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Abstract: Tarsal coalitions are abnormal fibrous or bony connections between the tarsal bones of the
foot. While not always symptomatic, coalitions can cause pain, alterations in forefoot and hindfoot
morphology, and alterations in foot and ankle biomechanics. Previous research has described the
association of tarsal coalitions with fractures of the lower extremity. Multiple reports of acute frac-
ture in the presence of tarsal coalition have been presented, as have reports of stress fractures of the
foot and ankle with concomitant coalition, insidious in onset and thought to be related to aberran-
cies in foot and ankle biomechanics. The purpose of this review is to discuss the biomechanics seen
in tarsal coalitions and to describe reports of fracture occurring concomitantly with tarsal coalitions.
We will discuss diagnostic options and treatment approaches in the setting of fracture with preex-
isting tarsal coalition.

Keywords: tarsal coalition; calcaneonavicular coalitions; talocalcaneal coalition; ankle; foot;

biomechanics; stress fracture

1. Introduction

A tarsal coalition is an abnormal connection of the tarsal bones of the foot [1,2]. This
bridging can be fibrous, cartilaginous, or bony in origin, and most often involves the talo-
calcaneal (Figure 1) or calcaneonavicular joints (Figure 2) [1,3]. Other more rare tarsal co-
alitions include talonavicular, cubonavicular, naviculocunieform, and calcaneocuboid
[3,4]. Congenital coalitions occur in an autosomal dominant fashion from a failure of early
mesenchymal differentiation [2,4]. Recent research has identified a proline to arginine
mutation in the fibroblast growth factor receptor 3 (FGFR3) gene in association with these
malformations [5]. While tarsal coalitions can be associated with other congenital disor-
ders such as Apert syndrome or Nievergelt-Pearlman syndrome, it is more common for
these abnormalities to be isolated occurrences [6-9]. Acquired tarsal coalitions can be
caused by degenerative joint disease, inflammatory arthritis, infectious sequelae, or club-
foot deformities [1,4,6].
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Figure 1. Talocalcaneal coalition, as viewed from two coronal CT sections (upper images) and three-
dimensional (3D) reconstruction (lower image). Abnormal bony coalition is noted at the medial as-
pect of the posterior facet of the subtalar joint [10] (Borrowed using Creative Commons licensing).
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Figure 2. Cropped 3D reconstruction demonstrating sagittal (a) and axial (b) views of a calcaneona-
vicular coalition. (calcaneus (Ca), navicular (N), talus (T) and cuboid (Cu)) [11] (borrowed using
Creative Commons licensing).

Commonly, these coalitions present in childhood and adolescence with vague hind-
foot pain or recurrent sprains and other minor injuries [1,6]. Calcaneonavicular coalitions
typically present earlier, from 8 to 12 years of age, while talocalcaneal present in patients
12-16 years of age [12]. The prevalence of coalitions in the United States (US) has been
reported from 1-13%; the wide range is due in part to the undetermined proportion of
patients who remain asymptomatic [4]. It has been reported in the literature that as many
as 75% of patients are asymptomatic [13]. Patients who are symptomatic typically endorse
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pain that is worsened with activity and improved with rest [4]. Increased stiffness and
decreased range of motion may be concurrent with pain due to progressive ossification of
the foot [4,14,15]. Furthermore, patients may also report flattening of the longitudinal arch
with a valgus deformity of the hindfoot that accompanies or predates symptoms [6]. The
location of pain in the foot usually depends on the specific tarsal coalition, with talocalca-
neal coalitions presenting with migrating medial malleolus pain and calcaneonavicular
coalitions causing pain over the anterior process of the calcaneus, in the talus, or more
distally [12,16]. Patients may also present with a spastic peroneal flatfoot, but there is de-
bate within the literature on the positive predictive value of this presentation in identify-
ing a tarsal coalition and the frequency with which patients present with this abnormality
[1,17].

In addition to pain and stiffness, tarsal coalitions can cause aberrancies in normal foot
and ankle biomechanics or may be seen in conjunction with foot and ankle fracture pat-
terns. While multiple case reports and incomplete literature reviews have been published
discussing fracture in the presence of tarsal coalition, a comprehensive review with thor-
ough discussion of related biomechanical factors and their contribution to fracture pat-
terns is indicated. Thus, the purpose of this review is to discuss the biomechanics seen
with tarsal coalitions and to describe reports of fracture occurring concomitantly with tar-
sal coalitions. We will discuss diagnostic options and treatment approaches in the setting
of a fracture with a preexisting tarsal coalition.

