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THE ORTHOPAEDIC MANAGEMENT OF SPINA BIFIDA 

w. J. \V. SH A RRA RD 

The a ims of orthopaedic m anagement are to correc t defo rmity and 
maint ain the correct ion , to obtain the bes t poss ibl e loco moto r fun ction , 
and to prevent or minimise the eff ec ts of sensory loss. Assessment of 
deformity and pa ralys is of the lower limbs and trunk needs to be m ade 
as soon as poss ible a ft e r birth , a t 3-monthly int e rvals for the firs t yea r 
of life and a t 6-m onthly interva ls until growth is compl e te. Deformit y 
is oft en present a t birth and m ay be clue to unbalanced mu scle act ion 
in utero, the effec ts of posture and intra uterine pressure or congenita l 
m a ldeve lopment , or a combin a tion of a ny of these. Deformit y a ri s ing 
a ft er birth is m os t common ly cl ue to unbalanced mu scle ac tion and 
sometimes to m alunion assoc iat ed with a spontaneo us fr ac ture. P ar aly­
sis is due to congenit a l apl as ia or dysp las ia of the spin al co rd a nd it s 
roo ts or to the effec ts of infec ti on, trac tion, p ressure from lipom a ta or 
cys ts or vascul a r dam age. The a ffec ted mu scles may show either n or­
m a l volunt a ry ac tivity, volunta ry ac ti vity with overly ing spasti c ity , 
a utonom ous or re fl ex act ivity without voluntary control or compl ete 
pa ralys is . A co rrect assessm ent of muscle act ivity th a t is needed to de­
termine appropri a te orthopaedi c and s urgical m anagement requi res 
clinical assess ment of mu scle ac tivity combined with elect ri cal s timula­
tion of m otor nerves and mu scles. Electromyog raphy ca n he used but is 
of second a ry va lue. 

P R I N C I P L E S 0 F 0 R T I I 0 P A E 0 I C i\1 A N A G E i\1 E N T 

Con serva tive m ethods to correct deformity a re in advisa bl e, especially 
in the foo t beca use of senso ry loss and the ri sk of produ cin g press ure 
ul cers . Even if defo rmity is success full y co rrec ted by conservative 
m ean s, i t is likely to r ecur if there is persis tent mu scle imbalance. De­
formity can be co rrected by elonga tion of shor t tendon s and mu scles 
and, p rovid ed it is done before th e age of 2 yea rs, mos t deformities, even 
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those th a t are severe, can be co rrected without opera ting upon bone. 
Mu scle activity needs lo be balanced by tendon tran s fe r or by denerva­
lion or excision of ove r-active mu scle. If deformity s till remains a ft er 
correc ti on by soft ti ssue release procedures, furth er co rrection by osteo­
tomy or excision of bone a nd ca rtil age m ay be needed, even in young 
children . Failure to co rrect defo rmity, especiall y in the foot , is likely to 
lead to seri ous seconda ry consequ ences in la te r childh ood. 

Imm obili sation or fi xa ti on with plaster cas ts or splint s sh ould be 
kepllo a minimum and rarely for longer th an 1 month. \Vhen deform­
ity has been co rrec ted a t all joint s, a prog ramme of braces and support s 
combin ed with phys ioth erapy can be used lo prom ote ability lo wa lk 
with the h elp of suit able applian ces . 

The age of th e pa ti ent is no ba r lo perform a nce of co rrective surgica l 
procedures , but the idea l age a t which surgery on the limbs should be 
comm enced is between th e sixth month and the second yea r of life . Be­
tween th e ages of 2 and 5 yea rs, the re m ay be need for furth er proce­
dures if deformi lies recur or a ll ernal ive defonn i li es develop as a result 
o( modif.i ca li on in mu scle aclivily .·Afl er the age of 12, final co rrective 
surgery m ay be needed, for exa mpl e to co rrec t deformiti es of the spin e 
or to arlhrodese j oint s in the foo l. 

