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ABSTRACT
Background: Flexible flatfoot is a normal finding 
in infants and the arch is shaped spontaneously 
in most children before the age of 10 years. Flex-
ible flatfoot is a common deformity in both ado-
lescent and adult populations. Objective: This 
prospective study aims to assess the functional 
and radiological outcomes of subtalar arthro-
ereisis in adolescent patients with symptomatic 
flexible flatfoot. Methods: This is a prospective 
study and included 26 feet in 19 patients who 
underwent subtalar arthroereisis for symptom-
atic flexible flatfeet deformity. Preoperative 
and postoperative functional assessment based 
on the American Orthopedic Foot and Ankle 
Society (AOFAS) hindfoot scale.  Radiographic 
parameters included preoperative and post-
operative Kite`s angle, talonavicular coverage 
angle, Anterior-Posterior talo-1st metatarsal 
angle, Meary`s angle, talar declination angle, 
calcaneal inclination angle and lateral talo-
calcaneal angle.  Results: The mean follow-up 
period was 22.5±9.4 months and the mean 
preoperative AOFAS score was 54.6±6.0, while 
the mean AOFAS score at the last follow-up visit 
was 86.3±3.9 (P<0.001).The mean preoperative 
and postoperative radiological measurements 
were 19.0°±8.2° and 7.4°±3.9° for the AP Talo-
1st metatarsal angle (P<0.001); 23.6°±9.1° and 
8.0°±4.0° for talonavicular coverage angle 
(P<0.001); 35.4°±3.7° and 24.1°±3.4° for Kite`s 
angle (P<0.003); 22.4°±6.1° and 7.5°±3.7° for 
Meary`s angle (P<0.001); 41.0°±4.4° and 

25.2°±7.1° for talar declination angle (P<0.001); 
13.5°±3.7° and 21.3°±3.6° for calcaneal incli-
nation angle (P<0.001) and 52.4°±7.2° and 
42.9°±4.8° for lateral talocalcaneal angle 
(P<0.041) respectively. Conclusion: Subtalar ar-
throereisis is an effective and minimally invasive 
procedure that showed clinical and radiological 
improvement for symptomatic flexible flatfoot 
in our study group.
Keywords: Arthroereisis; flexible Flatfoot; pes-
planovalgus; sinus tarsi implant

1. BACKGROUND
The term flatfoot is generally used to de-

scribe a foot deformity with loss or decrease 
of the medial longitudinal arch, eversion of 
the heel and forefoot abduction (1). So it is a 
three-dimensional deformity with subtalar 
joint external rotation, midfoot abduction 
and forefoot supination in relation to the 
hindfoot (1,2)

Flexible flatfoot is a normal finding in in-
fants and the arch is shaped spontaneously 
in most children before age of 10 years (3-5). 
Flexible flatfoot is a common deformity in 
both adolescents and adults (6,7).

Staheli divided flatfoot into two groups, 
physiologic and pathologic flatfoot, in the 
flexible (physiologic, hypermobile) flatfoot, 
the arch collapses during weight bearing, 
but it appears with tiptoeing or dorsiflex-
ion of the big toe, in contrast to pathologic 
(rigid, fixed) flatfoot (5,8).
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There are two principal theories for the pathogen-
esis of flexible flatfoot, the first one explains this defor-
mity by muscle weakness in the foot and ankle (9), and 
this theory was weakened by later electromyographic 
studies (10).

The second theory is bone-ligament complex integ-
rity, in which the shape of bones and the strength and 
flexibility of the ligaments are needed to maintain the 
longitudinal arch, with excessive ligamentous laxity 
as the primary pathology (11).   

Mann and Inman confirmed that intrinsic muscle 
activity is necessary for arch support during propul-
sion, but not in the static phase (12).

There is a controversy about the risk factors that 
may be associated with flexible flatfoot which include 
obesity (13) and hyperlaxity of the ligaments that 
causes hypermobility of the joints with excessive ever-
sion motion at the subtalar joint (14).

Various treatment methods have been defined for 
symptomatic flexible flatfoot, these methods are di-
vided into conservative and surgical procedures (7). 
Conservative treatment includes shoe modification, 
analgesia, braces, and physiotherapy (15).

