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Introduction

Tarsal coalition is a well recognized cause of symptomatic
rigid flat feet in adolescents [1-3]. Unfortunately, conservative
treatment often fails to provide lasting symptom relief, neces-
sitating surgical intervention [4,5]. As the coalition matures and
solidifies over time, pain and foot deformity tend to worsen.

Abstract

Objectives: Our study aimed to assess the clinical and ra-
diographic outcomes of symptomatic tarsal coalition resec-
tion in combination with arthroereisis.

Methods: We retrospectively analyzed the clinical and ra-
diographic outcomes in twelve patients (eighteen feet) who
underwent tarsal coalition resection followed by arthroere-
isis. Clinical outcomes were assessed by the American Or-
thopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot
Scale. Radiographic outcomes were assessed by comparison
of preoperative and postoperative calcaneal pitch angle,
Meary’s angle, and talonavicular coverage angle on weight-
bearing radiographs.

Results: The mean preoperative talonavicular coverage
angle was 19.22°, which improved to a mean postopera-
tive angle of 5.112 (p<0.00001). The calcaneal pitch angle
increased from a preoperative mean of 8.22° to a postop-
erative mean of 16.72° (p<0.00001). The mean preoperative
Meary’s angle improved from -11.28° to a postoperative
mean of 1.892 (p<0.00001). The mean preoperative AOFAS
score improved from 57.17 to 92.22 points postoperatively
(p<0.00001). No complications necessitating revision sur-
gery or rehospitalization were observed.

Conclusion: The combined approach of coalition resec-
tion and arthroereisis provides significant symptoms relief
and hindfoot deformity correction and may be recommend-
ed as a treatment option.

The initially limited subtalar range of motion progressively de-
teriorates, leading to a stiff or rigid foot. As the child grows, the
stress on the deformed foot increases, potentially causing adap-
tive changes around the subtalar and Chopart joints, which may
result in a painful spastic flat foot. [4].
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While isolated coalition resection was commonly accepted
in the past, more recent approaches recommend not only re-
section but also correction of any associated hindfoot malalign-
ment, as it may contribute to persistent pain [6]. However, de-
termining the optimal surgical approach remains challenging,
and the treatment algorithm is still evolving [7].

The objective of this study was to assess the outcomes of
combining tarsal coalition resection with arthroereisis as a
treatment approach for symptomatic rigid flat foot in the pedi-
atric population.

Patients and methods

Approval of the study was granted by the Institutional Re-
view Board (0074-25-HMO). We retrospectively reviewed the
medical records, radiographs, and CT scans of children who
underwent symptomatic calcaneonavicular or talocalcaneal co-
alition resection followed by arthroereisis between 2019 and
2024. The inclusion criteria comprised children aged 10-12
years who presented with symptomatic tarsal coalition and a
rigid flatfoot, having failed conservative management—soft
insoles with medial-arch support, activity modification, anti-
inflammatory medication, or immobilization in a short-leg walk-
ing cast for 5-6 weeks.

The exclusion criteria included patients older than 13 years,
those with any prior foot surgery, or those affected by neuro-
muscular disorders.

Demographic, clinical, and radiographic variables were sys-
tematically reviewed. Pre- and postoperative evaluations en-
compassed foot alighment, subtalar range of motion (ROM),
the single-leg heel-rise and Silfverskiold tests, and standing
anteroposterior and lateral radiographs. Subtalar ROM was ad-
ditionally quantified with the patient under general anesthesia
immediately before surgery.

Preoperative and postoperative calcaneal pitch angle (nor-
mal range: 18-32 degrees), Meary’s angle (normal range: -4
to +4 degrees), and talonavicular coverage angle (normal <7
degrees) [8-9] were compared on anteroposterior and lateral
weight-bearing radiographs. CT scans were used to confirm
the presence of the coalition radiographically. Hindfoot valgus
measurements were performed on coronal CT reformats, with
a valgus angle greater than 16 degrees considered the upper
threshold for performing isolated resection of the coalition (RC)
(Figure 1) [6-7,10].

Clinical outcomes were evaluated using the American Or-
thopedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Score,
which is categorized as excellent (90-100 points), good (80-90
points), fair (70-80 points), or poor (<70 points) [11]. Preopera-
tive scores were compared with postoperative results.

Table 1: Demographic, radiographic, and clinical data.

Operative procedure

Coalition resection was performed using established surgi-
cal techniques [12-14], with the application of a tourniquet and
guidance from C-arm imaging. Careful attention was given to
achieving complete resection of the coalition and restoring sub-
talar motion by the end of the procedure. To address the defect
created following resection, structured fat, harvested either
from the upper thigh or if it was significant fat pad from the
sinus tarsi, was employed. In addition, bone wax was routinely
applied to the exposed bony surfaces of the resected coalition.

The author’s preferred method of arthroereisis involves the
insertion of a 6.5 mm cancellous bone screw (AO large fragment
set) near the anterolateral edge of the posterior facet of the
subtalar joint, positioned under the lateral process of the talus.
This screw functions as a calcaneo-stop screw, preventing ex-
cessive hindfoot eversion and maintaining the subtalar joint in
a more aligned position (Figure 1). At the end of procedure, the
foot alignment evaluated to exclude hindfoot valgus overcor-
rection. The decision of gastrocnemius recession was made at
the end of the procedure based on Silfverskiold test.

