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Objectives: We evaluated the results of calcaneal lengthening
using the modified Evans osteotomy technique in patients with
flexible pes planovalgus and the effectiveness of this technique
in restoring the alignment of the foot.

Meth o d s : Calcaneal lengthening osteotomy was performed
using the modified Evans technique in 22 feet of 11 patients (6
males, 5 females; mean age at the end of follow-up, 10 years 10
months; range 5 years 6 months to 14 years 8 months) with flex-
ible pes planovalgus deformity. Etiologies were cerebral palsy
(n=5), sequela of myelomeningocele (n=1), and sensorimotor
polyneuropathy (n=1); four patients were evaluated as idiopath-
ic. All the patients received long-term conservative therapy pre-
o p e r a t i v e l y, and, except one patient, none had underg o n e
s u rgery for the deformity. All patients but one were operated on
bilaterally at a single session. Clinical assessment was based on
10 parameters, and radiographic assessment was based on seven
parameters on standard anteroposterior and lateral radiographs.
The mean follow-up was 18 months (range 13 to 75 months).
Re s u l t s : R a d i o g r a p h i c a l l y, union was achieved in all the patients
after a mean of 7 weeks (range 6 to 8 weeks). Clinical results
were perfect in 17 feet (77.3%), good in three feet (13.6%), fair
in one foot (4.6%), and poor in one foot. Radiographically, five
feet (22.7%), 13 feet (59.1%), and four feet (18.2%) were
assessed as perfect, good, and fair, respectively. An average of
7.3 mm (range 4 to 9 mm) of calcaneal lengthening was obtained
(p<0.05). Malpositioning of the graft or overcorrection did not
o c c u r. Before surg e r y, five patients could walk on the heel with
(n=3) or without (n=2) support; postoperatively, all the patients
but one could perform this without support.

Conclusion: Calcaneal lengthening osteotomy for sympto-
matic pes planovalgus provides pain relief and significant clin-
ical and radiographic correction in the hind foot and forefoot. 
Key words: Bone lengthening/methods; calcaneus/surgery/radi-
ography; flatfoot; foot deformities/surgery; osteotomy/methods.

A m a ç : Fleksibl pes planovalgus (PPV) deformitesi olan has-
talarda modifiye Evans osteotomisi tekni¤iyle uygulanan kal-
kaneal uzatma ameliyat›n›n sonuçlar› ve bu tekni¤in ayak di-
zilimini sa¤lamadaki baflar›s› de¤erlendirildi.

Çal›flma plan›: Fleksibl PPV deformitesi olan 11 hastan›n (6
erkek, 5 k›z; takip sonu ort. yafl 10 y›l 10 ay; da¤›l›m 5 y›l 6 ay-
14 y›l 8 ay) 22 aya¤›na modifiye Evans osteotomisi tekni¤iyle
kalkaneal uzatma ameliyat› yap›ld›. Etyoloji, befl olguda sereb-
ral felç, bir olguda miyelomeningosel sekeli, bir olguda heredi-
ter sensorimotor polinöropati iken, dört olgu idiyopatik olarak
de¤erlendirildi. Olgular›n tümü ameliyat öncesinde uzun süre-
li konservatif tedavi görmüfl, bir hasta d›fl›nda hiçbir olgu de-
formite nedeniyle ameliyat geçirmemiflti. ‹ki tarafl› deformite-
l e r, bir hasta hariç tüm hastalarda ayn› seansta ameliyat edildi.
Klinik de¤erlendirmede 10 parametre; standart ön-arka ve yan
radyografiler üzerinden yap›lan radyografik de¤erlendirmede
yedi parametre göz önüne al›nd›. Ameliyat sonras› takip süresi
ortalama 18 ay (da¤›l›m 13-75 ay) idi.
Sonuçlar: Tüm olgularda ortalama 7 hafta (da¤›l›m 6-8 hafta)
içinde radyografik olarak kaynama sa¤land›. Klinik de¤erlen-
dirmede 17 ayakta (%77.3) mükemmel, üçünde (%13.6) iyi, bi-
rinde (%4.6) orta, birinde kötü sonuç elde edildi. Radyografik
de¤erlendirmede befl ayakta (%22.7) mükemmel, 13’ünde
(%59.1) iyi, dördünde (%18.2) orta sonuç elde edildi. Kalkane-
usta ortalama 7.3 mm (da¤›l›m 4-9 mm) uzama sa¤land›
(p<0.05). Hiçbir ayakta greftte pozisyon kayb› veya afl›r› düzelt-
me gözlenmedi. Ameliyattan önce iki olgu desteksiz, üçü des-
tekli olarak topukta yürüyebiliyorken, ameliyattan sonra, bir ol-
gu hariç tüm olgular desteksiz olarak topukta yürüyebiliyordu.