Surgical treatment is indicated after failure of 
conservative management and can be categorized 
into tendon lengthening and transfer, osteotomies, 
arthrodesis of one or more joints and subtalar arthro-
ereisis (7,16-19).

Soft tissue procedure alone is not sufficient in 
most cases and usually, it is accompanied by bony 
procedure(s)(7). There are different osteotomy tech-
niques such as medial shift calcaneus osteotomy, lat-
eral column lengthening osteotomy and dorsal open 
wedge medial cuneiform osteotomy (20,21).

These osteotomies in flexible flatfoot correct the 
deformity but it does not change the excessive ever-
sion at the subtalar joint and usually need a long time 
to recover and there is a risk of nonunion (22,23).

Subtalar arthroereisis refers to the use of a subtalar 
implant to decrease excessive eversion and overprona-
tion at the subtalar joint (2,18,19,23-26), previously 
these implants were bone grafts (27), currently, there 
are special implants designed for this purpose.

The advantages of this procedure include fast recov-
ery, minimally invasive, three-dimensional correc-
tion, low infection rate and can be reverted by removal 
of implants (19,28).

Contraindications for this procedure are rigid 
flatfoot, infection at the surgical site, and subtalar 
arthritis (29,30).

One of the most common complications of this 
procedure is sinus tarsi pain (31), which is reported at 
different rates in different studies, and may require 
implant removal (25).

2. OBJECTIVE
The purposes of this study are to evaluate the 

functional and radiological outcomes in adolescent 
patients with flexible flatfoot treated by subtalar ar-
throereisis and document the complications of this 

procedure in this group of patients.

3. PATIENTS AND METHODS
The study included 26 feet (12 right, 14 left) in 19 

patients (12 Females, 7 males) treated by subtalar ar-
throereisis for symptomatic flexible flatfoot deformity 
in our institution between July 2020 and January 2023.

Inclusion criteria were patients with symptomatic 
flexible flatfoot deformity between the ages 14 and 19 
years at the time of operation, that did not respond to 
conservative management such as orthosis, analge-
sia and physiotherapy for at least 6 months. Patients 
complained of pain in the midfoot, hindfoot or calf 
during standing or walking and also complained of 
difficulty wearing shoes.

Patients who had flexible flatfoot deformity with 
previous surgery for flatfoot or secondary to a con-
genital condition, accessory navicular, trauma, ge-
netic syndromes and neuromuscular disease, were 
excluded.

 Table 1 summarizes the socio-demographic char-
acteristics of the study population.

The clinical evaluation pre and postoperatively was 
based on the American Orthopedic Foot and Ankle 
Society (AOFAS) hindfoot score (32). This scale mainly 
consists of three aspects: pain, function and alignment 
and it had a maximum of 100 points.  A mark of less 
than 50 is considered poor, 50-74 is fair, 75-89 is good 
and 90-100 is excellent.

Radiographic evaluation:
For radiographic assessment, the patients had pre 

and postoperative weight-bearing foot X-rays with 
two views, dorsoplantar (DP) and lateral views. The 
analysis was done by Picture Archiving and Commu-
nication System (PACS) and the following measure-
ments were done:

On lateral view: Figure 1 shows these measurements 
on the lateral view

* The Calcaneal Inclination Angle:
Defined as the angle formed between a line parallel 

to the floor and a line connecting the two most infe-
rior points of the calcaneus, normal values (20°-30°).

*. The Mearỳ s angle: the angle between the longi-
tudinal axis of the talus and the longitudinal axis of 
the first metatarsal, normal values (0-5°)

Gender, n (%)
Male
Female

12 (63.2)
7 (36.8)

Age, years, mean ± SD (range) 15.3±1.4 (14-19)
Follow-up period/month, mean ± SD 
(range) 22.5±9.4 (10-36)

Number of patients (feet) 19 (26)
Operated foot, n (%)
Right 
Left 

12 (46.2)
14 (53.8)

Family history, n (%)
No 
yes

5 (26.3)
14 (73.7)

Table 1. Socio-demographic characteristics of the study population
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*  The lateral talocalcaneal angle: the angle formed 
between the longitudinal axis of the talus and the line 
connecting the most inferior points of the calcaneus, 
normal values (25°-40°).

* The Talar declination angle: the angle between the 
longitudinal axis of the talus and the line parallel to 
the supporting floor, normal values (15°-25°).