A soft dressing was applied after the surgery. Weight bear-
ing as tolerated and ROM exercises were initiated on the first
postoperative day. All patients were discharged from the hos-
pital the day after surgery. The first outpatient clinic follow-up
occurred two to three weeks postoperatively, followed by visits
at six weeks, three months, and six months.

Statistical analysis was performed using Student’s t-test and
in instances of non-normal distribution, the Mann-Whitney U
test was used. Statistical significance was set to 5%. The Sha-
piro-Wilk test assessed the normality of data distribution. Sta-
tistical analyses were performed using IBM SPSS Statistics for
Windows, Version 26.0, released in 2019 by IBM Corp., Armonk,
NY, USA.

Results

The study included twelve otherwise healthy patients (eigh-
teen feet), consisting of 6 boys and 6 girls, with a mean age of
11.3 years (range 10 to 12.9 years) (Table 1). Seven patients (12
feet) underwent calcaneonavicular coalition, while five patients
(six feet) talocalcaneal coalition resection followed by arthro-
ereisis. The mean follow-up duration was 36.7 months (range
4 to 52 months) (Table 1). None of the patients met the cri-
teria for isolated RC [13]. One patient (one foot) underwent a
gastrocnemius recession during the same operation. In patients
with bilateral coalition, surgery on the contralateral side was
performed several months later, according to the family’s pref-
erence. One patient underwent simultaneous surgery on both
feet.

Case Ne and side Gender Age at surgery Coalition Concomitant hindfoot Subtalar ROM pre/ Follow-up length
(years+ months) type procedures valgus postop (months)
1RT M 10.4 CN 18 Abs/Normal 50
1L 10.4 CN 21 Abs/Normal 50
2RT F 11.7 CN 25 Abs/Normal 36
20T 11.3 CN 27 Abs/Normal 38
31T M 12.5 CN VULPIUS 31 Abs/Normal 36
4 RT F 10.5 CN 24 Abs/Normal 21
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5RT F 11.5 CN 24 Abs/Normal 18
5LT 11.9 CN 34 Abs/Normal 22
6 RT F 10.5 CN 19 Abs/Normal 24
6 LT 10.8 CN 21 Abs/Normal 26
7RT M 11.2 TC 25 Abs/limited 21
8 RT M 111 TC 28 Abs/limited 18
9RT 10.5 CN 27 Abs/Normal 8
9LT F 10.1 CN 33 Abs/Normal 4
10 RT M 12.3 TC 22 Abs/Normal 11
10LT 12.9 TC 22 Abs/Normal 5
11RT M 11.9 TC 30 Abs/Normal 9
12T F 10.2 TC 22 Abs/Normal 28

RT: right; LT: left; M: male; F: Female, CN: Calcaneo-navicular; TC: Talocalcaneal; Abs: Absent; ROM: Range of motion.

All radiographic parameters significantly improved (Tables 2
& 3, Figure 2). The mean preoperative talonavicular coverage
angle was 19.22° (range 33° to 8°), which improved to a mean
postoperative angle of 5.11° (range 02 to 10°), (p<0.00001).
The calcaneal pitch angle increased from a preoperative mean
of 8.22° (range 0° to 14°) to a postoperative mean of 16.72°

Table 2: Radiographic and clinical data.

(range 7° to 26°), (p<0.00001). The mean preoperative Meary’s
angle improved from -11.289 (range -21° to -5°) to a postopera-
tive mean of 1.89° (range -4° to 4°), (p<0.00001). At the final
follow-up, three patients (5 feet) exhibited mild postoperative
hindfoot valgus with some residual flatfoot deformity with no
functional limitation.

A Calcaneal pitch angle i 3
Case N and side Talonavicular co.verage angle Pre/postoperative Meary’s-angle Deforrn.lty Pain at last AOFAS score.
Pre/postoperative (degrees) (degrees) Pre/postoperative (degrees) = correction follow up Pre/postoperative
1RT 11/6 0/7 -7/3 mild flat rare, foot 51/80
1L 12/5 0/7 -17/4 mild flat rare, foot 51/80
2 RT 9/6 6/18 -5/4 complete no 47/95
21T 8/4 4/18 -9/4 complete no 58/100
3LT 18/4 14/26 -8/4 complete no 48/95
4 RT 23/6 6/18 -5/4 complete no 67/100
5RT 31/8 8/18 -21/4 complete no 60/100
51T 30/9 8/17 -18/-4 complete no 60/100
6 RT 11/0 11/16 -7/3 complete no 54/100
6LT 14/1 10/14 -12/3 mild flat no 64/90
7RT 25/10 7/17 -12/4 complete rare, foot 62/87
8RT 21/6 8/21 -15/1 complete rare, foot 54/90
9RT 25/4 10/13 -17/0 mild flat no 54/90
9LT 33/4 10/13 -14/-2 mild flat no 64/89
10RT 20/1 12/19 -8/0 complete no 51/92
10LT 22/7 14/20 -9/0 complete no 60/90
11RT 15/6 11/17 -11/2 complete no 60/90
12 LT 18/5 10/22 -8/0 complete no 64/92
RT: right; LT: left; AOFAS: American Orthopedic Foot and Ankle Society Ankle Hindfoot Score.
Table 3: Mean values and significances of radiographic and clinical data.
Talonavicular coverage angle Pre/ Meary’s angle Calcaneal pitch angle AOFAS score

