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Abstract
Introduction and Objective. Subtalar arthroereisis is a procedure commonly performed in children with flat feet. The 
procedure is performed when conservative treatment did not have the desired effect,or when the patient’s abnormal 
symptoms are very severe and make it difficult for them to function normally in daily life. The aim of this study was to assess 
whether subtalar arthroereisis and physiotherapy improve the quality of life among children with flat feet.�  
Materials and method. The study comprised 79 patients (140 operated feet) diagnosed with a flat foot defect who 
underwent a subtalar arthroereisis procedure. A self-administered questionnaire and a shortened version of the standardised 
WHOQOL-BREF questionnaire were used in the research.�  
Results. The study confirmed that the patients’ quality of life after surgery was high in all the areas regarding the somatic, 
psychological, social and environmental domains. In the group of children assessed 13–24 months after surgery. it was also 
found that rapid fatigue after exercise (30% ± 9%) and Achilles tendon contracture (7% ± 4%) were significantly reduced. The 
results of the study confirmed that subtalar arthroereisis contributes to a decreased demand for orthoses in children(9% ± 6%) 
and for orthopaedic footwear (11% ± 5%) than before surgery. �  
Conclusions. The employment of subtalars arthroereisis has a positive effect on the quality of life of children with flat 
feet. The surgery contributes to a reduction in pain and other abnormal symptoms that are associated with flat feet. In 
addition, physiotherapy performed after the procedure had a positive effect on the healing process and contributed to the 
improvement of the children’s quality of life.
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INTRODUCTION

Flat feet can be identified by the visible lowering of the 
transverse and longitudinal arch of the foot and the outward 
deviation of the heel axis. When observing the patient, it can 
be seen that the foot rests on the ground along the medial 
edge, a condition known as excessive pronation of the foot. 
This deformity of the foot is associated with ligamentous 
weakness and inadequate muscle tone. Patients may complain 
of pain, contractures and more rapid muscle fatigue, they 
may have walking and/or balance problems, and sometimes, 
corns, calluses or abrasions may occur due to the abnormal 
loading of the limb [1, 2].

Subtalar arthroereisis is a minimally invasive procedure 
employed to treat flat feet in children. It usually takes between 
10–30 minutes and is performed under general anaesthesia. 
During the procedure, the doctor makes a small incision (of 
about 1–2 cm) in the sinus tarsi. Then, the doctor performs 
a supination of the foot so that the implant can be properly 
inserted into the sinus tarsi. The implants are available in 
different sizes; therefore, it is very important that implants 
are properly fitted for each patient. The implant should 
restrict motion in the ankle joint but not cause excessive 

plantar flexion of the foot. Non-absorbable implants should 
be removed 2 years after surgery [3].

Bioabsorbable implants are also available. If these are 
used during subtalar arthroereisis, the child does not need 
to be operated on again after 2 years have elapsed. These 
implants are made of bioabsorbable poly-L-lactic acid (PLLA); 
examples include the Gianinni implant (from the group of 
edno-orthotic implants) [4, 5] and the calcaneo-stop screw [5].

The aim of physiotherapy is to improve the child’s quality 
of life by correcting any postural deformity and reducing 
the accompanying symptoms, such as pain, muscle stiffness 
and contractures, mobility problems, or more rapid muscle 
fatigue. Appropriate treatment should be preceded by 
a thorough examination and diagnosis of the child by a 
physiotherapist or a physician. A correct diagnosis allows 
the selection of appropriate physiotherapeutic methods to 
achieve the best possible results for the patient. Numerous 
instruments can be used to evaluate children’s feet. These 
include the plantocontourgraph, podoscope, pedobarograph 
mat and radiographs [6, 7, 8].

Several physiotherapy techniques are available for the 
treatment of flat feet and pes plano valgus in children. The 
most commonly used when working with the patient are 
corrective exercises the main goal of which is to restore normal 
foot function. In order to achieve the best possible results 
from physiotherapy, the types of exercises and their intensity 
should be determined individually for each patient [9].
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To combat undesirable symptoms, such as pain or increased 
muscle tension, physical therapy methods are useful and 
include electrotherapy, cryotherapy, laser therapy, etc. It 
is also helpful to combine physiotherapy with the use of 
supinating insoles, which are inserted into the child’s shoes. 
Such insoles should be selected individually for each patient 
and yields the best possible results from the exercises [10].