2. Methodology

Articles in each individual section were found via a PubMed term search between
1970-2022 or via the references in articles from the PubMed search. Search terms and in-
clusion criteria for each section were utilized as described in Figure 3. Articles were ex-
cluded if they were written in a non-English language, and if they were a book chapter,
conference paper, extended abstract, or pre-print. All abstracts were reviewed by authors
followed by a full text review prior to inclusion.

Section Search Terms
“Tarsal Coalition” AND “Biomechanics” Initial Pub Med:
“Tarsal Coalition” AND “Kinematics” Search 1970-2022
“Tarsal Coalition” AND “Gait”

Section 3: Biomechanics of Tarsal Coalition” AND “Running

" “Tarsal Coalition” AND “Resection” Exclusion Criteria
Tarsal Coalition “Tarsal Coalition” AND “Resection” AND S A":iCIe prior to 1970
“Biomechanics” - Articles not in English
- Book chapters
- Conference papers
- Extended Abstracts
“Tarsal Coalition” AND “fracture” - Pre-print articles

“Tarsal Coalition” AND “trauma”

Section 4: Acute Trauma i
. Abstract Review by
and High Energy-Related all authors
Fractures in the Presence
of Coalition
“Tarsal Coalition” AND “Stress fracture”
Section 5: Stress Related | “Tarsal Coalition” AND “Fracture”
Fracture from Coalition- “Tarsal Coalition” AND “Stress fracture” T T R T
. . AND “Biomechanics” ull Text Review by
Altered Biomechanics
all authors

“Tarsal Coalition” AND “Osteochondritis
Section 6: Osteochondritis | Dissecans”
Dissecans in Tarsal
Coalitions

Article Inclusion

Figure 3. Study Selection and Search Criteria.
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3. Biomechanics of Tarsal Coalition

Tarsal coalitions have significant and clinically relevant effects on foot and ankle bio-
mechanics and gait. With talocalcaneal and calcaneonavicular coalitions, the two most
common types of tarsal coalitions, the rotary and gliding motion of the talus against the
calcaneus is restricted [18]. When examined in the coronal plane, the gait of patients with
a tarsal coalition demonstrates a significantly restricted subtalar range of motion and in-
creased subtalar angular velocity [18]. Due to these changes in subtalar kinematics, pa-
tients have restrictions in eversion and inversion of the foot and a shortened time interval
from heel strike to maximum eversion, both of which increase the magnitude of impact
during locomotion [18]. The difference in plantar pressure specifically in patients with
tarsal coalitions has also been examined. Prior to surgical resection, patients with tarsal
coalitions were found to have significantly higher medial midfoot pressures during walk-
ing and running compared to normal controls [19]. The altered biomechanics found in
tarsal coalitions have been hypothesized to contribute to stress on neighboring bony anat-
omy and an increased risk of fracture [20,21].

Although tarsal coalition resection can improve pain and increase return to activity
rates, whether patient gait biomechanics improve following surgery is less clear. Signifi-
cant improvements in passive range of motion have been found in patients after tarsal
coalition resection, but range of motion typically remains lower than normal in patients
without previous coalitions [17,22,23]. Prior work examining foot kinematics demon-
strated that following tarsal coalition resection, patients continue to have significantly re-
duced subtalar range of motion when compared to normal feet with no significant differ-
ence between pre-operative and post-operative motion [18]. The continuation of these al-
tered biomechanics indicates that patients with tarsal coalitions have similar eversion-in-
version motion restrictions even after surgical intervention [18]. These differences in in-
version and eversion mobility can have functional consequences. Chambers et al. found a
positive correlation between side-to-side mobility of the foot and functional scores based
on functional tests such as single-limb standing and gait analysis [23].

When examining the effect of surgical intervention on plantar pressure, the results
are mixed. A study by Hetsroni et al. found that tarsal coalition resection reduces elevated
medial midfoot pressures to those of normal feet during walking [19]. However, patients
continued to have persistently elevated medial midfoot mean pressures and impulses
during running following surgery, indicating that running accentuates pathological load-
ing [19]. In contrast, a study by Lyon et al. found that following tarsal coalition resection,
patients continued to have significantly greater peak pressures in the midfoot and first
metatarsal head compared to normal feet during walking [24]. Furthermore, patterns of
muscle activity in the lower extremities remain persistently aberrant after tarsal coalition
resection. Electromyography studies have found that despite close to normal gastrocnem-
ius, peroneal, and soleus muscle strength, patients after tarsal coalition resection demon-
strate continued abnormal premature and prolonged firing in the peroneus longus during
walking; this aberrant activity often extended to the gastrocnemius and soleus [24].

