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INTRODUCTION 

The child with a Ieg~Iength discrepancy presents a variety of 
challenges to the tteating orthopaedist who must understand 
the natu.tal history of the disease process and be able to pre
dict the discrepancy as it will aist at maturity. In otder to 
do so, it is required to be familiar with the methods used to 
analyze growth and to predict future growth. Implicit to this 
is an understanding of methodology. risk. and the effect of 
the wide variety of treatment options on the growing child. 
Limb-lengthening techniques have evolved rapidly. and the 
orthopaedic surgeon must consider the ability of these tech
niques to equalize length discrepancy in light of physical and 
mental morbidity to the patient. Although enamored with the 
pon:ntial to correct large discrepancies, surgeons and parents 
need to consider the long-term effi:as of these tteatments on 
the child. 

In addition to understanding the assessment and meth
odology for treatment of length discrepancies, the surgeon is 
challenged by the sometimes difficult task of educating the 
patient and parents. In the case of epiphysiodesis, it can be 
difficult to explain why a problem in one leg requires an opera
tion on the normal leg; furthermore, patients are not pleased 
at the thought that it will make them shorter. In the case of 
leg lengthening, the parents and the patients must understand 
why the child may wear an e:x:temal device for many months 
even after the length is gained. In addition, the family must 
understand that a fairly high morbidity is associated with this 
process and the risk of complications can occasionally compro
mise the final result. 

DEFINITIONS 

First, we must define what we mean when we say someone 
has a leg-length discrepancy. Do they have an angular defor
mity, dislocation, or contracture at the hip, knee, ankle, or 
foot causing one limb to be apparently shoru:r or longer? Or 
is there a true anatomic difference in lengths/size of one of the 
segments of the lower extremity (femur, tibia, foot)? To avoid 
confusion, we define strut:tural or l'rUe leg-length discrepancy 
as a difference in the length of a given anatomic segment 
(femur, tibia, foot). A leg-length discrepancy that refers to dis
crepancies that are not ttue diffi:rences in anatomic segment 
lengths are termed apparmt or a postural discrepancy. .& an 
example, a knee flexion cont.ra.ctlU'e or a dislocated hip may 
cause an apparent shorn:ning of a limb. Functional leg-length 
discrepancy (the sum of the true and apparent leg-length 
discrepancy) is the most important in treatment decisions 
(Fig. 28-1). Just as important in the future outcome of leg
length diffttences is the understanding of age, maturity, and 
growth potential. Chronologie age refers to the acrual years of 
life. Skeletal (bone) age is a measure of maturity based on a 
set of "norms"' from which we can make predictions on future 
growth. From clinical and radiographic assessment, one arrives 
at a functional length discrepancy and the overall maturity of 
the patient. Treatment can be considered based on a prediction 
of the final discrepancy at skeletal maturity and an undemand
ing of the natural history. 

EPIDEMIOLOGY, GROWTH, AND ETIOLOGY 
OF LEG-LENGTH DISCREPANCY 

Leg~length differences are common at skeletal maturity. In 
one study, 77% of 1000 military recruits were fuund to have 
d.iife.rences in leg lengths (1), in another group of military 
recruits, 36% had differences >0.5 em (2). In the pediatric 
population, 2.6% of asymptomatic adolescents were found to 
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FIGURE 28-1. A: Troe leg length is a measure from a point on the pelvis (AS lSI to the ankle and apparent leg length is a measure 
from the umbilicus to the ankle. The latter is affected by hip abduction or adduction as well as knee and hip flexion. B: Functional 
leg-length discrepancy takes into account the combined effect of the true leg discrepancy and the hip and knee pathology seen in 
this child with congenital short femur; even with orthotic shoe modification his lower extremity is still slightly short. 

have leg~length difktenccs ~ enough to cause a clinically 
noticeable pelvic obliquity during scoliosis screening (3). 

In any attempt to predict what will occur in two lower 
limbs in which unequal growth has bc:en found, one must first 
understand the normal growth of the lower limb. At b.in:h, 
the lower limbs are 20% of their final length. The difference 
in the length of the femur and tibia at birth is 1.2 em com
pared with the 10 em at skeletal maturity (4). The femur and 
the tibia respectively contribute 54% and 46% of the length 
of the lower extremity at skeletal maturity; these percentages 
change throughout growth (5-7). The growth of the lower 
limb occurs at four growth plates and the foot. The majority 
of growth of the lower limb occurs about the knee. Anderson 
found that 71% of femoral growth occurred distally and 57% 
of the tibia growth oc:aJtted proximally (6). This can be shown 

diagrammatically in tenns of percentage of bone growth, limb 
growth, and actual average growth per year (Fig. 28-2). 

