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IntroduCtIon

Planovalgus foot is one of the most frequent deformities and most 
subject to controversies in cerebral palsy, and is predominant in 
spastic diplegia, with progressive and debilitating tendency. The 
deformity has multifactorial etiology and the primary cause appe-
ars to be inadequate support of the talus head, influenced by local 
factors or at proximal level.1 In actual fact, the primary pathology 
has been described as a movement of the foot in valgus, external 
rotation and dorsiflexion relatively to the talus by factors such as: 
genetic predisposition, ligament laxity, muscular imbalance, delay 
in the acquisition of normal reactions of balance or persistence 
of the fetal angulation of the talus neck. The ”bowstring” effect of 
the calcaneal tendon is considered more of a complicating factor 
than the primary factor of the deformity.

Arthroereisis appears as one of the treatment options and can be 
defined as a surgical procedure for temporary limitation of joint 
movements considered excessive, without provoking articular le-
sion. Historically Chambers2 was responsible for the first limita-
tion of movement in pronation of the calcaneus inserting a bone 
wedge below its posterior facet. Lelièvre3 used the term lateral ar-
throereisis for the first time. His method is based on the insertion 
of a metallic staple in the tarsal sinus laterally. In the 80’s, Pisani 

presented an arthroereisis technique with screw with the follo-
wing modifications: change of screw (from cortical to cancellous 
bone), system for introduction and covering by silastic or poly-
propylene dome of high molecular weight.4 Fucs et al.5 utilized 
the technique proposed by Pisani for the treatment of 18 children 
(36 feet) with planovalgus foot deformities and spastic cerebral 
palsy, recommending subsequent studies and revaluations as 
this technique proves a good alternative to osteotomies and ar-
throdesis. The aim of this study is to evaluate planovalgus foot 
treatment in spastic cerebral palsy by Pisani’s arthroereisis. The 
mean follow-up time was above eight years. It is also possible to 
study the behavior of 12 radiographic parameters, measured at 
three different times. 

CASuIStrY And MetHodS

In the period from February 1992 to December 2002, in the De-
partment of Orthopedics and Traumatology of Irmandade da Santa 
Casa de Misericórdia de São Paulo - ”Pavilhão Fernandinho Si-
monsen“, 32 children with spastic cerebral palsy were operated 
with the surgery proposed by Pisani for the treatment of planoval-
gus feet. Twenty-nine children (57 feet) met the requirements for 
inclusion in the study and were assessed by the authors in the 
final revision. 
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ABSTRACT

Objective: The goal of this study is to retrospectively evaluate the 
treatment of the spastic pes planus valgus with the technique pre-
sented by Pisani, also the behavior of 12 radiographic parameters. 
Methods: Between February 1992 and December 2002, 29 children 
(57 feet) with spastic Cerebral Palsy were submitted to surgical treat-
ment, the mean age was six years. The mean follow-up period was 
eight years and nine months. Results: They presented 65% (37 feet) 
of satisfactory and 35% (20 feet) of unsatisfactory results, according 
to exclusive clinical criteria at the final revision. From the 12 radio-
graphic parameters studied eight showed statistical significant differ-

ences between the satisfactory and unsatisfactory groups at the final 
revision with significant correlations. Conclusion: Considering that 
the clinical evaluation was stricted, the severity and the degree of 
involvement of the patients, the author concluded that Pisani’s tech-
nique is still a good option when comparing with osteotomies and 
arthrodesis in the treatment of the still flexible deformities. Among the 
radiographic angles the mean preoperative value of the talar declina-
tion angle of 52º was associated with unsatisfactory result.

Keywords: Flatfoot/surgery. Cerebral palsy. Subtalar joint. Ortho-Subtalar joint. Ortho-
pedic procedures.
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Inclusion criteria for indication of surgical treatment:

• Children aged < 8 years

• Diagnosis of spastic cerebral palsy

• Planovalgus feet correctable by manipulation

• Progressive deformities, despite the conservative treatment.

