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Abstract: The first metatarsal has the greatest inclination of all metatarsals and carries about
40% of body weight during the static stance. The rearfoot and the first ray (FR) are two
distinct structures, but they are strongly related to the latest studies in the literature; how-
ever, their mutual involvement in the foot biomechanics appears not to be fully explored.
Understanding their interdependence is essential to approaching the patient in his totality.
This overview aims to analyze the current evidence from the latest studies that examine
the correlation between FR insufficiency (FRI) and hindfoot valgus (HV), focusing on their
biomechanical interaction, clinical implications, and treatment approaches. All analyzed
studies showed that plantarflexion of the first metatarsophalangeal (MTP1) joint in correct
alignment increased by 26% compared to a deviated articulation. In FRI, the “windlass”
mechanism appears compromised, and FR lacks the necessary stability and plantarflexion;
consequently, the medial arch collapses, and the foot moves into excessive pronation. On
the other hand, in HV condition, the pulley system is significantly diminished, and per-
oneus longus contraction cannot stabilize the FR with resultant FRI and dorsal migration. A
significant correlation was found between hindfoot alignment and first metatarsal rotation
(86% of patients) and between HV and hallux valgus. Foot orthoses, physical therapy, and
exercise programs, especially in the initial stages of symptomatic HV, provide satisfactory
results in 67% to 90% of cases, improving foot alignment and pain relief in FRI patients. In
more severe cases, surgical intervention to realign the hindfoot is indicated with a very low
complication rate (1–4%), which can vary from 24% to 55% in stage 4 flatfoot. No study in
the literature has been found to address both pathologies simultaneously from a treatment
point of view, and, although not all HV patients are affected by FRI, most patients seem to
benefit from surgical stabilization of the FR in 80% of individuals with symptomatic HV.
However, despite a predominance of FRI among HV individuals, not all clinical studies
have confirmed this correlation.
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1. Introduction
The structural integrity and function of the human foot rely on the proper alignment

and interplay of its anatomical components. Dysfunction in any part of the foot can
have widespread effects on biomechanics, leading to compensatory changes, pain, and
functional limitations. Two such anatomical components, the first ray (FR) and hindfoot,
are frequently seen together in scientific literature and appear to be functionally related
(Figures 1 and 2) [1,2].
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mobility, this three-dimensional condition usually has an associated hindfoot valgus 
(HV) [7,8]. 

In recent decades, some authors have suggested a strong correlation between FRI 
and HV [9–12], but others have not confirmed [13]; the factors leading to the develop-
ment of the conditions and a possible correction are not yet fully understood in the liter-
ature [14]. 

Understanding the interdependence between FRI and HV should be essential to 
approach the patient; otherwise, management that restores a single defect may lead to an 
incomplete outcome. Interventions such as custom orthotics and surgical procedures can 
restore alignment and stability, preventing further deterioration and improving patient 
outcomes [15,16]. This overview aims to synthesize current evidence from the latest 

Figure 1. Drawing representing a correct hindfoot alignment connected to a regular alignment of the
first ray.

FR is formed by the first metatarsal and medial cuneiform bone [3,4]. It is probably the
most essential forefoot mechanical structure. The first metatarsal has the most extraordinary
inclination of all metatarsals, ranging from 15 to 25 degrees [5], and during the static stance
of the gait, it carries about 40% of body weight [6]. Since hallux valgus deformity is
often observed with the first metatarsocuneiform instability or FR hypermobility, this
three-dimensional condition usually has an associated hindfoot valgus (HV) [7,8].

In recent decades, some authors have suggested a strong correlation between FRI
and HV [9–12], but others have not confirmed [13]; the factors leading to the devel-
opment of the conditions and a possible correction are not yet fully understood in
the literature [14].
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Figure 2. The drawings represent a hindfoot valgus related to a first ray insufficiency (a consequent
hallux valgus).

