joint and affects about 2.5% of people older 
than 50 years (1). The terms HR and hallux limitus 
(HL) are often used as synonymous (2); however, the 

first is defined as pain due to an arthritic and ankylotic 
joint without movement, while HL is defined as func-
tional pain due to soft tissue tightness, which cause a 
limited range of motion (ROM) (1).

The term was first introduced by Davies-Colley 
(3) in 1887, who described the disease as “hallux flex-
us” and Cotterill (4) first coined the condition of HR 
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shortly thereafter in 1888. The MTP1 seems to play 
an important role during the gait cycle as it transfers 
about 119% of an individual’s body weight with each 
step. Degeneration of the cartilage and osteophyte for-
mation occur dorsally in the early stages of the disease 
and progress to involve the entire joint (Fig. 1) (1), 
causing pain and reducing the daily-life and sports ac-
tivity of the patients (5).

Conservative treatments are usually the first ap-
proach for the early stages of the condition, such as non-
steroidal anti-inflammatory drugs (NSAIDs), intra-
articular steroid injections, footwear modifications, and 
orthotics (6). It is very important to clarify to the pa-
tients the need for lifestyle modification; indeed, weight 
loss allows to reduce forefoot weight-bearing during 
gait and consequent pain (7). If conservative modalities 
fail, surgery may be taken into consideration.

Currently, there is no consensus that conservative 
management could stop the clinical worsening of the 
condition (8). However, the use of shoe modifications 
and orthotics may alleviate symptoms and limit the 
degenerative progression of the disease (1).

Anatomy and biomechanics

Hiss (9) was the first author who described the 
movement of the MTP1 joint in 1937. Since then, 
many Authors have reported current values on the 
ROM of this joint. From 65° to 75° of dorsiflexion of 
the hallux on the first metatarsal is necessary during 
propulsion and normal gait (Fig. 2).

The plantarflexion of the first ray is allowed by the 
action of the peroneus longus tendon pulling on a rigid 
lateral column and consenting the floor reaction forces 
to dorsiflex the hallux. Without normal plantarflexion 
of the first metatarsal, only 25° to 30° of MTP1 joint 
dorsiflexion can succeed during ambulation. A limita-
tion of dorsiflexion in this articulation of less than 20° 
is defined as HL. HR is the end stage of HL when the 
joint becomes ankylosed, without movement (10).

The anatomy of the first metatarsal is unique and 
its configuration may play a significant role in the HR 
development (11). The first metatarsal head, different-
ly from the lesser metatarsal heads, have a dorsoplantar 
diameter smaller than the transverse (12). 

The plantar plate of the MTP1 joint is a crucial 
structure of the capsuloligamentous complex and pro-
vides stability to the hallux. Its function is to make 
a support for tendon and ligaments attachment and, 
when disrupted, can cause disastrous effects on joint 
stability. The structure has a static insertion averaging 
1.73-mm proximal to the joint line into the metatarsal 
head and 0.3-mm distal to the joint line into the proxi-
mal phalanx (13).

The surfaces of the MTP1 joint demonstrate 
unique relationships. Shereff et al. (14) made a cadav-
eric work on MTP1 joint kinematics, demonstrating 
the motion available to this articulation. The control 
group had 76° of dorsiflexion and a mean sagittal plane 
arc of 111°, the transverse plane translation was equal 

Figure 1. A schematic drawing of hallux rigidus with the for-
mation of bony spurs (osteophytes) in the dorsal aspect of the 
first metatarsophalangeal joint.

Figure 2. Hallux is flexed dorsally about 65-75° with respect to 
the first metatarsal after the lifting of the heel raised the base of 
the first ray of 48° and the first ray has a normal plantar flexion 
of 10° than the rest of the foot.
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to 15% of the largeness of the metatarsal head. The 
HR group demonstrated significantly less motion with 
mean dorsiflexion of 49°, a mean sagittal arc of 69°, 
and transverse translation less than half found in the 
control group. The authors concluded that the abnor-
mal centers of rotation caused an abnormal compres-
sion force across the MTP1 joint and decreased ROM. 
These forces bring to the clinical and radiographic 
findings frequently found in HR patients (14).