Various types of questionnaires can be used to assess the 
quality of life. They include questions about the presence 
and severity of symptoms, problems with performing daily 
activities, general well-being, etc. Standardised general 
questionnaires can be used, such as the World Health 
Organisation’s quality of life questionnaire (WHOQOL-
BREF), which was validated into Polish by Jaracz K. et al. 
in 2006 [11] or the quality of life questionnaire SF-36 (SF-
36) validated by Kłosiński M. et  al. in 2014 [12]. Other 
questionnaires can also be used that focus on the assessment 
of the patient’s foot, such as the American Orthopaedic Foot 
& Ankle Society (AOFAS) ankle and hindfoot assessment 
system [13, 14], or the Oxford ankle foot questionnaire 
for children (OxAFQ-C) [15, 16]. In addition, to evaluate 
subjective symptoms such as pain, visual analogue scales 
(VAS) can be used by the patient to indicate the severity of 
their pain. These scales can be numeric or descriptive [17, 18].

The questionnaire for the assessment of the ankle and ankle 
joint, validated into Polish by Boszczyk A. et al. in 2015, is 
the Foot and Ankle Outcomes Questionnaire. It consists of 
25 questions and the score is presented in the range of 0–100 
points, and can be used in both children and adults [19].

OBJECTIVES

The main focus of the study is to assess the quality of life 
in children after subtalar arthroereisis, and to evaluate the 
conservative treatment methods applied before and after 
surgery. In addition, the gender-dependent frequency of 
flat feet and the effectiveness of physiotherapy performed 
before and after surgery on the quality of life of the children 
are assessed. There is also an analysis of how the tarsal sinus 
arthroereisis procedure affected the incidence and severity 
of symptoms and the need for orthopaedic supplies among 
the children studied.

MATERIALS AND METHOD

A retrospective study was performed with a cohort of 79 
patients, 61 of whom had surgery on both feet (comprising 
140 operated feet of children). The study included children 
aged 9–17 years (55 boys and 24 girls, mean age 12.7). Patients 
underwent subtalar arthroereisis surgery in the Department 
of Orthopaedics and Traumatology for Children of the City 
Hospital Complex in Chorzów, Silesia, Western Poland, over a 
period of 3 years (2019–2021). The same surgical procedure was 
performed in all patients. Of the 140 procedures performed, 
none were a revision procedure. The exclusion criteria were 
concomitant neurological diseases, including cerebral palsy, 
genetic defect syndromes and malignant diseases, as well as 
the participant’s age of 18 years at the time of surgery, and 
lack of parent or guardian consent to participate in the study.

The research protocol received a positive opinion from 
the Bioethics Committee of the Silesian Medical University 

in Katowice, Silesia (KNW/0022/ KB /233/19), as well as 
approval from the hospital director for the volunteer service. 
This made it possible to assemble the study group based on 
the patients’ medical history.

All parents/legal guardians were contacted by telephone in 
January 2022 and were informed about the study, its purpose 
and research methods, and that participation was voluntary 
and anonymous. Due to Covid 19 pandemic restrictions, 
parents/legal guardians who had consented to the study were 
contacted by email. After obtaining consent to participate 
in the study, questionnaires were sent using SurveyMonkey 
– a survey creation software. In this way, patients’ post-
operative clinical effects, rehabilitation, and quality of life 
were assessed simultaneously at 3 intervals after subtalar 
arthroereis surgery: 6–12 months, 13–24 months, or > 25 
months.

A survey form with 30 questions on demographics, disease, 
and quality of life was completed by each participant. Data on 
general characteristics, such as age, gender, hospital treatment, 
including surgery, perceived health status, number of diseases 
and current use of medications, and physiotherapy methods 
used before and after surgery, were also collected. The second 
questionnaire used in the study was the abbreviated version 
of the World Health Organisation’s quality of life assessment 
questionnaire (WHOQOL-BREF), validated into Polish by 
Jaracz K. et al. It contained 26 questions for the assessment 
of the quality of life and health in the somatic, psychological, 
social and environmental domains. The score range for each 
question was from 1–5 points. Approval was obtained from 
the WHO for the questionnaire’s use in the current study.

Statistical analyses were performed using the statistical 
software IBM SPSS Statistics 28. The statistical methods 
used included 1) the chi-square independence test, used to 
compare the proportion of observations in each condition, 2) 
the Wilcoxon rank sum test, used to compare the frequency 
of specific behaviours, and 3) a 2-factor analysis of variance, 
used to track the interaction between pre-operative and post-
operative ratings and the time that had elapsed since surgery. 
The significance threshold was α = 0.05.

