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Novel device for nonsurgical correction of rigid forefoot 
adduction in children
Daniel Freedman, Pavel Kotlarsky and Mark Eidelman

Forefoot adduction deformity (FAD) (commonly also called 
metatarsus adductus) has been reported as the most 
common congenital foot deformity in newborns. Treatment 
of FAD depends on the severity of the deformity, and 
several classification systems have been suggested to 
categorize the disorder. Early diagnosis and treatment 
are important in rigid cases, as better outcomes have 
been reported if treatment is initiated before 9 months of 
age. While casting and splinting is the current standard 
of care for nonsurgical management of rigid FAD (RFAD), 
several orthoses have demonstrated equal benefit. The 
Universal Neonatal Foot Orthotic (UNFO) brace is below 
ankle orthosis that provides continuous pressure, thereby 
correcting the deformity without serial casting. To the best 
of our knowledge, UNFO is the first brace that operates 
below the ankle. The aim of our study was to compare the 
effectiveness of UNFO shoes to standard serial casting 
in the treatment of RFAD in infants. We performed a 
retrospective study comparing the efficacy of treatment by 
casting and splinting to UNFO in infants with RFAD, during 
the years 2012–2019. Included in the study were 147 feet 
(94 patients): 52 in the UNFO group and 95 in the casting 
and splinting group. The treatment groups were compared 
based on treatment duration, complications, and 

recurrence of deformity. Mean full-time treatment duration 
was significantly shorter in the UNFO group, while no 
significant difference in the total duration of treatment 
between the groups was observed. Similar complication 
rates were demonstrated in both groups; none of the 
complications in either treatment group warranted 
treatment cessation or led to long-term disability. Similar 
recurrence rates were observed in both groups. Treatment 
with UNFO is equally effective to serial casting. The use 
of UNFO increases treatment convenience and diminishes 
social burden, thus providing a distinct advantage over 
other treatment modalities. J Pediatr Orthop B XXX: 
000–000 Copyright © 2021 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
Forefoot adductus deformity (FAD) occurs in one to 
three cases per 1000 births and has been reported as the 
most common congenital foot deformity in newborns [1–
3]. There is no consensus in the literature regarding the 
terminology. The most used terms are metatarsus adduc-
tus and metatarsus varus. Some use the names metatarsus 
adductus and metatarsus varus interchangeably to address 
the same pathology [4]. Others define metatarsus varus as 
a rigid type of metatarsus adductus [3]. Others although 
define metatarsus varus as a slightly different deformity 
where there is supination of the forefoot in addition to 
forefoot adduction. The deformity is rigid, and a medial 
deep crease is seen at the transition between the mid and 
hindfoot [5,6].

FAD is a congenital condition where the forefoot is 
adducted with respect to the midfoot. Several classifi-
cation systems have been proposed to help categorize 
the disorder [2,7–11]. The most popular classification, 
described by Bleck, uses the heel bisector method, where 
the severity of the condition is defined by the amount 
that a line bisecting the heel to the webspace of the sec-
ond and third toes deviates laterally [7] (Fig. 1). Another 
frequently used classification system describes the condi-
tion based on foot flexibility, classifying the foot as either 
flexible, semi-rigid, and rigid [8,9,11].

Treatment need for treatment of FAD is controversial and 
largely depends on its severity: mild and moderate FAD 
has shown to correct naturally with age [11,12]. However, 
for rigid FADs (RFAD), prompt evaluation and treat-
ment are essential in managing the condition, as better 
functional outcomes were reported when treatment was 
initiated before 9 months of age [6,7,13]. Additionally, 
remodeling of the tarsometatarsal joint becomes less 
likely after this time [13,14]. Foot deformities should be 
corrected prior to the commencement of weight bearing 
to prevent the negative effects of ground reaction forces 
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on malaligned feet. Left untreated or undertreated, FAD 
in the older child or young adult can progress to per-
manent foot deformities, such as hallux valgus [15,16], 
as well as skewfoot [10]. Furthermore, previous studies 
have identified a correlation between uncorrected FAD 
and fifth metatarsal stress fractures [17,18], as well as 
Jones fractures [19].

The treatment of FAD is mostly nonsurgical, with sur-
gical treatment reserved for treatment-resistant cases in 

older children [20,21]. Nonsurgical treatment of FAD can 
be split into orthoses and casting, yet a consensus remains 
uncertain. Both above knee and below knee casting have 
demonstrated effectiveness in the treatment of moderate 
and severe FAD [14,22]. While serial casting has proven 
efficacious at restoring deformity and currently remains 
the standard of care, its use is not without complications, 
thereby highlighting the importance of alternative meth-
ods of treatment. Several studies have demonstrated 
similar results to serial casting using various orthoses and 
bandages for the treatment of severe FAD, and noted 
added benefits as well [23,24].

