
ORIGINAL CLINICAL ARTICLE

Grice arthrodesis in the treatment of valgus feet in children
with myelomeningocele: a 12.8-year follow-up study

Per Reidar Høiness Æ Eva Kirkhus

Received: 19 January 2009 / Accepted: 18 May 2009

� EPOS 2009

Abstract

Purpose Neurological deficit resulting in the lack of

motor control in children with myelomeningocele often

leads to a valgus position of the feet and ankles, usually in

combination with planovalgus and pronation of the fore-

foot. The purpose of the study was to evaluate long-term

patient satisfaction and clinical effects in ambulating

children with lumbosacral myelomeningocele after having

performed a Grice arthrodesis of a valgus unstable foot.

The clinically most relevant radiographic measurements,

such as the frontal and lateral talo-calcaneal angles, were

used to evaluate the anatomical effects of the surgery,

whereas the main research question was to reveal the

patient satisfaction and usefulness of the procedure.

Methods The modified Grice–Green extraarticular sub-

talar arthrodesis was performed by the same surgeon on

one standing and 22 walking patients (12 female) with

lumbosacral myelomeningocele and valgus instability

during the period 1985–1999. Twelve patients had

bilateral surgery, giving a total of 35 operated feet. The

patients attended a thorough check-up at a mean of 12.8

years (standard deviation [SD] ± 3.2, range 7.7–

20.2 years) after surgery. The mean age at surgery was

6.6 years (SD ± 1.8) and at follow-up 19.4 years

(SD ± 3.8). Functional parameters, such as walking

ability, pain and skin problems, and the need for braces

and supportive orthopaedic shoes were noted at the fol-

low-up interview. The parents were interviewed along

with the patients in order to obtain all of the necessary

information. Loaded radiographs in the lateral and frontal

planes were taken of both feet and ankles pre-operatively

and at follow-up, except for pre-operative radiographs in

six patients that were not loaded and, thus, not included,

except for the assessment of ankle valgus. Ankle valgus

was assessed from lateral and frontal views of the ankle

on a scale from grade 0 to grade 3 according to Mal-

hotra. Frontal and lateral talo-calcaneal angles were

measured for the assessment of subtalar varus or valgus.

Lateral talo-first-metatarsal (Meary’s) angles were mea-

sured to investigate the longitudinal arches of the feet.

Results The mean lateral talo-calcaneal angle was

reduced significantly (P \ 001) from 55.1� (SD ± 8.9) to

38.8� (SD ± 8.1). The mean frontal talo-calcaneal angle

was reduced from 24.7� (SD ± 9.7) pre-operatively to

16.6� (SD ± 6.3) at follow-up (P \ 0.001). The mean

lateral talo-first-metatarsal angle improved significantly

from -16.1� (SD ± 24.7) pre-operatively to 0.9� (SD

± 15.1) at follow-up (P = 0.0015). The calcaneal pitch did

not change significantly. In general, ankle valgus worsened

during follow-up time, but not significantly (P = 0.113).

The visual analogue scale (VAS) score of patient satis-

faction improved significantly from 3.7 (SD ± 1.7) prior to

surgery to 7.2 (SD ± 1.5) at follow-up (P \ 0.005).

Nineteen patients (83%) were satisfied with the surgery and

would thus recommend the procedure.

Conclusions Based on the radiological findings and

patient satisfaction, the patients participating in this study

benefited from having had Grice arthrodeses performed on

their valgus unstable feet. The results indicate good long-

term correctional effect on valgus deformity after Grice

arthrodesis, as the talo-calcaneal and talo-first-metatarsal

angles improved significantly. A great majority of the

patients were content with the surgery, and none claimed

that any residual deformity was the cause for any reduced

ability to ambulate.
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Introduction

Neurological deficit resulting in the lack of motor control

in children with myelomeningocele often leads to a

valgus position of the feet and ankles, usually in com-

bination with planovalgus or pronation of the forefoot.

This deformity may be difficult to correct by orthoses

alone, and surgical correction may be needed to enable

the child to walk. Difficulties in finding suitable shoes

are typical. Pain produced by extreme foot deformity and

orthoses is sometimes present. Pressure sores can easily

occur in the insensate foot, and correction of a foot

deformity to avoid such pressure sores may be necessary.