Ç›kar›mlar: Kalkaneal uzatma osteotomisi semptomatik
PPV’de a¤r›y› ortadan kald›rmakta, klinik ve radyografik ola-
rak arka ve ön ayakta anlaml› düzelme sa¤lamaktad›r. 
Anahtar  sözcükler: Kemik uzatma/yöntem; kalkaneus/cerrahi/
radyografi; düz ayak; ayak deformiteleri/cerrahi; osteotomi/yöntem.
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Pes planus is a term implying that longitudinal
arc of the foot is fallen or doesn’t exist.If valgus of
the heel is also  present then it’s called  pes planoval-
gus (PPV).In these patients deformity is character-
ized by plantar flexion and medially deviation of
talus, dorsiflexion and external rotation of calcaneus
according to talus, severe subtalar evertion, navicu-
laris’ laterally and dorsally shifting  and supination
of forefoot upon hindfoot.[1-7] In a patient with pes
planovalgus normal dorsiflexion of the ankle is lim-
ited in the midstance phase of walking by the effect
of contracted achilles tendon and dorsiflexor forces
shift upon talonavicular joint. Therefore axial load-
ing and shearing forces center directly under the
head of plantar flexed talus.[1,2,4,8]

Patients with pes planovalgus differ by means of
etiology, patology, severity of the deformity, prog-
nosis and treatment.Pes planovalgus is an often
deformity in the patients with neuromuscular disor-
ders such as cerebral palsy, poliomyelitis,
myelomeningocele and muscular dystrophy.
Muscular  spasticity  or imbalance causes planoval-
gus deformity in these patients, but rarely deformity
may also be seen in normal children.[1,3,4,9] 

Flexible PPV is usually asymptomatic in chil-
dren.Disorder is usually identified when parents are
disturbed of the shape of child’s foot and notice the
problems in wearing shoes.In untreated patients, by
the beginning of puberty, ulcerations on skin, diffi-
culties in wearing shoes or braces and serious walk-
ing problems and as the most important severe pains
occur.The aim of the treatment is to relieve the skin
and pain, overcome difficulties in shoe and brace
wearing and restore the normal alignment of the
f o o t .[ 2 , 1 0 , 1 3 ] First conservative methods should be
applied and when these methods are insufficient
then surgical procedures should be tried.Surgical
options vary from simple soft tissue procedures to
calcaneal osteotomy, subtalar extra-articular
arthrodesis and  triple arthrodesis.[1,8,9,14] Because of
the problems associated with limited arthrodesises,
common opinion is to correct children’s foot defor-
mities without arthrodesis.[3,11,14,15]

Calcaneal lengthening osteotomy was described
for the first time by Evans in 1975 and then modified
and introduced by Mosca.[2] In our study we evaluat-
ed mid-term results of calcaneal lengthening opera-

tions performed using modified Evans osteotomy
technique in patients with flexible PPV and inspect-
ed how foot alignment was effected when hindfoot
was corrected by this technique.

Patients and method 

Calcaneal lengthening operation  was performed
using modified Evans osteotomy technique in 22
feet of 11 patients (6 boys, 5 girls,mean age at the
end of follow-up 10 years 10 months, range 5 years
6 months to 14 years 8 months) with flexible PPV.
All of the bilateral deformities were operated at the
same time except for one in which the second oper-
ation was performed 7 months later the first
one.Mean age during the time of the surgery was 9
years 4 months (range 4 years 4 months- 13 years 3
months)Post-operative follow-up period was 18
months (range 13 months-75 months)Etiology was
cerebral palsy in 5, myelomeningocele sequel in 1,
hereditary sensorymotor polineuropathy in 1 and
idiopatic in 4 cases.All of the patients were treated
conservatively for a long time before surgery.The
patient with  hereditary sensorymotor polineuropa-
thy was underwent an operation for tendon transfers
in both feet and except for this one none of the
patients were operated for their deformities.

