
Page 1 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(13):1098 | http://dx.doi.org/10.21037/atm-20-7727

The functional method: experience from the Robert Debré 
Hospital

Philippe Souchet1, Jean-Pierre Delaby2, Matthieu Campana1, Jason Chinnappa1, Brice Ilharreborde1, 
Anne-Laure Simon1^

1Department of Pediatric Orthopaedic Surgery, Robert Debré University Hospital, Assistance Publique-Hôpitaux de Paris (AP-HP), Paris University, 

Paris, France; 2Department of Functional Rehabilitation, Robert Debré Hospital, Assistance Publique-Hôpitaux de Paris (AP-HP), Paris University, 

Paris, France

Contributions: Conception and design: P Souchet, B Ilharreborde; (II) Administrative support: M Campana, AL Simon; (III) Provision of study 

materials or patients: P Souchet, JP Delaby; (IV) Collection and assembly of data: J Chinnappa; (V) Data analysis and interpretation: AL Simon; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Dr. Anne-Laure Simon. Department of Pediatric Orthopaedic Surgery, Robert Debré University Hospital, Assistance Publique des 

Hôpitaux de Paris (AP-HP), Paris University, 48 Bd Sérurier, 75019 Paris, France. Email: annelaure_simon@hotmail.com.

Background: In the 1970s a conservative treatment for clubfoot (CF) deformity based on daily 
physiotherapy combining specific sequences was developed: the French functional method (FFM). Over 
time, the FFM technique has improved and additional measures have been introduced. The aim of this study 
was to report mid-term and long-term results of clubfeet treated conservatively by the FFM at birth.
Methods: All patients consecutively treated for clubfoot by the FFM between 1993 and 2010 were 
prospectively included. Initial severity was assessed by the Dimeglio classification. All patients were 
followed up by the same treating surgeon until skeletal maturity. Final assessment was performed using the 
International Clubfoot Study Group evaluation system (ICFSG). 
Results: A total of 779 feet were included. Surgery was required in 41% of cases (mean age 2.0±0.1 years). 
The incidence of surgery significantly decreased after the introduction of percutaneous Achilles tenotomy 
(PAT) in 2000 (63.4% vs. 29.6%). At latest evaluation (mean follow-up 12±0.2 years), 86% of patients 
had excellent or good outcomes (mean ICFSG was 1.83±0.1). Mean ankle dorsiflexion was 10° in non-
idiopathic CF and 12.1° in idiopathic CF. Eleven percent of the idiopathic clubfeet exhibited decreased ankle 
function (0–10°). There were no cases of overcorrection into excess ankle dorsiflexion or rocker bottom foot 
deformities. 
Conclusions: Current team was the funding institution of the FFM and several modifications were 
proposed over times to improve outcomes. Eighty-six percent of feet had excellent to good outcomes 
according to the ICFSG score, with minimal residual deformities (ankle dorsiflexion between 0° and 10°, 
calcaneal-thigh angle between 10° and 20°) or insufficient radiological correction (defined by talo-calcaneal 
angle between 10° and 20°) at latest follow-up.
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Introduction

In the 1970s Professor Henri Bensahel and the physiotherapist 
André Guillaume developed a conservative treatment for 
clubfoot (CF) deformity based on daily physiotherapy sessions, 
to ensure very progressive and painless correction, combining 
specific sequences: the French functional method (FFM) 
(1,2). The chronology of each manipulation follows the same 
rationale as the Ponseti method (PM): (I) talo-navicular joint 
reduction followed by (II) calcaneo-forefoot unit (CFU) lateral 
derotation (3,4). However, unlike the acute plaster corrections 
in each stage of the PM, each daily manipulation in the FFM 
is performed progressively, with specific added focus on triceps 
surae stretching to improve tibio-talar joint function (5). 