The neurological condition deteriorates during childhood

in some cases due to complications from tethered cord

releases, hydrocephalus treatment and scoliosis correc-

tions, and the neurological status cannot in all cases be

regarded as non-progressive.

The extraarticular subtalar arthrodesis was originally

designed by Grice in the treatment of children with polio

[1] and was widely used some decades ago [1–4]. Recently,

other corrective surgical procedures have been more

commonly used, such as the medial sliding osteotomy of

the calcaneus [5, 6] and the calcaneal lengthening osteo-

tomy [7–9].

The Grice procedure has, since the eradication of polio,

been more commonly used in the treatment of spastic

valgus deformity seen in patients with spastic cerebral

palsy [1, 10]. The operation is found to be a demanding

one, even among experienced surgeons [1, 11–14], but it is

a major advantage that it does not affect further bone

growth or necessitates the resection of local bone. The

procedure has also been used in children with myelo-

meningocele [15, 16], which typically has concomitant

valgus instability of the ankles, and correcting the subtalar

joint addresses, in many cases, only part of the problem.

Adequate pre-operative radiographs of both the feet and

ankles are of the essence to locate the cause of the valgus

instability.

The purpose of the study was to evaluate long-term

patient satisfaction and radiological and clinical effects in

walking children with myelomeningocele after having

performed a Grice arthrodesis of a valgus foot. The clini-

cally most relevant radiographic measurements, such as the

frontal and lateral talo-calcaneal angles, were used to

evaluate the anatomical effects of the surgery, whereas the

main research question was to reveal the patient satisfac-

tion and usefulness of the procedure.

Patients and methods

A modified Grice–Green extraarticular subtalar arthrodesis

was performed on 22 walking patients and one standing

patient with lumbosacral myelomeningocele and foot val-

gus instability during the period 1985–1999. The patients

were identified retrospectively from hospital and personal

archives. Eight patients declined to participate and two

patients had died due to causes unrelated to their foot

deformities, hence, 23 patients (12 female) attended a

thorough check-up at a mean of 12.8 years (standard

deviation [SD] ± 3.2, range 7.7–20.2 years) after surgery.

The mean age at surgery was 6.6 years (SD ± 1.8) and at

follow-up 19.4 years (SD ± 3.8). Twelve patients had

bilateral surgery, giving a total of 35 operated feet. Sixteen

patients had significant planus deformity (lateral talo-first-

metatarsal angles \1�) and one patient had significant

cavus deformity (lateral talo-first-metatarsal angle[35�) at

the time of surgery.

Pre-operatively, six patients were walking indepen-

dently without orthoses, 14 patients were walking with

orthoses, two patients were walking with support and

orthoses, and one patient was capable of standing with

orthoses and support. Prior to surgery, 14 patients (61%)

used special orthopaedic supportive shoes, two patients

experienced foot pain and six patients had skin problems

due to pressure sores.

All patients had been operated in the exact same manner

by the same experienced surgeon. Concomitantly, nine

patients (13 feet) had anterior tibial tendon transfers to the

Achilles tendon to improve plantar flexion power, three

patients (four feet) had Achilles lengthening procedures

and one patient had a bilateral transfer of the anterior tibial

tendon to the dorsum of her feet to improve foot balance

and to correct forefoot supination. In one foot, tenotomy of

both the posterior and the anterior tibial tendon was per-

formed to improve forefoot balance and position.

Two patients (three feet) had anterior tibial tendon

transfers to the Achilles tendon and two patients had

derotational tibial osteotomies at other points of time.

Nineteen patients in this series (83%) had hydrocephalus

treated with ventriculoperitoneal shunts and 17 patients had

tethered cord releases, in some cases with significant

reduction in neurologic function over time.

