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Efficacy of modified kidner
procedure combined with subtalar
arthroereisis treating adolescent
type 2 painful accessory navicular
with flexible flatfoot

Ke Fang", Ting Bi", Ao Hong', Xin Li*, Haoli Gong', Bo Li', Fanling Li,
Jie Wen'** and Sheng Xiao'

Department of Pediatric Orthopedics, Hunan Provincial People’'s Hospital, The First Affiliated Hospital of
Hunan Normal University, Changsha, China, 2Department of Anatomy, Hunan Normal University School of
Medicine, Changsha, China

Purpose: To investigate the clinical efficacy of modified kidner procedure
combined with subtalar arthroereisis in the treatment of adolescent type Il
painful accessory navicular with flexible flatfoot.

Methods: From January 2018 to January 2022, 25 adolescent patients (40 feet)
with painful type Il accessory navicular and flexible flatfoot admitted to our
hospital were enrolled in the study, including 13 males (23 feet) and 12 females
(17 feet). All patients underwent modified kidner procedure combined with
subtalar joint arthrodesis. The Meary's Angle, the first metatarsal Angle of talus
(APTMT), the second metatarsal Angle of talus, Pitch Angle, talus tilt Angle,
talonavicular coverage Angle (TCA), talus calcaneal Angle (LTCA), and calcaneal
Angle were measured on weight-bearing anteroposterior and lateral x-ray films
before operation and at last follow-up. The American Orthopaedic Foot and
Ankle Society (AOFAS) midfoot score and visual analogue scale (VAS) were used
to evaluate the improvement of foot function and pain.

Results: All patients were followed up for average 17.4 + 2.6 months (12—-24). The
incisions of 25 patients healed by first intention. The weight-bearing
anteroposterior and lateral x-ray films of the foot showed that the suture anchors
did not pull out or break, and the foot arch did not collapse further. There was
no screw withdrawal or secondary operation to remove the screw in all patients.
At the last follow-up, the postoperative visual analogue scale (VAS) score of the
affected foot was significantly lower than that before operation (P < 0.01), and the
American Orthopaedic Foot and Ankle Society (AOFAS) foot function score was
significantly higher than that before operation (P<0.01). At the last follow-up,
the weight-bearing anteroposterior and lateral foot x-ray films showed that: The
Meary's Angle, the first metatarsal Angle of the talus (APTMT), the second
metatarsal Angle of the talus, Pitch Angle, talar tilt Angle, talonavicular overbite
Angle (TCA), talocalcaneal Angle (LTCA), and calcaneal Angle significantly
improved when compared with those before operation (P < 0.01).

Conclusions: The modified kidner procedure combined with subtalar arthroereisis has
a good clinical effect in the treatment of adolescent type Il painful accessory navicular
with flexible flatfoot, which can effectively improve the pain symptoms, improve the
foot function and imaging manifestations, and correct the flatfoot deformity.
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Introduction

The accessory navicular (AN) bone is a frequently encountered
accessory bone, located posteriorly to the navicular bone and often
present bilaterally (1). It represents a secondary ossification center
of the navicular bone and is inherited as an incomplete autosomal
dominant trait, with an incidence rate ranging from 4% to 21%
(2-4). Approximately 10% of individuals with AN experience
pain symptoms (5). During development, a synchondrosis forms
between the accessory navicular and navicular bone ossification
centers (4), filled with cartilage and fibrous tissue. Compression,
excessive motion, or torsion can trigger painful AN. AN was
classified according to Geist (6) into three types: type 1, os tibiale
externum, os naviculare secundarium, no cartilaginous
connection to the navicular tuberosity. Type 2, prehallux,
bifurcate hallux, triangular or heart-shaped, connected to the
navicular tuberosity by fibrocartilage or hyaline cartilage. Type 3,
an especially prominent navicular tuberosity and is occasionally
symptomatic as a result of painful bunion formation over the
bony protuberance. Type II AN accounts for approximately 70%
of clinically symptomatic AN cases (7). For initial adolescent
cases of painful AN, non-surgical treatments such as brace
immobilization, anti-inflammatory drug use, and customized
corrective insoles are usually preferred. If non-surgical
interventions fail to yield results within 3 to 6 months, surgical
intervention may be necessary. Surgical options include the
Kidner procedure, modified Kidner procedure, simple excision,
modified excision, percutaneous drilling, fusion, and modified
fusion (8). Among these options, the modified Kidner procedure
has advantages as it preserves tendon insertion on other tarsal
bones except the AN. Additionally, a suture anchor is inserted
into the navicular bone to reinforce the posterior tibial tendon
insertion, which promotes early postoperative recovery (9).