For inclusion in this study, it was necessary for the operated pa-
tients to have: follow-up time > 2 years, complete radiographic 
sequence and attendance at the final clinical evaluation.
As regards gender, 14 were female and 15 male; as regards skin 
color, 14 were white (48%) and 15 not white (52%), while as regar-
ds the clinical kind of paralysis, 23 were diparetic (79%) and six 
tetraparetic (21%). Mean age at the time of surgery was 6 years, 
ranging from 3 years and 9 months to 8 years and 8 months. The 
mean postoperative follow-up time was 8 years and 9 months 
(minimum of 2 ½ and maximum of 14 years). The mean time of 
use of the screw ± SD was 4 years and 7 months ± 2 years and 
9 months, with removal in 80% of the feet. There was a description 
in the medical records of association of deformities at 54%, and 
frequency of 79% of surgeries performed at other levels during 
the follow-up time. 

Surgical technique

The patient is placed in the supine position, applying a pneumatic 
tourniquet on the thigh root. The incision is made on the tarsal 
sinus, parallel to Langer’s cutaneous lines, with dissection by pla-
nes, proximal desinsertion of the extensor digitorum brevis muscle, 
exposure of the upper surface of the calcaneus, perforation of this 
bone with a 4-mm drill and insertion of a Pisani screw. A 2, 2.5 or 
3 mm screw is positioned in the dorsoplantar, lateromedial and 
proximal-distal direction, with the calcaneus in forced varus and 
ankle in neutral position, covered by a polyethylene dome of high 
molecular weight. The correct positioning of the rear foot in relation 
to the leg axis in the preoperative period is of crucial importance, 
as the system does not allow another type of postoperative adjust-
ment. By introducing the screw further one achieves less correction 
of valgism, and a smaller introduction leads to greater correction. 
(Figure 1) A routine medial procedure is performed at this stage, 
consisting of the removal of a spindle and suture under tension of 
the talonavicular joint (capsuloplasty), as well as reinsertion under 
tension of the tibialis posterior muscle. If necessary the tendons of 

the triceps surae and fibular muscles are elongated. The wounds 
are sutured by planes and the limb is immobilized in a plaster 
boot for 4 weeks (or for 6 weeks in cases with elongation of the 
calcaneal tendon). 
A Clinical Evaluation Sheet was drawn up containing a question-
naire, data from the medical record and from the physical exam. 
The operated feet were classified as satisfactory and unsatisfactory 
results in the final revision, based exclusively on clinical criteria. 
Figures 2 and 3 show an example of feet with satisfactory result. To 
consider a foot clinically satisfactory it was necessary to fulfill all the 
following criteria, without exception: correction of rearfoot valgism (0 
to 10º) and of the medial arch flattening, satisfaction of the patient 
and/or relatives, absence of additional surgery indication due to 
consideration of failure of method, absence of complications such 
as pain or extrusion of screw and absence of hypercorrection. 

Figure 1 – Intra-operative aspect of the placement of the Pisani screw.

Figure 2 – Case 2, preoperative clinical aspect, medial view.

Figure 3 – Case 2, postoperative clinical aspect, viewed from the front.
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Twelve radiographic parameters were measured at the following 
times: preoperative (RX PRE), up to one year postoperative (RX PO) 
and in the final revision (RX final). In AP incidence – talocalcaneal 
angle (âTCAP), talar head coverage percentage (%cover), cuboid 
abduction angle (âabdcub), talo--1st metatarsal angle (âTM), talo-
navicular angle (âTN) and screw-calcaneal angle (âPC-intersection 
of the lines traced along the axis of the screw and of the calcaneus); 
and in lateral - talocalcaneal angle (âTCP), talo-1st metatarsal angle 
(ãTML), talus inclination angle (âiTalus), calcaneal inclination angle 
(âiCalc), screw inclination angle (âiScrew-intersection of the lines tra-
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ced between the axis of the screw and the line parallel to the ground) 
and Meary’s line (LM-line of the long axes of the talus, 1st metatarsal 
and line perpendicular to the axis vertical to the navicular bone). 
Figures 4 and 5 show AP and lateral views at the different times. 
Statistical analyses were conducted on the qualitative and quantita-
tive data with application of the ANOVA, Mann-Whitney and Fisher’s 
exact tests. The significance level was 5% for all the tests.

