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KEYWORDS Summary

Flatfoot; Introduction: Pes planovalgus (PPV) is a complex three-dimensional deformity of which routine

Radiographs; radiographs provide only a two-dimensional analysis.

Children; Hypothesis: Angles and other radiographic parameters of the foot in children and adoles-

Adolescents; cents, when studied on both the dorsoplantar and the lateral view, can be used to establish a

Foot deformities radiographic classification system for PPV that provides useful therapeutic guidance in clinical
practice.

Materials and methods: A retrospective single-centre study was conducted on 65 feet in 35
patients aged 7 to 18 years and having adequate ossification. All patients had a clinical diagnosis
of idiopathic or neurologic PPV and available weight-bearing dorsoplantar and strict lateral
radiographs. We excluded pes planus due to tarsal coalition, congenital bone deformities, or
overcorrection of talipes equinovarus (n=25). All possible axes were drawn and angles measured
after an evaluation of interindividual agreement.

Results: We identified four patterns of PPV: subtalar pes planus (n=16) with marked subta-
lar valgus and longitudinal sag predominating at the talonavicular joint, midtarsal pes planus
(n=12) without subtalar valgus but with marked midtarsal abduction and sag predominating at
the cuneonavicular joint, mixed pes planus (n=28) with subtalar valgus, midtarsal abduction,
and sag at both the talonavicular and cuneonavicular joints, and pes planocavus (n=9) with sag
of the medial arch and cavus deformity of the lateral arch.

Conclusion: This original classification system provides therapeutic guidance by helping to
match the surgical procedure to the nature and location of the deformities.

Level of evidence: Level IV.
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Introduction

Pes planovalgus (PPV) is a common deformity that is usually
idiopathic but can be caused by neurological, dystrophic,
traumatic, or other conditions. Although the term PPV is
widely used, to the best of our knowledge, no detailed anal-
ysis of the imaging findings is available for investigating
any specific characteristics. The only radiological classifica-
tion system, developed by Tachdjian, relies solely on the
lateral radiograph [1]. In a recent analysis of the radio-
logical characteristics of symptomatic and asymptomatic
flatfoot, Moraleda and Mubarak found that lateral navicu-
lar displacement (assessed based on talonavicular coverage)
was the most striking feature of symptomatic flatfoot requir-
ing corrective surgery [2]. However, no attempt was made
in their study to identify different radiological patterns
of PPV. Knowledge of radiological patterns would provide
useful guidance for determining when surgery is appro-
priate and which procedure is optimal, two points for
which there is currently no consensus. Although surgery is
rarely performed, many different surgical procedures are
used, suggesting the existence of multiple patterns of PPV.
Procedures used to correct subtalar joint pronation (cal-
caneal eversion) and excessive talocalcaneal divergence
include permanent [3,4] and temporary [5] subtalar joint
arthrodesis using a variety of devices [6,7], arthrodesis at
other sites (talonavicular arthrodesis, multiple arthrode-
ses) [4,8—10], and a variety of extra-articular osteotomies
(Evans’ osteotomy [11], Mosca’s osteotomy [12,13], and
Dwyer’s calcaneal realignment osteotomy [14]). These
methods are often combined with soft-tissue procedures
such as shortening of the plantar fascia, lengthening of the
Achilles tendon, mid-plantar talonavicular capsulorrhaphy,
and correction of abnormal tibialis anterior tendon attach-
ments [4].

The objective of this study was to use radiological param-
eters to establish a PPV classification system of relevance to
the treatment of children and adolescents.

Patients and methods

Inclusion criteria were age between 7 and 18 years, clin-
ical PPV, and availability of weight-bearing lateral and
dorsoplantar radiographs. Méary’s view (weight-bearing
anteroposterior view of the ankle and foot with a metal
wire circling the heel) was not obtained routinely. We did
not include patients with PPV due to synostosis, congeni-
tal bone deformities, or overcorrection of congenital talipes
equinovarus.

We included 65 feet in 35 patients with a mean age of
11 £ 2 years (range, 7—18). The diagnosis was idiopathic PPV
for 35 feet and secondary PPV, usually due to neurologi-
cal conditions, for 30 feet. Surgery was performed for 31
feet using a variety of procedures depending on the type of
deformity and cause (Table 1).

