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Abstract

Purpose To analyze the results of a conservative method for treating congenital vertical talus in children with early start and
to know in which cases surgical treatment was needed.

Methods A retrospective analysis of all children diagnosed with idiopathic vertical talus was carried out during the years
2008-2021. Thirty-two children (46 feet) were finally included. Children were treated with serial manipulations, muscle
stimulation, and corrective bandages. Age at the time of initiation of treatment, duration of treatment, and correction or not
of the deformity without surgical intervention were recorded as variables of interest. The talocalcaneal angle, TAMBA, and
ankle range of motion were measured before treatment, after treatment, and at the end of the follow-up period. Statistics
decision tree was used to determine which variable best discriminated whether the patient needed surgery. To complement
the tree diagram, a two-step cluster analysis was carried out.

Results After treatment, TAMBA and talocalcaneal angle changed from “vertical” to “oblique” category in 45 and 37 feet,
respectively. The pathological dorsal flexion of the ankle changed to normal in 37 feet and ankle plantar flexion was normal
in 46 feet. These variables showed significant changes between the three measurement moments. The results of the statistics
decision tree and cluster analysis indicate that “No surgery” was associated with an age equal to or lower than one week
when treatment was started, and with an ankle plantar flexion range of motion lower than 36°.

Conclusions The beginning of this conservative treatment in the first week of life and having a plantar flexion of the ankle
lower than 36° were related to the success of the treatment without surgery.

Keywords Newborn - Congenital vertical talus - Bandages - Conservative treatment

Introduction

Congenital vertical talus (CVT) is a rare foot deformity,
occurring in about 1 in 10,000 [1] to 1 in 150,000 births [2],
in which there is a rigid and irreducible dorsal dislocation
of the navicular bone on the talar head, with the talus fixed
vertically, the hindfoot equinus, and the forefoot dorsiflexed
[3-8]. The aetiology is unknown in approximately 50% of
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cases; the remaining 50% being associated with neuromus-
cular disorders or other chromosomal abnormalities [9, 10].

The clinical appearance is a rocker-bottom deformity,
abduction of the forefoot, and dorsiflexion of the midfoot,
with stiffness and equinus in the hindfoot [1], as well as
hypermobility between the midfoot and the hindfoot (Fig. 1).
The head of the talus is palpable on the plantar medial
aspect of the midfoot with contracture of dorsal structures
and tissues [6, 7, 11-14]. Untreated children can develop
foot deformities with weight-bearing on the talus resulting
in painful callosities, aggravated hypermobility between the
midfoot and the hindfoot, weak push-off, and rocker-bottom
feet [15].

CVT treatment is commonly surgical and involves exten-
sive soft tissue releases to allow restoration of the normal
anatomical relationships between the bones of the foot [14].
A high rate of complications may appear after surgery, such
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Fig. 1 Newborn with bilateral congenital vertical talus

as the risk of undercorrection, overcorrection, or recur-
rence, joint stiffness, avascular necrosis of the talus, or loss
of functionality, which could require additional surgery and
increase the risk of morbidity. Less invasive methods have
shown excellent results [16]. Extensive open surgical proce-
dures are associated with a high rate of complications [17],
but complications can appear even in procedures that involve
only soft tissue release [15].

The development of effective conservative therapeutic
procedures has allowed improved correction and lower rates
of surgical intervention, avoiding or reducing the potential
long-term complications of surgical treatment [3, 4, 6, 7, 18,
19]. A conservative treatment for CVT consisting of daily
manipulation and corrective bandages has shown effective-
ness in clubfoot [20], and metatarsus varus [21], especially
when it began in the first weeks of life. However, the results
of this conservative protocol to treat CVT have not previ-
ously been evaluated related to the age at the start of treat-
ment. This study aims to retrospectively analyze the results
of a conservative method of treating CVT in children with
early start and to know in which cases surgical treatment
was needed.

Materials and methods

Design

A retrospective study was designed with all children born
with CVT at the Virgen Macarena Hospital in Seville during
the years 2008-2021 who were treated with corrective band-

aging. This study was approved by the Ethics Committee of
Virgen Macarena University Hospital.
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Participants

The selection criteria included having been diagnosed with
idiopathic vertical talus or group V according to Hamani-
shi classification [5], with lateral TAMBA > 30°, and not
having received previous treatment, conservative or surgi-
cal. Patients who had other congenital syndromes or other
associated congenital diseases, along with those children
whose medical histories were incomplete or had not fin-
ished treatment, were excluded from the study.