4. Acute Trauma and High Energy-Related Fractures in the Presence of Coalition

Altered biomechanics resulting from tarsal coalitions, particularly due to subtalar
joint rigidity, are thought to increase stress across structures adjacent to tarsal coalitions
[25,26]. Over the last few decades, several case reports have documented acute traumatic
and high energy-related fractures in the presence of preexisting talocalcaneal and calca-
neonavicular coalitions [27-31]. Typically, tarsal coalitions are incidentally found after
identification of the fracture with conventional radiographs for calcaneonavicular coali-
tions [10]. Additional cross-sectional imaging may be required for identifying subtle talo-
calcaneal forms or differentiating osseous, fibrous, or cartilaginous coalitions with mag-
netic resonance imaging (MRI) [10].
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Although there are no established clinical guidelines on the treatment of tarsal coali-
tions in the setting of acute traumatic fractures, the decision to concomitantly address a
coalition in the reported cases to date has been influenced by the presence of pre-existing
symptoms and patient characteristics (e.g., age, activity), characteristics of the coalition
(e.g., calcaneonavicular versus talocalcaneal), detection of degenerative changes in which
arthrodesis could be performed, and the need for coalition resection to obtain adequate
fracture reduction [27]. Three cases of calcaneus fractures (two closed intraarticular and
one open, comminuted) in the setting of middle facet coalition (two bony, one fibrous)
have been reported in the literature [27,29,30]. All three patients were treated with ORIF,
of which two did not undergo excision or arthrodesis of talocalcaneal coalition due to lack
of pre-traumatic symptoms while one 50-year-old male patient with preexisting mild
hindfoot pain and degenerative changes in the subtalar joint received concomitant sub-
talar arthrodesis.

Three case reports of fractures through the calcaneonavicular bar with non-operative
management of the fracture and variable treatment of the concomitant calcaneonavicular
coalition have been documented [27,29,30]. Pai et al. present the case of a 43-year-old fe-
male patient treated nonoperatively in a splint for six weeks with subsequent union and
return to work at the four-month follow-up visit [28]. In contrast, despite the union of the
calcaneonavicular bar fracture with conservative cast treatment, one 17-year-old male had
persistent pain requiring triple arthrodesis [32]. Finally, Tanaka et al. demonstrated a suc-
cessful return to truck driving for a 23-year-old male after en bloc resection from the beak
of the calcaneus to the fracture line. Although the authors acknowledged that conservative
treatment may have been adequate, they opted for resection due to the possibility of de-
layed union due to subtalar joint rigidity and refracture through the calcaneonavicular
coalition [31].

Two case reports of three patients with fracture of the sustentaculum tali adjacent to
talocalcaneal coalitions have been published, with excellent postoperative functional out-
come scores after coalition resection in all three patients [25,33]. Kehoe and Scher present
two pediatric patients (11 and 12 years old) with different treatment methods for susten-
taculum tali fractures: one with concomitant coalition resection and excision of a fracture
fragment after chronic nonunion, and one acute fracture with resection performed after
six weeks of immobilization and non-weight-bearing to provide time for healing of the
acute fracture [25]. These authors surmised that in the acute setting, a simultaneous exci-
sion of both the fracture fragment and tarsal coalition would have rendered the hindfoot
unstable and likely to collapse into varus. In addition, simultaneous fracture fixation and
tarsal coalition excision would have been technically challenging, given inadequate sus-
tentaculum tali fracture components to repair [25].

Further case examples include the case of a 23-year-old patient with persistent ina-
bility to weight-bear after an ankle sprain [31]. The patient was found to have a fracture
through a talocalcaneal coalition and was treated with an immobilizing orthosis and
weight-bearing as tolerated [31]. Hughes and Brown present a 32-year-old male with a
vertical fracture through the posterior third of the talar body with posteromedial displace-
ment of roughly 7 mm in the setting of a talocalcaneal coalition. In this case, the patient’s
osseous coalition had to be excised to achieve an adequate reduction of the fracture. At 1-
year postoperatively, this patient returned to sports without osteonecrosis of the talus and
only moderate hindfoot motion restriction [34].

Two cases of ankle fractures, one involving the tibial pilon and one involving both
the medial and lateral malleoli, have been documented with incidental findings of talo-
calcaneal coalitions. Both patients underwent operative fixation of the fracture (one open
and one percutaneous with arthroscopic guidance) and without excision of the coalition
as neither patient had pre-traumatic symptoms [35,36]. One patient (53-year-old female)
had subsequent hardware removal without increased pain or arthritic changes at 15
months postoperatively while another (16-year-old male) had no pain but was unable to
invert his hindfoot.
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5. Stress Related Fracture from Coalition-Altered Biomechanics

Stress fractures occur in the presence of repetitive mechanical stress on an affected
bone, such as in the case of overuse [37]. They are a common pathology, accounting for
up to 10% of all orthopedic injuries and up to 20% of injuries seen in sports medicine
clinics [38]. The two imaging modalities commonly used to evaluate stress fractures in the
foot and ankle are radiography and MRI, with the latter having a significantly higher sen-
sitivity and specificity, especially in the early stages of injury [37,39]. Typical treatment
for stress fractures consists of activity modification, analgesics, and potential bracing until
pain symptoms resolve [40].