On dorsoplantar view: Figure 2 shows these angles
* AP talo-1st metatarsal angle (AP talo-1st metatar-

sal angle): defined as the angle between the longitudi-
nal axis of the talus and the longitudinal axis of the 
first metatarsal, normal values (0-6°).

* Talonavicular coverage angle: the angle between 
the articular surface of the talar head and the articu-
lar surface of the navicular bone, with normal values 
less than 7°.

*  Kite’s angle: the angle between the longitudinal 
axis of the talus and the longitudinal axis of the cal-
caneus, normal values (25°-40°).

Postoperative complications were recorded and in-
cluded sinus tarsi pain and infection.

The study was conducted in accordance with the 
ethical guidelines of the Declaration of Helsinki and 
informed consent was obtained from all the patients.

Prosthesis: Talar fit implants were used, 15 screws 
were Prostop (Arthrex, Naples, FL, USA) and 11 screws 
were subtalar screws (ChM, Bialystock, Poland).

Surgical technique: All patients were operated on 
at our institution by the same foot and ankle surgeon.

The patient was supine with an ipsilateral hip sandbag 
and tourniquet. the soft spot at the sinus tarsi just distal 
to the tip of the fibula was palpated, a 1-2 cm incision 
was made, deep dissection was blunt by hemostat, and 
the guidewire from anterolateral to posteromedial was 
inserted in the sinus tarsi. Trial testers with gradual in-

crements in diameter were inserted under fluoroscopic 
guidance on the guidewire to choose the most suitable 
implant size by assessment of the subtalar motion and 
the purchase grip of the tester. Then the final implant 
with the appropriate size was inserted under fluoro-
scopic guidance. The incision was closed routinely. No 
other procedures were added.

Figure 3 is for a postoperative weight-bearing x-ray 
of a patient at week 12 and figure 4 is for a clinical pic-
ture of the same patient pre and postoperative.

The patient was discharged home on the same day 
and kept in a non-walking cast for 4 weeks, then the 
cast was removed and the patient started weight bear-
ing as tolerated.

Statistical analysis
Statistical analysis was performed using SPSS v20.0 

software (SPSS Inc., Chicago, IL, USA). Descriptive sta-
tistics analysis was performed to calculate Means and 
standard deviations. A paired sample’s t-test was used 
to compare means, and a P-value of 0.05 was considered 
statistically significant.

Figure 4. A clinical picture of pre and postoperative of the patient 
treated by subtalar arthroereisis showing correction of the forefoot 
abduction and heel valgus deformities.

Figure 1.  The angle formed between illustrated lines is for Meary`s 
angle (A), the talar declination angle (B), the lateral talocalcaneal 
angle (C) and the calcaneal inclination angle (D). 

Figure 2. The angle formed between illustrated lines is for the talo-
1st metatarsal angle (A), the talonavicular coverage angle (B) and 
Kite`s angle (C).

Figure 3. Weight-bearing postoperative x-ray.
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4. RESULTS
The study included 19 patients with 26 feet, 12 were 

male and 7 were female, the evaluated feet were 12 
right and 14 left. The mean age was 15.3±1.4 (range, 14-
19) years and the mean follow-up was 22.5±9.4 (range, 
10-36) months. 1st-degree family history of flatfoot 
was positive in 14 patients (73.7%).

The mean preoperative AOFAS score was 54.6±6.0 
(range, 40-67), while the mean AOFAS score at the last 
follow-up visit was 86.3±3.9 (range, 77-92) (P<0.001).

All radiographic angles improved significantly, the 
mean AP talo-1st metatarsal angles were 19.0°±8.2° 
(range, 6°-36°) degrees preoperatively and improved 
to 7.4°±3.9° (range, 0°-16°) degrees postoperatively 
(P<0.001). The mean preoperative and postoperative 
talonavicular angles were 23.6°±9.1° (range, 12°-48°) 
and 8.0°±4.0° (range, 3°-20°) respectively (P<0.001). 
The mean preoperative and postoperative Kitè s angles 
were 35.4°±3.7° (range, 28°-42°) and 24.1°±3.4° (range, 
18°-30°) respectively (P<0.003).