The presence of AN can disrupt the normal structure of the
posterior tibial tendon (PTT), compromising its ability to support
the medial arch of the foot and invert the foot. This can lead to
biomechanical alterations in the arch and contribute to the
development of flatfoot (10). Recent studies have shown a
correlation between AN and flatfoot, with 35% of individuals with
AN also exhibiting flatfoot deformities (11). Flatfoot deformities can
further contribute to or worsen AN-related symptoms. Treating
painful AN alone may not adequately address the underlying
flatfoot deformity (12, 13). The Kidner procedure has been shown
to alleviate or eliminate AN-related pain. However, its long-term
effectiveness in correcting arch collapse remains uncertain (13).

Subtalar arthroereisis is an effective method for the treatment
of flexible flatfoot, with good postoperative ankle functions and
both radiological and clinical outcomes (14). Biomechanical
experiments have demonstrated that the subtalar arthroereisis
screw can effectively reduce subluxation between the calcaneus
and talus during weight-bearing. This is due to its design, which
aligns with the directional characteristics of the sinus tarsi.
Implementation of the subtalar arthroereisis screw evenly
distributes axial stress across the anterior and posterior aspects of
the sinus tarsi (i.e., subtalar anterior and posterior joint surfaces)

during weight-bearing (15). This helps restore the normal motion
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axis of the subtalar joint, correct the force line of the foot,
mitigate excessive eversion, and significantly reduce mechanical
load on the posterior tibial tendon insertion (16). Currently,
there is no standardized treatment for adolescent flexible flatfoot
combined with painful AN. Treatment approaches must be
tailored based on a comprehensive evaluation of clinical
symptoms, imaging findings, and surgical experience. Commonly
employed procedures include AN excision and reconstruction of
(17). Therefore, this
retrospective study analyzed patients with adolescent type II

the posterior tibial tendon insertion

painful AN syndrome combined with flexible flatfoot who were
treated at our hospital between January 2018 and January 2022.
The study aimed to investigate the clinical efficacy of a modified
Kidner procedure combined with subtalar arthroereisis.

Methods

Inclusion criteria were as follows: (1) Presence of navicular
tuberosity protrusion, tenderness, and meeting the clinical
diagnostic criteria for painful AN; (2) Confirmation of type II
AN based on foot imaging data; (3) Age between 9 and 14 years;
(4) Ineffectiveness of conservative treatment for a minimum of 6
months, including brace fixation, orthotics, oral non-steroidal
anti-inflammatory drugs, etc; (5) Presence of medial arch
collapse or disappearance, restoration of the medial longitudinal
arch under non-weight-bearing conditions, and meeting the
diagnostic criteria for flexible flatfoot: the arch of the foot
disappears when the child is standing but re-appears when the
child is sitting or standing on tiptoes; and (6) Undergoing a
modified Kidner procedure combined with subtalar arthroereisis
with at least 1 year of follow-up after surgery.

Exclusion criteria were as follows: (1) Navicular bone fracture; (2)
Navicular bone ischemic necrosis; (3) Tarsal fusion; (4) Severe hindfoot
valgus deformity (the valgus angle of the hindfoot >15 degree); (5)
Type II AN without obvious pain symptoms; (6) History of foot or
lower limb surgery on the affected side; (7) Secondary surgery
combined with multiple internal medical diseases, neurological or
muscular disorders; and (8) Congenital flatfoot or flatfoot caused by
iatrogenic factors, trauma, rheumatic diseases, etc.

The study included a total of 25 cases (40 feet), comprising 13
males (23 feet) and 12 females (17 feet), with an age range of 9 to
14 years (mean age 11.28 + 1.51 years) and a disease duration of 12
to 24 months (mean 17.4 + 2.6 months). Based on weight-bearing
x-ray, CT, and MRI imaging results, all cases were diagnosed
with type II AN. The primary reported symptoms were medial
foot pain that worsened after exercise. Physical examination
revealed significant protrusion at the medial navicular bone of
the affected foot, accompanied by local skin redness, swelling,
and tenderness upon palpation.

Surgical procedure

The surgeries were performed by a consistent surgical team.
Patients underwent general anesthesia and were placed in a
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supine position with a pneumatic tourniquet applied to the thigh of
the affected limb. A 3-4 cm arc-shaped incision was made centered
at the tuberosity of the navicular bone. Layer by layer, the AN and
posterior tibial tendon were exposed. The AN was carefully
detached, and after cutting its fibrous connection to the navicular
bone, it was sharply excised from the tibialis posterior tendon.
The remaining end of the posterior tibial tendon insertion was
thoroughly cleaned, and any remaining fibrous connections and
the navicular bone’s tuberosity were repaired using a bone knife
and bone forceps. Special care was taken to protect the plantar
insertion of the posterior tibial tendon during this process.
Subsequently, a suture anchor was placed in the navicular body,
and the tibialis posterior tendon insertion was sutured to the
fresh bone surface of the navicular bone. The incision was then
closed layer by layer, and sterile dressings were applied with
pressure, followed by deflation of the pneumatic tourniquet.
Then, a 1.5 cm skin incision was made along the skin crease at
the sinus tarsi of the affected foot. A minimally invasive scissors
was used to carefully separate the sinus tarsi, and the
interosseous ligament between the calcaneus and talus was
incised. Following the anatomical structure, a guide wire was
inserted into the tarsal canal from the anterior lateral to
posterior medial direction. Subsequently, the tarsal screw trial
was sequentially inserted from small to large along the guide
wire, ensuring satisfactory positioning based on anteroposterior,
lateral, and calcaneal axial views.