In general, overall growth rate and lower ex:t:l'emity growth 
rate dec:rease from b.in:h until adolescence when the adolescent 
growth spun occurs (6) (Fig. 28-3). More specifically, growth 
can be considered to happen at diffi:re.nt rates throughout 
devdopment. Dimeglio describes four periods consisting of 
the antenatal period (exponential growth), birth until 5 years 
of age (rapid growth), 5 years until puberty (stable growth), 
and finally puberty (accderation/deceleration). Using skeletal 
ages, Dimeglio has demonstrated an early increased growth 
rate (3.2 cm/yr to 5 cm/yr) at puberty termed the a«elera~Wn 
phme followed by a decreased growth rate during the remain~ 
der of puberty (4). This limb peak height velocity occurred 
6 months before that of the peak height velocity of the spine. 
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FIGURE 28-2. Cumulative data representing the growth of the 
lower extremity. 
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FIGURE 21-3. Green and Anderson growth curve. The examination 
of growth rate as a function of chronologie age shows a major growth 
spurt during adolescence. Interestingly, no such spurt appears in the 
growth curve of Figures 29-6 and 2~7. (From Green W. Anderson M. 
Skeletal age and the control of bone growdl. lnstr lect Am Acad 
Orthop Surg 1960;17:19~217.) 
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Thus, at the onset of puberty (Tanner stage 2 and skeletal age 
of 13 for boys and 11 for girls), the average growth remaining 
in the lower extremities was 1 0 an for boys and 9 em for girls 
before reaching skeletal maturity.. Growth patterns can also be 
described in the Green and Anderson growth data whereby the 
lowet extremities grow after the age of 5 years an average of 
3.5 em per year (2 c:mlyr from the femur and 1.5 cmfyr from 
the tibia) until puberty. 

Etiology Leading to Abnormally Shortened 
Limb. Several congenital conditiODS of limb-length 
discrepancy (congt:nital short femur, fibular hemimelia. tibia 
hemi.melia) may be apparent at birth and continue to inhibit 
growth of the short limb as the child ages. Thus in mild cases, 
the difference in length may only be noticed as the child gets 
older. In initially apparent cases, a structural defonnity may emt 
within the bones themselves including the physis. For instance, 
congenitally short femurs are often associan:d with coxa vara, 
bowing. hypoplasia of the lateral femoral condyle, and extema1 
torsion (8-10). In addition the oongenitally short femur may 
be associated with other clinically notia:able limb abnormalities 
including fibular hemimelia (11, 12), anterior auciate ligament 
(ACL) deficiency (13-17), hail-in-socket ankle. tarsal coalition, 
and absent metatarsals and toes (18) (Fig. 284). Posterior medial 
bowing of the tibia is another congenital condition that has also 
been shown to accompany a leg-length discrepancy as well as 
calcaneal-valgus feet (19-21). Othet conditions that lead to 
limb-length discrepancy include congenital pseudarthrosis of the 
tibia (22); and patients born with a clubfoot have an incn:ased 
risk of having a leg-length discrepancy as a result of smaller foot 
size and also dca:eased length in the tibia (23) (Fig. 28-5). 

An acute change in bone length usually follow5 ttauma 
and f:rn.cture malunion. When a fracture heals in a shortened 
position. an immediate difference in limb length is observed. 
Some regrowth is likely to occur in younger patients (24, 25); 
this is especially seen in the femur (see below). Unfortunately 
regrowth is unlikely to occur in older children and adolescents 
with shortening >2.5 em in the femur, thus leaving a perma
nent leg-length discrepancy. Similarly, avascular necrosis sec
ondary to Perthes disease, idiopathic, or iatrogenic causes can 
result in an acute loss of height in addition to damaging the 
physis of the proximal femur (26, 27) • 