There seems to be a relation between HR associ-
ated with an increased foot pronation moment with 
medial column overload. Patients complaining func-
tional HL had significant resistance to MTP1 dorsi-
flexion in early propulsion; however, in open kinetic 
chain there is no restriction of the motion (15).

The pathophysiological mechanisms have not 
been completely clarified for this condition. It seems 
to be matched with the pronation moment and hal-
lux alignment, with an extreme preload on the medial 
column and premature recruitment of the plantar fas-
cia during the early propulsion phase. If the proximal 
phalangeal dorsal rim cannot clear away the metatarsal 
head as the windlass engages, the metatarsal head im-
pacts on the dorsal rim of the phalanx and engage the 
joint. This results in an increased load on the proximal 
phalanx (16).

Etiology and risk factors

The real etiology of this condition is still not well 
understood, although several contributing factors have 
been reported like osteochondral lesions, trauma, in-
flammatory arthropathies, including rheumatoid ar-
thritis, gout, and seronegative arthropathies (17). 

Trauma is the most common cause reported and 
may happen as a single isolated lesion (eg, fracture) or 
as the result of repeated micro-traumas (18). 

The literature shows a higher incidence in females 
and approximately 80% of patients with bilateral HR 
had a history in their family of big toe arthritis or 
‘‘bunions.’’ Long-term follow-up of the same patients 
with HR showed that more than 80% developed bilat-
eral disease (11, 19). 

Unilateral HR probably resulted from a traumatic 
episode (11),  in plantar flexion or forced hyperexten-

sion, with squeeze and shear forces that induce chon-
dral or osteochondral lesions. A severe distortion or 
“turf toe” injury in young and active patients (20) can 
even bring to progressive arthritic alterations over time 
(21).

In some studies arise the hypothesis that HR ap-
pears to be associated with interphalangeal hallux val-
gus and bilateral involvement is correlated with family 
history and female gender (11). Other Authors state 
that structural factors such as a flat or chevron-shaped 
joint (Fig. 3), long first metatarsal, metatarsus pri-
mus elevatus and metatarsus adductus, can also lead 
to increased risk of HR. The concept that instability 
of the first ray can predispose to hallux valgus is the 
corollary to the idea that a flat or chevron-shaped joint 
can bring to HR. However, most cases seem to be idi-
opathic (22).

Classification

Over the years, multiple different classification 
systems have been described for HR to classify and 
evaluate the severity of the MTP1 joint damage. Bee-
son et al. (22) reviewed 18 HR classification systems 
and found no coherence in the construction of the sys-

Figure 3. A flat (on right) or chevron-shaped joint (on left) that 
may predispose to the development of hallux rigidus.
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tems as they missed of reliability and scientific valid-
ity. Many of the enclosed parameters were based on 
subjective clinical experience. The authors concluded 
that the system proposed by Coughlin and Shurnas 
(23) appears to be the gold standard, as it is based on 
a combination of objective clinical and radiological 
findings. However, Regnauld’s classification system 
also seems to be widely used, alongside the previous 
classification system, as one of the most complete and 
exhaustive (24). Some of the changes in this classifi-
cation system from one reference to the next can be 
ascribable to the translation from a foreign language 
(French) to English (22).

Diagnosis

Clinical evaluation
Patients with HR may show altered gait patterns or 

pain on the lateral aspect of the foot, secondary to the 
attempt to reduce loading on the MTP1 joint (Fig. 4). 

Patients may also report some limitations on 
wearing determined types of shoes due to dorsal os-
teophytes present on the first metatarsal head and 
proximal phalanx. In addition, patients may report 
numbness along the medial border of the big toe as 
the osteophytes may compress on the dorsomedial cu-
taneous nerve (25). As the pathology advances, acute 
flare-ups become more severe and frequent (26), and 
they are sometimes mistaken for gout. 