Postoperative management

The affected limb was elevated and immobilized in an inward
rotation long leg plaster cast. After 2 weeks, the sutures were
removed. At 6 to 8 weeks, the plaster cast was discontinued, and
active toe exercises were encouraged. After 8 weeks, gradual
introduction of partial weight-bearing exercises with the aid of
custom-made arch supports was initiated. At the 12-month
postoperative mark, weight-bearing anteroposterior and lateral x-
ray images were taken to assess healing at the osteotomy site,
enabling patients to bear full weight and walk normally. At the
final follow-up, weight-bearing anteroposterior and lateral x-ray
images of the affected foot were used to measure the talar-first
metatarsal angle (Meary’s angle), anteroposterior talo-first
(APTMT),
calcaneal pitch angle (Pitch angle), talar tilt angle, talocalcaneal

metatarsal angle talar-second metatarsal angle,
angle (TCA), lateral talocalcaneal angle (LTCA), and calcaneal
angle. The American Orthopaedic Foot and Ankle Society

(AOFAS) midfoot score and visual analog scale (VAS) for pain

TABLE 1 Comparison of parameters before and after operation.

10.3389/fped.2023.1258032

were employed to evaluate treatment outcomes. Occurrence of
related complications was recorded.

Statistical methods

The collected data were analyzed using SPSS 26.0 software. The
chi-square test was used for categorical data, and mean + standard
deviation (SD) was used to represent normally distributed data.
Intergroup comparisons were conducted using paired t-tests. A
significance level of 0.05 was applied.

Results

A total of 25 patients were followed up for 12-24 months after
surgery, with an average follow-up duration of 15.2 months.
Complete bony union at the fusion site was observed 3 months
after surgery. The assessments before surgery and at the last
follow-up showed a significant reduction in pain during
movement in the AN following surgical treatment. Weight-bearing
anteroposterior and lateral x-ray examinations of the affected foot
at the last follow-up revealed a significant decrease in the talar-
first metatarsal angle (Meary’s angle), anteroposterior talo-first
metatarsal angle (APTMT), talar-second metatarsal angle, talar tilt
angle, talocalcaneal angle (TCA), lateral talocalcaneal angle
(LTCA), and calcaneal angle compared to before surgery, with
statistical significance (P <0.01). The calcaneal pitch angle (Pitch
angle) significantly increased compared to before surgery, with
statistical significance (P <0.01). Detailed results can be found in
Table 1.

One year after surgery, the visual analog scale (VAS) scores for
pain in the affected foot were significantly lower compared to the
preoperative scores in the same group, with statistical significance
(t=1450, P<0.01).

improvement in the American Orthopedic Foot and Ankle

Furthermore, there was a significant
Society (AOFAS) foot function scores of patients compared to
their preoperative scores, with statistical significance (t=—17.98,
P <0.01). The results are presented in Table 2. Typical cases are
illustrated in Figures 1, 2.

All patients experienced primary wound healing without any
instances of infection, hematoma, nerve injury, or calcaneal
anterior process fracture. There were no reported cases of
subtalar arthroereisis screw loosening or the need for a second
surgery to remove the screw. One case (1 foot) experienced pain
in the tarsal sinus area, which was considered related to the
slightly larger size of the tarsal screw. The symptom resolved

Meary’s APTMT Talar-second metatarsal
angle angle
Pre-OP | 1528603 | 13.98+6.24 22.45+5.70
Last FU | 3.93+2.09 6.00 % 4.56 11.78 £ 5.20
t 1143 8.65 1132
P <0.01 <0.01 <0.01
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Pitch Calcaneal Talar tilt angle . LTCA
angle angle
13.88£4.33 | 45.45+6.39 4328 £6.52 3342£460 | 17.68%2.79
20.53+3.27 | 36.95+7.08 39.40 + 6.82 2140£2.05 | 10.95+3.92
-11.71 8.451 3.92 15.97 10.16
<0.01 <0.01 <0.01 <0.01 <0.01
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TABLE 2 Comparison of AOFAS and VAS before and after operation.