Understanding the interdependence between FRI and HV should be essential to
approach the patient; otherwise, management that restores a single defect may lead to an
incomplete outcome. Interventions such as custom orthotics and surgical procedures can
restore alignment and stability, preventing further deterioration and improving patient
outcomes [15,16]. This overview aims to synthesize current evidence from the latest
studies that explore the correlation between FRI and HV, focusing on their biomechanical
interaction, clinical implications, and treatment approaches.

2. First Ray Insufficiency or First Ray Hypermobility?
The FRI and FR hypermobility are terms often used synonymously but refer to distinct

conditions [17]. The FRI refers to the inability of the first metatarsal to provide adequate
support during the stance phase of the gait [18]. It is often associated with conditions like
posterior tibial tendon dysfunction (PTTD), where the collapse of the medial arch occurs
due to inadequate plantarflexion of the FR. It results in overpronation and weight transfer
to the lesser metatarsals, leading to transfer metatarsalgia [17,19–22].

On the other hand, FR hypermobility describes an excessive range of motion in
the tarsometatarsal (TMT) joint of the FR, often without immediate symptoms. While
hypermobility allows the first metatarsal to move more than usual, it may not lead to issues
unless compounded by structural problems like flatfoot. Hypermobility can, however,
exacerbate insufficiency by allowing the further collapse of the medial column; however,
some other mechanisms are involved (e.g., the windlass mechanism) [1] that can contribute
to FR stability during gait. FR hypermobility does not influence the FR to perform its
normal function of load transmission in the correct setting [23,24].
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Another additional condition is FR instability, typically associated with hallux val-
gus. It involves pathological motion, particularly dorsiflexion of the FR, where the first
metatarsal loses its ability to maintain alignment during gait. All these features lead to
deformities and uneven load distribution. According to studies by Myerson et al. [25] and
Root et al. [26], instability often results from ligamentous laxity. It can cause progressive
deformities like hallux valgus, worsening the biomechanical inefficiency of the foot.

While all three conditions affect foot mechanics, insufficiency primarily relates to
support failure, hypermobility to excessive motion, and instability to abnormal joint dis-
placement, requiring targeted interventions based on the specific pathology [1].

3. Anatomy
The first metatarsal is the strongest and most crucial weight-bearing point in the

forefoot, even if the shortest metatarsal, as described by Otto F. Schuster. Being the shortest
metatarsal, it is forced to plantar flex during propulsion to maintain contact with the
support surface [18].

The ligaments stabilize the first metatarsal-cuneiform joint. The posterior and anterior
tibial tendons improve and enhance ligamentous stability, but the peroneus longus tendon
plays a central role [3,5]. The French neurologist Duchenne recognized functional stability
and noted that it depended on the agonist and antagonist muscular balance [18].

The peroneus longus, along its course, runs obliquely through the cuboid canal from
posterior and lateral to anterior and medial aspects. The distal insertion is located in
the lateral aspect of the base of the first metatarsal bone and the plantar aspect of the
medial cuneiform. Its activation causes the eversion of the first metatarsal base, blocking
the medial cuneiform in the medial column [10,15]. Johnson and Christensen found that
peroneus longus activity resulted in 8.06 ± 3.07 degrees of first metatarsal eversion and
7.44 ± 2.64 degrees of internal cuneiform eversion [18].

The role of the peroneus longus tendon on FR stability is influenced by the application
and direction of force, which in turn is determined by the position of the midtarsal and
subtalar joints. Physiologically, peroneus longus contraction pulls laterally and plantarward
the FR. During supination, this application of force is increased and restricts the dorsal
excursion of the FR, providing a mechanical advantage [5,7].

4. Biomechanics
Biomechanically, the FR stability directly influences the medial longitudinal arch.

The Windlass Mechanism, first described by Hicks in 1954 [27], begins when the hallux
dorsiflexes during the push-off phase. This movement creates tension in the plantar fascia,
acting like a “windlass”, pulling the heel and the metatarsals closer together. It elevates the
medial longitudinal arch and increases foot rigidity, generating an efficient push-off phase
in walking and running [1].

During the stance phase, the peroneus longus exerts a plantarflexion and eversion force
on the FR, which helps counteract excessive first metatarsal dorsiflexion. By maintaining
the plantar flexion of the FR, the peroneus longus tendon assists in keeping the medial
longitudinal arch intact and preventing excessive pronation [28,29].