More conunonly, limb-length discrepancies result from 
gradual changes in leg lengths associated with growth anests 
from various causes. Growth plate fractures resulting in par
tial or total growth arrest may result in growth arrests with or 
without angular defonnities. Similarly neonatal sepsis with 
multi.focal osteomyelitis and septic arthritis with an associ
ated intra-articular growth plate (i.e., proximal femur) lead to 
physeal destruction and growth arrest (28) (Fig. 28-6). Other 
causes of premature growth arrest include radiation exposure 
(29) and neoplastic processes. The latter can be malignant 
or benign tumors-enchondroma, osteochondroma, and uni
cameral bone cysts. In these cases, growth arrests result from 
alterations in local growth or by iatrogenic means in t:.n:ating 
them. Mechanical forces can lead to growth retardation and 
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include infantile and adolescent Blount disease, which cause 
varus deformities of the proximal tibia through medial growth 
inhibition at the proximal tibia (30). The angular deformities 
seen in Blount disease and the anterolateral bowing seen in 
congenital pseudoarthrosis of the tibia, both cause an apparent 
discrepancy due to the deformity and a true discrepancy in that 
the~ bones are shorter than their normal wunterparts. 

Vascular impairment can also result in altered growth 
plate function and can be seen as a wmplicarion of regional 
disruption of blood supply [e.g., umbilical or femoral cath
eterization (31)] or local disruption [e.g., hip surgery in the 
infant (32)].1n these vascular causes, the likelihood of discrep
ancy can be correlated to the pattern of ischemic damage and 
increases with increasing involvement (33). Septic and vascular 
insults to the growth plate tends to lead toward diffuse growth 
plate dysfunction while trauma or neoplastic process may 

result in more discrete formation of bony bars between the 
metaphysis and the epiphysis preventing further growth. 

Loc:alized neurolo~cal syndromes can cause anaromic ~ 
length discrepancies. Hemiplegic cerebral palsy (34, 35), polio 
(36, 37), and other neurolo~c abnormalities (38) can cause 
decreased growth of affected limbs (Fig. 28-7). These patients 
can also have apparent shortening due to concomitant knee and 
hip wntl'a.ct\ln:s and need to be fuctored in when wnsideri.ng the 
functional discrepancy. Other nonncurologi.c causes of apparent 
shortening include the child with dislocan:d hip, who may present 
with appal'ellt shom::ning without a true leg-length d.isa:cpancy. 

Etiologies Leading to Abnormally Langtltened 
Umb. Some of the same factors that can cause shortening 
of a limb may also cause overgrowth of a limb. In general, it is 
thought that situations causing increased blood flow to a limb 

B 

c 
FIGURE 28-4. A: Patiem with congenital shan femur. Standing 
alignment film demonstrates genu valgum and shortened femur. 
B: AP radiograph of the knee demonstrates lateral femoral condyle 
hypoplasia, lateral subluxation of the patella, and hvpoplasia femoral 
intercondylar notch and of the tibial spine consistent with cruciate 
deficiency. C: AP radiograph of the ankles demonstrates a ball·and
socket ankle. 
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FIGURE 28-5. A 10-year-old boy has a 2.3 em discrepancy as a 
result of decreased foot height from the surgical management of idio
pathic clubfoot. 

either t.tansiendy or pennanendy may cause overgrowth of the 
c:memity. Examples of transient increased circulation would 
be that of posttraumatic or postinfectious overgrowth of the 
femur and or tibia. Examples of more permanent increases in 
blood flow would be inflammatory arthritis and arteriovenous 
malformations (39, 40) that can be seen in Klippel-Trenaunay 
syndrome (41, 42). 

Posttraumatic overgrowth typically occurs following a 
femur fracture but may also occur after an isolated tibia &ac~ 
ture or a combination of the two (43, 44) (Fig. 28-8). This is 
more likely to occur in proximal third and middle third femur 
fractutes (45). The most common ages at which this occurs 
seem to be between 4 and 7 years of age (46, 47), and avtt· 
age overgrowth of the femur has been found to range from 
7 to 10 mm (48). While the majority of overgrowth is felt 
to occur within the first 2 years (44), the clinician should 
follow these patients periodically until skeletal maturity to 

ensure similar leg lengths at skeletal maturity. In addition to 

ttawna, increased blood flow from in£lammatory conditions 
can stimulate growth. Examples where growth is stimulawd 
via inflammation near the physis include osteomyelitis or 
chronic inflammatory arthritis (rheumatoid, psoriatic, or 
lupus arthrosis etc.) (49-51). 