The radiographs were reviewed independently by a radi-
ologist (CB) and a paediatric orthopaedic surgeon (PW).
Several angles were measured on each view. Reference angle
values were those reported by Wanderwilde and Staheli [15],
the foot radiology atlas [16], Davids [17], and Keats and
Sistrom [18].

Table 1  Aetiologies of pes planovalgus (PPV) in our study

of 65 feet in 35 patients.

Criteria n=65

Idiopathic PPV 35

Secondary PPV 30
Charcot-Marie-Tooth 4
West syndrome 2
Ischemic hemiplegia 3
Marfan syndrome 4
Miscellaneous encephalopathies 9
Autism 4
Spastic diplegia (Little’s disease) 3
Spastic tetraplegia 1

The following axes were drawn on the weight-bearing
dorsoplantar view: axis of the talus (line midway between
the medial and lateral edges), axis of the calcaneus (line
tangent to the lateral edge) and longitudinal axes of the
first and fifth metatarsals (M1 and M5, respectively; lines
midway between the medial and lateral edges). Then, the
following angles were measured on this view: talocalcaneal
divergence (20° <normal < 25°), angle subtended by the lat-
eral calcaneal edge and longitudinal axis of M5 (normal, 0°),
and angle subtended by the axis of the talus and longitudi-
nal axis of M1 (0° <normal <5°). The talonavicular coverage
angle, expressed as a percentage, was formed by the lines
perpendicular to the lines through the medial and lateral
edges of the talar and navicular joint surfaces [17].

On the lateral view, the following axes were drawn: lon-
gitudinal axis of the talus (line bisecting the upper and
lower edges), axis of the calcaneus (line tangent to the
lower edge of the calcaneus), and longitudinal axes of
M1 and M5 (lines parallel to the upper edges). The fol-
lowing angles were measured: calcaneal pitch (between
the calcaneus and the ground, 15°<normal<20°), talus-
M1 angle or Méary’s angle (0° <normal <10°), talocalcaneal
divergence (35°<normal <40°), calcaneus-M5angle (nor-
mal, 150°—175°), and M1 pitch angle (10° < normal < 20°). We
did not use the M1-M5 angle, whose discriminating perfor-
mance is limited.

The apex of the medial sag was identified based on the
relative orientations of the talonavicular, cuneonavicular,
and cuneiform-M1 joint spaces, as assessed using the follow-
ing three angles: angle between the longitudinal talar axis
and navicular joint surface (normal, 90°), angle between the
joint surfaces of the navicular and medial cuneiform (nor-
mal, 0°), and angle between the joint surface of the medial
cuneiform and M1 (normal, 0°) (Figs. 1 and 2).

Variabilities

Interobserver variability of angle measurement was assessed
by having one radiologist (CB) and one paediatric
orthopaedic surgeon (PW) evaluate the radiographs of the
same 10 feet; subsequently, the angles were measured
by these two observers working together. Interindividual
concordance rates ranged across angles from 0.85 to 0.95.
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Figure 1 Axes drawn and angles measured on the lateral
weight-bearing radiograph: analysis of the medial column, lat-
eral column, and talocalcaneal divergence (blue line).

Figure 2 Axes drawn and angles measured on the dorso-
plantar weight-bearing radiograph: analysis of talocalcaneal
divergence and of the lateral column (red lines).

Statistical analysis

Mean angle values were compared to normal values using
the non-parametric Wilcoxon Mann-Whitney test. Values of
P lower than 0.05 were considered significant.

Results

The clinical results were assessed retrospectively based on
notes and photographs taken during clinic visits. All feet
were classified clinically by a paediatric orthopaedic surgeon
as exhibiting PPV deformity.

Overall, the only parameter that was modified con-
sistently and always in the same direction was Méary’s
angle (talus-M1), which was consistently increased (mean,
35+ 11°).

Talocalcaneal divergence was variable on both the
dorsoplantar view (mean, 27+10°; normal, 15—25°)
and the lateral view (mean,48°+10°; normal, 20—30°).

Talocalcaneal divergence did not correlate with clinical val-
gus, which was a consistent feature. Thus, in some cases,
this parameter was within the normal range despite the
presence of clinical valgus.