The Universal Neonatal Foot Orthotic (UNFO) shoe 
(UNFO Med Ltd.; Holon, Israel) is a novel device 
designed for correction of FAD (Figs 2 and 3). It is com-
posed of polypropylene on the outside and thermoplas-
tic elastomer on the inside, providing constant molding 
and applying continuous pressure for gradual correction 
of FAD. To the best of our knowledge, this is the first 
device that operates below the ankle, mimicking a san-
dal in design, thus providing much less of a social bur-
den associated with serial casting. To our knowledge, no 
controlled data exist to date comparing serial casting to 
below ankle orthoses for the treatment of RFAD.

The aim of our study was to compare the effectiveness of 
a UNFO shoe to standard serial casting in the treatment 
of RFAD in infants.

Materials and methods
Research population
This is a retrospective study comparing the efficacy of 
treatment by casting and splinting to UNFO in infants 
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Fig. 1

Bleck classification method of metatarsus adductus (MA). The normal 
foot has a line that bisects the heel and the second and third toe web-
space. Mild metatarsus adductus has a line that bisects the heel and 
the third toe, moderate metatarsus adductus has a line that bisects the 
heel and the third and fourth toe webspace, while severe metatarsus 
adductus has a line that bisects the heel and the fourth and fifth toe 
webspace [7].

Fig. 2

The UNFO (Med Ltd.; Holon, Israel) shoes. UNFO, Universal Neonatal Foot Orthotic.
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with RFAD. We extracted the data from electronic med-
ical records of all patients who presented to our hospital 
between 2012 and 2019 with the diagnosis of FAD. The 
extracted data included: age, sex, type and length of treat-
ment, any complications, and recurrences. During the 
years 2012–2017, we treated all RFAD patients with cast-
ing and splinting protocol. From the beginning of 2018, 
we switched our treatment to UNFO. We, therefore, com-
pared two retrospective cohorts – casting and splinting 
treatment (2012–2017) to UNFO treatment (2018–2019).

Inclusion criteria were patients with severe rigid FAD, 
as defined by the Bleck and the flexibility classification 
methods, who first presented to our department at less 
than 1 year of age. Exclusion criteria were patients who 
had other concurrent medical comorbidities (patients 
with developmental dysplasia of the hip that were treated 
and reached Graf type I hip before the commencement of 
FAD treatment were included) and patients that did not 
complete the full follow-up period up to walking age. The 
study was approved by the institutional ethics committee.

Classification:
FAD is primarily classified by two methods. The Bleck 
classification method describes the deformity by the 
degree of lateral deviation of a line that bisects the heel 
and the second and third toe webspace [7]. Description 
of deformity is outlined in Fig.  1. The other common 
classification method defines the deformity by the flex-
ibility of the foot under passive manipulation. One that 
easily returns to midline is considered flexible, one that 
partially returns to midline is considered semi-rigid, and 
a foot unable to be returned to midline is considered rigid 
[8,9,11,13]. When in addition to forefoot adduction, fore-
foot supination is present, a deep medial crease at the 
transition between the mid and hindfoot is present [5,6].

Universal Neonatal Foot Orthotic treatment protocol
The UNFO shoes have two sizes and are designed 
to fit patients between ages 2 and 12 months (Figs  2 

and 3). The smaller size intended for feet 7–9 cm in 
length, and the bigger size for feet 9–10 cm in length. 
Treatment ideally should commence between 3 and 
6 months of age. During the first 6 weeks, the patients 
were treated full time, for 23 h daily, allowing a brief 
removal of the shoe twice daily for hygienic purposes. 
After 2 weeks of treatment, we expect to achieve near 
correction. Following additional 4 weeks, a slight over-
correction is expected. At this stage, the parents were 
instructed to start maintenance protocol for the follow-
ing 6 weeks: 3 weeks of 15 h/day, and the rest 12 h/day 
(Fig. 4). If a patient had a recurrence of deformity dur-
ing the maintenance period, additional 2 weeks of full-
time treatment was administered, with a subsequent 
similar 6-week tapering period. Routine follow-ups 
were scheduled 1 month following treatment cessation, 
and then several follow-ups until the commencement 
of ambulation.

Casting and Splinting treatment protocol
Patients were placed in an above-knee cast for 2 weeks. 
After this period, if the correction was not achieved, 
they were cast for two additional weeks. Subsequently, 
the patients were placed in a custom-made ankle-and-
foot-orthosis (AFO) for maintenance of correction for 
8–16 weeks: the first half in a full-time splint (23 h/day) 
and the second half in a part-time splint (12 h/day).