L0 eeor s P

AOFAS 25 47.40 £6.98 82.84 +6.09 —17.98 <0.01
VAS 25 528+0.98 1.72+£0.84 14.50 <0.01

with a single regional anesthetic injection. Two cases (2 feet) had
mild residual AN pain after surgery, which was attributed to
insufficient correction of hindfoot valgus. The symptoms of both
feet improved after using custom foot pads for one vyear.
Anteroposterior and lateral x-ray examinations of the affected
foot revealed that the suture anchors had not loosened or
broken, and there was no further collapse of the foot arch.

10.3389/fped.2023.1258032

Discussion

The accessory navicular bone is a common variation in the
skeletal structure of the foot and is one of the most frequent
symptomatic accessory bones. Its exact cause is still unclear, but
it has been recognized for a long time, first described by Bauhn
in 1605 (18). While the presence of the accessory navicular bone
usually does not cause symptoms, it can lead to painful AN
when accompanied by medial foot pain. Painful AN is associated
with factors such as local irritation of the accessory navicular
prominence, abnormal traction of the Achilles tendon, and
pathological changes in the accessory navicular itself (19).
Patients typically experience pain, tenderness, swelling, and a

FIGURE 1

An 11-year-old male patient with bilateral type Il painful accessory navicular (AN) combined with flexible flatfoot underwent a modified Kidner surgery
combined with subtalar arthroereisis tarsal screw implantation. (A) Lateral x-ray images of left feet before surgery: Meary's angle: 16, APTMT: 14,
Talar-second metatarsal angle: 19, Pitch angle: 15, TCA: 52, Calcaneal angle: 51, Talar tilt angle: 35, LTCA: 16. (B) Lateral x-ray images of right feet
before surgery: Meary's angle: 16, APTMT: 11, Talar-second metatarsal angle: 13, Pitch angle: 17, TCA: 51, Calcaneal angle: 51, Talar tilt angle: 33,
LTCA: 18. (C) AP x-ray images of both feet before surgery, (D) Lateral x-ray images of left feet 1-year postoperative follow-up: Meary's angle: 4,
APTMT: 3, Talar-second metatarsal angle: 3, Pitch angle: 17, TCA: 36, Calcaneal angle: 49, Talar tilt angle: 24, LTCA: 9. Parameters shows good
positioning of the anchor screw and tarsal screw and good alignment of foot arch. (E) Lateral x-ray images of right feet 1-year postoperative follow-
up: Meary's angle: 4, APTMT: 1, Talar-second metatarsal angle: 3, Pitch angle: 18, TCA: 42, Calcaneal angle: 46, Talar tilt angle: 23, LTCA:
8. Parameters shows good positioning of the anchor screw and tarsal screw and good alignment of foot arch. (F) AP x-ray images of both feet 1-year
postoperative follow-up, showing correction of AN deformity in both feet.

FIGURE 2

An 10-year-old female patient with bilateral type Il painful accessory navicular (AN) combined with flexible flatfoot underwent a modified Kidner surgery
combined with subtalar arthroereisis tarsal screw implantation. (A) Lateral x-ray images of left feet before surgery: Meary's angle:30, APTMT: 16, Talar-
second metatarsal angle: 23, Pitch angle: 16, TCA: 56, Calcaneal angle: 37, Talar tilt angle: 40, LTCA: 20. (B) Lateral x-ray images of right feet before
surgery: Meary's angle: 20, APTMT: 13, Talar-second metatarsal angle: 20, Pitch angle: 18, TCA: 55, Calcaneal angle: 30, Talar tilt angle: 36, LTCA: 13
(C) AP x-ray images of both feet before surgery. (D) Lateral x-ray images of left feet 1-year postoperative follow-up: Meary's angle: 5, APTMT: 13,
Talar-second metatarsal angle: 10, Pitch angle: 20, TCA: 43, Calcaneal angle: 35, Talar tilt angle: 23, LTCA: 11. Parameters shows good positioning of
the anchor screw and tarsal screw and good alignment of foot arch. (E) Lateral x-ray images of right feet 1-year postoperative follow-up: Meary's
angle: 2, APTMT: 1, Talar-second metatarsal angle: 3, Pitch angle: 14, TCA: 33, Calcaneal angle: 36, Talar tilt angle: 20, LTCA: 5. Parameters shows
good positioning of the anchor screw and tarsal screw and good alignment of foot arch. (F) AP x-ray images of both feet 1-year postoperative
follow-up, showing correction of AN deformity in both feet.
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palpable prominence along the medial arch between the ages of 11
and 15, with symptoms worsening during weight-bearing, walking,
physical activity, and wearing shoes. The presence of the accessory
navicular bone alters the shape and insertion point of the Achilles
tendon, affecting its function and leading to flat feet and strain. The
Achilles tendon plays a crucial role in maintaining the medial
longitudinal arch and its dysfunction can result in arch collapse
and characteristic secondary deformities of flat feet (20, 21).
Studies have shown that 35% of patients with accessory navicular
exhibit flat foot (11). These
characterized by the absence of the medial longitudinal arch,

deformities deformities are
forefoot abduction, hindfoot valgus, and often accompanied by
Achilles tendon contracture.