Operation technique
Patients are positioned supine under general

anesthesia and a pneumatic tourniquet is applied on
thigh.A modified lateral longitudinal Ollier incision
of 3 cm that extends 1 cm proximal of anterior cal-
caneal process is made over sinus tarsi.[8]Sural and
superficial branches of peroneal nerve are preserved
and inferior extansor retinaculum is released from
calcaneus’ superolateral border. Extensor digitorum
brevis and other soft tissue contents of the sinus tarsi
is elevated from the dorsal surface of the anterior
aspect of the calcaneus. Peroneus longus and brevis
tendons are released from their tendon sheaths suffi-
ciently for them to be retracted dorsally and plantar-
ward. Calcaneocuboid joint was identified but the
the capsule was  not damaged. The interval between
medial and anterior fascets of calcaneus was identi-
fied and through this interval 2 Hohmann retractors
are placed around medial and lateral aspects of cal-
caneus extraperiosteally.Periosteum is incised in line
with the planned osteotomy starting laterally
approximatelly 1.5 cm proximal to the calca-
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neocuboid joint. A slightly oblique osteotomy which
is neither perpendicular to the lateral side of the foot
nor parallel to the calcaneocuboid joint is made from
proximal-lateral to distal-medial.

Because the center of rotation for correction of
the deformity is near the center of the talar head and
not at the medial cortex of the calcaneus, this is not
a simple opening-wedge osteotomy, but rather a
lengthening-distraction wedge osteotomy, and it
requires a trapezoid graft (figure-1). A laminar
sprader is placed into the osteotomy side temporari-
ly to determine the size of the graft necessary to
reduce the talonavicular joint and entire subtalar
complex to normal anatomical alignment.
Correction was evaluated at this time either clinical-
ly or with roentgenograms. The size of the graft is
dependent on the severity of the deformity but it is
typically 10 to 12 mm long medially. During dis-
traction of the osteotomy, the calcaneocuboid joint is
watched carefully for dorsal subluxation. If subluxa-
tion occurs the laminar sprader is removed to allow
the osteotomy to close. A large, smooth Steinmann
pin is inserted longitudinally from the dorsal distal
aspect of the cuboid through the center of the calca-
neocuboid joint into the center of the osteotomy sur-

face of the distal calcaneal fragment. Distraction is
tried again. After the graft was placed, the pin was
inserted to the proximal calcaneal fragment and the
graft was fixed. When the size of the graft increases
the risk of subluxation also becomes greater.[16] A tri-
cortical, trapezoid shaped, autogenous bone graft
derived from the iliac crest was used. In children in
whom the apophyses have not closed, bicortical
grafts are adequate alternatives.[ 2 , 4 ] The graft is
impacted from lateral to medial in the most plantar
portion of the osteotomy.

In the cases in which the osteotomy site was not
thought to be stabile enough after the impaction of
the graft Kirschner wires were used for internal fix-
ation. The wires were bended at the surface of the
skin and left long for easy retrieval after the bone has
healed. In children with cerebral palsy and in the
cases that the tendons were observed to limit the dis-
traction of the osteotomy site peroneus longus ten-
don was lengthened by Z-plasty addition to these
procedures. After the impaction of the graft ( after
the heel valgus was corrected) dorsiflexion degree of
the ankle was evaluated when the knee was extend-
ed. In the cases in which equinus or limitation of
ankle dorsiflexion was observed aschilles tendon
was lengthened by Z-plasty. The operation was ter-
minated by application of a long leg cast.This cast
was removed after 6 weeks and a short leg walking
cast was applied to be used for 4 weeks.