RESULTS

Analysis of the differences in the occurrence of flat feet 
revealed statistically significant differences: χ2 = 11.05; df = 1; 
p = 0.001. The condition occurred twice as often in boys 
as in girls. The subtalar arthroereisis procedure was also 
performed more frequently in boys (Fig. 1).

Figure 1. Prevalence of plano-valgus foot in children depending on gender in all 
examined children
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The analysis distinguished between pre-operative and 
post-operative problems (Fig. 2). There was no statistically 
significant interaction between the time that had elapsed 
since surgery and the frequency of problems before and after 
surgery (F(10,350) = 1.01; p = 0.435). Statistically significant 
outcomes, such as movement problems and difficulties when 
walking, occurred more frequently in children after surgery 
(42% ± 11%) than in those before surgery (11% ± 8%), but this 
was seen only in the group assessed within the first 12 months 
after surgery. Similarly, scores for the rapid onset of fatigue 
after exercise were statistically significantly lower in children 
who were assessed 12–24 months after surgery (30% ± 9%) 
than in those before surgery (59% ± 9%). The outcomes 
regarding Achilles tendon contracture were also statistically 
significant and occurred less frequently in children who were 
assessed 12–24 months after surgery (7% ± 4%), compared 
with the outcomes before surgery (22% ± 7%).

No similar outcomes were observed up to 12 months 
after surgery and more than 24 months after surgery. As a 
significant effect, it was found that children from the group 
in which the period between surgery and the study was 25–36 

months were less likely to have corns, calluses, and abrasions 
on their feet (11% ± 5%) than the children who were assessed 
before surgery (44% ± 9%); similar differences among the 
children in the other groups were not confirmed.

In summary, a main effect of surgery alone was found for 
the averaged measure of problems: F(1, 350) = 6.37; p = 0.014. 
Parents/guardians reported an average of 8% fewer problems 
in children after surgery (20% ± 5%) compared with their 
pre-surgery values (28% ± 5%). This difference increased with 
the time elapsed after surgery: 1) up to 12 months (before: 
25% ± 5% vs. after: 22% ± 5%), 2) up to 24 months (before: 
36% ± 5% vs. after: 24% ± 4%), and 3) up to 36 months (before: 
24% ± 5% vs. after: 13%  ±  4%). The results confirm that subtalar 
arthroereisis surgery had a positive effect on the reduction 
of symptoms, and that this effect was more frequent in the 
groups of children who were examined more than 12 months 
after surgery.

When comparing the demand for orthopaedic aids before 
and after surgery in the different groups of children, no 
significant effect was found: F(4,134) = 0.39; p = 0.817 (Fig. 3). 
Individual outcomes, such as the use of surgical footbeds and 

Figure 2. Incidence of symptoms associated with flat feet, i.e. problems with balance, movement and walking, calf pain/cramps, fatique quickly during exercising, 
Achilles tendon contracture and corns, calluses and abrasions on the feet in children assessed in3 groups (up to 12 months after surgery, 13–24 months after surgery 
and more than 24 months after surgery)
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orthopaedic footwear, were statistically significant (p <0.05.). 
Regardless of the time that had elapsed since surgery, children 
were, on average, 44% less likely to need surgical footbeds 
after surgery (9% ± 6%) compared with the preoperative 
outcomes (53% ± 11%).The largest difference was observed 
in the period up to 12 months after surgery, whereas the 
effect gradually diminished in later periods as some children 
showed a renewed need for surgical footbeds. When the use 
of orthopaedic footwear was analysed, a significant decrease 
in this need was observed only among the groups of children 
assessed up to 12 months and 13–24 months after surgery. In 
the group assessed up to 12 months after surgery, the need 
decreased to zero (24% ± 11%) compared with the preoperative 
data. In contrast, the need for orthopaedic footwear was less 
frequently reported in the group assessed post-operatively at 
13–24 months (11% ± 5%), compared with the preoperative 
results (33% ± 8%). No significant changes were noted in 
children in the group assessed more than 24 months after 
surgery. An analysis of the differences in orthotic use also 
revealed no significant differences before and after surgery. 
The results confirmed that surgery mainly had a positive 
effect on reducing the use of orthopedic insoles and orthotic 
shoes up to 24 months after surgery.