During the physical examination, the affected 
foot should be evaluated in the laying and standing 
positions. The standing position will give information 
regarding the function and dynamic alignment of the 
hallux, while the laying position will relax the soft tis-
sues and help to evaluate ROM. The MTP1 joint is 
often tender dorsally with palpable osteophytes. For 
the possible compression by the dorsal osteophytes on 
the dorsomedial cutaneous nerve, sensation deficits 
and vascular function of the foot should be assessed. 
Evaluating the ROM of the MTP1 joint is crucial, be-
cause it may be an indicator of the severity of arthritis. 
A decreased passive and active ROM, most notably in 
dorsiflexion, is the most common finding. In the early 
stages of HR, pain during passive ROM ordinarily oc-
curs at or near the endpoints of flexion. However, pain 
in midrange motion shows a more diffuse level of ar-

thritic change in the MTP1 joint (1).
ROM may be measured clinically using a goni-

ometer; however, goniometric measurement showed to 
be unreliable and difficult to reproduce in a standard-
ized mode as it is affected by different factors includ-
ing instrumentation and various patient types (27).

Vulcano et al. proposed a new reliable and repro-
ducible method for measuring the MTP1 ROM using 
dynamic X-rays and they noted a significant differ-
ence between clinical ROM and radiographic ROM, 
with clinical dorsiflexion equal to or less than the 
radiographic one. The difference seemed to be more 
pronounced in patients with dorsiflexion less than 30 
degrees (28).

Figure 4. Hallux rigidus patients may show gait alterations 
with walking on the outer edge of the foot, secondary to the at-
tempt to reduce loading on the first metatarsophalangeal joint.
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The hallux interphalangeal joint should also be 
accurately examined. This joint could also be arthritic 
and the surgeon should avoid performing an arthro-
desis of IP and MTP1 joints to prevent abnormal gait 
patterns (26). 

Imaging
For an accurate evaluation, weight-bearing an-

teroposterior (AP), lateral and oblique views of the 
affected foot should be achieved. The degree of the 
MTP1 joint space is best noted on the oblique view. 
In advanced stages of HR, osteophytic formation may 
be observed in the periarticular area of the proximal 
phalanx and metatarsal head. It is relevant to note that 
the dorsal osteophytes may obstruct the AP view of 
the joint. Deland et al. (29) reported that osteophytes 
may lead to an apparent more severe arthritis of the 
joint. Usually, the dorsal aspect of the MTP1 joint is 
affected first. Joint sclerosis and subchondral cysts may 
be also present. Other studies as magnetic resonance 
imaging (MRI) and computed tomography (CT) im-
ages should not be necessary for diagnosis or plan sur-
gery, but they may be helpful after a sprain or jamming 
episode with an osteochondral defect of the MTP1 
joint (1).

Treatment

Most of the available literature concerning HR 
focuses on the operative treatment of this condition. In 
this study, we were interested in discovering what the 
outcomes are from non-operative treatment through 
shoe modifications and foot orthoses emphasizing the 
patient’s perspective. In the early stages of this condi-
tion, the first approach starts with shoe modifications, 
intra-articular injections, and, as in other pathologies 
(30, 31), activity modification (6). Taping and orthot-
ics designed to shrink MTP impingement may also 
be useful (2). Medical therapy primarily involves oral 
nonsteroidal anti-inflammatory drugs (NSAIDs) to 
reduce swelling and joint pain. However, it has been 
noted that oral therapy alone is insufficient to obtain 
pain relief (25).

Manipulation under anesthesia and intra articular 
steroid injections have been shown to provide good re-

lief in some patients with HR, but only in patients in 
early stages and with pain relief of 3-6 months (32). 
Injection of platelet-rich plasma or bone marrow aspi-
rate has lowered pain and stiffness while improving the 
quality of life parameters; however, the current scien-
tific evidence is too poor to draw definitive conclusions 
(33).