Data analysis
We compared the treatment methods based on the dura-
tion of treatment (full-time vs. part-time), associated 
complications, and recurrence of deformity. In the cast-
ing and splinting group, full-time treatment was length 
of time the patient was in a cast combined with the time 
in a full-time splint. In the UNFO group, full-time treat-
ment was defined as the period in which the patient was 
instructed to wear the shoe for 23 h daily. Recurrence of 
FAD was defined as any feet that required treatment 
after being deemed corrected.

F4

Fig. 3

A 3-month-old baby with the UNFO (Med Ltd.; Holon, Israel) shoes on. UNFO, Universal Neonatal Foot Orthotic.
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Statistical analysis
Descriptive statistics were used to describe and analyze 
the data relating to patient characteristics, recurrence, 
and complication rates. A two-tailed t-test with a P value 
<0.05 for significance was used to compare the two treat-
ment populations for age of the first presentation and for 
comparison of treatment duration.

Results
Between the years 2012 and 2019, 174 feet (111 patients) 
with RFAD presented to our department. Out of these, 
27 feet in the casting and splinting group were lost to fol-
low-up and were excluded. Included in the final analysis 
were 147 feet (94 patients): 52 in the UNFO group and 
95 in the casting and splinting group. Patient demograph-
ics are described in Table 1.

The length of treatment is depicted in Fig. 5. Although 
full-time treatment was shorter in the UNFO group by 
approximately 1 week, there was no significant difference 
in total treatment duration.

The complication rates were 0.17 and 0.13 in the UNFO 
and casting and splinting groups, respectively. In the 
UNFO group, mild skin irritation was noted in three feet, 
and superficial pressure sores in four feet. In the casting 
and splinting group, skin abrasions secondary to cast 
removal was seen in four feet, and superficial pressure 

sores in seven feet. None of the complications in either 
treatment group warranted treatment cessation or led to 
long-term disability.

The recurrence rates were 0.05 and 0.06 in the UNFO 
and casting and splinting groups, respectively. In the 
UNFO group, a recurrence was noted in two feet of one 
patient at the age of 7 months. This patient’s parents 
initially placed the UNFO on the wrong feet, thereby, 
exacerbating the deformity. This mistake was realized 
and explained to the parents at the first 2 weeks of fol-
low-up, whereby treatment was subsequently restarted. 
The patient reached correction after 6 weeks of full-time 
treatment, but recurrence was noted 3 weeks into part-
time treatment. The protocol was restarted from the 
beginning, and eventually, full correction was achieved. 
In the casting and splinting group, five feet of three 
patients had a recurrence of deformity at a mean age of 
13.4 months, which necessitated reinitiating full-time 
treatment (without casting).

Discussion
Forefoot adduction deformity (FAD) is the most com-
mon congenital foot deformity1,2. While mild and mod-
erate deformities can resolve spontaneously; severe 
deformity, especially when of the rigid type, and com-
bined adduction and supination type deformity requires 

T1
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Fig 4

. Four and a half months old patient with bilateral rigid forefoot adduction deformity (RFAD); (a) initial deformity before treatment, (b) the result one 
month after cessation of treatment.

Table 1  Demographics of patients receiving Universal Neonatal Foot Orthotic and casting and splinting treatments

Treatment group
Average age at presentation 

(months ± SDa) Number of feet Left feetb Right feetb Male Female

UNFO 5.45 ± 2.09 52 27 25 32 20
Casting and splintingc 4.23 ± 1.94 95 51 44 57 38

The difference in the average age at first presentation was statistically significant with P < 0.01.
UNFO, Universal Neonatal Foot Orthotic.
aSD.
bL – left, R – right.
cCasting and splinting group.
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treatment [6,13]. When indicated, treatment should com-
mence as soon as possible, preferably before 9 months of 
age [7]. The current standard treatment is serial casting 
to achieve correction followed by a splint to maintain the 
achieved correction. To the best of our knowledge, the 
UNFO (UNFO Med Ltd.; Holon, Israel) shoe is the first 
device that operates below the ankle mimicking a san-
dal in design. To our knowledge, this is the first study 
directly comparing serial casting to below ankle orthoses 
in the treatment of RFAD.