The Achilles tendon is the other factor increasing stable gait propulsion, with a long
lever arm on the forefoot through the medial longitudinal plantar arch. According to
Rush et al., the windlass mechanism is more efficient when the first metatarsal, sesamoid
apparatus, and hallux are correctly aligned. If the first metatarsophalangeal (MTP1) joint is
correctly aligned, there is a 26% increase in first metatarsal plantarflexion [30].

In the case of FRI, the windlass mechanism is compromised, therefore the hallux and
first metatarsal lack the necessary stability and plantarflexion during this phase. Conse-
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quently, the medial arch collapses, and the foot moves into excessive pronation. Conversely,
in a pronated foot, the pulley system is significantly diminished due to an altered cuboid
position, and peroneus longus contraction cannot stabilize the FR with resultant FRI and
dorsal migration [31].

5. Clinical Findings
Clinically, subjects may complain of metatarsalgia, first metatarsocuneiform joint pain,

central painful hyperkeratoses of second or third metatarsal heads, hallux interphalangeal
joint pain associated with compensatory hyperextension or medial hyperkeratoses, MTP1
joint pain with or without accompanying shoe irritation, and increased dorsal mobility of
the FR [10].

Several instruments have been designed to measure first-ray motion over the years;
however, the accurate value of FR motion has yet to be determined [18].

As evaluated by Morton in 1928 and Root in 1971, the FR clinical mobility test (Root’s
test) assesses the hypermobility of the FR in the sagittal plane. The maneuver requires
placing the right-hand thumb and index finger on the head of the first metatarsal bone, then
putting the left-hand thumb and index finger on the second, third, and fourth metatarsal
heads, and then moving only the first metatarsal head to the maximum dorsal and plantar
excursion. A value of 10 mm (5 mm dorsal, 5 mm plantar) is generally considered normal;
if the excursion is greater than 10 mm, it is considered hypermobile (Figure 3). ROM
evaluation should be extended to the contralateral side to be compared [10].

Bednarz and Manoli suggested that one full thumb breadth of movement in a dorsal-
ward direction indicates hypermobility [18].

The Coleman block test can assess the FR sagittal plane motion on weight-bearing. The
subject stands on a 1.5 mm wooden block supporting the central and lateral metatarsals,
allowing free FR plantarflexion. The wooden block is then shifted to support the FR,
making the lateral metatarsal free to plantarflex while the FR dorsiflexion can be evaluated.

It is essential to underline that all tests should be performed with the ankle in the
neutral position since dorsiflexing the ankle reduces FR mobility, and plantarflexion in-
creases it [18].

In mild HV, FR should endure increased ground reactive pressure with the compromise
of windlass function. This process can provoke a progressive alteration of the medial
column and the onset of symptoms [1]. In a pathologically pronated foot, the forefoot
abducts on the rearfoot while the rearfoot everts. Pain initially started along the course
of the PTT, and the pain severity is activity- and standing-dependent. The pain at rest
worsens with increased disease severity [2,4].

It is crucial to evaluate patients’ feet when they are bearing weight. The “too many
toes” sign is coherent with excessive forefoot abduction. Palpation along the course of the
PTT could show tenderness or swelling. Another critical step is evaluating muscle strength,
ankle and hindfoot movement, and alignment. Therefore, the patient is asked to invert the
foot passively to assess PT weakness [11,12].

The Silfverskiold test evaluates the gastrocnemius-soleus complex tightness af-
ter passively correcting the heel valgus to eliminate motion through the transverse
tarsal joint.

Fixed deformities may be present in the subtalar zone and can have treatment implications.
The heel-rise test evaluates the strength of the PTT; in case of tendon dysfunction,

it will manifest as the inability to invert the hindfoot or perform the test. Finally, gait is
valued to estimate heel inversion during toe-off [14,31].
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head of the first metatarsal bone, then putting the left-hand thumb and index finger on the second,
third, and fourth metatarsal heads, and then moving only the first metatarsal head to the maximum
dorsal and plantar excursion. If the total excursion is greater than 10 mm, it is considered a first
ray hypermobility.