Several syndromes such as Proteus syndrome (53), 
Macrodactyly, Parke Webber (54), and Klippd-Trenaunay· 
Weber syndromes (41, 42, 55) have limb-length discrepancy 
due to generalized overgrowth of one of the limbs and may 
be accompanied by vascular malformationsL In general, these 
patients fit within the category of hemihypertrophy, and 
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FIGURE 28-6. A 2-year-old girl with a history of multiple joint 
neonatal sepsis and limb-length discrepancy as a result of physeal 
destruction and joim dislocations. 

the discrepancy may be a .tmJ.lt of various neurocutaneous 
disorders that are known to be associated with overgrowth. 
For instance, neurofibromatosis type 1 (NF-1) (which can also 
be associated with shonening in congenital pseudarthrosis of 
the tibia) can present with hemihypertrophy (52). Cutaneous 
signs of NF-1 include caf~ au lait spots, axillary and inguinal 
freckling. and cutaneous neurofibroma. 

When no apparent systemic disorder is present and the 
child has apparent idiopathic hemihypertrophy, the tteat
ing physician must recognize the possibility of Beckwith
Wiedemann syndrome (56, 57). This disorder is charaaerizc:d. 
by major criteria (macroglossia. overgrowth abnormalities, 
and anterior chest wall defects) and minor criteria (ear creases, 
flame-shaped facial nevi, kidney enlalgement, hypoglycemia. 
and hemihypertrophy) (58). These children are at increased risk 
for developing intraabd.ominal tumors such as W.tlms rumors, 
adrenal carcinomas, and hepatoblastomas (59). Because of 
this risk, regular screening with abdominal ultrasound& is 
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RGURE 28-7. A 9-year-old girl with infamile polio and a completely 
flaccid right lower extremity has a km limb-length discrepancy. 

recommended evety 6 months fur the fiM 8 years of life. Input 
from pediatric genetic specialists can be invaluable in evalu~ 
acing all these hemih:yperttophy patients when a diagnosis is 
not dear. 

PATIENT EVALUATION 
The parents of a child with limb-length discrepancy may pres
ent with concerns referable to a painless limp, pelvic obliquity. 
and d.ifferences in knee height, limb size and shoe sizes. It is 
important to study the past history of trauma, infection, neu~ 
rologic conditions, abnormal skin pigmentations, or cutane
ous vascular abnonnalicies. The onhopacdic physical exam is 
paramount in understanding a limb-length discrepancy. Each. 
patient's height and weight are recorded on the growth chart 
and parental heights are noted. 

The general physical examination is important and will 
become more fucused based on findings and clues toward 
the etiology are noted. Patients with questionable syndromes 
should be examined in shorts and with appropriate cover
ing to evaluate fur spinal defurmity, pelvic obliquity, signs of 
spinal dysr.aphism, and hemiatrophy. In the seated posicion, 
the clinician should evaluate for any abnormal skin mark~ 

ings such as hemangiomas, a:Dll.a.ry freclding, or cafe au fait 
spots. Hands can be inspected for differences in size and lower 
limb hemihypertrophy (Fig. 28-9) can be documented with 
the "thigh-leg" technique by measuring the foot length, calf, 
and thigh cirwmference at set distances above and below the 
knee in the supine and prone positions (60). In congenital 
limb~ length discrepancies, deficient thigh and gluteal muscu-
lature can lead to spuriously larger appearing discrepancies. 
With the patient in the supine posicion, the abdomen should 
be palpated to fed fur any inua-abdominal mass such as a 
Wilms tumor that can be related to Bec.kwith-Wredemann 
syndrome. Examination of gait may suggest underlying 
neurologic conditions; spasticity (noted by a crouched gait, 
decreased knee extension, equinus, and raising of one arm) or 
weakness (Trendelenbwg gait) may be uncovered. Functional 
compensation can be detected in gait and include hip and 
knee Rexion and circumduction of the long limb. On the 
short side, the patient may exhibit an equinus conuacture at 
the ankle and vaulting over the long limb. Vaulting is typi
cally recognized as the patient's center of gravity is thrust up 
and down. Upper extremity range of motion and muscle tone 
should be assessed in order to detect an underlying neurologic 
disorder. 