Except for the cases in which temporary internal
fixation was applied in none of the cases a window
was opened for wound care.In 10 feet of 5 cases with
cerebral palsy and in 2 feet of an idiopatic case
achilles tendon was primarily lengthened and in 2
feet of another idiopatic case Vulpius’ gastrocne-
mius lenghtening technique was performed.In 8 feet
of 4 cases temporary internal fixation was applied by
Kirschner wires. At the end of the 6th week Kirschner
wires were  removed  and a below leg walking cast
was made.Because the calcaneus was very osteo-
porotic, in 2 feet of a patient with myelomeningo-
cele, in return to the risk of graft to sink deep into the
main fragments, two similar sized grafts were put on
each other and were together impacted in the
osteotomy site. In all of the other patients for both
feet only one iliac crest was used as donor but in this
patients both iliac crests were used to derive grafts.
In 5 cases with cerebral palsy peroneus longus ten-
don was lengthened by Z-plasty.

Figure 1. Schematic drawing of the osteotomy
and the trapezoid graft.
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To evaluate patients post-operatively clinical and
radiological evaluation scales were formed.Clinical
evaluation was made over 10 parameter and 20
points according to forefoot alignment (neutral,
adductus, abductus, supination, pronation), hindfoot
alignment (neutral, varus, valgus, equinus), presence
of pain pre and post-operatively, improvement in
walking and standing, formation of medial longitu-
dinal arc, subtalar motion, family satisfaction and
ability to walk on heels.Results were classified as
perfect, good, fair and poor (Table 1). Radiological
evaluation was made by assessment of standart AP
and lateral radiographies obtained in standing posi-
tion.All of the radiographies were obtained with the
companionship of the same orthopaedic crew and
were also assessed by the same crew. Radiological
assessment was consisted of 7 parameters which
were directly associated with the deformity. These
were AP and lateral talocalcaneal angle (the angle
between the long axis of talus and the long axis of
calcaneus), AP and lateral talus-first metatars angle
(angle between the long axis of talus and the long
axis of first metatars), calcaneal slope angle (in lat-
eral plan, the angle between the line that is drawn
along inferior cortex of calcaneus and the line that is
drawn from lowermost point of calcaneus to the
lowermost point of fifth metatars head), medial lon-
gitudinal arc angle (in lateral plan, the angle between
the line that is drawn from the lowermost point of
talar head to the lowermost point of the first metatars

head and the line that is drawn from the lowermost
point of talar head to the lowermost point of calca-
neus), lateral talo-horizontal angle (The angle
between the long axis of talus and the horizontal
p l a n ) .[7 , 1 7 , 1 8] Calcaneal length (in lateral plan the
length of calcaneus along its long axis in milimeters)
was evaluated on pre and post-operatively obtained
lateral radiographies. While the radiological evalua-
tion scale was composed, Vanderwilde’s statistical
study on normal feet 17 was taken as a base and
average values of the parameters and standart devia-
tions were calculated for the age group of 5-10 years
old children in which surgical procedure was applied
the most. Remnant deformity and over correction
were considered in the same clinical importance.
Radiological evaluation was made according to 7
parameters and 21 points.Results were classified as
perfect, good, fair and poor (Table 2). While the
radiological evaluation was made the cases whose
parameters  were in 1 standart deviation (SD) were
given 3 points, whose parameters were in 2 SD were
given 2 points, whose parameters were in 3 SD were
given 1 points.The cases whose parameters were
outside 3 SD were given 0 point.Mann-Whitney U
test was used to evaluate the results.p<0.05 value
was considered meaningful  in interpretation of the
statistics.

Results
Clinical results were perfect in 17 feet (77.3%),

good in three feet (13.6%), fair in one foot (4.6%),

Table 1. Clinical evaluation scale

Parameters 2 points 1 point 0 point

Pain No Mild Severe
Family satisfaction 10-8 6-7 <6

(over 10 points)
Subtalar motion Moving Limited Rigid
Hindfoot  

(varus/valgus in frontal plan) 0°-5° 5°-10° >10°
Hindfoot (sagittal plan) Neutral In mild equinus In significant equinus
Forefoot (frontal plan) Neutral In mild In significant 

supination/pronation supination/pronation
Forefoot (transverse plan) Neutral <5°  >5° 

abduction/adduction abduction/adduction
Medial longitudinal arc Normal Mild planus Planus
Ability to walk on heels Yes With support No
Improvement in standing/walking Adequate Fair Inadequate
20-17 points: perfect, 16-14 points: good, 13-10 points: fair, <10 points: poor.
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and poor in one foot (Figure 2). Radiographically,
five feet (22.7%), 13 feet (59.1%), and four feet
(18.2%) were assessed as perfect, good, and fair,
respectively (Figure 3). 