Intervention

The children were treated with serial manipulations, mus-
cle stimulation, and corrective bandages. Once clinical
correction was achieved, a foot and ankle orthosis (AFO)
was applied at night for one year.

Treatment sessions were held three days a week for
20 min per foot and consisted of a first phase of stretching
the retracted structures of the foot by corrective manipula-
tions in plantar flexion and inversion while applying pres-
sure to the medial surface of the head of the talus, avoiding
the shortening of the peroneal muscles. Alterations of the
deformity in all planes were corrected simultaneously.

To maintain the correction obtained by manipulation, a band-
age was applied: First, a circular cotton bandage was placed as
cushioning; then, a slightly tighter bandage was wrapped, which
slightly corrected the dorsiflexion component; next, an adhesive
tape was applied that extended from the anterior surface of the
leg, passing through the toes, to be fixed on the posterior aspect
of the leg, to keep the foot plantarflexed (Fig. 2); lastly, a final
layer of bandage was applied to prevent the adhesive tape from
unraveling. This bandage was renewed until the clinical correc-
tion of the deformity was confirmed. Manipulations were the
same before applying each bandage.

The children’s parents were taught foot exercises to
maintain the correction achieved. The use of ankle—foot
orthoses was recommended for this purpose, only when
clinical correction was not achieved in three weeks of cor-
rective bandages treatment.

Each patient was treated by the same physical therapist
for each session. The evaluations of pretreatment clinical
and radiological measurements, one year after treatment,
and the latest measurements at the end of the follow-up
period when clinical correction was achieved, were carried
out by the same observer (a different therapist).

Outcome measures

The present study analyzes the follow-up of CVT feet in
children on a scheduled basis and covers 2008 to 2021,
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Fig.2 Adhesive tape from the front of the leg, passing through the
toes, and fixed on the back of the leg, keeping the foot plantarflexed
to ensure adequate stretching of the retracted dorsolateral tendons, the
joint capsules, and the skin

with the last measurement in 2021 (the average follow-up
of the feet was 4 years).

The medical history and radiographs for each patient were
reviewed. The age at the time of the initiation of treatment,
duration of conservative treatment, and correction or not of the
deformity without surgical intervention were recorded. In the
lateral X-rays, the talocalcaneal angle (TCA) and the talar axis
first-metatarsal base angle (TAMBA) were measured (Figs. 3
and 4). These angles were measured three times: (1) before
the intervention, (2) one year after the intervention, and (3)
at the last follow-up after clinical and radiological correction.
The position of the feet and the radiographic landmarks were
used as described by Becker-Andersen and Reiniann [20]. Pas-
sive ankle plantar flexion and dorsal flexion were measured by
a single examiner with a handheld goniometer three times, in
order to use the mean value for statistical analysis. In addition,
the American Orthopaedic Foot and Ankle Society scale was
obtained as a functional score measurement at the end of the
follow-up period.

Fig.3 Simple line diagram of the TAMBA (A) and the talocalcaneal
angle (B)

Statistical analysis

Data were analyzed using SPSS v.25 (SPSS Science, Chicago,
USA). Statistical analysis included a general descriptive analy-
sis. For the analysis of the three measurements (before the treat-
ment, 1 year after the treatment, and at the last follow-up) of
the variables TAMBA, TCA, ankle dorsal flexion and plantar
flexion over time, the normality of the data was checked using
the Shapiro—Wilk test and the homogeneity of the variances
was tested using Levene’s test. Since the existence of a good
adaptation of residuals to normality could not be confirmed, the
Friedman test was applied, applying the Wilcoxon signed-rank
or Student’s T test for dependent means as post hoc tests. The
effect size was calculated using Rosenthal’s r or Cohen’s d to
analyze the magnitude of the differences. Differences were clas-
sified according to the following for both parameters: below 0.2,
no effect; 0.2-0.5, small effect; 0.5-0.8, medium effect; above
0.8, large effect.