The mean preoperative and postoperative Mearỳ s 
angles were 22.4°±6.1° (range, 12°-35°) and 7.5°±3.7° 
(range, 2°-16°) respectively (P<0.001), the mean pre-
operative and postoperative talar declination angles 
were 41.0°±4.4° (range, 30°-49°) and 25.2°±7.1° (range, 
12°-38°) respectively (P<0.001).

The mean preoperative and postoperative calcaneal 
inclination angles were 13.5°±3.7° (range, 5°-19°) and 
21.3°±3.6° (range, 10°-30°) respectively (P<0.001), the 
mean preoperative and postoperative lateral talocal-
caneal angles were 52.4°±7.2° (range, 35°-65°) and 
42.9°±4.8° (range, 31°-51°) respectively (P<0.041).

Table 2 summarizes the statistical results of the 
variables in the current study.

Sinus tarsi pain occurred in two feet (7.7%) and 

was treated with nonsteroidal anti-inflammatory 
drugs for two weeks, without implant removal and 
did not affect patients’ daily activities, another foot 
developed a surgical site infection treated with anti-
biotics and regular dressings. In this study, no patient 
necessitated implant removal for any reason in the 
follow-up period.

5. DISCUSSION
There are a lot of controversies in the literature 

about the surgical options for the treatment of symp-
tomatic flexible flatfoot, these treatments include 
soft tissue procedures, osteotomies, arthrodesis and 
arthroereisis (7, 14, 16-19) (interposition of bone or 
special implants into the sinus tarsi).

Arthroereisis was introduced in 1946 by the inser-
tion of a bone block in the sinus tarsi to decrease ex-
cessive subtalar eversion (27), the bone block might 
undergo resorption with recurrent deformity or might 
cause pseudoarthrosis and pain.

Arthroereisis by special implants was introduced 
later on with a variety of implants and different sur-
gical techniques (33,34). This procedure allows quick 
recovery and less pain in comparison to other surgi-
cal procedures (19,28). Other advantages include the 
small surgical wound, minimally invasive technique, 
low infection risk, preserving bone and cartilage, the 
simplicity of the procedure, can be combined with 
other added procedures if needed, and the possibil-
ity for implant removal, if required, with a full and 
painless range of motion at the subtalar joint after 
removal (25,35).

Patients with symptomatic flexible flatfoot usually 
complain of medial foot pain, the clinical improve-
ment post subtalar arthroereisis may be due to the ef-
fect of the implant that redistributes the forces toward 
normal and decreases the load on the medial column of 
the foot (2,36). In their study with a biomedical model, 
Arangio et al found that there is a force shifting to the 
medial column in flatfoot deformity, and subtalar 
arthroereisis with 6 mm substantially reduced these 
forces to normal (2). 

Moreover, Franz et al in their study about the effects 
on pedobarographic outcome post subtalar arthro-
ereisis on 39 patients with juvenile flexible flatfoot 
reported that arthroereisis induces medial to lateral 
load shift under the mid and forefoot (36).

In the current study, the clinical outcome as mea-
sured by the AOFAS hindfoot scale significantly im-
proved postoperatively, as the mean increased from 
54.6±6.0 preoperatively to 86.3±3.9 postoperatively 
(P<0.001), a similar finding was reached by other stud-
ies, as Wang et al reported improvement in AOFAS 
from 55.5 preoperatively to 86.3 postoperatively in 46 
feet for 31 children and adolescents treated with sub-
talar arthroereisis (24). Also, this improvement was 
observed in the study performed by Needleman et al, 
as the AOFAS score increased from 52 preoperatively 
to 87 postoperatively (19).

There are also other studies that showed improve-

Variable Preoperative Postoperative p.value
AOFAS
 Mean ± SD
 Range

54.6±6.0
40-67

86.3±3.9
77-92 <0.001

AP talo-1st metatarsal angle
 Mean ± SD
 Range

19.0±8.2
6-36

7.4±3.9
0-16 <0.001

Talonavicular angle
 Mean ± SD
 Range

23.6±9.1
12-48

8.0±4.0
3-20 <0.001

Meary`s angle
 Mean ± SD
 Range

22.4±6.1
12-35

7.5±3.7
2-16 <0.001

Kite`s angle
 Mean ± SD
 Range

35.4±3.7
28-42

24.1±3.4
18-30 0.003

Talar declination angle
 Mean ± SD
 Range

41.0±4.4
30-49

25.2±7.1
12-38 <0.001

Calcaneal inclination angle
 Mean ± SD
 Range

13.5±3.7
5-19

21.3±3.6
10-30 <0.001

Lateral talocalcaneal angle
 Mean ± SD
 Range

52.4±7.2
35-65

42.9±4.8
31-51 0.041

Table 2. Statistical results of the variables in the current study
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ment in the AOFAS hindfoot scale post subtalar ar-
throereisis (25,37).