Although rare, stress fractures can also be seen in association with tarsal coalition
[20,41-44]. It is thought that this associated stress response may be due to altered biome-
chanics of the foot leading to increased, abnormal load transfer and hindfoot stress-load-
ing, leading to subsequent fracture [20]. In the case series reported by Jain et al., all six of
the adolescent patients presented with diffuse pain of insidious onset and hindfoot stiff-
ness [20]. All had a tarsal coalition of the fibrous sub-type. The locations of stress fractures
or stress responses in the patients were the posterosuperior calcaneus, the posterior calca-
neus, the cuboid and head of talus, the base of the third metatarsal, the posterosuperior
calcaneus, and the head of talus. After using MRI to delineate stress fracture with coalition
from coalition alone, the patients were started on nonoperative treatment including anal-
gesics, activity modification and either orthotics or shoe modification [20]. Because tarsal
coalitions are often found incidentally, a better understanding of the relationship between
coalitions and stress response would aid in swift diagnosis and treatment.

Other case reports of talar stress fracture with preexisting talocalcaneal coalition exist
in the literature. Manzotti et al. present a 24-year-old non-professional female runner pre-
senting with left hindfoot pain without a specific area of point tenderness [41]. Initially,
radiographs and CT scans were obtained and were non-illustrative. Cancellous edema of
the talus due to stress fracture was revealed upon review of MRI, highlighting the utility
of this imaging modality in diagnosis of stress injuries [41]. Similar to the six patient case
series described above, this patient was started on nonoperative treatment, which in-
cluded NSAIDs, non-weight bearing, compressive dressing, ankle training, and the use of
a wooden-soled shoe [20]. With this conservative approach, the patient experienced a
complete resolution of symptoms and a high degree of satisfaction with no further com-
plications.

A case report of a concomitant calcaneal stress fracture with a rare subtalar facet co-
alition was documented by Moe et al. in 2006 [42]. In this article, a 48-year-old woman
presented with worsening left heel pain without any prior accident or injury, a common
manifestation of tarsal coalitions. Similar to the case study by Manzotti et al., initial radi-
ographs were unreliable [41,42]. The early clinical diagnosis was presumed to be plantar
fasciitis; when the patient did not respond to conservative treatment, further imaging in-
cluding MRI revealed a “posterior subtalar facet coalition with associated medial and lat-
eral calcaneal stress fractures.” MRI allowed for detection of the osseous prominence that
gave a “humpback appearance” of the superior posterior calcaneus on the lateral radio-
graph that was previously missed. These authors hypothesized that the calcaneal stress
fracture was due to abnormal forces placed on the hindfoot due to coalition [20]. The treat-
ment plan indicated for the patient to be partially weight-bearing with crutches, but there
were no mentions of other treatments, follow-ups, or further complications.

Two cases of stress fractures associated with calcaneonavicular coalitions have been
reported. Nilsson & Coetzee investigated a 47-year-old man with a 5-week history of pain
in lateral aspect of his left foot that was exacerbated by completing a marathon [43]. Initial
radiographs of the foot did not show any fracture or dislocation, but an MRI three weeks
after the initial radiograph showed a fracture of the anterior process of the calcaneus and
a fibrous calcaneonavicular coalition. A comparison MRI five weeks later showed the con-
tinued presence of bone marrow edema confirming the stress fracture. Similar to the pre-
vious cases, this stress fracture was treated non-operatively, incorporating non-impact
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and low-impact training with pool and elliptical trainer workouts for 2 months. The pa-
tient was able to run without discomfort, even later completing a marathon without symp-
toms. Pearce et al. documented a case of a 30-year-old rugby player with a 5-week history
of foot pain [44]. An MRI scan was conducted first, which demonstrated some degenera-
tive changes between the navicular and calcaneus. However, a CT scan clearly revealed a
stress fracture across the anterior process and a fibrous calcaneonavicular coalition [44].
In contrast to the other cases, these authors decided that the risk of non-union of the stress
fracture or recurrence was too high to treat conservatively and opted for surgical excision
of the coalition and fixation of the fracture. The patient did well and returned to rugby 6
months later.