An average of 7.3 mm (range 4 to 9 mm) of cal-
caneal lengthening was obtained.Over correction
w a s n ’t observed in any foot. Radiographically,
union was achieved in all the patients after a mean of
7 weeks (range 6 to 8 weeks). Malpositioning of the

Table 2. Radiographical values and statistical analysis.

Angular parameters Normal population Pre-op Pre-op Post-op Post-op p
(average±SD)[14] Average Distribution Average Distribution

AP talocalcaneal angle  (°) 39±6 34.1 18/46 23.1 15/34 <0.05
Lateral talocalcaneal angle (°) 44.5±5.5 53 33/66 42.8 28/62 <0.05
AP talus-first metatars angle (°) 15.5±6.5 -28.5 -11/-46 -6.2 0/-23 <0.05
Lateral talus-first metatars angle (°) 12±8.5 -32 -62/-5 -6.5 0/-30 <0.05
Calcaneal slope  (°) 25±2 5.9 -6/16 21.1 11/35 <0.05
Talo-horizontal angle  (°) 26.5±4 48.5 29/66 22.7 12/39 <0.05
Medial longitudinal arc (°) 127±3 154.9 144/168 133.9 115/146 <0.05
Calcaneal length (mm) – 58.6 46/80 65.9 54/88 <0.05
(-) shows abduction in AP plan, dorsiflexion in lateral plan: (+) shows adduction in AP plan, plantarflexion in lateral plan.

Figure 2. Pre-operative appearance of the foot (a) from behind, (b) side
view, (c)AP and (d) lateral radiographies.

( a ) ( b )

( c ) ( d )

Acta Orthop Traumatol Turc360



361Dogan et al. The results of calcaneal lengthening osteotomy  for the treatment of flexible pes planovalgus

graft did not occur.In any feet arthrosis in the adja-
cent joint wasn’t observed, but in one feet of a 13
years old patient calcaneocuboid joint incongruity
was noticed in early pre-operative period (Figure 4)
A patient with triplegic cerebral palsy who was
operated when she was 11 years old and who
became able  to walk supported when she was 9
years old was classified as good in both clinical and
radiological evaluations but his gait was not satisfy-
ing and he could walk supported when one of his
hands was held.Before surgery only 2 of 11 cases
could walk unsupported  and 3 of them could walk
supported on their heels when their hands were held,
After surgery, all of the patients except for the one
with hereditary sensorymotor polineuropathy could
walk on their heels unsupported.

This patient who was operated when he was 12
years old was the only patient which we were not
satisfied on the results and who couldn't walk on his
heels.At the end of the 15 months follow-up both
feet was evaluated as fair radiologically, the right
foot was evaluated as poor clinically and the left foot
was evaluated as fair clinically.In this case planoval-
gus relapsed and deformity became rigid by
time.Before surgery both feet were painful and after
surgery pain relief was provided in the left foot.
Although the other foot's results were fair both clin-
ically and radiologically the patient was about to be
evaluated as poor (clinical score 12, radiological
score 17). Bilateral triple arthrodesis was planned in
this patient.

Figure 3. Post-operative clinical appearance of the foot of the same
patient (a) front view, (b) side view, (c) AP and (d) lateral
radiographies

( a ) ( b )

( c ) ( d )



Discussion

Flexible PPV is a common deformity in chil-
dren with neuromuscular disorders.It may be also
present in normal children in lower grades.[ 1 - 4 ]

Equinus, ligamentous laxity, presence of os tibiale
externum, calcaneal valgus, femoral anteversion,
internal tibial torsion, ankle valgus and extremity
length discrepancy are the risk factors or the rea-
sons of nonparalitic planovalgus deformities.[ 1 , 9 ]