With time, the FFM technique has improved and 
additional measures have been introduced. Firstly, the 
percutaneous Achilles tenotomy (PAT) which is not 
routinely performed, unlike the PM (6,7). This procedure 
is carried out at walking age to increase tibio-talar range 
of motion if the Achilles tendon is very tight, defined 
by tibio-talar dorsiflexion being less than 10°. Secondly, 
above knee casts using semi-rigid tapes and/or Perlstein 
leather night bracing have been adopted to treat mild 
residual deformities (ankle dorsiflexion between 0° and 10°, 
calcaneal-thigh angle between 10° and 20°, dynamic cavus 
and/or adduction) and avoid recurrences. Finally, the FFM 
philosophy also includes the “à la carte” soft-tissue release 
(STR) performed if residual radiological deformities (talo-
calcaneal angle ≤0°) persist or relapse after the walking age 
(8,9). Indeed, in CF management, no deformity should be 
tolerated to ensure complete correction and function at 
skeletal maturity. The aim of this study was to report mid-
term and long-term results of consecutive clubfeet treated 
conservatively by the FFM using clinical, functional and 
radiological outcomes based on a specific clubfoot scoring 
system (International Clubfoot Study Group). We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7727).

Methods

Patients

All patients consecutively treated for clubfoot by the FFM 
between 1993 and 2010 were prospectively included. The 
patients were followed up by the same senior surgeon in a 
single institution since their first month after birth, with a 
minimum of 5-year follow-up. Both idiopathic and non-

idiopathic clubfeet were included as we use the FFM to treat 
both types of clubfeet. All patients presenting more than 
one month after birth or with another initial management 
were excluded.  

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Ethics 
approval for the study was obtained by the institutional 
review board (2012-75) and informed consent was taken 
from all patients.

Guidelines for the FFM

The FFM is supposed to be performed by FFM-trained 
physiotherapists because the treatment follows very specific 
guidelines, similar to the PM, adjusted to each patient 
according to the severity of the deformity (5). These 
physiotherapists learned the technique from the initial team 
that developed the technique (10). However, the FFM is 
also performed by non FFM-trained physiotherapists (5). 
All manipulations and immobilizations must be performed 
progressively and cautiously, to avoid adverse effects such 
as midfoot breaks. Finally, complementary immobilizations 
(strapping, above the knee splints and leather night brace) 
are only performed to maintain the achieved correction 
between sessions and do not intend to correct any 
deformity, or force any correction. 

The objective of the 1st phase of manipulations is to 
obtain correct talo-navicular joint reduction (anatomical 
position of the navicular bone without talar head over 
coverage) by stretching the antero-medial side of the foot 
(abductor hallucis) and the plantar aponeurosis (Figure 1). 
Plantar aponeurosis is stretched by using direct massage 
manipulation of the sole beneath the 1st metatarsal with the 
thumb while maintaining forefoot supination. As long as the 
navicular is not correctly aligned with the talar head, it is 
impossible to obtain true correction of mid-foot adduction 
and lateral derotation of the calcaneo-forefoot unit (CFU). 
The 2nd phase starts after accurate reduction of the talo-
navicular joint, with the objective of correcting remaining 
CFU varus and medial rotation (Figure 1B). At this step, 
ankle dorsiflexion is still not possible as the CFU and talus 
axial correction is not complete (talo-calcaneal angle <20°). 
The objective of the 3rd phase is the progressive and careful 
sagittal plane re-entry of the talus into the tibio-fibular unit 
(Figure 1C). Premature ankle dorsiflexion movement must 
still be avoided, because of the risk of mid-foot rocker bottom 
deformity (Figure 2A) and anterior concave deformity of the 
distal tibia physis (Figure 2) (11). The naviculo-cuneiform-
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1st metatarsal column is smoothly pushed posteriorly into the 
talus so that the latter will be progressively reintegrated into 
the tibio-fibular unit. It should be noted that the talar dome 
at this phase cannot be deformed by any manipulation (FFM) 
or immobilization (PM) because it is still anterior to the 
sagittal axis of the ankle mortise. The final objective during 
the 4th phase, is to restore the ankle function by stretching 
the triceps surae for the correction of any remaining equinus 
if possible (Figure 1D). 