6. First Ray Insufficiency and Its Impact on Hindfoot Valgus
Morton already proposed that hypermobility of the FR was a crucial factor for the

biomechanics of the foot 70 years ago [32]. He revealed that excessive dorsal flexion of the
first metatarsal pushed the foot inward, which overloaded the second metatarsal, which
carried most of the weight. This FRI [33,34] has been reported as a related factor in hallux
valgus genesis [35–37]. The FR elevates, diverges medially, and rotates [38], with the valgus
deformity considered compensatory to the malalignment of the FR [39–41].

Over the years, several authors have identified essential correlations between the FR
and the hindfoot [4,42–46]. Kirby [47,48] was the first to report that the subtalar joint axis
is connected to the forefoot axis and noticed its extension between the first and second
metatarsals. Since then, several studies have documented the association between forefoot
and hindfoot [49]. Root et al. [4,26] attributed excessive subtalar joint pronation to the
resulting grades of rearfoot eversion, the cause of FR hypermobility. The severity of medial
longitudinal arch collapse is directly related to the FR rises. This feature agrees with
Durrant’s research, where he noted that low declinations of the FR accompanying excessive
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pronation cause the FR to recruit an everted position relative to the ground. In contrast, at
higher declination angles, the FR assumes an inverted position [50].

In patients with adult-acquired flatfoot deformity (AAFD), often secondary to
PTTD [51], FRI is frequently observed alongside HV, with these conditions working in a
vicious cycle: hypermobility or instability of the FR leads to medial column collapse, which
in turn promotes HV [52,53].

Kohls [54] noted that the patients affected by AAFD seek medical attention primarily
for signs of FRI, such as unsteady, limping, limited walking distance, hallux valgus, or
rigidus. Similarly, a study by Yokozuka et al. [9] emphasized that it is desirable to appro-
priately utilize footwear and insoles that simultaneously suppress the inclination of the
calcaneus and support the plantar arch.

Morgan [55] reported 14 subjects with FR hypermobility defined as ≥8 mm; 12 of
them (86%) exhibited a planus foot type. An interaction between the translation and
rotational mechanism of the FR was demonstrated in connection with weight-bearing ray
mobility and MTP1 joint laxity. They were also associated with the partial weight-bearing
FR mobility, accounting for 38% of the model variance.

These conclusions, however, were not confirmed by Heng [13], who stated that no
significant differences were found between asymptomatic controls and PTTD patients in
FR displacement [median (IQR), PTTD: 6.00 (1.75) mm; control: 6.00 (1.00) mm; P = 0.31].

Findings of Avino [56] suggest that the Lapidus arthrodesis, a fusion procedure of
the first metatarsocuneiform joint, may influence the medial longitudinal arch, giving a
stabilizing effect. These results were confirmed by Chi et al. [57], who found that 80% of
individuals with PTTD who underwent lateral column lengthening and medial column sta-
bilization obtained with the fusion of the naviculocuneiform and first metatarsocuneiform
joints were pain-free.

7. Radiological Evidence
Radiological studies further support the correlation between FR and hindfoot prona-

tion. Weight-bearing radiographs of patients with flatfoot deformity often reveal a col-
lapsed medial arch with medial column instability alongside a valgus alignment of the
calcaneus [58,59]. Meary’s angle, which measures the alignment between the talus and
the first metatarsal, is frequently abnormal in these patients, illustrating the relationship
between FR dysfunction, first metatarsal rotation, and hindfoot malalignment [60].

Coughlin and Jones [61] provided radiological evidence linking HV and FRI; in 15%
of patients of the present series, there was a moderate or severe pes planus. Patients with
hallux valgus are more inclined to report increased FR mobility and plantar gapping of the
first metatarsocuneiform joint.

Eustace et al. analyzed weight-bearing X-rays of 100 feet. They demonstrated a
significant relationship between first metatarsal pronation, i.e., eversion, and the height
of the medial longitudinal arch (r = 0.93, p < 0.0001). Multivariate analysis of patient age,
sex, intermetatarsal angle, and medial longitudinal arch angle against metatarsal pronation
showed that the medial longitudinal arch height was the most dominant variable affecting
metatarsal pronation [62].