M. triceps surae's or peroneal muscles'
increased spasticity versus dorsiflexor muscle
group's strength is typical in flexible
P P V.Calcaneus shifts under talus by the shearing
e ffect of M. triceps surae and forefoot abducts. In
conclusion, deformity appears with plantar flexed
talus, externally rotated and dorsiflexed calca-
n e u s .[ 1 - 3 , 8 , 11 , 1 3 ] Forefoot is supinated according to
hindfoot.Lateral column is shorter than the medial
column.But also lateral column may be   relatively
short due to inappropriate talonavicular joint

a l i g n m e n .[ 2 , 8 ] Prolonged extreme pronator forces
result with insufficiency and a possible rupture in
M. tibialis posterior tendon.This situation is
termed as “posterior tibial tendon disfunction syn-
d r o m e ” .[ 1 9 ]

For differential diagnose of skewfoot deformity
hindfoot valgus, forefoot adduction and plantar
flexion should be examined.[ 2 , 8 , 1 2 ]

In pes planovalgus, a wide spectrum of treat-
ment options varying from application of a simple
orthesis   to artrodesis is possible.[ 1 - 3 , 8 , 1 0 ] First of all
conservative methods should be applied, if this is
i n s u fficient then surgical treatment may be  tried.
Options for surgical treatment varies from simple
soft tissue procedures to calcaneal osteotomy, sub-
talar extra-articular arthrodesis and triple arthrode-
s i s .[ 1 ] Some techniques are identified for correction
of planovalgus deformity but indications are not
certainly determined.About many techniques good
results in short term but poor results in long term
are reported.[ 2 , 2 0 ]

Although results were  successfull for  the pro-
cedures applied to support medial longitudinal arc,
high relapse rates of deformity and symptoms
caused this procedures to be given up.[ 9 , 1 9 ] I s o l a t e d
calcaneal deplacement osteotomies are successfull
in correcting hindfoot valgus but in severe cases
they are not sufficient to restore medial longitudi-
nal arc.[ 1 4 ] Problems associated with  limited
arthrodesises in literature are widely reviewed and
a common opinion to correct children foot defor-
mities without application of arthrodesis is consti-
t u t e d .[ 2 - 4 , 11 - 1 3 , 1 8 , 2 1 ]

In our study we inspected the success of  cal-
caneal lenghthening operations that we applied in
22 feet of 11 children with flexible PPV deformity
due to various etiologies. 

Calcaneal lenghthening operation was first
identified by Evans and was introduced as an
option for calcaneovalgus deformities due to vari-
ous etiologies,instead of triple arthrodesis. T h i s
procedure clinically corrects both hind and mid-
foot and forms medial longitudinal arc. But it’s not
clear that with which mechanism this procedure
achieved correction. Evans suggested that ideal
age group for this technique was between 8 and 12
years old but that if the deformity was severe then

Figure 4.Post-operative  incongruity in calcaneocuboid
joint in early post-operative period. 
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it could be applied in younger ages. In our cases
the average age was between the limits that Evans
suggested (10 years 10 months) Evans also
claimed that when the procedure was applied in
younger ages in severe cases sufficient correction
might not be achieved and that the procedure
might be needed to be repeated in older ages. I n
our study we didn’t find any deformity that
required to be reoperated in the follow-up period
in any of our patients.

E v a n s , 3 claimed that extreme correction was
not possible with this technique in patients with
poliomyelitis and he added that it would be diff i-
cult to achieve adequate correction in the cases in
which the lateral side of the food, included per-
oneal tendons couldn’t be adequately released. We
also stand for optimum soft tissue release and if
needed lengthening of the peroneal tendons.But
with this technique over correction is in direct pro-
portion with the bulk of the graft and theoretically
it is possible.We think that to avoid inadequate and
over correction radiologic checkover  should be
done per- o p e r a t i v e l y.

Evans3 reported that this technique was con-
traindicated in neurological disorders like cerebral
palsy and spina bifida, that overcorrection was
often in spastic disorders and that the graft is
prodisposed to be sunk into the main fragment in
spina bifida because of the abnormal softness of
the os calcanei. In present time this techique
became possible to be applied successfully in neu-
rological disorders. But Evans’ warning on the
g r a f t ’s affinity to sink, in the cases like spina bifi-
da in which os calcanei is too soft should be
n o t i c e d . We think that osteotomy site shouldn’t be
retracted without adequate soft tissue release and
that we may achieve the graft sinking by incresing
the contact surface  putting two seperate grafts on
another as we did in a case with myelomeningo-
c e l e .