Patients with painful accessory navicular (AN) in the foot
commonly present with pain and tenderness on the medial side
of the midfoot. Physical examination often reveals swelling and
tenderness specifically on the medial side of the navicular bone.
For patients with painful AN and flexible flat feet, conservative
treatment is generally recommended. This may involve wearing
corrective shoes, using braces, receiving massages, and
undergoing muscle training (22). If symptoms persist despite
conservative measures, surgical treatment may be considered as
an option (17). The goal of surgical treatment for painful AN is
to improve symptoms, restore the function of the posterior tibial
tendon, improve the force line, and reshape the arch of the foot.
The Kidner procedure, first proposed in 1929, is considered the
standard surgical procedure for treating painful AN. However,
the traditional procedure has drawbacks such as significant
trauma, slow recovery, and the need for long-term
the modified

Kidner procedure has been developed. This procedure not only

immobilization. To address these limitations,

retains the advantages of the traditional procedure but also
preserves the tendon’s insertion point on other tarsal bones
besides the accessory navicular (AN). Additionally, a wire anchor
is inserted into the navicular bone to reinforce the tendon’s
insertion point, promoting early postoperative recovery. Several
studies have reported successful outcomes with the modified
Kidner procedure. Lee et al. (23) achieved a clinical better result
by performing modified Kidner procedurein 14 cases of type II
painful AN. Kim et al. (24) utilized the modified Kidner
procedure in patients with painful AN, with 7 cases showing
excellent results and 4 cases showing good results. The procedure
is considered simple to perform, provides strong grip strength,
and has minimal impact on the navicular bone. These factors
contribute to effective tightening of the posterior tibial tendon
and strengthening of its insertion point on the navicular bone,
facilitating early postoperative recovery. However, our team’s
findings suggest that the improvement achieved with a single
Kidner procedure in improving the foot arch is relatively limited
compared to previous reports (25). In Garras’s study (11), three
patients required removal of the arthroereisis plug because of
impingement pain, but in our cases, we had no instances of
arthroereisis screw loosening and no need for additional surgery
to remove the screw. Garras suggests that the pain may be
caused by larger screws. But as our patients are younger than
those of Garras, they may have more growth potential and
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tolerate the screws better. Specifically, we observed slight
improvements in the Pitch angle and TMA ap, measuring only
1.9° and 0.7°, respectively, compared to preoperative values (26).
Previous research has also indicated that regardless of whether
Kidner surgery or AN fusion is performed, the calcaneal pitch
angle increases but does not significantly affect the TNCA (Talo-
navicular coverage angle) and TIMT (Talo-first metatarsal angle)
(27, 28). Biomechanical experiments have demonstrated the
effectiveness of the subtalar arthroereisis screw in reducing
subluxation between the talus and calcaneus during weight-
bearing. Its design aligns with the orientation of the sinus tarsi,
enabling even distribution of axial stress across the anterior and
posterior aspects of the sinus tarsi, which are the anterior and
posterior joint surfaces of the subtalar joint (15). Consequently,
the subtalar arthroereisis screw restores the normal motion axis
of the subtalar joint, corrects the force line of the hindfoot,
foot
significantly reduces the mechanical load on the posterior tibial

restores the arch, eliminates excessive valgus, and
tendon insertion point. Therefore, the subtalar arthroereisis screw
has the potential to alleviate pain and correct the deformity
associated with flat feet (29). Ruiz Picazo et al. (30) have also
reported the effectiveness of the subtalar arthroereisis screw in
feet,

functionality and imaging results. This serves as one of the

treating flexible flat leading to good postoperative
theoretical foundations for this clinical study. In recent years, the
use of the subtalar arthroereisis screw has gained popularity as a
safe, effective, and minimally invasive treatment option,
demonstrating significant improvement in patients with flat foot
deformity (31, 32).

This study investigated the use of the modified Kidner
procedure combined with the subtalar arthroereisis screw in 25
cases (40 feet) of adolescent patients with painful accessory
navicular (AN) and flexible flat feet. The aim was to prevent the
development of later varus deformity of the high arch through
early intervention. The imaging results demonstrated significant
reductions in various angles, including the talar-first metatarsal
angle (Meary’s angle), anteroposterior talo-first metatarsal angle
(APTMT), talar tilt

talocalcaneal angle (TCA), lateral talocalcaneal angle (LTCA),

talar-second metatarsal angle, angle,
and calcaneal angle compared to the pre-surgery measurements.
These (P<0.01).