reSultS

Of the 57 feet submitted to Pisani’s arthroereisis technique, 37 
(65%) had satisfactory result and 20 (35%) unsatisfactory. No sta-
tistically significant association was found between result and age 
at the time of surgery, duration of presence and removal or not of 
the screw, proximal deformities by torsion, angulation or in flexion 
of the knee, clinical types of paralysis, associated calcaneal tendon 
elongation or acquisition of independent gait. There were compli-
cations in 6 feet (11%) due to screw extrusion. 
Statistically significant differences were found between the values 
of the radiographic parameters and the satisfactory and unsatis-
factory groups measured at the different evaluation times. In the 
initial X-ray a higher mean value of âiTalus (52º) was associated with 
unsatisfactory result (p=0.0036). No statistically significant asso-
ciations were observed between result and preoperative collapse 
of the isolated talonavicular joint (p= 0.4519) or in combination 
with the naviculocuneiform joint (p=0.3653). The range of normality 
considered, the mean values of the radiographic parameters and 
their absolute differences, as well as the p values (descriptive level 
of the ANOVA/Mann-Whitney tests) at the different evaluation times 
are included in Table 1.
The parameters with defined standards of normality were also ca-
tegorized as normal or altered. Figure 6 shows the percentage of 
normality for each parameter at the different times. 

Table 1 – Normal values, mean values in the preoperative period, up to 1 
year postoperative and in the revision, absolute differences between the final 
RX and the PRE and p values (descriptive level of the ANOVA/Mann-Whitney 
tests) for the various radiographic parameters, at the different times.

Parameter Normal Value Mean I Mean II Mean III Difference p I p II P III.

%cobert 75 to 100% 37% 78% 86% 59% 0.0195 0.2597 0.0000

âTCAP 15 a 25º 27º 20º 17º 10º 0.0765 0.0217 0.7699

âabdcub 0 a 5º 9º 4º 11º 2º 0.1651 0.0052 0.0090

âTN 35º 12º 10º 16º 0.0087 0.3262 0.0132

âPC 63º 53º 0.1907 0.4936

âTM 0 a 10º 21º 4º 7º 14º 0.0168 0.0270 0.0017

âiTalus ≤ 35º 45º 28º 28º 17º 0.0036 0.0181 0.0000

âiCalc 15 a 30º 6º 11º 13º 8º 0.0007 0.0008 0.0011

âTCP 20 a 45º 47º 35º 34º 13º 0.0283 0.3544 0.0004

âTML 0 a -15º -38º -15º -15º 23º 0.0050 0.0091 0.0000

âiParaf 92º 103º 0.0395 0.0784
I = RX PRE; II = RX PO; III = RX final; p = descriptive level of ANOVA / Mann-Whitney; Difference 
= RX final – RX PRE.

Figure 5 – Radiographs of case 2 for the left foot in orthostatic position, lateral view in the preoperative period (a), in the postoperative period (b) and 
in the final revision (c).

A B C

Figure 4 – Radiographs of case 2 in AP view, in the preoperative period (a), in the postoperative period (b) and in the final revision (c).

A B C

Figure 6 – Percentage of normality of the radiographic parameters at the 
different times, pre- and postoperative periods and final revision.

79% 81% 81%81%
68%

2%

51% 56%

25%

12%

46%

5%

28%

56%

97%

35%

86%

63%

95%

39%

86%

63%

39%

60%

0%

20%

40%

60%

80%

100%

120%

%co
ve

r

âT
CAP

âa
bd

cu
b

âT
M

âiT
alu

s
âiC

alc
âT

CP
âT

ML

radiographic parameters

percentage
RX PRE RX PO RX final

Acta Ortop Bras. 2010;18(3):162-5Acta Ortop Bras. 2010;18(3):162-5



165

REFERENCES

 1.  Harr�� �I, Bea�h T. Hy�er�ob�le �la���oo� w��h �hor� �en�o A�h�ll��. J Bone Jo�n� Sur� 
A�. 1948;30:116�40.

 2.  Cha�ber� EFS. An o�era��on �or �orre���on o� �lex�ble �la� �ee� o� a�ole��en��. We��ern 
J Sur�. 1946;54:77�86.

 3.  Lel�evre J. Curren� �on�e��� an� �orre���on �n �he val�u� �oo�. Cl�n Or�ho� �ela� �e�. 
1970;70:43�55.

 4.  P��an� G. Tra��a�o �� �h�rur��a �el ��e�e. Tor�no: E��z��on� M�nerva Me���a; 1990.
 5.  Fu�� PMMB, Svar��an C, Ker�z�an P, Ku�abara A, Bu��olaro FA, �o��e��� FT�. Tra�a�en�

�o �o �é �lano�val�o e��á����o �ela ar�rorr��e �e P��an�. �ev Bra� Or�o�. 1997;32:145�52.
 6.  Gun�olu� P, Wel�h C, Hou�er C. Equ�l�br�u� rea���on� �n �he �ee� o� �h�l�ren w��h ��a���� 

�erebral �al�y an� o� nor�al �h�l�ren. Dev Me� Ch�l� Neurol. 1975;17:580�91.
 7.  Ble�k EE. S�a���� ���le��a. In: Ble�k EE. Or�ho�ae��� �ana�e�en�. In: Cerebral �al�y. 

Lon�on: Ma�Ke��h Pre��; 1987. � 359�91.
 8.  Ve�an�a� �, Ca�ell� AM, S�hoene�ker PL. Sub�alar ar�hroere���� �or �he �orre���on o� �la�

noval�u� �oo� �n �h�l�ren w��h neuro�u��ular ���or�er�. J Pe��a�r Or�ho�. 1998;18:294�8.

 9.  An�rea��h�o A, Orellana CA, M�ller F Bowen T�. La�eral �olu�n len��hen�n� a� �rea��
�en� �or �lanoval�u� �oo� �e�or���y �n a�bula�ory �h�l�ren w��h ��a���� �erebral �al�y. 
J Pe��a�r Or�ho�. 2000; 20:501�5.

10.  Benne� GC, �an� M, Jone� D. Varu� an� val�u� �e�or����e� o� �he �oo� �n �erebral �al�y. 
Dev Me� Ch�l� Neurol. 1982;24:499�503.

11.  Craw�or� AH, Ku�harzyk D, �oy D�, B�lbo J. Sub�alar ��ab�l�za��on o� �he �lanoval�u� 
�oo� by ��a�le ar�hroere���� �n youn� �h�l�ren who have neuro�u��ular �roble��. J 
Bone Jo�n� Sur� A�. 1990;72:840�5.

12.  S���h PA, M�llar EA, Sull�van �C. S�a�Pe� ar�hroere���� �or �rea��en� o� �he �lanoval�u� 
�oo� �n �erebral �al�y. Cl�n Po��a�r Me� Sur�. 2000;17:459�69.

13.  Vora AM, T�en T�, Park� BG, S�hon LC. Corre���on o� �o�era�e an� �evere a�qu�re� 
�lex�ble �la��oo� w��h �e��al�z�n� �al�aneal o��eo�o�y an� �lexor �����oru� lon�u� �ran��
�er. J Bone Jo�n� Sur� A�. 2006;88:1726�34.

14.  S�hon LC. Sub�alar ar�hroere����: a new ex�lora��on o� an ol� �on�e��. Foo� Ankle Cl�n. 
2007;12:329�39.

dISCuSSIon

There is no consensus at present on several aspects of flat feet in 
cerebral palsy, such as the type of treatment and the ideal age for 
its application. Spastic type flat feet, secondary to cerebral palsy, 
impose additional difficulties due to the interference of proximal 
biomechanical factors, muscular imbalance, delay in the acquisition 
of balance reactions or persistence of primitive reflexes.6,7 There is 
also difficulty in identifying the most useful preoperative factor that 
might be related to the type of result, thus offering guidelines for 
indication and prognosis. There is absence of correlation betwe-
en the clinical and radiographic results5,8,9 and a comprehensible 
quantitative analysis on radiographic measurements has not yet 
been described. We identified the mean value of the âiTalus angle 
in the RX PRE of 52º associated with the unsatisfactory group. The 
radiographic aspect of ”verticalized“ talus associated with the un-
satisfactory result corresponds to reports from literature.10