Regarding radiographic outcomes in the current 
study, we observed a significant improvement in the 
talar declination angle, Mearỳ s angle, calcaneus in-
clination angle, lateral talocalcaneal angle, AP talo-
1st metatarsal angler, Kitè s angle and talonavicular 
coverage angle.

 Similarly, Megremis et al in their study on 14 pa-
tients with 28 symptomatic flatfeet treated by subtalar 
arthroereisis combined with percutaneous Achilles 
lengthening, found a radiographic improvement as 
the Mearỳ s angle, Kitè s angle, talus declination angle 
and talonavicular coverage angle were significantly 
improved postoperatively, whereas the calcaneal in-
clination angle was slightly improved, which means 
slightly restoration of the medial arch (38).

Furthermore, in a retrospective study conducted by 
Indiano et al for the effectiveness of subtalar arthro-
ereisis for pediatric flexible flatfoot with follow-up till 
skeletal maturity, their study included 112 feet, they 
noticed an improvement in radiographic parameters 
(lateral talocalcaneal angle, calcaneal inclination 
angle, Meary’s angle, anteroposterior talonavicular 
angle, talonavicular uncoverage percent) of the foot 
in pediatric flexible flatfoot and giving satisfactory 
outcomes at the end of skeletal maturity (39). This 
radiographic improvement has also been reported in 
other studies (26,40). 

Overall these findings are in accordance with find-
ings reported by Inn Tan et al in a systemic review 
and meta-analysis of the outcomes of subtalar ar-
throereisis in symptomatic flexible flatfoot, which 
included 17 publications and 1563 feet, they found 
that subtalar arthroereisis could mitigate pain and 
correct radiological abnormalities (Mearỳ s angle, 
calcaneal inclination angle, kitè s angle and lateral 
talocalcaneal angle) (31).

However, there are different complications reported 
for subtalar arthroereisis, the most frequent one is 
sinus tarsi pain, the incidence of this complication is 
widely different among many studies, and it varies 
from 3% to 40% (24,31,41). The cause of postoperative 
sinus tarsi pain is multifactorial and not fully under-
stood. The explanation for this pain includes over-
correction, under-correction, soft tissue irritation 
and impingement between the implant and posterior 
subtalar articular surfaces (24,43). 

Treatment of postoperative sinus tarsi pain starts 
with non-steroidal anti-inflammatory drugs, local 
cold immersions and physiotherapy, and in refractory 
cases, it may require implant removal (31,42). 

Other complications, that it is reported in the litera-
ture for this procedure, are wound infection, under-
correction, subtalar arthritis, overcorrection, broken 
metal, fracture and implant migration (31).  

In the current study, sinus tarsi pain occurred in 
two feet (7.7%), treated by oral non-steroidal anti-
inflammatory drugs for a couple of weeks with local 
ice, the patient’s symptoms improved and no limita-

tion to daily activity or sports occurred, also no need 
for implant removal. 

Another complication that occurred in one foot was 
wound infection in the second week postoperatively, 
treated with simple debridement, regular dressings 
and antibiotics, not necessitated implant removal. No 
other complications have been reported in our study.

The limitations of this study include the small 
sample size, lack of a control group, measurement bias 
and the short-term follow-up for the patients.

Nevertheless, many studies performed with a small 
number of patients showed clinical and radiological 
improvement. In future studies, the number of pa-
tients and the follow-up periods can be increased.  We 
believe that our study will add to other studies in the 
literature on the treatment of symptomatic flexible 
flatfoot in adolescents.

6. CONCLUSION
In conclusion, subtalar arthroereisis is an effective, 

minimally invasive and easy procedure for treatment of 
symptomatic flexible flatfoot in adolescents with good 
clinical and radiological outcomes in our study group.
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