Statistics decision tree was used as a decision support tool to
determine which variable (TAMBA, TCA, ankle dorsal flexion,
and ankle plantar flexion) best discriminates whether the patient
needs surgery. To complement this tree diagram, a two-step clus-
ter analysis was performed. In the first step, a selection process
was carried out in which different groups were formed maintain-
ing the maximum similarity within the groups while minimizing
the similarity between them. In the second phase, the classifica-
tion made in the first step was scored (good, greater than 0.5;
sufficient, between 0.2 and 0.5; or poor, lower than 0.2) using
the silhouette measure of cohesion and separation coefficient,
which measures the quality of the groups formed. The groups
were considered valid when the silhouette measure of cohesion
and separation coefficient was greater than 0.5. For all analyses,
the confidence level a priori was 95%, so experimental p-values
lower than 0.05 were considered statistically significant.
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Fig.4 Xray outlining the angles
measured, TAMBA (A) and the
talocalcaneal angle (B)

Results

Thirty-two children (15 boys and 17 girls, 46 feet)
were included in the study. Patients were born with an
average weight of 3.14 +0.67 kg and a mean height of
48.3 +2.50 cm. Twenty-three children (32 feet) were
diagnosed, and their conservative treatment started, the
first week after birth, and nine (14 feet) after one week
(2 within the first month after birth and seven after the

first year). Both feet were affected in 14 patients and only
one foot in 18.

Fourteen children (43.8%) required two weeks of treat-
ment with daily manipulation and corrective bandages until
clinical correction, and 18 (56.2%) required three weeks
of intervention. A total of 22 patients (69%) needed an
ankle—foot orthosis after three weeks of corrective band-
ages, and ten patients (31%) did not. Among the children
who needed splints, 8 (36.4%) used them for two months,

Table 1 Changes in categories
of TAMBA, TCA, Ankle dorsal

Before the inter-

One year after the At the end of follow-up after

. vention intervention clinical and radiological
flexion, and ankle plantar correction
flexion over time

TAMBA
Vertical (>36°) 45 0 0
Oblique (16-36°) 46 14
Normal (<16°) 0 0 12
TCA
Vertical (>50°) 42 2 0
Oblique (45-50°) 3 7 1
Normal (<45°) 37 45
Ankle dorsal flexion
Pathological (>30°) 40 9 9
Normal (20-30°) 6 37 37
Ankle plantar flexion
Pathological (<30°) 6 0 6
Normal (30-50°) 40 46 40
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12 (54.5%) for three months, and only two (9.1%) for
four months.

Changes of the study variable categories from the begin-
ning of the treatment until the end of the follow-up can be
observed in Table 1. Table 2 shows that quantitative values
of TAMBA, TCA, ankle dorsal flexion, and ankle plantar
flexion improved significantly, except ankle dorsal flexion
from the end of treatment to the follow-up visit. Data related
to AOFAS scale at the end of the follow-up period are shown
in Table 3. All patients reported more than 75 points.

The nominal variable “surgery” was used as the depend-
ent variable in the statistics decision tree, and the variables
TAMBA, TAC, and ankle plantar flexion as independ-
ent variables. The quick unbiased efficient statistical tree
algorithm (QUEST) was employed because the dependent
variable was nominal. Figure 5 shows the F-statistic value,
freedom degrees, and p-values. As can be observed, initially
(node 0) 69.9% of feet were not operated (32/46), compared
to 30.4% that did (14/46).

Ankle plantar flexion was the variable chosen to perform
the two-step cluster analysis. The silhouette measure of
cohesion and separation coefficient was 0.73 (Fig. 6). Two
groups were classified according to whether they need sur-
gery or not, using the “plantar flexion of the ankle” and
“start of treatment” variables (Table 4).

Discussion

The present study describes a treatment method based on
the application of corrective bandages performed on 46 feet
with CVT. To the authors’ knowledge, this is the first study
to report the results of a conservative method for CVT treat-
ment using corrective bandages. Furthermore, to our knowl-
edge, this study reports the outcome in the largest group of
patients in the published literature.