6. Osteochondritis Dissecans in Tarsal Coalitions

In addition to abnormal talocrural stress, hindfoot malalignment, ankle sprains and
fractures, another possible co-occurring pathology with tarsal coalition is osteochondritis
dissecans (OCD) of the talar dome. Cheng et al. aimed to determine the prevalence of
OCDs among patients with tarsal coalition [45]. After studying ankle MRIs in 57 patients
with tarsal coalitions, the study found 89% of these tarsal coalitions to be non-osseous and
talar OCDs present in 29 of them. The authors concluded that talar OCD prevalence is
higher in patients with tarsal coalition than the general population, attributing this occur-
rence to the altered biomechanics and repetitive talocrural stress due to the altered sub-
talar motion [45]. There is a paucity of research evaluating for presence of OCD in con-
junction with tarsal coalition, and future research is indicated to further expand upon this
phenomenon.

7. Discussion and Treatment Considerations

Foot and ankle injury in the form of fracture or sprain in the presence of an existing
tarsal coalition is a relatively uncommon clinical entity. However, a large number of case
reports outline this condition, with heterogeneous treatment options described through-
out the literature. Our goal in this review was to provide a comprehensive summary of
what has been published to date with regard to the co-occurrence of fracture and tarsal
coalition. Given the wide array of management strategies employed to treat this condition,
defining specific clinical algorithms for workup and intervention remains elusive. More-
over, given that the existing literature is limited to single patient case reports or small
series, there is a high likelihood for an element of publication bias, with only positive out-
comes being reported. Despite this, through careful review of the literature, some over-
arching principles can be gleaned for the treatment of this condition.

For patients being evaluated for foot and ankle fracture in the presence of an inci-
dentally noted or previously symptomatic tarsal coalition, the first branch point for man-
agement should be to determine whether the fracture is acute, resulting from a recent in-
jury, or chronic and stress-related in nature. If the fracture is stress-related and appears to
be related either to altered biomechanics resulting from the tarsal coalition or from a pe-
riod of intense activity increase leading to subsequent overuse, nonoperative management
should trialed. Nonoperative treatment modalities which have been reported with success
in the literature include NSAIDs, non-weight-bearing, compressive dressing, ankle train-
ing, and the use of a wooden-soled shoe [20]. Casting and activity modification as well as
partial weight-bearing with crutches have also been utilized with positive results [42]. Ex-
cept in cases of prolonged duration of pain after a trial of nonoperative management and
persistent CT-confirmed nonunion, we recommend avoidance of surgical intervention for
stress related fracture in the setting of tarsal coalition.

In patients who present after an acute trauma, with a fracture either to the foot or
ankle, who are also found to have a tarsal coalition to the ipsilateral extremity, we recom-
mend careful consideration of patient and fracture specific factors to guide treatment.
While nonoperative management is not commonly appropriate for acute fracture in the
setting of tarsal coalition, fractures which are minimally displaced, where an incidentally
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noted, asymptomatic tarsal coalition is present, may be managed without surgery. In this
case, we recommend a period of casting and non-weight-bearing to prevent fracture dis-
placement. Fractures involving the calcaneus, talus, tibial plafond, medial and lateral mal-
leoli, and bones of the midfoot which are significantly displaced should be treated opera-
tively, following standard operative protocols for these respective injuries. Any existing
coalition should be evaluated through the use of advanced imaging modalities. In cases
where a coalition is diagnosed and a preoperative examination is possible, a careful his-
tory should be obtained as to whether the tarsal coalition is currently symptomatic or has
caused a period of symptoms at an earlier time point. Physical exam, including point ten-
derness at the site of the coalition or range of motion limitation from the fibrous or bony
union, may be significantly limited given swelling and pain in the acute traumatic setting.

If the tarsal coalition is confirmed to be currently symptomatic or to have caused a
period of prior symptomology, the coalition should be resected at the time of fracture
fixation with either subcutaneous fat, extensor digitorum brevis, or bone wax interposi-
tion to prevent coalition return. However, as Kehoe et al. caution [25], tarsal coalition ex-
cision should only be performed if there is no concern for further destabilization of the
midfoot or hindfoot, as achieving an appropriate reduction with adequate stability is par-
amount to success of fracture management, and takes precedence over coalition resection.
A final consideration should be given for the presence of pre-existing osteoarthritis at the
subtalar, calcaneocuboid, or talonavicular joint, especially in older patients with pre-ex-
isting pain with inversion and eversion of the ankle. In patients with symptomatic arthri-
tis, joint arthrodesis procedures can be combined with ORIF to achieve a stable, planti-
grade foot and to reduce postoperative pain and need for reoperations at the expense of
joint range of motion.