Surgical technique of the modified Grice–Green

procedure used in the study

An oblique dorso-lateral incision was made over the sinus

tarsi of the foot. The underlying extensor brevis muscle,

along with local fatty tissue, was dissected from the bone

and retracted distally. All remaining soft tissues were
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excised from the sinus tarsi. A double cortical graft har-

vested from the proximal lateral part of the tibia was placed

into small channels in the calcaneus and talus made by an

osteotome at the same time as the foot was held in slight

plantar flexion and supination. The varus–valgus position

of the heel was assessed on clinical examination intra-

operatively. The grafts were placed in a vertical position in

line with the tibia. Any additional bone graft was impacted

into the sinus tarsi. Additional fixation was not used. After

wound closure, a circular short leg cast was applied for

12 weeks until healing. The patients were usually allowed

to partially weight-bear after 8 weeks (Fig. 1). The patients

were advised to use orthoses according to the individual

patient’s needs and comfort, but no general recommenda-

tions were given.

Functional parameters, such as walking ability, pain and

skin problems, and the need for orthoses and special

orthopaedic shoes, were noted at the follow-up interview.

The parents were interviewed along with the patients in

order to obtain all of the necessary information. The visual

analogue scale (VAS), using a scale from 1 to 10, where 1

was the poorest and 10 was the best possible score, was

used to monitor patient satisfaction regarding foot function

and cosmetics. Information regarding the neurological

diagnosis and concomitant diseases were noted from

the patients’ charts. At the very end of each interview, the

patients were asked if they would recommend the

arthrodesis operation to other children with similar

problems.

In principle, loaded radiographs in the lateral and frontal

planes were taken of both feet and ankles pre-operatively

and at follow-up. However, the pre-operative radiographs

of six patients (nine feet) were not loaded and, thus, not

included in the statistical evaluation, except for the

assessment of ankle valgus. Ankle valgus was assessed

according to Malhotra et al. [17] on a scale from grade 0 to

grade 3, even on non-weight-bearing films, by assessing the

level of the fibular growth plate relative to the ankle joint

on frontal and lateral views (Fig. 2). Grade 2 ankle valgus

was considered to be moderate and grade 3 severe [17].

The main radiographic measurements were the frontal

and lateral talo-calcaneal angles, as these have previously

been proven to be a valid means of assessing subtalar varus

or valgus [2, 10, 18, 19]. Additionally, lateral talo-first-

metatarsal angles (Meary’s angles) were measured to

investigate the longitudinal arches of the feet, as a cavus

foot deformity typically develops in some of these patients.

Highly positive values would indicate a cavus deformity, as

opposed to negative values, which would indicate a rocker-

bottom deformity and, possibly, pronation of the foot. In

addition, the calcaneal pitch was measured.

Normal values and ranges were used as described by

Malhotra et al., Vanderwilde et al. and Davids et al.

[17–19], as shown in Table 1.

All radiographic measurements were performed by both

authors independently, and the mean values were used for

the statistical analysis.

Paired t-tests and non-parametric tests were used for the

statistical evaluation.

Results

At the time of follow-up, 16 patients were walking inde-

pendently, of which seven patients used orthoses. Three

Fig. 1 The Grice–Green procedure. Two cortical bone blocks are

harvested from the lateral proximal part of the tibia and inserted into

the tarsal tunnel. Implants for fixation are usually not necessary

Fig. 2 Classification of ankle valgus according to Malhotra et al.

[17]. The degree of ankle valgus is determined based on the level of

the fibular growth plate
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patients were walking with crutches and orthoses, one

patient was walking with crutches without orthoses and

three patients used a wheelchair only. The orthoses used

were the Ferrari-type orthoses and, in a few instances, plain

ankle foot orthoses (AFO).

The incidence of foot problems were reduced at the

follow-up check-up, at which six patients used specially

made supportive shoes (26%), one patient had foot pain

and five patients had skin problems.

The VAS score of patient satisfaction improved signi-

ficantly from 3.7 (SD ± 1.7) prior to surgery to 7.2

(SD ± 1.5) at follow-up (P \ 0.005). Nineteen patients

(83%) were satisfied with the surgery and would, thus, rec-

ommend the procedure. Two patients (three feet) had resi-

dual valgus unstable feet due to valgus instability at Chopart’s

joint, but none of these patients had related complaints.