Other authors have reported positive results with con-
servative treatment in isolated cases of CVT [1]. A critical
review addressed the efficacy of conservative treatments for
the flexible flat foot in children [2]. Conservative treatment
of the flat foot in children has mainly involved in-shoe foot
orthoses and orthopaedic footwear for the flexible flat foot.
Exercise for flat feet has also been described, but in the form
of barefoot time and prescribed activities [2, 8].

Historically, CVT correction was surgical, with soft tissue
releases performed to restore normal anatomical relation-
ships between the bony structures of the foot. However, sur-
gical treatment has been commonly associated with stiffness,
high recurrence rate, chronic pain, and wound problems [8,
14]. In the 1970s, techniques for the effective reduction of
the talonavicular joint were described, later developing dif-
ferent surgical techniques in which extensive soft tissue
release was performed in one or two stages [20]. The first

stage consists of lengthening the contracted tendons, releas-
ing the associated capsular contractures, and reducing the
talonavicular and subtalar joint complex. The second stage
consists of lengthening the Achilles tendon and the peroneal
tendons. However, the complications associated with both
techniques, such as avascular necrosis of the talus, under
or overcorrection of the deformities, and possible recur-
rences, are concerning [7, 13, 16]. Long-term problems
include severe stiffness of the ankle and subtalar joint and
the development of degenerative arthritis, a high recurrence
rate, chronic pain, and wound problems [3, 14, 16].

Less invasive techniques have been associated with bet-
ter results. Dobbs et al. [7] proposed a treatment method
similar to the conservative treatment method applied by
Ponseti for congenital clubfoot. They performed foot
manipulations and placement of corrective casts, followed
by securing the talonavicular joint and percutaneous ten-
otomy of the Achilles tendon in 19 feet. Although they
showed good results in clinical appearance and function-
ality, among the 19 feet treated, six had recurrences after
two years. Aslani [3] applied the Dobbs technique to 15
feet and Bhaskar to 4 [13], both reporting good results
with plantigrade feet, without pain and with normal ambu-
lation. Yang and Dobbs [16] compared minimally invasive
surgery and extensive soft tissue procedures for CVT treat-
ment in both idiopathic and nonidiopathic cases with a
mean follow-up of seven years. These authors observed
better ankle range of motion and pain scores in those
treated with minimally invasive surgery, better preserva-
tion of the mobility and function of the patient’s foot.

Regarding nonoperative treatment, the authors gener-
ally agree that treatment with serial casts does not resolve
this deformity. This may be the reason why the studies
carried out in children with CVT treated conservatively
are not as abundant as the research of surgical procedures.
What is clear is that the sooner treatment begins, the better
results will be obtained. It has previously been suggested
that CVT treatment should be initiated within the first
two weeks after birth or immediately after confirmation of
the diagnosis [1]. Becker-Andersen and Reimann reported
excellent results in five children whose treatment, without
surgery, began just after birth [20]. However, other authors
maintain that very few patients obtain a satisfactory cor-
rection without surgical treatment. Jacobsen and Crawford
presented 11 patients (17 affected feet) with vertical talus,
who were treated with serial casts and manipulations [20].
If the correction was not satisfactory, they were treated by
surgery. The percentages of relapse after surgical treatment
have been reported to be between 18 and 47%, depending
on the surgical method used [1].

In the present study, 12 feet (26.1%) had normal TAMBA
at the end of the follow-up, and the rest of the feet (with a
shorter follow-up) went from having a vertical talus to an
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Table 2 Comparison of the study variables over the 3 moments of data collection

Moments of data recording Comparisons
Initial VS | Initial VS End of
End of Last End of Last treatment
Initial
treatment follow-up treatment | follow-up VS Last
(Mean +
(Mean + (Mean + (P and (P and follow-up
SD)
SD) SD) effect sice) effect (P and effect
sice) sice)
TAMBA <0.001" <0.001" <0.001°
43.78+5.75 | 28.81+£3.46 | 19.34+6.59
(0.873) (0.874) (0.688)
T-C <0.001' <0.001' <0.001'
56.41+£3.60 | 38.56+4.69 | 31.91+4.98
angle (0.874) (0.874) (0.815)
Ankle <0.001" <0.001"
40.38+4.78 | 27.25+2.20 | 28.72+4.61 0.068'
Dorsiflexion (0.879) (0.849)
Ankle <0.001" <0.001" 0.002'
33.75+10.08 | 42.444+3.39 | 44.66+3.81
Plantarflexion (0.703) (0.839) (0.547)