The results regarding the assessment of the children’s quality 
of life, based on the 24 questions of the WHOQOL-BREF 
questionnaire, showed that the quality of life after subtalar 
arthroereisis was relatively high, and was above average on 
a measurement scale of 4–20 points. However, analysis of 
the results showed no statistically significant differences in 
the various domains regarding their quality of life: somatic 
(p = 0.347), psychological (p = 0.772), social (p = 0.942) and 
environmental (p = 0.812), depending on the time that had 
elapsed between the surgery and the study. (This means that 

the time period had no influence on the children’s objective 
quality of life after subtalar arthroereisis). (Fig. 4). There were 
also no statistically significant differences in the 2 auxiliary 
questions from the WHOQOL-BREF questionnaire regarding 
the subjectively perceived quality of life (Fig. 5). Both the 
subjective quality of life (p = 0.617) and level of satisfaction 
regarding health (p = 0.830) were above average (M = 3). The 
results show that regardless of the time that had elapsed since 
the operation, a high quality of life and satisfaction with their 
health were found among the children (up 12 months, 13–24 
months, more than 24 months after surgery).

When asked about the impact of physiotherapy on their 
quality of life before and after surgery (Fig. 6), about 60% of 

Figure 3. Assessment of the need for orthopaedic supplies, i.e. orthopaedic insoles and shoes, and orthoses, assessed in 3 groups (up to 12 months after surgery, 13–24 
months after surgery and more than 24 months after surgery

Figure 4. Somatic, psychological, social and environmental quality of life scores 
according to WHOQOL-BREF questionnaire assessed in 3 groups (up to 12 months 
after surgery, 13–24 months after surgery and more than 24 months after surgery)
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the respondents answered that the question did not apply 
to them, or they did not give an answer. The results for the 
remaining 40% of respondents showed that 25% of parents felt 
that physiotherapy did not improve their children’s quality of 
life before surgery, while the ratio was reversed after surgery, 
when almost 28% of parents observed an improvement in 
their children’s quality of life after physiotherapy.

In summary, physiotherapy before surgery did not have a 
positive impact on quality of life, while after surgery there 
was an improvement in the children’s quality of life due to 
physiotherapy (Fig. 6).

DISCUSSION

The majority of patients in the study group were boys, a ratio 
that has been observed in many other studies [3, 4, 13, 14, 
15, 16, 17, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 
33, 34], and could indicate that the flat foot defect is more 
common in boys than in girls.

The best results for the treatment were observed when 
the procedure is performed between the ages of 9–12 years. 

This finding was confirmed in the study by A. Mazzotti 
et al. Children who are operated on before the age of 9 years 
are more likely to show no long-term improvement, while 
only partial improvement is observed if the operation is 
performed when the child is older than 13 years [4]. H. Kubo 
et al. also confirmed in their study that the best results after 
subtalar arthroereisis are seen in children who are operated 
on between the ages of 9 -2 [31].

The impact of subtalar arthroereisis on the children’s 
quality of life was confirmed in a study by G. L. di Gennaro 
et al., which aimed to compare the surgical and non-surgical 
treatment of children with flat feet. The non-surgical group 
consisted of 37 children (47 feet were analysed). In contrast, 
21 children (34 feet) were in the operative group. All the 
children were between 9 and 17 years old. It was found that 
the patients in the surgical group demonstrated better results 
from treatment. G. L. di Gennaro et al. showed that surgical 
treatment was therefore superior to non-surgical treatment 
[20]. A study by Bing Li et al. also confirmed the positive 
effect of subtalar arthroereisis in the treatment of flat feet in 
children, when employed in combination with soft-tissue 
treatments. The study included 30 patients with flat feet (32 
feet) aged between 8–12 years. The authors demonstrated 
that pain levels decreased, and the foot position improved 
after treatment [17]. A. Mazzotti et al. investigated the long-
term effects of subtalar arthroereisis in the treatment of flat 
feet in children in which the average follow-up time of the 
patients was 180 months. The authors demonstrated that 
the long-term effects in children after subtalar arthroereisis 
surgery were satisfactory [4]. In another study, C. Faldini 
et al. investigated the quality of life of children after subtalar 
arthroereisis surgery. The authors used self-administered 
questionnaires in their study, which was conducted on 173 
patients (average age 11.2 years). The authors demonstrated 
that the children’s quality of life improved significantly after 
subtalar arthroereisis was performed. They also reported that 
the time needed before returning to physical activity after 
the procedure was 4.7 +/- 0.2 months [30].