Talonavicular coverage (mean, 50 4+20%) and the talus-
M1angle on the dorsoplantar view (22 +10°), similar to
Méary’s angle, had no discriminating potential.

The calcaneus-M5 angle on the dorsoplantar view corre-
lated with rectilinearity of the lateral edge of the foot and
with abduction of the forefoot.

An analysis of all the radiological parameters allowed us
to identify four patterns of PPV: subtalar, midtarsal, mixed,
and planocavus:

o the subtalar pes planus pattern (n=16) was characterised
by subtalar valgus with a rectilinear lateral edge of the
foot on the dorsoplantar view. On the lateral view, the
apex of the flatfoot was the talonavicular joint (Table 2
and Fig. 3);

e the midtarsal pes planus pattern (n=12) was charac-
terised on the dorsoplantar view by marked midtarsal
abduction without radiological evidence of subtalar val-
gus. The apex of the flatfoot on the lateral view
was at the cuneiform-navicular joint (Table 3 and
Fig. 4);

e the mixed pes planus pattern (n=28) combined subtalar
valgus and midtalar abduction on the dorsoplantar view.
The apex of the flatfoot on the lateral view was shared by
the talonavicular and cuneonavicular joints (Table 4 and
Fig. 5);

e the pes planus cavus pattern (n=9) combined a cavus
deformity of the lateral arch on the lateral view
(increased calcaneus-M5angle) and sag of the medial
arch. The dorsoplantar view showed moderate midtarsal
abduction (Table 5 and Fig. 6).

In non-idiopathic static flatfoot, the radiological presen-
tation was more complex, with participation of both the
subtalar and the midtalar joints in the deformity. Neuro-
logical conditions were responsible for 20 of the 28 mixed
pes planus deformities (Table 6).

Inadequate talonavicular coverage, as assessed by the
talonavicular angle on the dorsoplantar view, correlated
with mid- and forefoot abduction and with subtalar
valgus.

Discussion

Our radiographic analysis shows that the term ‘‘pes
planovalgus’’ encompasses several different deformities.
We developed a simple classification system with four
patterns that have different surgical requirements. This
classification should also prove useful for adults with
flatfoot, since radiological parameters are the same in ado-
lescents and in adults.

A drawback of our classification system is failure to take
into account a possible contribution of the talocrural joint
to the valgus deformity, which could be detected on the
Méary anteroposterior view of the hindfoot (weight-bearing
anteroposterior view of the ankle and foot with a metal wire
circling the heel). The presence in some feet of clinical
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Table 2 Subtalar pes planovalgus (n=16): subtalar valgus, little or no mid-tarsal abduction and talonavicular location of the

medial-arch sag.

Parameters Angles Mean £ SD Normal values Interpretation P value
DP A. Talus-calcaneus 34 + 4° 20—-30° / 0.0003
DP A. Calcaneus-M5 0+ 2° 0° N 0.08
Face Talonavicular coverage (index, as a %) 48 + 15% 0° / 0.02
Lateral A. Talus-navicular surface 70 + 8° 90° \4 0.001
Lateral A. Navicular surface - 15t cuneiform surface 54 5° 0° N 0.5
Lateral A. Calcaneus-M5 165 4+ 7° 160° N 0.006

DP: dorsoplantar view; M5: fifth metatarsal; A.: angle.

Figure 3
and talonavicular location of the medial-arch sag.

Table 3
medial-arch sag.

Subtalar pes planovalgus, dorsoplantar and lateral views showing the subtalar valgus with little or no midtarsal abduction

Midtarsal pes planovalgus (n=12): no subtalar valgus, marked midtarsal abduction, and cuneonavicular location of the

Parameters Angles Mean + SD Normal values Interpretation P value
DP A. Talus-calcaneus 19 + 2° 25° N 0.009
DP A. Calcaneus-M5 16 + 5° 0° / 1

DP Talonavicular coverage (index, as a %) 57 4+ 15% 0° / 0.03
Lateral A. Talus-navicular surface 87 + 4° 90° N 0.03
Lateral A. Navicular surface — 1st cuneiform surface 15 + 4° 0° / 0.03
Lateral A. Calcaneus-M5 162 + 8° 160° N 1

DP: dorsoplantar view; M5: fifth metatarsal; A.: angle.

hindfoot valgus with no increase in radiological talocal-
caneal divergence is probably ascribable to valgus at the
talocrural joint.