All measurement units were degrees

Mean =+ standard deviation (effect size)

"Wilcoxon signed-rank test for related samples

Friedman 2-way analysis of variance for related samples

3 T-test for related samples

Table 3 AOFAS scores for
all patients at the end of the

follow-up period
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No. of patients

AOFAS score

—_
=]

—_ N = = = N W

100
97
94
92
88
86
84
75
73

oblique talus. The TCA was normal in 97.8% of the feet.
Regarding motion, normal dorsal and plantar flexion of the
ankle was achieved, resulting in a plantigrade foot without
pain. Our results showed the importance of starting treat-
ment within the first seven days after birth. Furthermore,
ankle plantar flexion was a good predictor of the need for
surgery for total foot correction, establishing that children
whose ankle plantar flexion was less than 36° were not oper-
ated, and those with more than 40° needed surgery. This
may be useful in clinical practice to make prognoses about
the evolution of treatment with the conservative method
described in the present study.
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Fig.5 Statistics decision tree identifying groups of patients showing
nodes, F-statistic values, freedom degrees, and p-values. For the TAMBA,
the optimum classification value was 26.3°. Patients with a TAMBA angle
value lower than or equal to 26.3 were in node 1 (36 feet). This node
showed that 77.8% of the patients (28 out of 36) had not been operated
on. In node 2 were patients with TAMBA greater than 26.3 (60% were
operated, 6/10). Since lower TAMBA values had better follow-up results,
we could say that non-operated patients had a higher probability of obtain-
ing a follow-up result lower than 26.3° (F, ,,=8.708, p=0.005). The
overall correct percentage of classification was 73.9%. For the TCA, the
optimum classification value was 39.7°. 75.7% of the patients (28/37) who
showed a TCA equal to or lower than 39.7° (node 1) were not operated

Model Summary

Algorithm TwoStep

Inputs 3

Clusters 2

Cluster Quality

Poor Fair Good

T T T
-0.5 0.0 0.5
Silhouette measure of cohesion and separation

Fig.6 Summary and quality of the cluster analysis model. A silhou-
ette measure of cohesion and separation coefficient of 1 means that all
cases are in their cluster centres. A value of — 1 means that all cases
are in the centers of other clusters to which they do not belong. A
value of 0 means that, on average, the cases are equidistant between
the center of their own conglomerate and the center of another nearby
conglomerate. Therefore, a result in the “Good” zone means that the
data strongly evidence the structure of the conglomerates. A result in
the “Sufficient” area means that the data show this cluster structure
in a less evident way, and a result in the “Poor” area reflects that the
data does not provide significant evidence of the cluster structure

=

(37 feet). Node 2 included feet with a TCA greater than 39.7°, of which
55.6% (5/9) were operated. The lower the TCA, the better the results, so
non-operated feet had the highest probability of getting the TCA equal to
or lower than 39.7° (F 44=4.548, p=0.039). The overall correct percent-
age of classification was 71.7%. Regarding plantar flexion of the ankle,
the best value that classified this variable was 36°. Nodes 1 and 2 correctly
classify 100% of cases. All feet that were surgically treated belonged to
the group with 36° or less. Otherwise, when the plantar flexion of the
ankle is greater than 36°, all feet were not operated. The higher the plantar
flexion of the ankle, the better the results, so the best classified cases were
the non-operated feet (F; 4, =166.160, p<0.001). The overall correct per-
centage of classification was 100%

Table 4 Values of the age at start of treatment and range of ankle
plantar flexion used in assembling the conglomerates for predicting
the need of surgery. “No surgery” was associated with an age equal
to or less than 1 week when treatment was started, and with a plantar
flexion of the ankle less than 36°. “Surgery” was associated with an
age equal to or greater than 4 years, and a plantar flexion of the ankle
greater than 40°. An uncertainty area was found when the range of
plantar flexion of the ankle was between 35 and 40°

Age at start of treatment Ankle plantar
flexion range of

motion
No surgery < =7 days <36°
Interval of uncertainty 36-40°
Surgery > 1457 days (4 years) >40°