In the standing position, the level of the popliteal crease, 
iliac crest, and shoulders is noted and overall coronal and sag
ittal alignment of the spine and lower extremities is assessed. 
The clinician mUSt be sure the patient has his or her knees 
in extension and feet flat on the ground. An Adams for~ 
ward bend test should be performed to look for occult sco~ 
liosis. A fixed pelvic obliquity due to a spine deformity may 
be the underlying cause of an apparent leg-length disc:.rep
ancy. Placing their hands on the patient•s iliac crest will 
allow the examiner to observe any difference in height of the 
posterior superior iliac spines and then by using graduated 
blocks one can equalize the pelvis estimating the discrepancy. 
(Fig. 28-10). This indirect method of measuring leg lengths 
has been shown to be acauate within -1.5 em of actual 
lengths (61~). Pelvic asymmetry may occur in up to 5% of 
the normal population and give rise to some inaccuracy (65). 
In addition, this method may be more unreliable in the over~ 
weight child. 

Patients with nonsyndrome causes will unde.rgo exam 
of the affected limb in comparison to the contralateral limb. 
Examination of the foot for any signs of deformity should be 
mandatory; the deformity should be evaluated and may be 
a sign of fibular hemimelia. Hip, knee, and ankle instabil
ity should be documented and may suggest congenital short 
femur (hip and knee instability) which is crucial to consider 
when planning limb lengthening. Care is needed to doru
ment joint motion, muscle girth, and neurovascular func
tion. While supine, a detailed range of motion of the hip, 
knee, and ankle should be assessed for any conttactures. Hip 
adduction conuactures produce a functionally shortened 
limb while abduction contractures produce a functionally 
long limb; these can thus produce an infrapdvic obliquity 
(66-68). 
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FIGURE 28-8. Two centimeters of limb avergrowtfl is present 2 years after surgical management of an ipsilateral femoral 
shaft and tibia fracture. 

In the supine position, the true and apparent leg lengths 
can be measured wing a tape measure. The apparent leg length 
is measured from umbilicus to medial malleolus. The true leg 
length is measured from the anterior superior iliac spine to the 
medial or latm..l malleolus (60, 61, 64, 69-72) (Fig. 28-1). 
The knees and hips can be ftcn:d 90 degrees and any diffi:rence 
in knee heighu recorded (Galeaxzi sign) will suggest pathol
ogy in the fi:mo.rnl segment (hip joint to knee joint). Similarly, 
with the patient prone, differences in the height of the heel 
pad can be recorded demonstrating lilcdy pathology between 
the distal femur and the foot. As tape measurernenu and block 
measun:menu are prone to error, the clinician should we them 
together to screen for a true leg-length discrepancy and should 
confirm their findings with radiography. While the imaging 
modalities have been shown to be more accurate than clinical 
screening methods, clinically measured leg-length diffttcnces 
correlated better with patient's perceived inequality than did 
imaging (73). 

In addition to an orthopaedic aamination, an accurate 

assessment of maturity should be made. While seldom done 
in the orthopaedic clinic, a full Tanner staging can be useful 
to determine an adolescent's maturity. For review, the Tanner 
stage rdies on the devdopment of secondary sex characteristics 
to determine maturity. 

RADIOGRAPHIC ASSESSMENT 

Several different radiographic methods are available to 
quantitate a leg-length discrepancy, and each has its benefits 
and weaknesses. Factors that affect which. srudy to order include 
the estimated discrepancy, the location of the discrepancy, and 
the age of the patient. For illSWlCC, in children under 2 yeat3 

of age who are initially presenting with a leg discrepancy, the 
authors prefer to obtain a standing radiograph of the entire 
lower enrem.ity. Although this radiograph does not allow the 
highest accuracy in measuring the discrepancy, it is a simple 
method that requires only one exposure of a potentially fidgety 
child. In addition, it provides an evaluation of alignment and 
lets the clinician see all the bones in the legs. 

After the patient grows to the age wheteby a more sophis
ticated study can be reliably performed, this same tcc.hni.que 
should be employed throughout the c.hild's course so that 
differences are consistent. Similarly, the clinician should per
sonally measure all his or her awn films wing consistent land
marks (top of femoral head. medial femoral condyle, center 

of the an.lde joint) to ensure as much consistency as possible. 
Radiographic measurements should correlate with the clinical 
exam findings and when discordance is present. the cause of 
an apparent leg-length discrepancy should be sought. A classic 
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RGURE 28-9. Clinical picture is presented of a 1 0-month-old infant 
with apparent hemihypenrophy. Although he does not have other 
signs of Beckwith-Wiedemann syndrome. routine abdominal ultra
sounds are needed to detect abdominal tumors. 