Crawford et al.11 believe that arthroereisis serves to bridge a gap that 
exists between ortheses and arthrodesis for the feet in which angu-
lation in valgus is in the subtalar joint, and is more suitable below the 
age of 6 years. In an earlier study, Fucs et al.5 published the result of 
treatment with Pisani’s surgery for 18 patients with spastic cerebral 
palsy (36 planovalgus feet), encountering 80.5% of satisfactory results 
(based on clinical and radiographic criteria), and mean follow-up time 
of 2 years and 9 months. They recommend studying and reevaluating 
the technique with a longer follow-up time, as it has proven a good 
option for the treatment of planovalgus foot in cerebral palsy. The cli-
nical type was not an exclusion criterion on account of the age bracket 
and of the need to potentialize the children’s functional gains by good 
foot alignment.7 Calcaneal tendon elongation by zetaplasty (in cases 
of shortening) can interfere negatively in the patient’s function. This 
procedure is questionable in light of the current recommendations. 
The authors have reported a lack of parallelism between their clinical 
and radiographic results, preferring exclusively clinical criteria of 
evaluation of results.8,9 The satisfactory result of only 65% of the feet 
in this study (based on exclusively clinical criteria) was influenced 
by factors such as: longer follow-up time, feet more subject to de-
formations, greater acquisition of weight of the child in the growth 
spurt period, need to meet all the criteria for satisfactory result, high 
degree of implication by paralysis in the patients studied (reflected 
by the percentage of associated deformities and of surgeries perfor-
med during the follow-up time). There is recommendation for screw 
removal between 2 and 4 years of age, when permanent alignment 
is normally maintained.4 Six feet (11%) presented screw extrusion 
(considered a complication and unsatisfactory result). This compli-
cation can be reduced by the learning curve with the technique. 

We encountered statistically significant differences between the 
result and the following parameters in the final revision: percentage 
of talar head coverage, cuboid abduction angle, talo-1st metatarsal 
angle in AP and lateral views, talocalcaneal angle in lateral view, 
talonavicular angle and inclination angles of the talus and of the cal-
caneus. (Table 1) We encountered greater sensibility of the % cover, 
and of the angles âTML, âiTalus and âTN in detecting the changes 
that occurred after treatment, translated by their higher values in 
the absolute differences. (Table 1) We suggest studying the normal 
values of the âTN angle in the children, as this angle translates well 
the relation between the talus and the calcaneus in the AP view, and 
presents sensibility in recording the changes obtained.
Considering that all the factors influenced the result obtained, we con-
cluded that the arthroereisis procedure with Pisani’s screw is a good 
alternative to osteotomies and arthrodesis for treatment of reducible 
planovalgus feet in spastic cerebral palsy. The positive factors of the 
technique are: ease of execution, little or no interference with the os-
teoarticular tissue of the tarsal sinus, does not hinder other surgical op-
tions in the future, lower surgical morbidity, faster return to rehabilitation 
and stabilization of the subtalar joint (in conformity with the principle of 
correction of the initial deformity in planovalgus foot). The procedure is 
very effective on feet with reasonable muscular balance.12 This study 
on arthroereisis with screw for treatment of planovalgus foot deformity 
in cerebral palsy implies a significant follow-up time, follows the same 
technical standard and was carried out on a group of patients with the 
same pathology. There is a limited number of publications about arthro-
ereisis in literature and little understanding of aspects of the technique, 
as well as in relation to planovalgus foot deformity in cerebral palsy.13,14 
For this very reason, we consider it appropriate to measure the 10 
radiographic parameters cited most often by literature, and to suggest 
the measurement of 2 new angles referring to relations of the screw. 

ConCluSIon

Pisani’s arthroereisis surgery exhibited 65% of satisfactory and 35% 
of unsatisfactory result for the treatment of planovalgus foot, evalu-
ated by exclusively clinical criteria. Eight radiographic parameters 
presented statistically significant differences between the satisfac-
tory and unsatisfactory groups at the time of the final revision (âa-
bdcub, %cobert, âTM, âTN, âiTalus, âiCalc, âTCP and âTML). The 
mean value of the talus inclination angle of 52º in the preoperative 
period was associated with the unsatisfactory result.
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