S U H G I CA L PH OC ED U H ES 

Alm os t eve ry pa ti ent present s with a diffe rent combination of problem s 
of para lys is and defo rmity . In m any, multipl e opera tion s may be n eeded 
lo correc t deformit y at the hip, kn ee, foo l and spin e such th a t th e total 
number of orthopaedi c procedures needed during childh ood averages 
a bout eight procedure and in some children may be as m any as s ix­
teen. In general, co rrect ion of the limbs should be made proxim o­
di s tnll y. It is imposs ibl e to describe all the procedures tha t m ay be 
n •edcd for th e co mpl exity of les ions th a t may occur, bu t cert a in proce­
dures ha ve proved to be specifi ca lly indi ca ted in spina bifida . 

Tlip . Flex ion-l a lc ral ro tati on deformity of the hip is commonly found 
when the re is predominant innerva ti on from the upper lumbar seg­
m ent s with wea kn ess di s la l to thi s level. The main acti ve muscles arc 
th e ilio-psoas and sartoriu s muscles and the limb lend s .t o lie in fl exion, 
later a l r otati on and abduction . Fl cx ion deformity of m ore th an 30 o 
requires correc tion by release of sh ort fl exo r s tru ctures and trans­
plantation of the ilio-psoas tendon to the ante rior aspec t of the grea te r 
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trochanter to convert it into a flexor and medial rotator. \Vhen this has 
been done, walking is possible with the aid of extensive bracing. 

Flexion-adduction deformity is often accompanied by dislocation of 
the hip and is associated with innervation from the upper three or four 
lumbar segments and paralysis distal to this level. It may be present in 
the child at birth or may develop during the first 2 or 3 years of life. 

Correction is ideally accomplished at the age of 9 months and in two 
stages. At the first stage, a radical division of light adductor muscles 
and tendons should restore a normal range of abduction of 80 °. Two 
weeks later, flexion deformity is corrected and the muscle activity 
balanced by postero-lateral transplantation of the ilio-psoas muscle. At 
the same lime, the hip joint can be opened, the dislocation reduced and 
capsulorraphy performed. Provided that an adequate reduction has 
been obtained, subsequent development of the hip is good. Active ab­
duction sufficient to prevent a positive Trendelenburg gait is seldom 
achieved but, in more than 70 % of patients, walking is possible with­
out bracing at hip level (Sharrard 1964). 

If subluxation or dislocation has not been corrected surgically before 
the age of two, it may be necessary to combine adductor release, open 
reduction and postero-lateral ilio-psoas transplantation with innom­
inate osteotomy or acetabuloplasty followed, if necessary, by varus in­
tertrochanteric upper femoral osteotomy. 

Knee. Deformity at the knee may occur inflexion, extension (recur­
vatum), valgus, varus or rotation. Flexion or- extension deformity is 
usually the result of muscle imbalance and varus or valgus deformity 
is more often secondary to a spontaneous fracture. 

Flexion deformity is seen most commonly when there is reflex inner­
vation with weakness or complete paralysis of voluntary extension by 
the quadriceps muscle and spastic activity in the knee flexor muscles. 
More than 20 ° of fixed flexion deformity requires surgical correction. 
In mild cases elongation of the hamstring muscles alone may be suffi­
cient. If deformity is more severe than 20 o, it is usually necessary to 
elongate the short hamstring tendons, to transfer the semitendinosus 
and biceps tendons to the patella and to correct residual flexion deform­
ity by a supracondylar extension osteotomy with removal of a wedge of 
bone based anteriorly (Sharrard 1971). 

Extension or recurvatum deformity is due to a quadriceps acting 
strongly in the presence of paralysis of knee flexors with anterior pro­
lapse of the sartorius and gracilis tendons over the medial condyle of 
the femur. Correction can be obtained by elongation of the quadriceps 
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by V-Y plasty of the quadriceps tendon (Curtis & Fisher 1969), poste­
rior transfer of the sartorius and gracilis tendon insertions at the tibia 
and transfer of the adductor magnus tendon to the semitendinosus 
tendon. 