Flores et al. highlighted TMT misalignment in subjects with AAFD using weight-
bearing X-rays analyzing the correlation between HV and forefoot abduction [63]. Metrics
such as the Kite angle (talocalcaneal angle), talonavicular angle, and talus bone–first
metatarsal axis [64] were altered in the pronated foot. Although Computed Tomogra-
phy (CT) scans and Magnetic Resonance Imaging (MRI) are commonly used to describe
alignment, these techniques revealed some limitations due to the lack of weight-bearing
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when performing the exam and the low sensitivity until the deformity becomes advanced
and inflexible [63].

Greisberg [65] examined simulated weight-bearing CT scans and plain radiographs of
37 symptomatic flat feet. The medial column of the arch collapsed through the talonavicular
joint, and the subluxation of the first TMT joint was also a frequent finding.

Bakshi [11,60] found a substantial correlation between first metatarsal rotation and
HV alignment, as assessed by weight-bearing CT, that increased in severity as the HV
deformity worsened.

Deland [66] analyzed 31 consecutive patients diagnosed with PTTI compared to an age-
matched control group without PTTI to identify the pattern of ligament involvement using
standardized, high-resolution MRI. The spring ligament complex was the most frequently
affected. Still, a statistically significant difference was found in the PTTI group for plantar
metatarsal ligaments (p = 0.0002) and plantar naviculocuneiform ligament involvement
(p = 0.0006).

8. Treatment Approaches
8.1. Conservative Management

One of the primary conservative treatments involves custom orthotics or bracing.
These devices are designed to realign the foot, support the medial longitudinal arch, and
reduce the stress on the FR [67–69].

The last studies investigated the existence of different foot orthoses, such as
custom-made, uniformly manufactured, and semi-rigid foot orthoses. Unfortunately,
no consistent evidence was reported on the effect of foot orthoses on patients suffering
from HV [70–72].

A recent systematic review focused on the efficacy of plantar orthoses in pediatric
flexible flatfoot (FFF) deformity. Of the 237 studies considered, seven randomized
controlled trials and controlled clinical trials were published between 2017 and 2022,
representing 679 participants aged 3–14. The studies differ in diagnostic criteria, types
of foot orthoses, and duration of treatment. All studies reported a beneficial effect of
orthotics, although some bias could affect the results. There is evidence of foot orthoses’
efficacy as a treatment for symptomatic pediatric FFF. There is no treatment algorithm
or ideal type of foot orthosis, although all have in common the incorporation of a large
internal longitudinal arch [73].

Nonsurgical management, as in other pathologies, is always related to the degree of
injury. In the case of AAFD, conservative treatment is considered the gold standard of
treatment for stage I disease. Although failure to achieve substantial improvement may
occur in advanced stages of deformities, a first conservative approach is often justified
before indicating a patient for a surgical procedure in more advanced stages. An initial
stage of conservative treatment with immobilization can provide satisfactory results in
symptomatic patients in 67% to 90% of cases [74].

In severe instability cases, an anterior ankle–foot orthosis (AFO) can provide more
rigid support to the entire foot and ankle complex [75]. Lin et al. evaluated 32 patients with
stage II PTTD treated conservatively with a double upright AFO. The average VAS pain
scale score was 1.9. At a mean follow-up of 8.6 years, 69.7% of subjects had symptom relief
and were free from braces [76].

Alvarez et al. reported a success rate of 89% in 47 patients with low-stage PTTD
treated conservatively with physical therapy and orthosis for a median of 4 months. Just
five patients (11%) required surgery after failure of conservative treatments [74].