postoperative (degrees), p* value Pre/postoperative (degrees) p* value

Pre/postoperative (degrees) p* value Pre/postoperative p* value

19.22/5.11
p < 0.00001

-11.28/1.89
p < 0.00001

8.28/16.72
p < 0.00001

57.17/92.22
p < 0.00001

Mann-Whitney test p value
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All patients reported significant relief of symptoms. The
mean preoperative AOFAS score improved from 57.17 to 92.22
points postoperatively (range 80-100 points), (p<0.00001). In
fourteen of the eighteen feet, the overall clinical outcome was
considered excellent (ranging from 90 to 100 points), while in
four feet, the outcome was rated as good (ranging from 80 to
87 points) (Tables 2 & 3). In all patients’ subtalar range of mo-
tion remained restored (Figure 2). The two patients (two feet)
who underwent talocalcaneal RC demonstrated slightly limited
subtalar motion. (Table 1). At the final follow-up, three patients
(four feet) reported mild intermittent discomfort over the oper-
ated area, primarily occurring after intensive sport activity.

No patient experienced functional limitations in regular ac-
tivities. No complications requiring re-operation or hospitaliza-
tion were observed in this cohort.

Figure 1: Preoperative standing radiograph of calcaneo-
navicular coalition (A); Intraoperative fluorogram (B); Corrected
calcaneal pitch, talo-navicular coverage and Meary’s angle after
coalition excision and arthroereisis (C,D).

Discussion

In our cohort, resection of talocalcaneal and calcaneona-
vicular coalitions combined with arthroereisis restored subtalar
motion, markedly relieved symptoms, corrected hindfoot defor-
mity, and was associated with a low complication rate.

Figure 2: Hindfoot valgus correction (A,B) and restoration of
subtalar motions (C) after coalition excision and arthroereisis.

Figure 3: Preoperative CT scan of talo-calcaneal coalition (A);
Intraoperative fluorogram after coalition resection and arthro-
ereisis (B); Corrected calcaneal pitch, talo-navicular coverage and
Meary’s angle after coalition excision and arthroereisis (C,D,E);
hindfoot valgus correction (F) and restoration of subtalar motions
(G) after coalition excision and arthroereisis.

Our findings align with those of Mousa et al., [15] who evalu-
ated the use of arthroereisis following talocalcaneal coalition
resection in a cohort of 14 adolescent patients (15 feet). Their
study demonstrated similarly favorable outcomes in terms of
deformity correction and symptom relief, supporting this ap-
proach as an effective method for managing symptomatic flat-
foot associated with talocalcaneal coalition.

Isolated RC seldom guarantees pain relief or sufficient de-
formity correction. Earlier studies similarly report that RC alone
often fails to resolve a stiff or rigid flatfoot [13-14]. In our se-
ries, all patients had a hind-foot valgus angle greater than 16°,
exceeding the threshold at which standalone RC is considered
adequate [13] and therefore requiring complementary pro-
cedures. A rigid valgus foot with Chopart-joint malalignment
is thought to provoke pain and disrupt the mechanics of the
calcaneopedal unit [16-17]. In pediatric patients, non-fusion
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options comprise calcaneal osteotomies—most commonly the
Calcaneal Lengthening Osteotomy (CLO)—and subtalar arthro-
ereisis [18]. Both techniques are well-established treatments
for flexible flatfoot and afford substantial corrective potential
[18]. Subtalar arthroereisis yields excellent outcomes in chil-
dren aged 8-12 years [19-20]. By limiting excessive hind-foot
eversion, the implant helps maintain a newly aligned subtalar
joint position [18-25].

Arthroereisis offers several advantages as a treatment meth-
od. Compared to CLO, arthroereisis requires a shorter operative
time, is minimally invasive, and avoids the morbidity associated
with bone graft sites. Additionally, the reversibility of the proce-
dure is a significant benefit. No cast immobilization, immediate
weight-bearing and range of motion exercises can be initiated
directly after the surgery, thereby preventing refusion of coali-
tion resection sites, shortening the rehabilitation process and
facilitating quicker reintegration into school and sports activi-
ties [26].

Combination of RC and arthroereisis for symptomatic stiff or
rigid flat feet provides significant symptoms relief and hindfoot
deformity correction and may lead to better patient outcomes
for patients up to 13 years of age and may be recommended as
a treatment option.

The study limitations are - the retrospective design, small
sample size. A longer-term follow-up is also necessary to fully
assess the durability of the outcomes. Future studies compar-
ing the combination of coalition resection with lateral column
lengthening osteotomy versus coalition resection with arthro-
ereisis could provide more robust data to guide clinical deci-
sion-making.
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