example is the patient with a conwrrent hip or knee flexion 
contracture; thus the length of the bones may be best assessed 
with separate lateral films of the tibia and femur or advanced 
measurement techniques such. as CT sc.anogram (Fig. 28-U). 
Available in many centers, Computer Sct~nogram has several ben
efits; it is quick. associated with decreased radiation (74-76) 
and easily accommodates contracrures (77) and e:ne.rnal fu:. 
ators. Even though many clinicians do not have a CT scanner 
immediately at their disposal in the clinical setting and other 
reliable methods exist, CT scanograms have been shown in 
some of these cases to be more accurate than standard radio
graphic measurements bdow. 

Tekwv:Jmtgmography consists of standing alignment film 
(35 em x 90 em) taken with a single exposure at a distance of 
2 m centered on the knee joint; a radiopaque ruler will allow 
one to measure the diffi:rences in length (Fig. 28-12). It is 
perhaps the best radiographic assessment in the young where 
scanograms are difficult to obtain and where full visualization 
of the skdeton can assist in diagnosis. Its benefit is that it is 
a quick single x-ray and it can give information about limb 
alignment and limb length. Unfortunately. one mUSt account 
for magnification as parallax becomes an issue. In the past, the 
storage of these large films was more cumbersome, but with 

-- '· I 

RGURE 21-10. Placing blocks beneath the heel of the shon leg 
allows assessment of the combined effect of all factors that produce 
functional leg-length discrepancy. 

widespread use of digital radiography, this is less of an issue 
and some programs can assess length without the radiogt1iphic 
ruler. For individuals who cannot stand well, there is no signif
icant diffi:rence in length measurements when this technique 
is performed in the supine position (78). 

Recently, several authors have reoommended these radio
gmphs (especially the <X>mputer variants of this technique) to be 
the primary imaging tool to be used to diagnose and monitor 
leg-length discrepancies as the technique is .relatively ine:r:pensive, 
involves less radiation, is widely available, shows angular defor
mities, and can show asymmetries in the foot and pelvis (79-82) 
Recently. Sabharw.U <X>mpared the use of the scanogram. and dig
ital teleoroentgenogram (with a 5% magnification factor). The 
mean. d.ifkrences between the two techniques were 0.5 an and 
they had a <X>rrelati.on <X> efficient of 0.96. The authors endorsed 
the use of the single x-ray as this gave important information 
as to mechanical axis deviations not seen on a scanogtam, and 
this limited the patient to a single radiation exposure. This is in 
agreement with the findings of others (78). 

Ortho1'0mtgmography consists of three separ.tte exposures 
at the hip, knee, and ankle all placed on the same long
standing film with ruler centered over ea.ch joint (Fig. 28-13). 
This technique eliminates the magnification error as the 
x-ray source moves to the center over each joint (83). It can 
be adapted to show angular deformities, but throughout all 
exposures the patient mUSt remain still and thus makes it a 
challenge for smaller children. 
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A B 
FIGURE 21-11. A: Stsnding alignment film of an 11-year-old girl with arthrogryposis demonstrates a functional discrepancy 
in length approximating 9 em. Unfortunately, her severe knee flexion contracture precludes accurate assessment of her ana
tomic bone lengths. B: lateral CT scanogram demonstrates that her femur is not significantly shortened {2 em) and her tibia 
are essentially equal. 

Slit scanography or scanogrtt.ms are performed so that 
the x-ray source and the film are both adjusted to reduce 
parallax error and all three joints are pla.ced on one smaller 
film. Similar to the orthoroentgenography. the patient 
must remain still as the film and x-ray source move (84) 
(Fig. 28-14). Both indirect and direct slit scanograms have 
been described. Indirect scanograms utilize a midline ruler 
between the extremities from which measurements are made; 
a di.rea: scanogram places the ruler along the mechanical axis 
of the limb. The direct method has been shown to be more 
reproducible than the indirect (63). With today's computer 
imaging software, one can rapidly determine the differences 
in the absolute length between certai.n bones, thus improv
ing clinical efficiency by avoiding marking, measuring. and 
calculating differences. 