8. Conclusions

Tarsal coalitions are an uncommon foot pathology that may be asymptomatic or pre-
sent with vague pain and progressive stiffness. Abnormal loading forces of the mid- and
hindfoot prior to surgery may contribute to recurrent ankle sprains or fractures. These
altered biomechanics may still be present following surgical intervention with activities
that increase the load placed on the foot and ankle, such as in running or jumping. Multi-
ple case series have described the association of these coalitions with stress fractures, with
key findings including the utility of nonoperative treatment and the superiority of MRI in
visualizing these stress responses. Osteochondritis dissecans is another pathology that
may commonly be seen in conjunction with tarsal coalitions, given abnormal joint biome-
chanics and high incidence of ankle sprains. Why some coalitions remain asymptomatic
while other lead to progressive pain, stiffness, and fractures is unclear, but is a potential
avenue for further research. This study summarizes the available literature regarding frac-
ture in the presence of concomitant tarsal coalition and discusses possible nonoperative
and surgical treatment to improve pain, function, and quality of life for patients with this
rare, but important association.

Author Contributions: Conceptualization, A.T.A. and S.B.A.; investigation, A.T.A., EM.P.,, C.G,,
B.IK. and A.D,; resources, A.T.A,, EM.P,, C.G,, BI1K, and A.D.; writing—original draft prepara-
tion, EM.P,, C.G,, BIK. and A.D.; writing—review and editing, A.T.A., EM.P. and S.B.A; visuali-
zation, A.T.A; supervision, S.B.A. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable

Conflicts of Interest: The authors declare no conflict of interest.



Children 2023, 10, 72 10 of 11

References

1.  Bohne, W.H. Tarsal coalition. Curr. Opin. Pediatr. 2001, 13, 29-35. https://doi.org/10.1097/00008480-200102000-00005.

2. Kulik, S.A; Clanton, T.O. Tarsal Coalition. Foot Ankle Int. 1996, 17, 286-296. https://doi.org/10.1177/107110079601700509.

3. Stormont, D.M.; Peterson, H.A. The relative incidence of tarsal coalition. Clin. Orthop. Relat. Res. 1983, 181, 28-36.

4. Soni, JF; Valenza, W. Matsunaga, C. Tarsal coalition. Curr Opin  Pediatr 2020, 32, 93-99.
https://doi.org/10.1097/mop.0000000000000858.

5. Graham, ].M,, Jr.; Braddock, S.R.; Mortier, G.R.; Lachman, R.; Van Dop, C.; Jabs, E.W. Syndrome of coronal craniosynostosis
with brachydactyly and carpal/tarsal coalition due to Pro250Arg mutation in FGFR3 gene. Am. |. Med. Genet. 1998, 77, 322-329.
https://doi.org/10.1002/(sici)1096-8628(19980526)77:4<322::aid-ajmg14>3.0.co;2-k.

6. Mosca, V.S. Subtalar coalition in pediatrics. Foot Ankle Clin. 2015, 20, 265-281. https://doi.org/10.1016/j.fc1.2015.02.005.

7. Grogan, D.P.; Holt, G.R.; Ogden, J.A. Talocalcaneal coalition in patients who have fibular hemimelia or proximal femoral focal
deficiency. A comparison of the radiographic and pathological findings. JBJS 1994, 76, 1363-1370.

8.  Spero, C.R.; Simon, G.S.; Tornetta, P.I. Clubfeet and Tarsal Coalition. ]. Pediatr. Orthop. 1994, 14, 372-376.

9. Mah, J,; Kasser, J.; Upton, J. The Foot in Apert Syndrome. Clin. Plast. Surg. 1991, 18, 391-397. https://doi.org/10.1016/S0094-
1298(20)30830-0.

10. Wahnert, D.; Griineweller, N.; Evers, J.; Sellmeier, A.C.; Raschke, M.].; Ochman, S. An unusual cause of ankle pain: Fracture of
a talocalcaneal coalition as a differential diagnosis in an acute ankle sprain: A case report and literature review. BMC Musculo-
skelet. Disord. 2013, 14, 111. https://doi.org/10.1186/1471-2474-14-111.

11. Upasani, V.V.; Chambers, R.C.; Mubarak, S.J. Analysis of calcaneonavicular coalitions using multi-planar three-dimensional
computed tomography. J. Child. Orthop. 2008, 2, 301-307. https://doi.org/10.1007/s11832-008-0111-3.