In our study population, comparable proportions of 
sex and foot laterality were observed between the two 
patient groups, demonstrating the similarity of the two 
investigated populations. We observed that in the casting 
and splinting group, the treatment was initiated roughly 
one month earlier than in the UNFO group. This is 
because there is no time restriction to commencement 
of casting and splinting treatment whereas the UNFO 
is only designed for infants between 2 and 12 months. 
Despite the later onset of treatment in the UNFO group, 
we failed to observe any difference in the final result or 
recurrence rate. This fact is supported by the literature; 
as long as treatment is initiated before 9 months of age, 
better outcomes are expected [7,25].

No significant difference in the total duration of treat-
ment between the groups was observed. However, the 
mean full-time treatment duration was significantly 
shorter in the UNFO group. In both groups, few patients 
required longer treatment. The two main reasons were 
the presence of deep medial crease at the transition 
between the mid and hindfoot as well as poor parental 
treatment compliance. Based on our experience, we rec-
ommend modifying the UNFO protocol in patients with 
deep medial crease, by continuing full-time treatment for 
a period of 8 weeks instead of six. The subsequent main-
tenance period should remain the same.

There was a very low and comparable rate of minor skin 
complications in both groups, though, none warranted 
cessation or modification of treatment, or resulted in 
any long-term disability. In the UNFO group, superfi-
cial pressure sores were seen over the pressure points of 
the shoe on the heel and the first metatarsal head. The 
UNFO shoes can be easily modified to relieve pressure 
from these areas (Video 1, Supplemental digital content 
1, http://links.lww.com/JPOB/A58 describes the technique 
for shoe modification). After implementing this shoe 
modification technique, no further complications were 
observed. Additionally, parents are advised to dress their 
infants in thicker socks and to use the dedicated hygiene 
periods during full-time treatment to prevent and mon-
itor for superficial skin complications. In a few patients, 
the parents complained that the shoe occasionally came 
off. This was easily resolved by guiding the parents to 
appropriately tighten the hook and loop strap and/or 
reinforce the grip around the foot using a paper tape. 
The modifiability of the UNFO, as well as the assigned 
period for daily foot inspection, offer it a distinct advan-
tage allowing for earlier detection and treatment of 
complications.

Similar recurrence rates were observed in both groups. 
The recurrence in the UNFO group occurred in both feet 
of a single patient that were related to poor parental com-
pliance throughout all stages of treatment, as previously 
described. This case stresses the importance of ensur-
ing parental understanding and commitment before the 
commencement of treatment, particularly, when using 
removable orthotics that give parents full control over 
the treatment.

While all patients in our study achieved full correction of 
the deformity, with none requiring surgery, several advan-
tages for orthoses over casting and splinting treatment 
have been previously demonstrated. In a randomized con-
trolled trial comparing the use of Bebax orthoses to serial 
casting, equal effectiveness was demonstrated between 
the two methods in the treatment of severe metatarsus 
adductus in patients younger than 9 months of age [23]. 
Other benefits for the use of orthoses have been iden-
tified, including lower cost and better hygiene [23,25]. 
Additional burdensome factors associated with casting 
include the potential for serious complications such 
as circulatory and nerve problems if the cast is applied 
too tight [11], and the associated difficulty in identify-
ing complications, other than toe discoloration, while in 
full-time casting [25]. Additionally, in implementing the 
UNFO protocol, we reduced both the length and number 
of treatment visits, compared to the casting and splinting 
protocol. Cosmetically, UNFO looks like a sandal, which 
led to higher parental satisfaction with the treatment. 
Furthermore, only one shoe is needed throughout the 
whole treatment, without any adjustments or modifica-
tions (except for a replacement of the hook and loop strap 
which got worn-off during treatment in a small number 
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Fig. 5

Comparison of treatment duration between UNFO and casting and 
splinting groups. The difference in the length of full-time treatment was 
statistically different with P = 0.01. Statistical significance is indicated 
by *. The error bars represent one SD. UNFO, Universal Neonatal Foot 
Orthotic.
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of cases). These factors help illuminate the superiority of 
orthoses in comparison to serial casting.

For many years, serial casting with subsequent AFO 
splint was the standard treatment protocol in our insti-
tution. However, following the appearance of the UNFO 
shoes, we found the UNFO protocol to be far more con-
venient and equally effective. Moreover, the patients’ 
parents’ satisfaction was also remarkably high with the 
UNFO treatment, as well as the cost was slightly lower, 
compared to casting and splinting protocol. Consequently, 
starting from 2018 we have treated all our FAD patients 
with UNFO.

Conclusion
The results of our study indicate that the treatment with 
UNFO is equally effective to serial casting, the current 
standard of care. All infants with RFAD treated with 
UNFO achieved timely full correction without any major 
complications. The use of UNFO increases treatment 
convenience and diminishes social burden, thus provid-
ing a distinct advantage over other treatment modalities.
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