Additionally, the calcaneal pitch angle (Pitch angle) significantly

reductions were statistically significant
increased compared to the pre-surgery measurements, also with
statistical significance (P <0.01). All patients achieved successful
wound healing without any complications such as wire anchor or
tarsal screw loosening, detachment, or removal. The modified
Kidner procedure combined with the subtalar arthroereisis screw
yielded favorable outcomes in terms of AOFAS foot and VAS
scores, with statistically significant differences observed before
and after surgery. This treatment not only alleviated preoperative
pain symptoms at the navicular bone but also resulted in better
correction of the flat foot deformity. Moreover, it facilitated a
faster recovery of the foot arch and reduced the duration of non-
weight-bearing requirements. Throughout the study, no cases
required the removal of the wire anchor or tarsal screw. It is

believed that the tarsal screw, which involves solely soft tissue
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surgery, does not impact the foot development of adolescents. In
cases without symptoms, the removal of the tarsal screw was not
recommended. However, individual variations among patients
may affect the optimal customization of tarsal screws, potentially
leading to mild overcorrection and post-surgical complications
such as pain. Future research could explore the use of 3D
printing technology for personalized customization of tarsal screws.

This study has some limitations. This was a retrospective study with
a small sample size which may lead to bias. Future biomechanical
studies of subtalar arthroereisis in children would be useful.

In conclusion, the combination of the modified Kidner
procedure and tarsal screw insertion represents a departure from
the traditional approach of using a single procedure. The authors
argue that the treatment of adolescent patients with painful AN
and flexible flat feet should encompass both interventions. The
key focus of treatment is to stabilize the subtalar joint, remove
the accessory navicular bone, reconstruct the posterior tibial
This
effectively restores the normal biomechanical structure of the

tendon, and alleviate pain. comprehensive approach
foot and ankle, improves foot function and imaging results, and

corrects the deformity associated with flat feet.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethic
Committee of Hunan Provincial People’s Hospital, the First
Affiliated Hospital of Hunan Normal University. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this
study was provided by the participants’ legal guardians/next of kin.

References

1. Coskun N, Yuksel M, Cevener M, Arican RY, Ozdemir H, Bircan O, et al.
Incidence of accessory ossicles and sesa-moid bones in the feet: a radiographical
study of the Turkish subjects. SurgRadiol Anat. (2009) 31(1):19-24. doi: 10.1007/
500276-008-0383-9

2. Perdikakis E, Grigoraki E, Karantanas A. Os naviculare: the multi-ossicle
configuration of a normal variant. Skeletal Radiol. (2011) 40(1):85-8. doi: 10.1007/
500256-010-0944-y

3. Huang J, Zhang Y, Ma X, Wang X, Zhang C, Chen L Accessory navicular bone
inci dence in Chinese patients: a retrospective analysis of x-rays following trauma or
progressive pain onset. Surg Radiol Anat. (2014) 36(2):167-72. doi: 10.1007/s00276-
013-1158-5

4. Jegal H, Park YU, Kim JS, Choo HS, Seo YU, Lee KT. Accessory navicular
syndrome in athlete vs general population. Foot Ankle Int. (2016) 37(8):862-7.
doi: 10.1177/1071100716644791

5. Kalbouneh H, Alajoulin O, Alsalem M, Humoud N, Shawagqfeh J, Alkhoujah M,
et al. Incidence and anatomical variations of accessory navicular bone in patients with
foot pain: a retrospective radiographic analysis. Clin Anatomy. (2017) 30(4):436-44.
doi: 10.1002/ca.22876

Frontiers in Pediatrics

10.3389/fped.2023.1258032

Authors’ contributions

draft. TB:
Conceptualization, Writing - original draft. AH: Data curation,

KF: Conceptualization, Writing - original
Writing - original draft. XL: Data curation, Writing - original
draft. HG: Investigation, Writing — original draft. BL: Investigation,
Resources, Writing - original draft. FL: Investigation, Software,
Writing - original draft. JW: Software, Supervision, Writing -
review & editing SX: Conceptualization, Resources, Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This study is supported by Science project of Hunan Provincial
Health Commission (N0.20200269).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Geist ES. Supernumerary bones of the foot—a réntgen study of the feet of one
hundred normal individuals. Am J Orthop Surg. (1915) s2-12(3):403-14.