12. Cass, A.D.; Camasta, C.A. A review of tarsal coalition and pes planovalgus: Clinical examination, diagnostic imaging, and
surgical planning. |. Foot Ankle Surg. 2010, 49, 274-293. https://doi.org/10.1053/j.jfas.2010.02.003.

13.  Khoshbin, A.; Bouchard, M.; Wasserstein, D.; Leroux, T.; Law, P.W.; Kreder, H.J.; Daniels, T.R.; Wright, ].G. Reoperations after
tarsal coalition resection: A population-based study. J. Foot Ankle Surg. 2015, 54, 306-310. https://doi.org/10.1053/j.jfas.2014.04.027.

14. Katayama, T.; Tanaka, Y.; Kadono, K.; Taniguchi, A.; Takakura, Y. Talocalcaneal coalition: A case showing the ossification pro-
cess. Foot Ankle Int. 2005, 26, 490-493. https://doi.org/10.1177/107110070502600611.

15. Lemley, F.; Berlet, G.; Hill, K,; Philbin, T.; Isaac, B.; Lee, T. Current concepts review: Tarsal coalition. Foot Ankle Int. 2006, 27,
1163-1169. https://doi.org/10.1177/107110070602701229.

16. Stuecker, R.D.; Bennett, ].T. Tarsal coalition presenting as a pes cavo-varus deformity: Report of three cases and review of the
literature. Foot Ankle 1993, 14, 540-544. https://doi.org/10.1177/107110079301400911.

17.  Guduri, V.; Dreyer, M.A. Talocalcaneal Coalition. In StatPearls; StatPearls Publishing LLC.: Treasure Island, FL, USA, 2022.

18. Hetsroni, I.; Nyska, M.; Mann, G.; Rozenfeld, G.; Ayalon, M. Subtalar kinematics following resection of tarsal coalition. Foot
Ankle Int. 2008, 29, 1088-1094. https://doi.org/10.3113/FAI.2008.1088.

19. Hetsroni, I.; Ayalon, M.; Mann, G.; Meyer, G.; Nyska, M. Walking and running plantar pressure analysis before and after resec-
tion of tarsal coalition. Foot Ankle Int. 2007, 28, 575-580. https://doi.org/10.3113/FAL.2007.0575.

20. Jain, V.K; Iyengar, K.P.; Botchu, R. Bone stress injuries in the presence of tarsal coalition as a cause of hindfoot pain in adolescents:
Case series of 6 patients with literature review. Skelet. Radiol. 2022, 51, 991-996. https://doi.org/10.1007/s00256-021-03914-5.

21. Welck, M.],; Hayes, T.; Pastides, P.; Khan, W.; Rudge, B. Stress fractures of the foot and ankle. Injury 2017, 48, 1722-1726.
https://doi.org/10.1016/j.injury.2015.06.015.

22. Mahan, S.T.; Miller, P.E.; Kasser, ].R.; Spencer, S.A. Prospective Evaluation of Tarsal Coalition Excision Show Significant Im-
provements in Pain and Function. ]. Pediatr. Orthop. 2021, 41, e828-e832. https://doi.org/10.1097/BPO.0000000000001951.

23.  Chambers, R.B.; Cook, T.M.; Cowell, H.R. Surgical reconstruction for calcaneonavicular coalition. Evaluation of function and
gait. J. Bone Jt. Surg. Am. 1982, 64, 829-836.

24. Lyon, R; Liu, X.C.; Cho, S.]. Effects of tarsal coalition resection on dynamic plantar pressures and electromyography of lower
extremity muscles. |. Foot Ankle Surg. 2005, 44, 252-258. https://doi.org/10.1053/].jfas.2005.04.003.

25. Kehoe, C.M.; Scher, D.M. Sustentaculum Tali Fracture Adjacent to Talocalcaneal Tarsal Coalitions: A Report of 2 Cases. [BJS
Case Connect 2021, 11, €20.00360. https://doi.org/10.2106/jbjs.Cc.20.00360.

26. Jayakumar, S.; Cowell, H.R. Rigid flatfoot. Clin. Orthop. Relat. Res. 1977, 122, 77-84.

27. Chodos, M.D.; Campbell, ].T. Intra-articular calcaneal fracture with tarsal coalition treated with open reduction, internal fixa-
tion, and isolated subtalar arthrodesis: A case report. Foot Ankle Int. 2007, 28, 1017-1020. https://doi.org/10.3113/fai.2007.1017.

28. Pai, SK.;; Swamy, K.; Browne, A. Tarsal coalition complicated by fracture: A case report. |. Trauma 2009, 66, 276-278.
https://doi.org/10.1097/01.ta.0000221795.11278.23.