Ankle valgus on pre-operative radiographs demonstrated

grade 0 in 10 feet, grade 1 in 14 feet, grade 2 in 10 feet and

grade 3 in one foot. At follow-up, ankle valgus had gene-

rally worsened, as grade 0 was found in nine feet, grade 1

in 11 feet, grade 2 in nine feet and grade 3 in six feet. This

change in ankle valgus was, however, not significantly

different (P = 0.113). The VAS score was higher in

patients with moderate/severe ankle valgus (grade 2/3)

compared to those with none/low grade (grade 0/1) ankle

valgus (7.4 vs. 7.1, P = 0.542).

The mean lateral talo-calcaneal angle was reduced sig-

nificantly from 55.1� (SD ± 8.9) to 38.8� (SD ± 8.1)

(P \ 0.001). The mean frontal talo-calcaneal angle was

significantly reduced from 24.7� (SD ± 9.7) pre-opera-

tively to 16.6� (SD ± 6.3) at follow-up (P \ 0.001). The

mean lateral talo-first-metatarsal angle improved signifi-

cantly from -16.1� (SD ± 24.7) pre-operatively to 0.9�
(SD ± 15.1) at follow-up (P = 0.0015). The average cal-

caneal pitch decreased slightly from 17.6� (SD ± 11.9)

pre-operatively to 16.1� (SD ± 10.7) at follow-up

(P \ 0.25) (Table 2).

The foot length at follow-up was, on average, 188 mm

(SD ± 15.6) vs. 186 mm (SD ± 15.7) when comparing the

operated and the non-operated feet in the unilateral cases,

thus, they were not significantly different (P = 0.59).

No infections were seen post-operatively.

Only one arthrodesis failed to heal, but the patient had

no symptoms and were satisfied (Fig. 3).

Discussion

When Grice introduced the extraarticular arthrodesis of the

subtalar joint in 1952 [1, 20], it was originally devised to

treat children with polio. The procedure has later been

widely used in the treatment of spastic valgus instability

and in paralytic disorders. As the procedure is extraarti-

cular and does not disturb bone growth, it is applicable

even in young children. It is, therefore, regarded as being

well suited in the correction of valgus instability in children

with myelomeningocele (Fig. 4). Long-term results in

patients with cerebral palsy have been somewhat variable

[4, 21, 22], but Bourelle et al. [10] reported good long-term

results in 23 children with cerebral palsy who had had

Grice arthrodeses performed, and so have others [23, 24].

The natural course of valgus unstable feet in children with

Table 1 Normal means and

ranges of the radiological angles

used in the study

Radiological angle Mean angle Assessment

Lateral talo-calcaneal angle 49� (range 36�–61�) Hind foot varus/valgus

Frontal talo-calcaneal angle 25� (range 11�–35�) Hind foot varus/valgus

Lateral talo-first-metatarsal angle 13� (range 1�–35�) Cavus/planus foot

Calcaneal pitch 17� (range 5�–32�) Plantar flexion hind foot

Table 2 Clinical and radiological findings prior to surgery and at follow-up

Pre-operative mean value (range, SD) Follow-up mean value (range, SD) P-value

Satisfaction (VAS) 3.7 (0–8, SD ± 1.7) 7.2 (3–10, SD ± 1.5) \0.005

Ankle valgus grade 0 10 9 –

Ankle valgus grade 1 14 11 –

Ankle valgus grade 2 10 9 –

Ankle valgus grade 3 1 6 –

Lateral talo-calcaneal 55.1� (39–72, SD ± 8.9) 38.8� (23–54, SD ± 8.1) \0.001

Frontal talo-calcaneal 24.7� (6–51, SD ± 9.8) 16.6� (0–28, SD ± 6.3) \0.001

Lateral talo-first-metatarsal -16.1� (-64 to 38, SD ± 24.7) 0.9� (-36–35, SD ± 15.1) 0.0015

Calcaneal pitch 17.6� (-9 to 36, SD ± 11.9) 16.1� (-15–30, SD ± 10.7) 0.25
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myelomeningocele with respect to foot deformity, function

or patient satisfaction has not been reported previously and

is not further investigated in this study. The evaluation of

corrective foot surgery in myelomeningocele children is

further complicated by the neurological deterioration

commonly occurring in these patients, often due to tethered

cord and subsequent releases [25–28].