Foot. Almost any possible variety of deformity in equinus or calcan­
eus of the hindfoot or forefoot, varus or valgus of the hindfoot or fore­
foot and abduction or adduction of the hindfoot or forefoot may occur. 
In .all but the most lightly paralysed, the soles of the feet are insensitive 
and are liable to skin breakdown over points of high pressure. There is 
greater liability to pressure ulceration in the soles of the feet in early 
adolescence, because increase in the size and weight of the trunk is not 
matched by growth of the feet. It is essential, therefore, that correction 
to produce a fully plantigrade foot should be obtained in early child­
hood to avoid this complication in later childhood. Only a limited 
amount of correction can be achieved safely by conservative means 
such as manipulations and plaster casts. Operative treatment can be 
undertaken at any time between the sixth month and second year of life 
but, before correction is made, an assessment of activity in the muscles 
and tendons of the foot must be made, prefarably using electrical stim­
ulation studies. 

Equinovarus is the commonest deformity in spina bifida and is usu­
ally associated with dominant action of the inverlors and planlarflexors 
combined with weakness of the dorsiflexors and evertors. Even severe 
deformities can be corrected by elongation of the tendo calcaneus and 
the tibialis posterior and long toe flexor tendons combined with division 
of the medial ligaments and capsules of the ankle and subtaloid joints. 
Muscle balance is restored by lateral transplantation of the tibialis an­
terior or transplantation of the tibialis posterior through the inter­
osseous membrane to the dorsum and outer side of the foot. Adduction 
of the forefoot may need to be corrected at a second operation by medial 
and plantar release of the soft tissues, possibly combined with multiple 
basal osteotomy of the metatarsals or excision of the cuboid. In severe 
or recurrent eqiunovarus deformity, especially in an older child, tal­
ectomy (Menelaus 1971) may be the only solution; an important step 
in this operation may be removal of the tip of the fibular malleolus 
to allow the calcaneus to articulate with the lower end of the tibia. 

Paralytic vertical latus deformity is a less common but important 
deformity of the foot. It is one in which there is equinovalgus of the 
hindfoot and calcaneo-valgus of the forefoot with dislocation of the 
talo-navicular joint. The dorsiflexor tendons are short, tight, and 
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strong, the tibi ali s pos terior is s tre tched and in effec tive, and th e in­
trinsic muscl es of the sole of the foot a re p a ralysed. Correction (Duck­
worth & Smith 1974) n eeds to be made through two incis ions. Through 
a dorso-medi al incision , the tibi a li s ant erior is divided from the n av ic­
ular, th e toe ex tensor tendons are elonga ted, the dorsifl exed forefoo t is 
pl antarflexcd to redu ce the disloca tion at the ta lo-navicular joint a nd 
reduction is h eld by m eans of a transfi xin g pin . The tibi alis anterio r 
tendon is transferred to the neck of the ta lu s. Through a pos tero-late ra l 
incis ion, valgus deformity a t the hindfoo t is co rrected by a de tachm ent 
of the peroneus brevis from its in se rtion, release of the lat e ra l side of 
the subt aloid joint, elongation of the tendo cal can eus and tmn spl ant a­
tion of the peroneus brevis behind the ankl e to th e m edial sid e to be 
a ttached to the navicula r a t the in se rtion of U1e tibi a li s pos te rior. If thi s 
opera tion is done before the eight eenth m onth of life, a good co rrec tion 
can be obta ined but, in an older child , it m ay be necessary to rem ove th e 
navicul a r bone in order to obta in correc tion. 

In a limb with compl e te pa ralys is below the knee, the foo l and ankle 
tend to fa ll into va lgus. Extra-a rticul a r subt a loid arthrosis is in ade­
qu a te, and pantaloid a rth rodes is is contra-indicat ed in an in sen sitive 
limb. Supra-malleola r tibial os teo tom y provides a u se ful means of co r­
rec ting the valgu s deformity (Sha rra rd & W cbb 1974) . 