Additional measures to the FFM

Between daily sessions (5 days a week), children under 
3 months of age are strapped by the physiotherapist in 
unforced lateral leg rotation (Figure 3). Between 3 months 
and walking age, sessions are performed 3 days a week 
and above knee full-time casts are routinely applied by the 

orthopaedic surgeon or the physiotherapist using semi-
rigid synthetic material (Soft Cast, 3M, France), moulded 
in lateral rotation without forcing the forefoot into 
dorsiflexion (Figure 4). The aim is to maintain or increase 
the radiographic talocalcaneal angle whilst limiting 
equinus and cavus deformities. From walking age until  
2 years old, sessions are performed once a week. Since 
2000, we also utilise an additional PAT procedure at 
walking age, which is only indicated in cases of persisting 
equinus with a thick and tight Achilles tendon at physical 
examination. The procedure is performed by the surgeon, 
under general anaesthesia with an 18-Gauge needle, 
followed by one month of long-leg cast immobilization (7).  
PAT is not performed before this age in order to reduce 
the risk of recurrences, in contrast to the original PM 
(3,6,12). At this age, with or without PAT being required, 
external rotators and eversion are stimulated by ski 

A B C

D

Figure 1 Illustration of the 4 FFM phases: (A) talo-navicular joint reduction (B) derotation of the calcaneo-forefoot unit; (C) re-entry of the CFU 
and talus into the tibio-fibular unit and (D) restoration of ankle dorsiflexion. FFM, French functional method; CFU, calcaneo-forefoot unit.

A B

Figure 2 Two cases of distal tibia deformities: (A) acute deformity (rocker bottom deformity and distal tibia deformity) after PAT in a 6-week 
baby treated with the PM before being referred to our institution; (B) chronic convex deformity of the growth plate induced by the lack of 
ankle dorsiflexion after walking age in a 12-month-old child (FFM). FFM, French functional method.
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walking during weekly sessions (Figure 5 and Video 1).  
Between the age of 2 and 3 years old, physiotherapy is 
performed once or twice a month, depending on the 
amount of tibio-talar joint mobility. Until 3 years old, 

above the knee sleep-time semi-rigid casts, are applied 
by the surgeon in cases of insufficient radiographic talo-
calcaneal angle (10°–20°) or if the foot has a tendency 
to medial rotation (Figure 6). These semi-rigid long-leg 

A B C

Figure 3 Lateral rotation strapping performed before 3-month of age to maintain the correction obtained during the physiotherapy sessions: 
(A) lateral view of a 2-month-old boy showing neutral position of the calcaneus with protection of the mid-foot (4th phase); (B) three-
quarter view and (C) lateral-view of a 1-month-old girl showing lateral traction with the elastic tape for the varus correction. The equinus is 
still not completely corrected (2nd phase).

A B C

Figure 4 Above knee semi-rigid long-leg casts into lateral rotation in a 9-month-old girl without walking abilities (A) frontal view and (B) 
view from above, showing a persisting equinus. Semi-rigid casts are removed (C) before bathing and are maintained with self-adhesive tape 
wrapped around the cast.



Annals of Translational Medicine, Vol 9, No 13 July 2021 Page 5 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(13):1098 | http://dx.doi.org/10.21037/atm-20-7727

casts have similar but not identical function to the Denis 
Browne splints used in PM (3,13). After the age of 3 years 
old and until skeletal maturity, night bracing consisting of 
a Perlstein leather brace may be used in patients with mild 

residual deformities, such as dynamic antero-medial or 
medial cavus (forefoot pronation while walking on heels) 
or limited tibio-talar joint dorsal flexion (0° to 10°) to 
reduce the risk of recurrences (Figure 7).

A B

Figure 5 Skis taped around the foot to stimulate external rotation in a 15-month-old boy with a right CF (A) and an 18-month-old boy with 
left CF (B). It is important to note that both had no residual equinus and PAT was not required. CF, clubfoot; PAT, percutaneous Achilles 
tenotomy.

A B C

Figure 6 Above knee semi-rigid long-leg cast (A) view from above, (B) frontal view and (C) lateral view performed after walking age to 
maintain dorsal flexion and avoid cavus deformity in a 14-month-old girl with unilateral CF. Complete correction was obtained by FFM. CF, 
clubfoot; FFM, French functional method.
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When should “à la carte” STR be performed?