Patient selection and the indications for surgery in this

study were based on the clinical judgement of valgus

instability of the feet combined with an evaluation of the

overall situation of the child, such as walking ability, and

not solely on radiographic measurements or any other

objective parameter. The selection of these patients was

based on the judgement of an experienced orthopaedic

surgeon who performed all of the surgical procedures in

this study.

When assessing function and patient satisfaction at

follow-up, walking ability could not be used as a valid

parameter, as a great number of myelomeningocele

patients tend to worsen in time due to the natural course of

their neurological condition. Some patients also experience

loss of neurology and ability to walk secondary to release

operations for tethered cord [25, 27]. Moreover, a great

number of patients chose to use a wheelchair, as they found

themselves more mobile using a wheelchair rather than

walking with crutches and orthoses. This may explain why

there was no significant difference in the incidence of foot

pain, pressure sores and the need for special supportive

shoe wear. At our clinic, there is no rigid recommendation

regarding the use of orthoses, as the use of orthoses

depends on the degree of usefulness and tolerance in each

individual patient.

The use of the VAS scale for the assessment of patient

satisfaction may be challenging, especially in children.

Misconceptions and misinterpretations are possible, and

the information in this study was, thus, partly dependent

upon information and assessments given by the parents. In

general, the assessment of the child’s foot deformity prior

to surgery and at follow-up was given jointly by the parents

and the patients.

Four patients were reluctant to recommend the Grice–

Green arthrodesis, as they claimed that their long-term

results did not compensate for the post-operative pain and

discomfort. One of these patients was reluctant to evaluate

any benefit he may have had from the surgery, as he had

experienced severe neurological loss of function following

several operations for tethered cord.

Radiographic measurements change in a child’s

growing foot [18], and were, thus, expected to change

regardless of any foot surgery or any other non-operative

treatments that might have been instituted. Severely val-

gus unstable feet are, however, not likely to correct

spontaneously and, thus, the findings that were made at

the follow-up check-up were most probably due to the

corrective surgeries and, perhaps, combined with the use

of orthoses.

The importance of muscle balancing the foot has been

reported repeatedly [4, 10]. In our series, a great number of

additional surgical procedures were performed, including

anterior tibial tendon transfers, Achilles tendon lengthen-

ings and derotational tibial osteotomies. The influence that

these procedures may have had on the on the long-term

outcome is difficult to assess, but, most likely, they have

had a favourable effect.

Pre-operative radiographs demonstrated ankle valgus

grade 0 in ten patients, grade 1 in 14 patients, grade 2 in ten

patients and grade 3 in one patient. This finding was quite

consistent with Malhotra’s own findings [17]. The mean

pre- and post-operative ankle valgus increased from grade

1.1 to 1.3, but the difference was not statistically significant

(P = 0.113). Moderate or severe ankle valgus (grade 2/3)

increased from 31% of all cases pre-operatively to 43%

post-operatively. Even though late ankle valgus is well

recognized as a cause of clinical failure [2–4, 11, 12, 14,

29], it proved not to be of clinical importance in our series,

as the mean patient satisfaction VAS score was higher in

patients with moderate/severe ankle valgus compared to

those with none/insignificant (grade 0/1) ankle valgus (7.20

vs. 7.05).

Two patients had recurrent valgus instability in three

feet. One patient had moderate valgus instability at Cho-

part’s joint in her left foot, and her ankle was positioned

neutrally. She had little discomfort and was helped suffi-

ciently with a medial support in the shoe. The other patient

had bilateral valgus feet and also a significant ankle valgus

deformity which had increased from grade 2 to grade 3

post-surgery. He had developed considerable neurological

deficits after repeated tethered cord releases, lost walking

Fig. 3 Graft resorption and apparent lack of subtalar fusion 9 years

after Grice extraarticular subtalar arthrodesis. The patient had no

complaints and the foot appeared to be valgus stable
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ability and there was, thus, no indication for any salvage

procedures, such as triple arthrodeses, of his feet.