The mildes t deformit y encount ered in spin a bifida is th a t of pes 
cavus and clawing of the toes associated with intrinsic pares is. Deform­
ity o f the lesser toes can be co rrec ted without diffi culty by tran splanta­
tion of the long toe fl exo r to the ex tenso r surface of each toe. Deformity 
of the grea t toe can be co r rec ted by a tenodesis of th e fl exor hallu cis 
longus to the prox im al pha lanx (Smith & Sha rra rd 1973 ) co mbin ed 
with elonga tion of th e ex tenso rs of the g rea t toe. The cavus deformit y is 
correc ted by release of any tight p lant a r s tru ctu res from the ca lcan eus 
and from the medi al s ide of the foot. 

Spin e. Kyphos deformity of th e spin e is present at birth in one in 
twenty m yelomenin gocoeles. If seve re l<yphos is is present a t birth, it 
m ay m ake closure of the spina l les ion diffi cult or imposs ibl e. Although 
closure can be obta in ed by spina l os teo tomy on the fir s t day of life 
(Sharra rd 1968) , this p rocedure is no longer recomm ended beca use of 
the associa tion with seve re pa ra lys is and a li ability to earl y m ortality . 
In som e children, kyphosis a t birth is mild but increases durin g g rowth . 
Ulceration m ay develop over th e kyphos with diffi cully in siltin g, in­
creasin g pa ralys is and in ability to perform an ilea l conduit ope rati on 
because of compress ion of the abdominal wall. 
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In an ea rly case, furth er progress of the l<yphosis may be able to be 
prevented by a bon e graft. Es tablished deformity of more than 90 ° re­
quires os teo tomy-excision of one or two vertebrae of the lumbar spine 
( Sharrard & Drennan 1972 ). Correction is seldom perfect, but ul cera­
lion can be prevented and upright posture regained. Beca use of inability 
to res tore th e erector spinae to it s function as an ext ensor of th e lumbar 
spin e, recurrence of deformit y is not uncommon but seldom hecomes 
seve re enough to require a second procedure. 

Lordosis and lordoscoliosis lend to develop in children " ·ith spina 
bifida at the age of 10 or 11 years, possibly in association with th e pre­
adol escent g rowth spurt in whi ch the vertebral bodies grow rapidly 
without a corresponding growth of the absent posterior bony processes. 
Corrective m easures by mea ns of plaster cas ts, poly th ene support s or 
i\Iilwaukee braces are difficull to apply and likely to cause severe pres­
sure sores in the sacral and iliac region s. Correction can be achieved by 
skull-femoral trac tion for 4--6 weeks followed by multipl e wedge 
osteotomy and fu sion of the thoraco-lumbar spin e us in g Dwyer stapl es 
and cable fixati on (Baker & Sha rrard 1973 ). 

Scolios is assoc iat ed with hemive rtebra formati on is not un commonl y 
found in association with spina bifida. If rapidly increasing scoliosis 
develops in ea rly childhood , vertebral body fusion on the convex side 
of the curve may be sufficient to prevent further progress of the de­
formit y and correction and furth e r fusion can be mad e in lat er child­
hood or early adolescence. 

C 0 ~~ P L I C A T I 0 N S 

The m os t important compli ca tions are th ose arising as a result of sen­
sory loss. Pressure so res m ay occur in any area of anaes theti c skin, 
commonl y ove r a reas likely to suffe r from press ure or fricti on over an 
overl yin g bony promin ence such as th e plantar surfaces of the feel or 
the ischial tuberos ities. The child and it s parent s mu s t be taught to 
maintain a daily wa tch on the con diti on of the skin of th e soles of the 
feel and the ischial areas. Any deformiti es of the foo l mu s t be co rrect ed 
completely and, if necessa ry, furth er co rrection obtained in adolescence 
by triple arthrodesis. Footwear specia lly mad e to avoid excessive pres­
sure in an y area of th e sole of the foo t may need to be made and, if th e 
child is in a wh eelchair, he needs to be tau ght to avoid silting on one 
area of th e ischium or perineum for too long a t a lim e. 