Conservative treatment of FRI depends on the underlying pathology. In the case of
hallux rigidus, shoes should be sufficiently long and comfortable, with a high toe box and



Surgeries 2025, 6, 26 9 of 15

broad toe box, to prevent or delay their development. They also should bear an allowed
space for the orthotic device. A 3 mm thickness with a correct stiffness should be used to
avoid or delay its development. The increase and extension of the medial metatarsal arch
just proximal to the metatarsal head allow the raise of the first metatarsal and the proximal
phalanx to rest in a more plantarflexed position, removing the load from the dorsal aspect
of the joint. The increased foot pronation moment with medial column overload should
be corrected [10,15].

Personalized 3D-printed customized toe spreaders may be used in patients suffering
from hallux valgus, improving pain relief and other symptoms. Data obtained from
the latest literature suggest that dynamic foot orthoses prefer a biomechanical type with
3/4-length, which is less likely to negatively affect the medial or dorsal pressures, which
were noted to increase with the sulcus- and full-length orthoses [68].

As in other pathologies [77–81], activity modification and physical therapy may also
play a role in conservative management [82], focusing on strengthening the muscles that
support the medial arc and resistance exercise [83]. In 2023, a randomized trial proved
a comprehensive exercise program to improve foot alignment in patients with FFF. Ran-
domization allocated 26 participants to each group. After 6 weeks, the patients in the
experimental group improved the navicular drop height by 0.4 cm (95% CI 0.4 to 0.5) com-
pared to those in the control group. These participants also improved their longitudinal
arch angle by 16 degrees (95% CI 13 to 19) more than those in the control group [84].

8.2. Surgical Management

When conservative treatments fail, surgical intervention may be necessary, and the
correct procedure depends on the severity of the deformity and the specific pathophysiology
of the structures involved. Unfortunately, no study in the literature was found that reflects
the central theme of this review and simultaneously addresses HV and FRI. However, the
two conditions will be treated separately in light of the latest studies.

In symptomatic FFF surgical procedures, calcaneal stop has proved significant im-
provements in pain relief (93.5%), radiological measures including reductions in Kite (7.32◦),
Meary (11.65◦), and Costa-Bertani angles (17.11◦), heel alignment (95.21%), talar declination
(12.63◦), and an increase in Calcaneal Pitch Angle (5.92◦). The American Orthopaedic Foot
and Ankle Society (AOFAS) score increased, or an average of 22.32 points, in addition to a
very high satisfaction and low complication rate (7.8%) [85].

Subtalar arthroereisis with endorthesis may be a good alternative to the calcaneal-
stop procedure.

However, data from a recent literature review (2010–2020) show that among the 691 feet
that underwent subtalar arthroereisis with the endorthesis, the average age at surgery was
11.40 years. In the 1856 feet that underwent the calcaneal-stop procedure, the mean age
was 11.69 years. The complication rates were 9.00% and 6.38%, respectively. These results
highlight that the calcaneal-stop procedure may be an advantage over endorthesis since
the screw is placed into the calcaneus and not across the subtalar joint [86].

In AAFD, procedures such as calcaneal osteotomy [2,43,51] or subtalar fusion are
often utilized to correct HV [87]. In a recent systematic review, authors reported a total of
501 cases treated with minimally invasive surgery (MIS) in medial displacement calcaneus
osteotomy (MDCO) were reported with a mean of 11.9 ± 5.1 months of follow-up. The
sural neuropathy was reported in about 1% of cases, while the rate of wound infection
was about 3%. In only 4% of the patients, the removal of the screw for pain was necessary.
In the comparative studies (MIS versus Open MDCO), clinical results were comparable
but with significant differences (p < 0.001) in infection rates (1% versus 14%) and sural
neuropathy (2% versus 1%) [51].
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Calcaneal osteotomy seems to provide less correction but a lower incidence of degen-
erative change in the hindfoot than lateral column lengthening over time [88]. In more
severe cases, subtalar fusion can be used in a very strict cohort of patients without clinical
or radiological compromise to correct the HV, the talonavicular uncoverage (TNU), and the
corresponding medial arch collapse [89].