Lateral and frontal talo-navicular radiographs are suited

for assessing hind foot varus/valgus [18, 19] and, to some

degree, planus deformity (Fig. 5). In this series, the mean

frontal talo-calcaneal angle was reduced by 8.1�
(P \ 0.001) and the mean lateral talo-calcaneal angle was

reduced from 55.1� to 38.8�, thus, reducing hind foot val-

gus significantly (P \ 0.001). Although 13 patients had

radiological measurements indicating slight hind foot varus

(lateral talo-calcaneal angle \36� or frontal talo-calcaneal

angle\11�) at follow-up, there were no cases of significant

hind foot varus deformity upon clinical assessment in our

series. The follow-up hind foot measurements were, on

average, within the normal ranges as found by Vanderwilde

et al. and Davids et al. [18, 19], and well in line with the

clinical findings and patient satisfaction.

Cavus/planus position of the foot and alignment of the

hind foot vs. the forefoot can be assessed on the basis of

the lateral talo-first-metatarsal angle [18, 19, 30]. The greater

the lateral talo-first-metatarsal angle, the more planus is the

mid foot. In this series, the mean talo-first-metatarsal angle

was significantly reduced from 16.1� to -0.9� (P = 0.0015),

thus, demonstrating considerable correction of planus

deformity of the mid foot following Grice arthrodesis.

A key issue of the Grice procedure has been to preserve

further growth of the foot, and Bourelle et al. found no

difference in shoe size when comparing the operated with

the un-operated feet [10]. Bourelle et al.’s finding was

confirmed in our series of 11 unilaterally operated feet with

no significant difference in foot length when comparing

with the non-operated side as measured on lateral radio-

graphs (188 vs. 186 mm, P = 0.59).

There have been reports on pseudarthrosis, failure of

fixation or fracture of the graft in up to 15–31% of spastic

feet [12, 14], and graft resorption has been reported to

occur in up to 33% of patients undergoing the Grice pro-

cedure [14, 22, 23, 31]. There was no negative effect on the

clinical outcome in the only case of graft resorption and

pseudarthrosis in this series (Fig. 6). Additional screw

fixation has still not been found to be necessary in our

clinic.

Fractures and overgrowth at the donor site have been

described but were not found at the clinical examination of

the patients in this study. However, no specific investiga-

tions were performed to reveal any growth deformity sec-

ondary to graft harvesting from the proximal tibia. At our

clinic, we still prefer to use tibial grafts for this procedure,

as we have found it to be quite practical and we have not

experienced any of the negative effects mentioned above.

Degenerative changes in adjacent joints are frequently

found in patients with gross foot deformities, regardless of

treatment. Only one out of the 23 patients in this series

experienced foot pain, mainly due to clavus formation and

occasional pressure sores.

Mosca [9] demonstrated good results using the calcaneal

lengthening osteotomy in a mixed group of patients suf-

fering from myelomeningocele and cerebral palsy, and

Fig. 4 Example of the course of the foot after a Grice arthrodesis was performed in a 5-year-old girl. The radiographs were taken: a prior to

surgery, b post-operatively and c at 13 years follow-up. The fourth toe was amputated due to a pressure sore
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Torosian and Dias [5] showed good results using the

medial sliding osteotomy of the calcaneus in 27 myelo-

meningocele patients. Both of these procedures and the

Grice arthrodesis seem to be suitable for children, and the

choice of surgical procedure will depend upon the evalu-

ation of each valgus foot and the preference of the surgeon.

In conclusion, based on the radiological findings and

patient satisfaction, the patients participating in this study

benefited from having had Grice arthrodeses performed on

their valgus unstable feet. The Grice arthrodesis proved to

have a good long-term correctional effect on planovalgus

deformity, as both lateral talo-calcaneal and talo-first-

metatarsal angles improved significantly. A great majority

of the patients were content with the surgery, and none

claimed that any residual deformity was the cause for any

reduced ability to ambulate.

The results of this study indicate that the Grice

arthrodesis is a safe and sufficient method to correct foot

valgus deformity in children with myelomeningocele, with

a low incidence of complications and satisfactory long-

term results.
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