7. Coughlin M]J. Surgery of the foot and ankle. 8th ed. Philadelphia: Mosby (2007).
531-610.

8. Scott AT, Sabesan V], Saluta JR, Wilson MA, Easley ME. Fusion versus excision of
the symptomatic type II accessory navicular: a prospective study. Foot Ankle Int.
(2009) 30(1):10-5. doi: 10.3113/FAL2009.0010

9. Kim JR, Park CI, Moon Y], Wang SI, Kwon KS. Concomitant calcaneo-cuboid-
cuneiform osteotomies and the modified kidner procedure for severe flatfoot
associated with symptomatic accessory navicular in children and adolescents.
J Orthop Surg Res. (2014) 9:131. doi: 10.1186/s13018-014-0131-2

10. Knapik DM, Guraya SS, Conry KT, Cooperman DR, Liu RW. Longitudinal
radiographic behavior of accessory navicular in pediatric patients. J Children’s
Orthop. (2016) 10:685-9. doi: 10.1007/s11832-016-0777-x

11. Garras DN, Hansen PL, Miller AG, Raikin SM. Outcome of modified Kidner
procedure with subtalar arthroereisis for painful accessory navicular associated with
planovalgus deformity. Foot Ankle Int. (2012) 33(11):934-9. doi: 10.3113/FAI.2012.
0934

frontiersin.org


https://doi.org/10.1007/s00276-008-0383-9
https://doi.org/10.1007/s00276-008-0383-9
https://doi.org/10.1007/s00256-010-0944-y
https://doi.org/10.1007/s00256-010-0944-y
https://doi.org/10.1007/s00276-013-1158-5
https://doi.org/10.1007/s00276-013-1158-5
https://doi.org/10.1177/1071100716644791
https://doi.org/10.1002/ca.22876
https://doi.org/10.3113/FAI.2009.0010
https://doi.org/10.1186/s13018-014-0131-2
https://doi.org/10.1007/s11832-016-0777-x
https://doi.org/10.3113/FAI.2012.0934
https://doi.org/10.3113/FAI.2012.0934
https://doi.org/10.3389/fped.2023.1258032
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Fang et al.

12. Knapik DM, Archibald HD, Xie KK, Liu RW. A retrospective study on factors
predictive of operative intervention in symptomatic accessory navicular. J Children’s
Orthop. (2019) 13:107-13. doi: 10.1302/1863-2548.13.180168

13. Panni AS, Milano G, Lucania L, Fabbriciani C. Graft healing after anterior
cruciate ligament reconstruction in rabbits. Clin Orthop Relat Res. (1997343):203-12.

14. Mazzotti A, Viglione V, Gerardi S, Artioli E, Rocca G, Faldini C. Subtalar
arthroereisis post-operative management in children: a literature review. Foot
(Edinb). (2023) 56:102037. doi: 10.1016/j.fo0t.2023.102037

15. Wang S, Yu J, Helili M, Zhang C, Huang ], Wang X, Chen L, Ma X.
Biomechanical assessment of two types and two different locations of subtalar
arthroereisis implants for flexible flatfoot: a cadaveric study. Clin Biomech (Bristol,
Avon). (2021) 89(8):105475. doi: 10.1016/j.clinbiomech.2021.105475

16. Stevens P, Lancaster A, Khwaja A. Talar-tarsal stabilisation: goals and initial
outcomes. Strategies Trauma Limb Reconstr. (2021) 16(3):168-71. doi: 10.5005/jp-
journals-10080-1538

17. Li B, He W, Yu G, Zhou H, Xia ], Zhao Y, et al. Treatment for flexible flatfoot in
children with subtalar arthroereisis and soft tissue procedures. Front Pediatr. (2021) 21
(9):656178. doi: 10.3389/fped.2021.656178

18. Bareither DJ, Muehleman CM, Feldman NJ. Os tibiale externum or sesamoid in
the tendon of tibialis posterior. J Foot Ankle Surg. (1995) 34(5):429-34. doi: 10.1016/
$1067-2516(09)80017-3

19. Bae S, Kang Y, Song YS, Lee WW, K-SPECT Group. Maximum standardized
uptake value of foot SPECT/CT using tc-99 m HDP in patients with accessory
navicular bone as a predictor of surgical treatment. Medicine (Baltimore). (2019) 98
(2):140-3. doi: 10.1097/MD.0000000000014022

20. Guelf M, Pantalone A, Mirapeix RM, Vanni D, Usuelli FG, Guelf M, et al.
Anatomy, pathophysiology and classifcation of posterior tibial tendon dysfunction.
Eur Rev Med Pharmacol Sci. (2017) 21:13-9.

21. Kwon KB, Lee SY, Chung CY, Park MS, Choi JH, Koo S, et al. Posterior tibial
tendon integrity can be screened with plain anteroposterior foot radiography.
Orthopedics. (2020) 43:¢503-7. doi: 10.3928/01477447-20200827-04

22. Wynn M, Brady C, Cola K, Rice-Denning J. Efectiveness of nonoperative
treatment of the symptomatic accessory navicular in pediatric patients. ITowa Orthop
J. (2019) 39:45-9.