29. Berzins, U.; Hohenberger, G.M.; Vielgut, I; Krassnig, R.; Bakota, B.; Seibert, F.J. Talocalcaneal Coalition Including Open Com-
minuted Calcaneal Fracture; A Case Report and Literature Review. Bull. Emerg. Trauma 2019, 7, 80-83.
https://doi.org/10.29252/beat-0701013.

30. Kim, D.H.; Berkowitz, M.]. Fracture of the calcaneus associated with talocalcaneal coalition. Foot Ankle Int. 2004, 25, 426-428.
https://doi.org/10.1177/107110070402500612.

31. Tanaka, Y.; Takakura, Y.; Akiyama, K.; Kamei, S.; Nukata, M.; Tamai, S. Fracture of the tarsal navicular associated with calca-

neonavicular coalition: A case report. Foot Ankle Int. 1995, 16, 800-802. https://doi.org/10.1177/107110079501601211.



Children 2023, 10, 72 11 of 11

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

Richards, R.R.; Evans, ].G.; McGoey, P.F. Fracture of a calcaneonavicular bar: A complication of tarsal coalition. A case report.
Clin. Orthop. Relat. Res. 1984, 185, 220-221.

Moonot, P.; Sharma, G.; Kadakia, A.R. Mal-union of sustentaculum tali fracture with talo-calcaneal coalition leading to tarsal
tunnel syndrome: A case report. Foot 2021, 47, 101797. https://doi.org/10.1016/j.foot.2021.101797.

Hughes, A.; Brown, R. Talar body fracture associated with unrecognised talocalcaneal coalition. Foot Ankle Surg. 2010, 16, e4—
e7. https://doi.org/10.1016/j.fas.2009.02.004.

Godoy, H.M.; Micciche, M.J. An Incidental Finding of a Talonavicular and Talocalcaneal Joint Coalition After a Tibial Pilon
Fracture: A Case Report. |. Foot Ankle Surg. 2017, 56, 1332-1334. https://doi.org/10.1053/j.jfas.2017.06.005.

Imade, S.; Takao, M.; Nishi, H.; Uchio, Y. Unusual malleolar fracture of the ankle with talocalcaneal coalition treated by arthros-
copy-assisted reduction and percutaneous fixation. Arch. Orthop. Trauma Surg. 2007, 127, 277-280. https://doi.org/10.1007/s00402-
006-0196-4.

May, T.; Marappa-Ganeshan, R. Stress Fractures. In StatPearls; StatPearls Publishing LLC: Treasure Island, FL, USA, 2022.
Abbott, A,; Bird, M.L.; Wild, E.; Brown, S.M.; Stewart, G.; Mulcahey, M.K. Part I: Epidemiology and risk factors for stress frac-
tures in female athletes. Phys. Sportsmed. 2020, 48, 17-24. https://doi.org/10.1080/00913847.2019.1632158.

Marshall, R.A.; Mandell, J.C.; Weaver, M.].; Ferrone, M.; Sodickson, A.; Khurana, B. Imaging Features and Management of
Stress, Atypical, and Pathologic Fractures. Radiographics 2018, 38, 2173-2192. https://doi.org/10.1148/rg.2018180073.

Patel, D.S.; Roth, M.; Kapil, N. Stress fractures: Diagnosis, treatment, and prevention. Am. Fam. Physician 2011, 83, 39-46.
Manzotti, A.; Deromedis, B.; Locatelli, A. Intracancellous bone stress fracture of the talus in talo-calcaneal coalition: A case
report. Foot Ankle Surg. 1999, 5, 101-104. https://doi.org/10.1046/j.1460-9584.1999.00141.x.

Moe, D.C.; Choi, J.J.; Davis, K.W. Posterior subtalar facet coalition with calcaneal stress fracture. AJR Am. J. Roentgenol. 2006,
186, 259-264. https://doi.org/10.2214/ajr.04.1614.

Nilsson, L.J.; Coetzee, ].C. Stress fracture in the presence of a calcaneonavicular coalition: A case report. Foot Ankle Int. 2006, 27,
373-374. https://doi.org/10.1177/107110070602700510.

Pearce, C.J.; Zaw, H.; Calder, ].D. Stress fracture of the anterior process of the calcaneus associated with a calcaneonavicular
coalition: A case report. Foot Ankle Int. 2011, 32, 85-88. https://doi.org/10.3113/FAI.2011.0085.

Cheng, K.Y.; Fuangfa, P.; Shirazian, H.; Resnick, D.; Smitaman, E. Osteochondritis dissecans of the talar dome in patients with
tarsal coalition. Skelet. Radiol. 2022, 51, 191-200. https://doi.org/10.1007/s00256-021-03800-0.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