To assess the impact of subtalar arthroereisis, the American 
Orthopaedic Foot & Ankle Society (AOFAS) maintain 
that the ankle and hindfoot scoring system is the most 
commonly chosen questionnaire. It was used in the studies 
by P. Megremis and O. Megremis [13], M. Elmarghanya et al. 
[14], S. S. Leonchuk et al. [3], G. Luigi di Gennaro et al. [20], 
B. Li, Wenbao He, et al. [17], S. Wang, Li Chen et al. [21], M. 
Ali Tahririan, S. Ramtin and P. Taheri [18], A. Bernasconia 
et al. [22], J. Hong, G. Dai, Q. Weng, and Yang Liu [27], A. 
Mazzotti et al. [4], L. Cao et al. [29] and Sakti P. Das et al. 
[32]. In addition, the Oxford Ankle Foot Questionnaire for 
Children (OxAFQ-C) was used by D. Ruiz-Picazo et al. [15], 
N. Martinelli et al. [16] and S. P. Das et al. [32], while the Foot 
Function Index (FFI) was used by B. Vogt et al. [23] and C. 
Faldini et al. [30].

Although subtalar arthroereisis is the most commonly 
performed surgery in children with flat feet, it is not the 
only procedure that can be performed to restore the correct 
alignment of the foot; another treatment method is lateral 
calcaneal lengthening (LCL). M. Ali Tahririan, S. Ramtin 
and P. Taheri presented a comparison of the effects of this 
treatment with those of treaed by subtalar arthroereisis. 
The authors demonstrated that although the functional and 
radiological outcomes were similar after both surgeries, 
there was greater parent/guardian satisfaction after subtalar 

Figure 5. Evaluation of the supportive questions according to the WHOQOL-BREF 
questionnaire on subjective quality of life and subjective satisfaction with health 
assessed in 3 groups (up to 12 months after surgery, 13–24 months after surgery 
and more than 24 months after surgery)

Figure 6. Evaluation of the effects of physiotherapy on the children’s quality of 
life, based on the questions in the survey form
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arthroereisis was performed in the child. This was probably 
related to the child’s ability to start improving more quickly, 
and the shorter recovery process after this surgery [18].

Other techniques that can be performed in the treatment 
of flat feet include Mosca heel-lengthening osteotomy, Grice 
extra-articular arthrodesis and triple arthrodesis. The effects 
of the use of the various techniques were compared with those 
of subtalar arthroereisis by A.G. Sterian et al. The authors also 
showed that improvement was recorded after treatment with 
each of these methods. The differences that emerged in their 
study were a significant reduction in the length of hospital 
stay and pain levels after subtalar arthroereisis, compared 
to the other surgical techniques studied [25].

Limitation and strength of the study. The major drawback 
of this study was the lack of a control group that would have 
allowed comparison of the effects of surgical treatment with 
those of conservative treatment over time.

A strength of the study is the use of the standardized and 
validated questionnaire WHOQOL-BREF which, however, 
contains questions on the general assessment of quality of life, 
and it would be worthwhile extending the study to include a 
questionnaire for direct assessment of the ankle and foot in 
children. Another plus of the study is the standardized study 
group. The children studied were operated on in the same 
hospital, by the same physicians, and with the same surgical 
technique. However, the disadvantage is that individual 
patient contact for the physical examination was not possible 
due to the restrictions imposed by the Covid -19 pandemic.

CONCLUSIONS

The subtalar arthroereisis procedure is more commonly 
performed in boys. It is used in the treatment of flat feet 
and provides an improvement in quality of life and a quick 
return to physical activity in children. The quality of life 
reported after the subtalar arthroereisis surgery was high 
in all areas studied, i.e. the somatic, psychological, social 
and environmental domains. After the surgery, the children 
were not as tired after engaging in sports as they were before 
the surgery, and the perceived contracture of the Achilles 
tendon decreased. The surgery had a positive effect on the 
decrease in these complaints, which was observed most 
strongly more than 12 months after surgery. In addition, the 
children needed surgical footbeds and orthopaedic footwear 
less often after the surgery than they did before the surgery. It 
was also evident that the physiotherapy performed after the 
surgery seemed to have a positive influence on the children’s 
quality of life.

As for the research, a control group to compare conservative 
and surgical treatment, could not be obtained. It would be a 
good idea to extend the study to include a comparison with 
a control group to improve the quality of future studies.
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