In late stages, a wide range of surgical procedures 
are available including joint-sparing procedure, as 
interposition arthroplasties or joint-sacrificing tech-
niques, and indications vary based on joint involve-
ment and patient expectations (34).

In the early-middle grade of HR, cheilectomy is 
a reliable procedure, because may removes excess os-
teophytes, preventing dorsal impingement (35) with 
or without phalangeal osteotomy (36), and improve 
ROM.

Although first MTP fusion is still the standard 
treatment, especially in advanced stages HR, patients 
often desire to maintain joint movements (37). Pa-
tients can opt for a prosthetic implant, avoiding the 
movement restrictions required from an arthrodesis, 
but accepting the risk of complications or late failures 
(38).

As in other conditions (39), shoe modifications 
and orthotics may be useful for reducing pain by modi-
fying the biomechanics of the MTP1 joint. Physical 
therapy may also be useful, involving joint manipula-
tion, mobilization, and improving ROM. Gait train-
ing, rest, and local ice reduce pain and inflammation. 
The application of newer experimental modalities, 
such as extracorporeal shockwave therapy, iontopho-
resis, and ultrasonography therapy has yet to be shown 
to be an evidence-based practice for the treatment of 
HR, but they have been proposed. However, evidence 
supporting the use of these complementary therapies 
is still poor (1).

Shoe modifications
Shoe modifications and orthoses can play an im-

portant role in the nonsurgical management of fore-
foot pathology. Therapeutic footwear may improve 
patient gait and increase the level of ambulation (40).

Already in 1897 Bradford (41) noted alterations 
caused by incorrect shoes through an analysis of his-
torical art. Contemporary shoes for women continue 



G. Colò, F. Fusini, E. M. Samaila, et al.6

to cause deformity and predispose to injury, even more 
so than in the past. In particular, poorly fitting shoes 
are a major contributing factor to the difference in the 
incidence of foot disorders between men and women, 
mostly for those over 61 (42). 

Traditionally, men’s shoes tend to be wider and 
have lower heels than women’s ones and this could 
explain, even only partially, the different incidence of 
forefoot problems in men compared to women. As 
widely showed in pathophysiology, the prevalence of 
several musculoskeletal foot conditions in women is 
largely related to the result of biomechanical changes 
caused by ill-fitting shoes. In particular, the altered 
biomechanics (associated with shoes with narrow toe 
box and high-heeled shoes) has been linked to the 
genesis of several forefoot syndromes, including hallux 
disorders (43).

Shoe selection is very important because shoes 
with an elevated heel will bring to preload the MTP1 
in dorsal flexion, which is probably to worsen symp-
toms over time. Particular types of footwear can ac-
centuate the symptomatology, for example, those with 
rigid upper and stitching or reinforcements in the back 
in correspondence with the MTP1 joint; but also the 
adoption of some sports footwear, such as soccer and 
golf type, or safety shoes for work reasons seem also to 
favor the development (44). Differently, a shoe with a 
soft upper and roomy toe box will minimize the osteo-
phyte’s irritation. Shoes with high toe box may be use-
ful to prevent direct contact between the shoe and the 
dorsal osteophytes hereby taking pressure off the joint.  
Some authors recommend a possible stretch with a ball 
and ring stretcher to adapt the deformity further; this 
can be made to help accommodate dorsal osteophytes 
and works best on a soft leather shoe (45).

Ready-made shoes may be necessary to allow 
space for the orthotic device. In resistant cases, the 
shoes may be changed to include a forefoot rocker 
and an extended steel shank in the shoe’s sole. These 
changes will decrease further the quantity of motion 
in the forefoot and the moment forces that are brought 
into play by the foot at midstance to push-off. To as-
sure good communication between the prescribing 
physician and the orthotic practitioner, a written pre-
scription should include all of the necessary elements 
and specific for each patient (45).

The latest studies affirm that HR is best managed 
with a hard-soled shoe or rigid insert that alleviates 
pain by restricting motion across the joint (46). Also, 
a large retrospective analysis suggests that HR symp-
toms usually get better even without surgery (47).