No significant residual deformity should be tolerated in 
clubfoot management. Despite all the above measures, 
some feet cannot be fully corrected and an “à la carte” STR, 
as has been previously described in the literature, might 
be necessary—i.e., patients with residual deformities or 
incomplete correction (medial rotation with no correction 
of the talo-calcaneal angle) (8,9,14). The 2 main keys of 
“à la carte” STR technique, are to never open the sub-
talar joint and to never cut the talo-calcaneal ligament to 
avoid over-correction. Furthermore, flexor hallucis longus 
and flexor digitorum longus are never lengthened to avoid 
calcaneus foot deformity.

Initial and final assessment

Initial and final evaluations were performed by the same 
senior paediatric orthopaedic surgeon. At first examination 
after birth, clubfoot severity was assessed by the 20-point 
Dimeglio classification (15). Patients were classified in  
4 groups according to the severity: grade A (1 to 5 points), 
grade B (6 to 10 points), grade C (11 to 15 points) and 
grade D (16 to 20 points), 20 points being the most severe 
foot deformity. Final outcomes were evaluated by the 
International Clubfoot Study Group (ICFSG) 60-points 
score (16). Results were classified as excellent [0–4] (no 
residual deformity), good [5–9] (no residual deformity 
but mild limitation of ankle dorsal flexion, 0–10°), fair 
[10–14] and poor ≥15 (persisting deformity, joint stiffness, 

pathological gait) (9,16). The scoring system included 
morphological, functional and radiological assessments. All 
children had  antero-posterior and lateral views on standing 
foot radiographs to measure the parameters previously 
described in the ICFSG scoring system (9,16).

Statistical analysis

Statistical analyses were performed using SPSS statistics 
23.0 (SPSS Inc., Armonk, NY, USA). A Shapiro-Wilk 
test was performed to assess data distribution. Numeric 
data were expressed as percentages, means and standard 
deviation (SD). Statistical comparison used a Student’s 
t-test for quantitative variables and a Chi2-test or a 
Kruskal-Wallis test for qualitative variables. Significance 
was set at P<0.05.

Results

Patients

A total of 546 children, with 779 feet (233 bilateral and 
313 unilateral) were included (328 boys and 218 girls). 
A total of 41% of feet (n=320) required surgery (mean 
age at first surgery 2.0±0.1 years, 20.4%<12 months) 
and 11.6% of these feet required more than one surgical 
procedure. 

Non-idiopathic CF were significantly more severe at birth 
(mean Dimeglio score 11.8±0.4 vs. 10.3±0.1, P=0.0005). 
There were no grade A feet at initial presentation in 

A B C D

Figure 7 Custom-made Perlstein leather night brace (A) lateral view and (B) frontal view to maintain dorsiflexion and stretch plantar 
aponeurosis. Lateral and three-quarter views of the Perlstein brace adjusted with 10° of dorsiflexion (C and D). The Perlstein brace also 
molds the forefoot in order to maintain straight hindfoot-forefoot alignment.
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the patients with non-idiopathic CF and a significantly 
higher percentage of grade D feet (Table 1). Variable 
etiologies (neuromuscular and congenital) were found and 
mean ICFSG score at final assessment was significantly 
poorer compared to the idiopathic CF (7.2±0.6 vs. 3±0.1, 
P<0.000001) (Table 2). Among non-idiopathic CF, 38.2% 
did not require surgery, which was significantly different 
from idiopathic CF (62%, P<0.00001).