Furthermore, faultless technique should be used when
obtaining the radiographs. Only full weight-bearing views
should be used. For instance, radiographs obtained with one

foot placed anteriorly to the other (Egyptian stance) are not
interpretable.

Méary’s angle (talus-M1 on the lateral view) did not
contribute to discriminate among the patterns in our
classification system. This parameter reflected only the
severity of the overall medial-arch sag. It was not specific
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Figure 4 Midtarsal pes planovalgus, dorsoplantar and lateral views showing the absence of subtalar valgus and the marked
midtarsal abduction and cuneonavicular location of the medial-arch sag.

Table4 Mixed pes planovalgus (n=28): subtalar valgus, midtarsal abduction, and dual talonavicular and cuneonavicular location
of the medial arch sag.

Parameters Angles Mean +SD Normal values Interpretation P value
DP A. Talus-calcaneus 32 + 4 25° / 0.04
DP A. Calcaneus-M5 14 +£7° 0° / 0.03
DP Talonavicular coverage (index, as a %) 50 + 15% 0° / 0.01
Lateral A. Talus-navicular surface 80 £ 5° 90° \4 0.016
Lateral A. Navicular surface - 15t cuneiform surface 10 £ 5° 0° / 0.016
Lateral A. Calcaneus-M5 160 + 20° 160° N 0.19

DP: dorsoplantar view; M5: fifth metatarsal; A.: angle.

Table5 Pesplanocavus (n=9): shortened lateral arch, moderate midtarsal abduction, normal calcaneal pitch, and talonavicular
and/or cuneonavicular location of the medial-arch sag.

Parameters Angles Mean £ SD Normal values Interpretation P value
DP A. Talus-calcaneus 24£7° 25° N 0.9

DP A. Calcaneus-M5 16 £ 9° 0° / 0.04
DP Talonavicular coverage (index, as a %) 35 £+ 20% 0° / 0.04
Lateral A. Talus-navicular surface 83 £+ 10° 90° N or \4 0.5
Lateral A. Navicular surface — 1st cuneiform surface 10 £ 8° 0° N or / 0.04
Lateral A. Calcaneus-M5 145 + 5° 160° \4 0.04
Lateral A. Calcaneal pitch 24 + 19° 20° N 0.55

DP: dorsoplantar view; A.: angle.
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Figure 5

Figure 6
column and high-arched lateral column.

Pes planocavus, lateral view showing the sag medial

of any particular joint deformity but instead reflected
the presence of deformities affecting the talonavicular,
cuneiform-navicular, cuneiform-metatarsal, and subtalar
joints.

The inadequate talonavicular coverage seen in both the
subtalar and the midtarsal patterns illustrates the fact that
the talonavicular joint belongs both to the subtalar articu-
lar complex and to the mid-tarsal joint [19,20]. This fact,
which is crucial to a good analysis of foot deformities,
explains that neither inadequate talonavicular coverage
nor talus-M1angle abnormalities on the dorsoplantar view
contributed to improve the specificity of the diagnosis. In
contrast, many earlier studies concluded that talonavicular
coverage reflected only midfoot and/or forefoot deformities
[2,15,17,18].

In our classification system, a careful analysis of the
parallelism of the medial-column joint lines described by
Tachdjian [1], in contrast, is crucial to correlate the antero-
posterior deformities with the pattern of medial-arch sag on
the lateral view, a point that was not described by Tachdjian.

Mixed pes planovalgus, dorsoplantar and lateral views showing the subtalar valgus, midtarsal abduction, and dual
talonavicular and cuneonavicular location of the medial-arch sag.

Table 6 Correlation between the pes planovalgus pat-
tern in our classification system and the aetiology of the
deformity.

Type Idiopathic Secondary
(n=35) (%) (n=30) (%)

Subtalar PPV (n=16) 12 (34) 4 (16)

Midtarsal PPV (n=12) 10 (29) 2 (2)

Mixed PPV (n=28) 8 (23) 20 (66)

Pes planocavus (n=9) 5 (14) 4 (16)

PPV: pes planovalgus.