Although few studies have confronted over-the-
counter (OTC) inserts with custom orthotics, hard-
soled shoes and rigid inserts may relieve pain by re-
stricting motion across the MTP joint (45, 48).

Adding an OTC stiffening shoe insert can improve 
function and pain for three months or more. Although 
some authors recommend using a curved sole, or rocker-
bottom shoe, to reduce movement at the MTP1 joint, 
its effectiveness has not been widely studied (49).

Depending on cases, the clinician will also have 
to educate the patient on lifestyle changes, such as re-
ducing weight-bearing and starting a regular physical 
activity; the latter, useful not only in these cases but in 
the vast majority of pathologies (50, 51). 

Orthotics
Unfortunately, there is scarce evidence to sustain 

the role of orthotics and supportive shoes for the treat-
ment of HR and this treatment modality may be best 
appropriate for lower grades of HR and in selected 
groups of patients (52).

Hoffmann et al. in 1905 (53) did a comparative 
study of barefooted and shoe-wearing patients and no-
ticed that abnormal biomechanics of the foot can pre-
dispose to disorders of the MTP1 joint and that shoes 
can further compound these abnormal factors. Moreo-
ver, further studies have sustained the idea that abnor-
mal biomechanics of the feet may give rise to dysfunc-
tion of the MTP1 and, subsequently, to disorder. Shoe 
modifications and orthotics have been commonly used 
in the treatment of HR to modify the biomechanics of 
the first MTP1 joint, limiting irritation from the dor-
sal osteophytes and reducing motion and mechanical 
stresses on the joint (53).

An extended shank is a common orthosis utilized 
in the management of HR. Made of carbon graphite 
composite or either spring steel, these shanks are fitted 
between the layers of the sole, expanding from the heel 
to the toe. Shanks may be placed in almost any type of 
shoes and may be used together with a rocker sole to 
increase its function (45).
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The shank also works as a splint, preventing the 
shoe from bending and limiting the dorsiflexion of the 
great toe during the gait and decreasing the forces act-
ing across the midfoot and forefoot. The rocker sole 
is one of the most used modifications, its principal 
function is to rock the foot from heel-strike to toe-off 
without requesting the shoe or foot to flex. Unfortu-
nately, many orthoses reduce the space inside the shoe, 
thus being able to increase the pressure on the dor-
sal aspect of the MTP1 joint. Thus, a high toe box to 
avoid direct contact between the dorsal osteophyte and 
shoe should also be used (40).

The correct foot orthoses should supply adequate 
shock attenuation and shock absorption, provide suit-
able cushioning, redeploy weight-bearing pressures, 
splint and support via the total-contact concept, re-
duce shear, correct or support flexible deformities, lim-
it joint motion, and accommodate fixed deformities. 
Foot orthoses may be prefabricated or, better, custom 
made directly from a mold of the subject’s foot (Fig. 
5) (39, 52).

The orthotic approach has two main goals: me-
chanically limit dorsal impingement of the MTP1 joint 
and limit or eliminate mechanical irritation of the dorsal 
osteophytes by regulating the shoe wear to adapt the de-
formity. Reaching these goals ensures the best possible 
outcome of conservative management (45).

Thompson et al. state that the use of orthoses is 
more effective than NSAIDs therapy in the treatment 
of osteoarthritis (54). In their study, one hundred per-

cent of the subjects (N=64), with a mean age of 63 
years, wore orthoses for relief of pain and had a sta-
tistically significant longer period of pain relief than 
those treated only with NSAIDs.

Dorsal impingement of MTP1 may be confined in 
several ways. Rigid support can be extended below the 
hallux to directly limits dorsal flexion and to reduce loads 
through the MTP1 joint (Morton’s extension) (Fig. 6). 