FFM final outcomes 

At latest evaluation (mean follow-up 12±0.2 years, from 6 
to 26 years), there were 86% excellent or good outcomes in 
the global population (Table 3). In patients without surgery 
(n=459 feet), mean ICFSG was 1.83±0.1 and final outcomes 
were excellent in 87.5% and 73% of grade A and B feet 
respectively. There were only 2 cases of fair results (non-

Table 1 Initial assessment at birth using the Dimeglio classification and distribution of the population according to etiology and additional  
procedures performed

Dimeglio
Total cohort (n=799 feet) Non-idiopathic (n=85) PAT (n=176) STR (n=320)

Number of feet Percentage Number of feet Percentage Number of feet Percentage Number of feet Percentage

A 48 6.2 4 8.3 3 6.3 6 12.5

B 342 43.9 29 8.5 64 18.7 92 26.9

C 346 44.4 37 10.7 97 28.0 187 54.0

D 43 5.5 15 34.9 12 27.9 35 81.4

P value – <105* 0.0008* <105*

Data are expressed as number of feet and percentage according to the stage at initial presentation. *, P<0.05. Dimeglio, Dimeglio 
classification; PAT, percutaneous Achille tenotomy; STR, soft-tissue release.

Table 2 Data distribution and outcomes in patients with non-idiopathic clubfeet (n=85) 

Etiologies n
Dimeglio classification (%)

ICFSG 
B C D

Arthrogryposis 16 19 31 50 3.2±0.4

Foot extensor deficiency 17 41 47 12 5.7±1.3

Amniotic Band Syndrome 3 33 33 33 1.0±0

Mental retardation 31 35 52 13 7.8±2.6

Autism 4 100 – – 1.3±0.3

Lower limb agenesia 6 33 67 – 1.5±0.5

Congenital deformity 8 25 50 25 2.3±0.3

Data are reported in number of feet and percentages except for the ICFSG score (mean ± SD).

Table 3 Final outcomes according to the ICFSG scoring system

ICFSG score Number of feet (n=779) (%) FFM only (n=459) (%) Feet with surgery (n=320) (%) P value

0–4 (excellent) 58.3 87.5 50.6 <105*

5–9 (good) 27.6 11.8 33.5

10–14 (fair) 12.2 0.7 13.3

>14 (bad) 1.9 – 2.6

*, P<0.05.
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idiopathic) among the initial grade C (n=159) feet and no 
poor result. The risk of FFM failure with need for STR 
was significantly higher in Grade D patients (Table 1). Final 
evaluation found no case of calcaneus foot, or rocker bottom 
deformity (Table 4). Non-idiopathic CF were significantly 
more stiff than idiopathic ones. One case of recurrent 
equinus was found in a patient that was non-compliant with 
routine follow-up (seen 4 years after scheduled visit).

Influence of the PAT on FFM final outcomes 

The total incidence of PAT was 22.5% (mean age 20±1.7 
months) and was mostly performed after 2000 as previously 
mentioned (Figure 8). PAT significantly decreased the rate 
of STR after 2000 (63.4% vs. 29.6%, P<0.00001) (Figure 9).  
Only 5 PAT were performed before 2000 (2 grade B and 
3 grade C). PAT was performed 112 times (19.6%) in the 
group of patients without STR (n=459), with a significant 

higher ICFSG score (2.71±0.3 vs. 1.5±0.1, P<0.00001) 
compared to the one without PAT, especially for the 
idiopathic CF (Table 5). In the STR group (n=320), PAT was 
performed prior to STR in 8% of the patients (10.5% for 
non-idiopathic CF vs. 7.8% for idiopathic CF, P=0.4).

Influence of the physiotherapist experience on FFM final 
outcomes

A total of 65.2% CF was managed by FFM-trained 
physiotherapists, Grade A, B, C and D in respectively 5.9%, 
47.8%, 40.6% and 5.7% of the feet. A significant difference 
of distribution was found when comparing to non FFM-
trained physiotherapists (52% of Grade C, P=0.001). A 
significant greater number of non-idiopathic feet were 
managed by non FFM-trained physiotherapists (14.8% vs. 
9.6%, P=0.04) and the rate of surgery was also significantly 
higher in these patients (48% vs. 37%, P=0.002). There 

Table 4 Final outcomes in the patients without surgery (n=459) with findings on physical examination, clinical and radiological residual deformity 

Physical and radiological measures Idiopathic CF (n=427) Non-idiopathic CF (n=34) P value