Other imaging technologies have been described to 

decrease radiation exposure; however, most of these are 
not readily available to the practicing orthopaedic surgeon. 
Microd.ose radiogr..phy involves an x-ray source and computer 
detection sysn:m which yidds data in about 20 seconds. The 

advantage of this system is its acauacy and the significandy 
less radiation exposure than in conventional radiographs. 
However, the widespread availability of the technology is lim
ited (74). Ail another method, ultrasound has been used to 
measure leg-length discrepancies and has found to be slightly 
less accurate than x-rays (72) but diminates all radiation. 
Finally. MRI has been used to assess lengths and despite the 
elimination of radiation, the cost, the length of procedure, and 
less accuracy have prevented its widespread use (85). 

MATURITY ASSESSMENT 

Assessment of maturity is another important fucror in aeat
ing a patient with a leg-length discrepancy. Unfortunately; 
chronologie age is only a rough estimate of maturity. and as 
orthopa.edists, we are interested in skeletal or physiologic 
maturity as it relates to growth. While a detailed developmental 
history (menardte. shaving, and scwndary sexual characteristics) 
can give a general idea of maturity. several imaging techniques 
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X-ray film 
liable 

RGURE 28·12. The teleoroentgenogram reveals angular deformi
ties but is subject to errors of magnification.lt is best for children who 
cannot remain still or as an initial test to locate deformity as well as 
length discrepancy. 

are often used to more ac:c;uratcly evaluate a child's skeletal 
maturity. Up to 50% of children were found to have a skeletal 
age that differed from their chronologie age by >6 months (86). 

Methods for measuring maturity based on the appear
ance of various ossification centers in various populations of 
"normal" pediatric patients have been published. Findings at 
the foot (Hoerr), knee (Pyle and Hoerr), pelvis (Acheson), 
and upper extremity have all been used. The most widely used 
method of assessing skeletal maturity is using the bone age, 
as described by Greulich and Pyle (87). These authors stud
ied the ossification centers of the left hand in a number of 

X-ray film 

r-, 
I ! I 

Unj 
(h 
I I 
I I 
I \ 
I I 
I I 
I \ 
I \ 
1 I 
1 I 
I I 
I I 
I 

Ruler 

Table 

RGURE 28-13. The orthoradiograph technique exposes each joint 
individually, thereby ensuring that the x-ray beam through each joint 
is perpendicular to the x-ray film and thereby avoiding errors of mag
nification. 
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RGURE 28·14. The scanogram technique avoids magnification 
error in the same manner as the orthoroentgenogram does and has the 
advantage of being on a smaller image. It is also useful for children 
who can be counted on to remain still. 

healthy normal children at di.fferent ages . .& the ossification 
centers appear and coalesce in a reasonably predictable fash
ion, they were able to develop a norm for each age. When 
a child has a bone age x-ray, the clinician or radiologist can 
compare this child's x-ray with those in the atlas and develop 
a bone age with a given standard deviation. While helpful, 
it does have significant deficiencies including gaps as far as 
14 months, thus giving a rather large standard error. While 
the average or mean radiograph would likely be chosen for a 
given skeletal age (placing half the children as more mature 
and half the children as less mature), the developers chose 
some of the standards based on what they subjectivdy felt 
were most representative of that age. Furthermore, while a 
general order of ossification occurs in the bones of the hand 
and wrist, variations do ocau; therefore arbitrary choices in 
age must be made. 

Despite the above limitations, the most common tech
nique used in determining skeletal maturity is the Greulich 
and Pyle technique that is based on standard radiographs, 
now over 50 years old, from affluent white children. The 
applicability of these astandards" to other ethnicities and 
to modern--day children has been questioned. Recent stud
ies have shown children to achieve an older bone age for 
a given chronological age today versus 25 yeats ago (88). 
Similarly, bone ages of &ian and Hispanic children tend 
to be overestimated using the Greulich and Pyle teclmique. 
They appear to mature sooner than the Caucasian and 
African American children (89). Recent advances have used 
computer-based systems to score the x-rays and determine 
the skeletal age (90-92). One of these systems has involved 
the recent acquisition of an adas of 1,400 children from four 
different ethnicities to attempt to limit any ethnic bias from 
the standards (89). Preliminary results appear promising 
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using these techniques as they are able to eliminate reader 
variability and bias. 