This study has certain limitations, for example, heteroge-
neity of the duration of treatment, because it was interrupted
when clinical correction of the deformity was achieved, and
this was not always of the same duration. The follow-up
reported has also been heterogeneous; Since CVT is a rare
deformity, our objective was to include all newborns with
this deformity in the same hospital, since the described treat-
ment method started to be applied to the last measurement
performed in 2021. That is the reason for such heterogeneity.
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In summary, the proposed treatment method consisting
of daily manipulation and corrective bandages for CVT in
newborns avoid surgery in 23 patients (32 feet). Starting this
conservative treatment within the first week of life and hav-
ing a plantar flexion of the ankle lower than 36° were related
to the success of the treatment. Knowing these two variables
could help determine the need for future surgical treatment.

Author contribution Elia Utrilla-Rodriguez, Pedro V. Munuera-Mar-
tinez, and Manuel Albornoz-Cabello contributed to the study concep-
tion and design. Material preparation, data collection, and analysis
were performed by Elia Utrilla-Rodriguez, Nieves Diaz-Avila, and
Antonia Saez-Diaz. The first draft of the manuscript was written by
Elia Utrilla-Rodriguez, Pedro V. Munuera-Martinez, and Manuel
Albornoz-Cabello, and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Funding Funding for open access publishing: Universidad de Sevilla/
CBUA

Data availability The authors have their database available in case it
is necessary.

Code availability N/A.

Declarations

Ethics approval This study was approved by the Ethics Committee of
Virgen Macarena University Hospital.

Consent to participate N/A.

Consent for publication Additional informed consent was not obtained
because individual participant’s identifying information is not included
in this article.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Wirth T (2021) Congenital vertical talus. Foot Ankle Clin N Am
26:903-913. https://doi.org/10.1016/j.£c1.2021.08.002

2. Tileston K, Baskar D, Frick SL (2022) What is new in pediat-
ric orthopaedic foot and ankle. J Pediatr Orthop 42:e448—e452.
https://doi.org/10.1097/bpo.0000000000002134

3. Aslani H, Sadigi A, Tabrizi A et al (2012) Primary outcomes of
the congenital vertical talus correction using the Dobbs method
of serial casting and limited surgery. J Child Orthop 6:307-311.
https://doi.org/10.1007/s11832-012-0433-z