Evans3 claimed that it was possible even in the
cases with calcaneonavicular bar to achieve cor-
rection by soft tissue release. He reported that
despite of poor correction, pain relief was gained
and the patients felt their feet more comfortable
compared with the cases that arthrodesis was per-
f o r m e d . But he didn’t inform about the long term

r e s u l t s . Mosca used this technique in a case with
talocalcanotarsal coalition and he reported that the
pain and the callus under the talar head remained.
He also reported that in only 6 of the 31 cases
complete passive correction was gained pre-opera-
t i v e l y, with this technique successful results were
gained without taking into consideration of etol-
ogy and the rigidity of the foot. 2 We cannot deliv-
er an opinion on this subject because we atand for
triple arthrodesis in rigid foot deformities. But we
think that to use this technique in a rigid foot it
was against the basic principles of the technique
bcause theoretically it was impossible to achieve
reduction in talonavicular joint. 

Davitt et al 22 evaluated plantar pressure con-
tribution and contact surface after calcaneal
lengthening operation in children and adolescents
and certifying the clinical correction they showed
that contact surface in both hindfoot and forefoot
and maximum mean pressure decreased in the
medial side but increased in the lateral side and
also that medial longitudinal arc was formed with
all of the plantar pressure parameters that they
have used.Because clinical and radiological datas
are not always correlated and clinical appearance
and function is usually subjectively evaluated in
foot deformities maybe this study is the best one
that reported the success of the technique with
objective datas.

Ragab et al[ 1 0 ] showed anatomical variations in
os calcaneus in their study on 1056 cadaver os cal-
canei based on the study that was made by
Bunning ve Barnett in 1965 and they identified 5
d i fferent types of fascets.In this identification os
calcanei were classified as type A ( seperated ante-
r i o r, mid and posterior fascets, 37%), type B (ante-
rior and mid fascets are united, 46%), type C (all
a n t e r i o r, mid and posterior fascets  are united,
0.2%, transitional type between type A and type B
(12%), absence of anterior fascet (6%).

Authors suggested that this anatomical varia-
tion was not dependent on age and presence of the
notch, that was seen in type A between anterior
and mid fascets was not possible in typeB, in con-
sequence this they sugeested that osteotomy may
be performed intra-articularly and a relatively
compatible  joint would suff e r.[ 1 0 ] In the same study



they claimed that calcaneal lengthening osteotomy
was an effective method for the correction of the
deformity but  they couln’t deliver an opinion on
long term results.We think that several years peri-
od is needed for such an osteotomy to show alter-
ations in subtalar joint both clinically and radio-
l o g i c a l l y. Therefore patients should be selected
c a r e f u l l y. Unique information about long term
results of this technique is in Phillips’ study in
1983, in which he reviewed the cases that were
operated by Evans.In this study 23 cases were
evaluated and the results were good in 15, fair in 3
and poor in 3. But evaluation was based on sub-
jective parameters like patient satisfaction, relief
of symptoms and clinical appearance and radio-
logical evaluation was made classified as complete
correction and acceptable partial correction
instead of using angular parameters fo correction. 

Clinical and radiological acceptability limits
were  not identified.It was reported that the poor
results in 3 cases  were not due to the technique but
were due to progressive deformities dependent on
d i fferent etiologies but no information was given
about these etiologies. Also disorders like cerebral
palsy and spina bifida were not included the study
g r o u p .[ 2 3 ]

Yoo et al[ 5 ] classified clinical results as adequate
and inadequate by assessing callus and pain com-
laint, correction of forefoot abduction and hindfoot
valgus, formation of medial longitudinal arc in a
study that they evaluated 92 feet of 69 cases.In
both groups a menaingful relation among  pre-
operative correction degree and clinical results and
radiological results. Meaningful inadequate result
was obtained when talocalcaneal angle was less
than 35 degrees, talus-first metatars angle was
greater than 25 degrees and calcaneal slope angle
was less than 5 degrees in standing lateral radi-
ographies. 