Frontiers in Pediatrics

07

10.3389/fped.2023.1258032

23. Lee JS, Youn H, Choi W, Lee JW, et al. Comparison of clinical outcome of
excision versus osteosynthesis in type II accessory navicular. ] Korean Foot Ankle
Soc. (2011):72-8.

24. Wynn M, Brady C, Cola K, Rice-Denning J. Surgical treatment of symptomatic
accessory navicular in adolescent. Korea Med. (2010) 14(1):36-40. doi: 10.3346/jkms.
2010.25.5.836

25. Lee KT, Kim KC, Park YU, Park SM, Lee YK, Deland JT. Midterm outcome
ofmodified kidner procedure. Foot Ankle Int. (2012) 33:122-7. doi: 10.3113/FAIL
2012.0122

26. Zeng G, Hu X, Chen Y, Yang T, Qiu X, Li C, et al. Comparison of outcomes of
arthrodesis and reconstruction (advancement), posterior tibial tendon with excision of
accessory tarsal navicular bone(kidner procedure)in type 2 accessory navicula. Foot
Ankle Surg. (2020) 26(8):930-4. doi: 10.1016/j.fas.2019.12.005

27. Kim J, Day J, Seilern Und Aspang J. Outcomes following revision surgery after
failed kidner procedure for painful accessory navicular. Foot Ankle Int. (2020)
41:1493-501. doi: 10.1177/1071100720943843

28. Cha SM, Shin HD, Kim KC. Simple excision vs the kidner procedure for type 2
accessory navicular associated with flatfoot in pediatric population. Foot Ankle Int.
(2013) 34(2):167-72. doi: 10.1177/1071100712467616

29. Megremis P, Megremis O. Arthroereisis for symptomatic fexible fatfoot
deformity in young children: radiological assessment and short-term follow-up.
J Foot Ankle Surg. (2019) 58:904-15. doi: 10.1053/j.jfas.2019.01.012

30. Ruiz-Picazo D, Jiménez-Ortega P, Doflate-Pérez F, Gaspar-Aparicio N, Garcia-
Martin V, Ramirez-Villaescusa J, et al. Radiographic and functional results following
subtalar arthroereisis in pediatric fexible fatfoot. Adv Orthop. (2019) 2019:5061934.
doi: 10.1155/2019/5061934

31. Dana C, Péjin Z, Cadilhac C, Wicart P, Glorion C, Aurégan JC. Long-term
results of the “horseman” procedure for severe idiopathic flflatfoot in children:a
retrospective analysis of 41 consecutive cases with mean 8.9 year duration of
follow-up. J Foot Ankle Surg. (2019) 58(1):10-6. doi: 10.1053/j.jfas.2018.05.008

32. Shi C, Li M, Zeng Q, Wen X, Tian F, Li Y. Subtalar arthroereisis combined
with medial soft tissue reconstruction in treating pediatric flexible flatfoot with
accessory navicular. J Orthop Surg Res. (2023) 18(1):55. doi: 10.1186/s13018-023-
03542-w

frontiersin.org


https://doi.org/10.1302/1863-2548.13.180168
https://doi.org/10.1016/j.foot.2023.102037
https://doi.org/10.1016/j.clinbiomech.2021.105475
https://doi.org/10.5005/jp-journals-10080-1538
https://doi.org/10.5005/jp-journals-10080-1538
https://doi.org/10.3389/fped.2021.656178
https://doi.org/10.1016/S1067-2516(09)80017-3
https://doi.org/10.1016/S1067-2516(09)80017-3
https://doi.org/10.1097/MD.0000000000014022
https://doi.org/10.3928/01477447-20200827-04
https://doi.org/10.3346/jkms.2010.25.S.S36
https://doi.org/10.3346/jkms.2010.25.S.S36
https://doi.org/10.3113/FAI.2012.0122
https://doi.org/10.3113/FAI.2012.0122
https://doi.org/10.1016/j.fas.2019.12.005
https://doi.org/10.1177/1071100720943843
https://doi.org/10.1177/1071100712467616
https://doi.org/10.1053/j.jfas.2019.01.012
https://doi.org/10.1155/2019/5061934
https://doi.org/10.1053/j.jfas.2018.05.008
https://doi.org/10.1186/s13018-023-03542-w
https://doi.org/10.1186/s13018-023-03542-w
https://doi.org/10.3389/fped.2023.1258032
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Efficacy of modified kidner procedure combined with subtalar arthroereisis treating adolescent type 2 painful accessory navicular with flexible flatfoot
	Introduction
	Methods
	Surgical procedure
	Postoperative management
	Statistical methods
	Results
	Discussion
	Data availability statement
	Ethics statement
	Authors' contributions
	Funding
	Conflict of interest
	Publisher's note
	References