Subtalar PPV

A good understanding of midtarsal PPV requires a consider-
ation of the calcaneopedal unit (CPU) and talar-tibial-fibular
unit (TTFU) [19]. The TTFU rotates medially above the
CPU, which is initially free of any intrinsic deformities, as
suggested by the normal calcaneal-M5 angle on the dorso-
plantar view. This rotational displacement occurs within
the subtalar articular complex composed of the subtalar
and talonavicular joints, a fact that explains the increased
talocalcaneal divergence and talonavicular subluxation,
respectively. As expected, the apex of the flatfoot is at the
talonavicular joint, which is the most clearly visible compo-
nent of the subtalar articular complex on the lateral view.

Midtarsal PPV

Midtarsal PPV is characterised by abnormal CPU shape with
the apex of the flatfoot at the cuneiform-navicular joint and
abduction of the midtarsal joint. The resulting transverse
tarsal abnormality also decreases the talonavicular cover-
age, illustrating the contribution of this joint to both the
subtalar articular complex and the transverse tarsal joint.
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In contrast, the talocalcaneal joints contribute little to this
pattern of PPV.

Mixed PPV

Mixed PPV combines the changes seen in subtalar and mid-
tarsal PPV.

Pes planocavus

Pes cavus is a distinct entity in which the medial column
is collapsed and the lateral column has an abnormally high
arch. The loss of talonavicular coverage is less marked
than in the other PPV patterns, talocalcaneal divergence
is limited, and calcaneal pitch is normal or increased. In
this case, the location of the flatfoot apex was variable
(talonavicular joint in 3 feet, cuneiform-navicular joint in
4 feet, and mixed in 2 feet). However, moderate midtarsal
abduction was a consistent finding in the pes planocavus
pattern.

Therapeutic implications

Our new classification system for PPV is useful for guid-
ing surgical decisions. Subtalar PPV is a good indication
for subtalar procedures such as the Grice procedure (no
longer used given the arthrodesis) [21], temporary sub-
talar joint arthrodesis [5], or subtalar implant [6]. In
contrast, calcaneal lengthening osteotomy [11,13] does not
make sense in this PPV pattern, as it would result in con-
vexity of the lateral edge of the foot (by adduction of
the forefoot) manifesting as inversion of the calcaneal-
M5 angle on the dorsoplantar view. Calcaneal lengthening
osteotomy [11,13] is the procedure of choice for midtarsal
PPV, to correct the concavity of the lateral edge of the
foot (forefoot abduction) and to restore adequate talon-
avicular coverage while also decreasing the talocalcaneal
divergence [22]. Complementary medial column osteotomy
is often in order to better correct both the medial-arch
sag and the hindfoot supination [13,23]. Osteotomy of the
cuneiform bones may be inadvisable, as the result is a
sagittal bayonet deformity that can produce a dorsal bulge
responsible for difficulties with footwear, and also because
the sag is located at the talonavicular joint. Talonavicular
surgery would result in the equivalent of triple arthrodesis,
due to the contribution of this joint to both the subtalar
articular complex and the mid-tarsal joint, and therefore
should not be performed. Intra-navicular surgery allows
only a small degree of angle correction that is usually
not satisfactory. In contrast, plantar and medial closing
osteotomy of the cuneonavicular joint has a number of
benefits. This joint is near the architectural abnormality,
and the proximal site of the osteotomy allows a consid-
erable degree of angle correction. However, arthrodesis is
required and eliminates a non-negligible amount of mobility
[24].

Pes planus cavus is an absolute contraindication to cal-
caneal lengthening, which would exacerbate the cavus
deformity of the lateral column. In contrast, shortening
osteotomy of the medial column (plantar and medial closing

osteotomy of the cuneonavicular joint) is logical, to correct
the abduction and arch sag.

In conclusion, this original study provides a detailed
analysis of the radiological abnormalities seen in PPV
and provides a rationale for choosing the best treat-
ment. The use of 3D weight-bearing imaging systems
(e.g., EOS®) [25] will probably allow further refinements
to our analysis and constitutes a promising avenue of
research.
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