Physical examination

Mean dorsal flexion (°) 12.1±0.4 10±1.5 0.08

Mean plantar flexion (°) 34.8±0.6 27.5±2.1 0.0001*

Decreased tibio-talar ROM 11.7% 35.5% 0.001*

Sub-talar joint stiffness 3.9% 19.4% 0.003*

Medio-tarsal joint (Chopart) stiffness 0.7% 12.9% 0.001*

Clinical residual deformity

Adduction 6% 12.9% 0.1

Dynamic supination 10.3% 9.7% 1

Equinus 0.04% 5.9% 0.01*

Varus – 2.9% 0.07

Dynamic cavus 22% 32.3% 0.3

Radiological residual deformity

Decreased talo-calcaneal angle 5.3% 2.9% 1

Adduction (CM5) 0.7% 5.8% 0.04*

Supination (horizontal M1) 2.1% 5.9% 0.5

Cavus (vertical M1) 4.9% 23.5% 0.005*

Talus dome flattening 1.4% 5.9% 0.06

Data are expressed in percentages of feet except for the dorsal and plantar flexion (mean ± SD). *Significant result, P<0.05. CF, clubfoot; 
ROM, range of motion; CM5, Calcaneo-5th metatarsal angle; M1, 1st metatarsal bone.
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were no significant differences regarding final outcomes 
in patients without surgery (n=459) between both FFM 
trained and non FFM-trained physiotherapists (1.9±0.2 vs.  
2.1±0.2, P=0.1). 

Discussion

Current team was the funding institution of the FFM 
and several modifications were proposed over times to 
improve outcomes of this particular CF conservative 
treatment (2,10,15). With time, several processes have been 
introduced to constantly improve the technique outcomes, 
resulting from the constant collaborative effort between the 
FFM-trained physiotherapists and the surgical team led by 
our senior foot surgeon. 

The influence of additional procedures on the original 
FFM

In contrast to the PM that routinely performs PAT between 

the two last casts, this procedure was not systematically 
performed in FFM (4,6). The introduction of PAT in 2000 has 
significantly decreased the need for surgery (Figure 9) (5). The 
rate of PAT in the current study (22%) was slightly higher than 
prior reports on FFM (15% to 17%) and was only performed 
after children have started to walk to avoid recurrences (17,18). 
Night immobilization with above knee semi-rigid casts and/
or Perlstein leather braces were also progressively added (after 
2010) to the initial FFM concept, with the aim to limit cavus 
and ankle equinus by stretching the plantar aponeurosis. The 
literature shows that Denis-Browne splints are more effective 
than unilateral orthosis, but they have poor compliance (34% 
to 61%) (19,20). Poor compliance or increase recurrences 
was not found with our splinting regime. However, the cause-
effect relationship of these improvements requires further 
investigation. 

Incidence of surgery in the FFM 

The rate of surgery after CF conservative treatment with 

60
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30

20
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0

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

PAT STR No surgery

Figure 8 Evolution of the treatments with time among the study population.

Table 5 ICFSG score at final evaluation in the patients without surgery (n=459) according to the need for PAT and the etiology of the clubfoot 

ICFSG
PAT (n=112) No PAT (n=347)

P value
Excellent Good Fair Excellent Good Fair

Total FFM only cohort 81% 18.8% 0.2% 91.5% 8.5% 0 0.004*

% of non-idiopathic (n=34) 40% 50% 20% 65% 30% 5% 0.25

% of idiopathic (n=427) 82% 18% – 92% 8% – 0.04*

Data are expressed in percentage (%). *Significant difference, P<0.05.
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either FFM or PM is very variable in the literature (1.3% 
to 48%), however exclusion criteria were not always clearly 
defined in these reports (13,17,18,21,22). Faulks et al. 
showed that the rate of surgery tends to be similar in both 
treatments, the difference being the age at surgery (23,24). 
The total incidence of “à la carte STR” in the current study, 
including non-idiopathic CF, was high (41%). But there 
was a significant reduction of the surgery rate after the 
introduction of additional measures. However, our study 
included all causes of clubfoot deformity. This was done as 
a reflection of our actual practices and to avoid bias from 
exclusion of poor or fair results. 