Spontaneous fractures arc liabl e to occur in the lower limb hones, 
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especially in those with more extensive paralysis of the lower limbs. 
The diagnosis is often missed or mis-diagnosed as osteomyelitis. There 
is swelling of part of the limb with increased heat, a mild general py­
rexia, raised sedimentation rate and raised white cell count. Radiographic 
examination at first may fail to show the fracture, which is often a 
fracture-separation of an epiphysis, usually at the lower end of the 
femur. Fractures are particularly likely to occur after a period of im­
mobilisation in plaster. In treatment, plaster fixation or traction with 
Thomas splintage should be avoided. The simplest measures to main­
tain the position of the limb are a ll that is needed and union occurs 
rapidly with extensive new bone formation. 

END-RES U LT S 

Provided that a child survives beyond the age of 5 years, h e has a very 
good chance of surviving into adult life. The end-result as regards loco­
motor ability and general function is directly related to the extent of 
the paralysis and the success of orthopaedic treatment in preventing 
deformity, to the state of the kidneys and the success of m edical and 
surgical measures in preventing hydronephrosis and renal des truction, 
and to the presence of hydrocephalus and the success of m easures to 
control it. Provided that correct selection has been made in ea rly life, 
there can be a reasonable expectation that a child will be able to go into 
adult life and into suitable and worthwhile employment. 

REFER ENCES 

Baker , R. H. & Sharrard, W. J. W. (1 973 ) Correction of lordoscolios is in spina bifida 
by multiple spinal os teo tomy and fu sion with Dwyer fix a tion : a prelimina ry 
report. Develop. Med. Child !\ eurol. 15, Suppl. 29, 12- 23. 

Curtis, B. H. & Fisher, R. L. (1969) Congenital h yperex tens ion with a nteri o r sub­
luxation o f the kn ee. J. Bon e Jt Surg. 51-A, 255-269. 

Duckwo rth, T. & Smith, T. ,V. D. ( 1974) The treatment of paralytic co nvex pes 
valgus. J. Bone Jt Surg. 56-B, 305-313. 

Menelaus, i\1. B. (1971 ) Talectomy for cquinova rus defo rmity in a rthrogrypos is and 
spina bifida. J. Bone Jt S urg. 53-B, 468-473. 

Sharra rd , ,V. J . ,V. ( 1964) P os terio r iliopso a s transpl anta tion in the trea tm ent of 
para ly ti c dislocation of the hip. J. Bone Jt S urg. 46-B, 426-444. 

Sharrard, ,V. J. W. (1968) Spinal os teotomy for co ngenit a l kyph os is in m ye lo­
m eningocele. J. Bone Jt S urg. 50-B, 466- 471. 

Sharrard, W . J. ,V. (1971 ) Paediatric orth opa edics and fractures, p. 665. Blackwcll 
Scien tific Publications, Oxford . 



ORTHOPAEDIC MA NAGEMENT OF SPINA BIFIDA 363 

Sharrard, \V. J . \V. & Drcnna n, J. C. (1972 ) Osteotomy-excision of the spine for 
lumbar kyphosis in older children with myelomeningocele. J. Bon e Jt Surg. 
54-B, 50-60. 

Sharrard, \V. J. W. & Webb, J. (1974) Supra-malleo la r wedge os teotomy of the tibia 
in children with myelomeningocele. J. Bone Jt Surg . 56-B, 458-461. 

Smith, T. \V. D. & Sharrard, \V. J . \V. (1973) Flexor hallucis longus t enodesis : a new 
operation for clawing of the ha llux. J. Bone Jt Surg. 55-B, 879. 

Key words: spina bifida, orthopaedic m anagem en t of ; deformity; sensory loss; 

os teomyelitis 

Correspondence to: 

1\lr. W. J. W. Sharrard, M.D., Ch.M., F.R.C.S. 
"Uplands" 

. 140 Manchester Road 
Sheffield, SlO 5DL 
Yorkshire 
England 