In more severe cases, with a rigid hindfoot, with valgus angulation of the talus and
early degeneration of the ankle joint (stage 4 flatfoot) [90], retrograde intramedullary nailing
may be required. Overall complications ranged from 24% to 55% and include malunion
rates of up to 8% (typically increased HV), metal fatigue failure of up to 5%, and a combined
superficial and deep infection rated between 5% and 9%, amputation rate was reported
between 2% and 4.7%, the iatrogenic perioperative fracture and tibial stress fracture rate
ranged from 5% to 18% [91].

When FRI is significant, surgical procedures to stabilize the first metatarsal and medial
column are often required in conjunction with hindfoot surgery. The first TMT (Lapidus)
fusion [92,93] or Cotton (medial cuneiform opening wedge) osteotomy [94] may be used to
stabilize or lower the FR, respectively.

Metatarsalgia related to Lapidus surgery is known to be associated with persistent FR
elevation after realignment. Busch et al. analyzed thirty feet (28 patients) after the first TMT
fusion with a follow-up at 42.5 ± 21.0 months in their series. Metatarsalgia was associated
with a poorer outcome in the Foot and Ankle Disability Index (FADI) and AOFAS scores
(p < 0.005). The procedure caused a lateral shift in plantar pressure distribution to the third
metatarsal head. However, no correlation to the occurrence of metatarsalgia was related
to the shortening of the first metatarsal after the Lapidus procedure. On the other hand,
there was a high correlation between the elevation of the first ray and related metatarsalgia
(p = 0.007) [95].

In the series of Boffeli [96], Meary’s angle improved by an average of 17.75◦, from
−17.24◦ ± 8.00◦ to 0.51◦ ± 3.81◦, in a statistically significant manner (p < 0.01), highlighting
the role of Cotton osteotomy as an ancillary procedure for flatfoot corrective surgery.

Deformities such as hallux valgus or hallux rigidus should be corrected when symp-
tomatic but must always be related to the realignment of the hindfoot to maintain the
correction over time [10,68].

Although not all PTTD patients are affected by FRI [13], most patients seem to benefit
from surgical stabilization of the FR in HV [57].

Tendon transfers or soft tissue procedures may be required, combined with bone
fixations. In the series of Hintermann et al., patients had significantly increased their scores
from an average preoperative value of 49.1 to a mean postoperative value of 91.1 after a
mean follow-up of 24.6 months [97].

9. Limitations of the Study
This study has several limitations, mainly related to the narrative typology of the

review. Although an accurate analysis has been made of all the studies regarding the
correlation between FRI and HV, the nature of the method has inherent limitations in terms
of objectivity, completeness of literature search, and interpretation of findings.

Selection bias in the studies chosen for the review, the impossibility of inserting
inclusion criteria, and failure to consider relationships between study characteristics and
study outcomes may have led to misleading and inaccurate conclusions.

The review reported mainly studies of III–IV level of evidence, primarily observational
and anatomical-biomechanical studies, often without a comparative or control group.

Furthermore, in most analyzed studies, the absence of statistical analysis may have
led to an over/underestimation of the results obtained. Higher-powered, prospective, or
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randomized controlled trials are necessary to evaluate further the correlation between FRI
and HV, especially in clinical-therapeutic value.

10. Conclusions
The correlation between HV and FRI appears well-established in all anatomical and

biomechanical studies. A significant correlation was found between hindfoot alignment and
first metatarsal rotation (86% of patients) and between HV and hallux valgus. Radiological
evidence has further supported this interconnection.

A conservative approach, especially in the initial stages of symptomatic HV, seems to
provide satisfactory results in 67% to 90% of cases. Foot orthoses, physical therapy, and an
exercise program may improve foot alignment and pain relief in FRI patients.

In more severe cases, surgical intervention to realign the hindfoot is indicated with a
very low complication rate (1–4%), which can vary from 24% to 55% in stage 4 flatfoot.

Although no study in the literature addresses both pathologies simultaneously from a
treatment point of view, all studies agree that although not all HV patients are affected by
FRI, most patients seem to benefit from surgical stabilization of the FR in 80% of individuals
with symptomatic HV.

However, despite a predominance of FRI among HV individuals, not all clinical studies
have confirmed this correlation. The factors leading to the development of the conditions
and a possible correction appear not yet fully understood in the literature.
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