Our 1 poor, 1 fair, 2 good, 2 perfect cases were
pre-operatively evaluated in similar values.
Vi e g a s[ 1 9 ] reported that he achieved meaningful
correction in all clinical and radiological parame-
ters after the combined surgery (Evans calcaneal
lengthening osteotomy, a c h i l o p l a s t y, medial split
tibialis anterior tendon transfer, calssical or modi-
fied Kidner procedure) he performed in 34 feet of

17 patients. When it is considered that medial soft
tissue procedures might be performed solely in pes
planovalgus it may be said that these procedures
could increase the risk of relapse when performed
together with evans osteotomy.

Cooper et al [ 2 4 ] suggested that risk of arthrosis
in calcaneocuboid joint due to decreased pressure
in the joint was a disadvantage for Evans osteoto-
m y.But in a cadaver study no relation between cal-
caneal lengthening and decreased calcaneocuboid
joint pressure was found.[ 1 9 ] In another cadaver
study it was reported that graft size should be lim-
ited by 6 mm, and grafts with a size more than 6
mm had no additinal correction effect, and that
bigger grafts caused pain in the lateral side of the
foot by the strain effect over long plantar liga-
m e n t .[ 1 6 ] Although all of the grafts we used in our
study was bigger than 6 mm in size we experi-
enced no pain complaint in any of the cases except
for the one with the hereditary sensorymotor
p o l i n e u r o p a t h y.Therefore we don’t agree about the
problems suggested[ 1 6 ] about the size of the graft.
We also think that it is not possible to achieve ade-
quate correction with a graft of 6 mm in
size.However tis problem may cause a potential
risk by means of arthrosis after  calcaneocuboid
joint subluxations that may occur during the dis-
traction of the osteotomy site.

Mosca made modifications on skin incision,
direction of the osteotomy, shape of the graft,
application of internal fixation and soft tissue pro-
cedures respecting the main principles of the orig-
inal technique and repoted successfull results in 29
of 31 cases that he performed modified Evans
t e c h n i q u e . He addressed technical fault (malposi-
tion of the the graft in early post-operative period
and realisation of this after the union of the
osteotomy site) in one case and extreme deformity
in the other case as the reasons of the failure.

Since he considered ankle valgus alignment
and external tibial torsion as the factors to increase
d e f o r m i t y, Mosca[ 2 ] performed varus-derotation
deformity in 8 of the 31 cases.However he didn’t
suggest the criterions for indication and that in
which cases this procedure should be per-
f o r m e d . We didn’t need to perform varus-derota-
tion osteotomy in any of our cases. M o s c a[ 2 ] a l s o
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used allografts in 24 of 31 patients as prefered by
the patient or his/her family and he reported that
he didn’t meet any problems in bone union in the
osteotomy site. We used tricortical autograft
derived from iliac crest in all of our cases.

One of the most important stages of this opera-
tion technique is achilloplasty and should be
applied nearly in all of the cases.Equinus position
of the foot should be evaluated after the insertion
of the graft and should be corrected when the knee
joint is in ful extension as at least 10 degrees of
dorsiflexion is let, by Z-plasty applied to achilles
t e n d o n .[ 2 - 3 ] The surgeon should pay attention to cut
the lateral half of distal part and to remain the
medial part attached on calcaneus during Z-plasty.

In conclusion, a successful calcaneal lengthen-
ing osteotomi removes pain in symptomatic PPV,
provides meaningful correction clinically and radi-
ographically in both hindfoot and forefoot.Plantar
pressure distribution studies show that plantar con-
tact are shifts from medial to lateral side confirm-
ing the correction.[ 2 2 ] It is possible to gain clinical
improvement even when radiographic parameter
are evaluated as poor. In the flexible cases in
which complete reduxion may be gained, the sur-
gical technique may be applied easier and both
clinical and radiological results are better.

The advantages of calcaneal lengthening
osteotomy are being easy to be applied technical-
l y, low risk of giving harm to neurovascular struc-
ture and low loss of blood due to opportunity to
use a tourniquet. It shouldn’t be ignored that this
osteotomy may cause problems especially in sub-
talar joint and  it’s hard to predict long term
r e s u l t s . However maybe the most important advan-
tage of this technique is that it lets other proce-
dures to be applied in the future in the operated
foot contrary to subtalar or triple artrodesis. In the
future when artrodesis is required to be performed
in these feet it will be far more easy to do because
of  the corrected alignment of the foot.
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