Prefabricated devices made from carbon fiber 
or spring steel are usable and can be used alone or in 
combination with a custom-made orthotic. Sammarco 
et al. (45) use a base of the orthotic with a custom-
molded piece of polypropylene and stated that a 3-mm 
thickness may provide the correct stiffness. Authors 
also recommend increasing and extending the medial 
metatarsal arch just proximal to the metatarsal head, 
raising the first metatarsal and allowing the proximal 
phalanx to rest in a more plantarflexed position, de-
compressing the dorsal aspect of the joint (Fig. 7).

Figure 6. A schematic drawing of Morton’s extension, a rigid 
carbon foot orthotic that extends to the distal tip of the hallux. 
It may reduce hallux rigidus’ pain improving load distribution.

Figure 5. Custom-made foot orthoses are contoured devices 
made from a plaster cast.

Figure 7. A schematic drawing in which the medial metatar-
sal arch can be positioned just proximal to the metatarsal head, 
raising the first metatarsal and allowing the proximal phalanx to 
rest in a more plantarflexed position, decompressing the dorsal 
aspect of the joint.
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Few studies in the literature analyzed shoe modi-
fications and orthoses effectiveness for the treatment 
of HR. Grady, et al. (46) stated that out of 772 pa-
tients with symptomatic HR (n=772), 428 (55%) pa-
tients were successfully treated conservatively with 
362 (84%) of these 428 patients treated with the use of 
orthoses. Among them, 38% of patients required sur-
gery, and 6% of patients did not respond to conserva-
tive management.

Smith (55) conducted a long-term follow-up 
study of 22 patients (24 feet) to explore the efficacy 
of non-operative treatment for HR pathology, with an 
average follow-up time of 14.4 years. Thirteen patients 
were able to modify their shoes by using shoes with 
wide space in the toe box. Seven patients had pain re-
lief by avoiding high heels. Of all the patients, 63% 
would sustain their original decision of non-operative 
treatment. Moreover, pain level remained constant in 
92% of cases over an average of 14.4 years and there 
seemed to be no relationship between subjective com-
plaints and radiographic evidence of progression of the 
condition.

Welsh et al. (48) conducted an observational study 
with 35 patients with foot orthoses with a follow-up 
period of 24 weeks. The pain score, as measured on 
the modified pain subscale of the foot function index 
(FFI), was 48 mm at baseline and improved to 14.5 
mm at the end of 24 weeks (p <0001). He concluded 
that orthotics could provide a reduction in mechani-
cally induced pain to a level that is considered a suf-
ficient analgesic response to treatment.

Conclusion

Unfortunately, there is poor evidence to sustain 
the role of orthotics and supportive shoes for the treat-
ment of HR. However, orthoses and shoe modifica-
tions have been used to off-load the forefoot and thus 
reduce pain from weight-bearing pressure.

The most suitable footwear should be with a high 
toe box, where a hard-soled shoe or rigid insert may 
alleviate pain by restricting motion across the joint, in-
cluding a forefoot rocker and an extended steel shank 
in the shoe’s sole. To prevent or delay the development 
of HR, shoes should be sufficiently long, comfortable, 

broad toe-boxed, and should bear an allowed space for 
the orthotic device.

The ideal orthotic should have a custom-molded 
piece of polypropylene, with a 3-mm thickness provid-
ed the correct stiffness. It’s also necessary to increase 
and extend the medial metatarsal arch just proximal 
to the metatarsal head, raising the first metatarsal and 
allowing the proximal phalanx to rest in a more plan-
tarflexed position, decompressing the dorsal aspect 
of the joint. Besides, the maximum follow-up found 
by the analyzed studies was of 14.4 years, so authors 
cannot conclude how long conservative care can keep 
a patient free from pain and able to perform normal 
daily activities.

Despite this, the use of shoe modifications and 
foot orthoses may be considered a safe treatment and 
should be always offered to patients, before any sur-
gical management. Notwithstanding the good quality 
of the selected articles, further studies with a longer 
follow-up period and high-quality RCTs are needed 
to provide more solid proofs.
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