Our results are consistent with Jeans et al. (surgery 46% 
for FFM vs. 41% for PM) (17). More recently, Canavese  
et al. showed excellent results (7% of operative treatment) 
by combining both conservative methods with a hybrid  
method (25). This may be an interesting alternative to achieve 
further progress on clubfoot treatment. It is also important 
to note that the “ à la carte STR” performed in the current 
institution was based on radiographic findings (talo-calcaneal 
angle <10°) and is radically different from the Turco procedure, 
which showed catastrophic results (8,9,14,26). Both procedures 
should not be mistaken. The “à la carte STR” is based on the 
same concept of correction of both conservative treatments by 
targeting only the pathological fibrotic tissues with cautious 
respect for the foot muscles and tendons (8,9).  

Ankle function after FFM

At latest follow-up, mean dorsiflexion of the ankle joint was 

10° for non-idiopathic CF and 12.1° for idiopathic CF, with 
11% of the latter exhibiting decreased ankle function (0–10°) 
and no cases of overcorrection into excess dorsiflexion 
(Table 4). These results are consistent with Jeans et al. 
findings studying both PM and FFM outcomes (17). Careful 
manipulations by the physiotherapist should theoretically 
improve ankle function compared with the PM. However, 
this requires further investigation by objective assessment 
with gait analysis methods (27-29). In the current study, 
talar dome flattening was found in the ICF and NICF in 
respectively 1.4% and 5.9%, which was significantly lower 
than Rampal et al. (50%) (30). No rocker bottom deformity 
occurred at latest follow-up meaning that the feet were never 
forced into dorsal flexion (11,30). 

Rationale for the FFM “sequelae”

Dynamic cavus was the most frequent (22%) mild residual 
deformity found (Table 4). Perlstein leather braces have 
been used to avoid the evolution to a fixed deformity 
requiring surgery but this needs further investigation in 
future research. Our institution recommends night splint 
immobilization be maintained until the patient recovers 
complete dynamic foot function, defined by the ability 
to walk on heels (active ankle dorsiflexion >10°) without 
dynamic supination or dynamic cavus (forefoot pronation), 
which is a different treatment concept compared to the 
PM (20,31). Persistent forefoot adduction (axial plane 
deformity), was related to the abductor hallucis muscle 
hypo-extensibility. Dynamic supination confirmed on 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

PATSTR

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

Figure 9 Evolution of the PAT and surgery rates with time showing a significant decrease of the surgery rate after 2000. PAT, percutaneous 
Achilles tenotomy.
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standing radiographs was rarely found (2.1% for ICF and 
5.9% for NICF) and was connected to the excessive work 
of the tibialis anterior muscle to compensate a lack of 
ankle dorsal flexion. Finally, fixed supination with a dorsal 
bunion deformity was not found in the feet without STR. 
However, this sequela is treated by the modified Lapidus 
(reverse Jones) procedure in the current institution, which 
is not always the case in the PM which often prefers tibialis 
anterior tendon transfer (32,33). 

Limitations

This study has several limitations. The cohort was not 
comparative with the PM, however the Dallas team has 
already proven similar results in terms of rates of surgery and 
final outcomes with the two methods (18,23,24). Our study 
also reports a single-institution experience that lends itself to 
methodological and observer bias. However, all the patients 
primarily treated with the FFM were analyzed, including 
poor results for non-idiopathic clubfeet to minimize the risk 
of bias. Further investigations are also required to analyze 
the contribution of above the knee semi-rigid casts and 
Perlstein leather braces on FFM final outcomes. Finally, 
quantitative functional gait analysis is still required for 
objective assessment as well as inter- and intra-observer 
agreements for the validation of the ICFSG scoring system. 
However, to the best of our knowledge, the Laaveg-Ponseti 
score have also not been validated in the current literature (3).  

In conclusion, 86% of feet had excellent to good 
outcomes according to the ICFSG score, with minimal 
residual deformities or insufficient radiological correction at 
latest follow-up. 
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