@ Springer

4. Alaee F, Boehm S, Dobbs MB (2007) A new approach to the
treatment of congenital vertical talus. J Child Orthop 1:165-174
5. Hamanishi C (1984) Congenital vertical talus: classification with
69 cases and new measurement system. J Pediatr Orthop 4:318-
326. https://doi.org/10.1097/01241398-198405000-00007
6. Rubio EI, Mehta N, Blask AR, Bulas DI (2017) Prenatal congeni-
tal vertical talus (rocker bottom foot): a marker for multisystem
anomalies. Pediatr Radiol 47:1793-1799. https://doi.org/10.1007/
s00247-017-3957-z
7. Dobbs MB, Purcell DB, Nunley R, Morcuende JA (2006) Early
results of a new method of treatment for idiopathic congenital
vertical talus. J Bone Jt Surg - Ser A 88:1192—1200. https://doi.
org/10.2106/JBJS.E.00402
8. Miller M, Dobbs MB (2015) Congenital vertical talus: etiology
and management. ] Am Acad Orthop Surg 23:604-611
9. Wright J, Coggings D, Maizen C, Ramachandran M (2014)
Reverse Ponseti-type treatment for children with congenital
vertical talus: comparison between idiopathic and teratological
patients. Bone Jt J 96-B(2):274-278. https://doi.org/10.1302/
0301-620X.96B2.32992
10. Thometz JG, Zhu H, Liu XC et al (2010) MRI pathoanatomy study
of congenital: vertical talus. J Pediatr Orthop 30:460—464. https://
doi.org/10.1097/BPO.0b013e3181df85e4
11. Machida J, Inaba Y, Nakamura N (2017) Management of foot
deformity in children. J Orthop Sci 22:175-183. https://doi.org/
10.1016/j.jos.2016.12.009
12. Winfeld MJ, Winfeld BE (2019) Management of pediatric foot
deformities: an imaging review. Pediatr Radiol 49:1678-1690.
https://doi.org/10.1007/s00247-019-04503-4
13. Bhaskar A (2008) Congenital vertical talus: treatment by reverse
ponseti technique. Indian J Orthop 42:347-350. https://doi.org/
10.4103/0019-5413.41860
14. Chan Y, Selvaratnam V, Garg N (2016) A comparison of the
Dobbs method for correction of idiopathic and teratological con-
genital vertical talus. J Child Orthop 10:93-99. https://doi.org/10.
1007/s11832-016-0727-7
15. Malhotra M, Shah H (2021) Comparison of outcome between idi-
opathic and non-idiopathic congenital vertical talus treated with
soft tissue release. J PediatrOrthop Part B 458-466. https://doi.
org/10.1097/BPB.0000000000000815
16. Yang JS, Dobbs MB (2015) Treatment of congenital vertical
talus: comparison of minimally invasive and extensive soft-tissue
release procedures at minimum five-year follow-up. J Bone Jt Surg
- Am 97:1354-1365. https://doi.org/10.2106/JBJS.N.01002
17. Hafez M, Davis N (2021) Outcomes of a minimally invasive
approach for congenital vertical talus with a comparison between
the idiopathic and syndromic feet. J Pediatr Orthop 41:249-254.
https://doi.org/10.1097/BP0O.0000000000001769
18. Utrilla-Rodriguez E, Guerrero-Martinez-Cafiavete MJ, Albornoz-
Cabello M, Munuera-Martinez P (2016) Corrective bandage for
conservative treatment of metatarsus adductus: retrospective
study. Phys Ther 96:46-52. https://doi.org/10.2522/ptj.20140443
19. Utrilla-Rodriguez E, Munuera-Martinez PV, Albornoz-Cabello
M (2017) Treatment of clubfoot with the modified Copenhagen
method: a 10-year follow-up. Prosthet Orthot Int. https://doi.org/
10.1177/0309364617741777
20. Becker-Andersen H, Reiniann I (1974) Congenital vertical
talus: reevaluation of early manipulative treatment. Acta Orthop
45:130-144. https://doi.org/10.3109/17453677408989131
21. Morris H, Navarre P (2018) Bilateral congenital vertical talus in
association with beals contractural arachnodactyly: a case report.
JBIJS case Connect 8:97. https://doi.org/10.2106/JBJS.CC.18.00107

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.fcl.2021.08.002
https://doi.org/10.1097/bpo.0000000000002134
https://doi.org/10.1007/s11832-012-0433-z
https://doi.org/10.1097/01241398-198405000-00007
https://doi.org/10.1007/s00247-017-3957-z
https://doi.org/10.1007/s00247-017-3957-z
https://doi.org/10.2106/JBJS.E.00402
https://doi.org/10.2106/JBJS.E.00402
https://doi.org/10.1302/0301-620X.96B2.32992
https://doi.org/10.1302/0301-620X.96B2.32992
https://doi.org/10.1097/BPO.0b013e3181df85e4
https://doi.org/10.1097/BPO.0b013e3181df85e4
https://doi.org/10.1016/j.jos.2016.12.009
https://doi.org/10.1016/j.jos.2016.12.009
https://doi.org/10.1007/s00247-019-04503-4
https://doi.org/10.4103/0019-5413.41860
https://doi.org/10.4103/0019-5413.41860
https://doi.org/10.1007/s11832-016-0727-7
https://doi.org/10.1007/s11832-016-0727-7
https://doi.org/10.1097/BPB.0000000000000815
https://doi.org/10.1097/BPB.0000000000000815
https://doi.org/10.2106/JBJS.N.01002
https://doi.org/10.1097/BPO.0000000000001769
https://doi.org/10.2522/ptj.20140443
https://doi.org/10.1177/0309364617741777
https://doi.org/10.1177/0309364617741777
https://doi.org/10.3109/17453677408989131
https://doi.org/10.2106/JBJS.CC.18.00107

	Corrective bandages and daily manipulations for treatment of congenital vertical talus: a thirteen year follow-up
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Design
	Participants
	Intervention
	Outcome measures
	Statistical analysis

	Results
	Discussion
	References