Similar to the Greulich and Pyle method, the TaMer
Whitehouse method (93) relies on the ossification centers of 
the hand and wrist (RUS-radius ulna and small bones) to deter
mine maturity, but relies on computerized mathematical p~ 
a:dures to evaluate the successive stages of 20 bony landmarks 
of the bone and wrist. The radiopph is compared to standard 
radiographs, and each of the 20 landmarks is designated a let
ter score. A numeric score is derived from this letter score after 
gender is taken into account. The result is a skeletal or bone 
age with a much smaller standard error. This method relies on 
the cuboid and long bones of the hand. If a discrepancy in age 
between these two types of bones exists, it may be reasonable 
to assume those measures of the long bones to be more direaly 
relew.nt to the maturity and growth of the long bones of the 
lower extremity, but this is only speculative (Fig. 28-15). 

Dimeglio (94) has shown accuracy in using a modification 
of the Sauvegrain method of bone age especially in the prepu
bertal and pubertal children. This is beneficial as it is in this 
age group (9 to 15 years old) that the Greulich and Pyle atlas 
lacks norms at regular intervals. This French method looks 
at the four different ossification centers about the elbow and 
develops a maximum 27 -point score for males and females. 
The score is then plotted on a graph and the appropriate bone 
age (at &.month intervals) can be determined. This method 
has been shown to be very reproducible and is ideal for c:lill
dren in this age group. Before the age of 9 in females and 11 in 
males, this method cannot be used. 

OTHER DIAGNOSTIC STUDIES 
When evaluating the limb-length discrepancy and based on 
the li.kely etiology, other imaging studies may be required. & 
previously stated, patients with apparent idiopathic hemihy
pertrophy require interval screening (every 6 months of age up 
until age 8 years) via abdominal ultrasound to rule out a Wilins 
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FIGURE 28-15. The Tanner-Whitehouse atlas 
provides standards for 20 different landmarks of the 
hand and wrist and allows detennination ofthe skel
etal age.!From Tanner J, Whitehouse R, Marshall W, 
et al. Assessment of skeletal maturity and predic
tion of adult height fTW2 methodt London, UK: 
Academic Press, 1975.) 

tumor or other abdominal masses that would be consistent with 
Beckwith-Wiedemann syndrome. When evaluating a growth 
plate injury from a traumatic. infeaious, or neoplastic cause, a 
CT scan or MRI of the a.ffi:aed growth plate may be essential 
to evaluate for any potential for bar excision (95, 96). Similarly, 
an MRI may be advantageous in evaluating the presence of 
anatomic strucrures (ACL) in a patient with a congenital shon 
femur or in evaluating the location of an arteriovenous malfor
mation prior to surgical intervention. 

GROWTH PAnERNS 
In order to predict the ultimate discrepancy, one needs to con
sider the patient's growth potential and whether future growth 
could be retarded or accd.eratc:d. For instance, one would 
cq>ect a 3-c::rn discrepancy from a femur shaft malunion in a 
12-year-old boy to remain stable as the growth plate is unaf
fected and the patient is unlikely to recoup the distance with 
regrowth. In contrast. a Salter Harris type I distal femur frac
ture with complete growth arrest will continue to worsen until 
skeletal maturity. In congenital limb differences, the ratio of 
the shon limb to the long limb has been shown to be constant 
(97). Clinically, these limbs will stay proportionately the same, 
but the absolute difference in length will increase (98). Some 
generalities can be made about the existing congenital defor
mity according to the patient age. For instance at binh, the 
ultimate disc.repancy will be 5 times the difference at birth, 
3 times the difference at 1 year of age, and 1.5 times the differ. 
ence at 7 years of age (4). Some developmental discrepancies 
(polio, Oilier disease, growth arrest) have been shown to have 
a rate of inhibition that is also fixed. 

Shapiro (99) described five patterns of growth inhibition 
(Fig. 28-16). Constant inhibition \WS only one pattern of growth 
inhibition recognimd. While five patterns were recognized. a 
given diagnosis may exhibit mote than one pattern of inhibition. 
Unfortunately, these patterns of inhibition ate difficult to use 
clinically. Even so, one may wish to keep these patterns in mind 
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TYPE 1 UPWARD SLOPE PATTERIII 

TYPE Z UPWARD SLOPE -
DECELERATIOIII PATTERIII 

TYPE 3 UPWARD SLOPE -
PLATEAU PATTERIII 

TYPE 3A DOWN'WARD SLOPE -
PLATEAU PATTERN 

TYPE 38 PLATEAU PATTERN 

TYPE 4 UPWARD SLOPE-PLATEAU
UPWARD SLOPE PATTERIII 

TYPE 5 UPWARD SLDPE-PLATEAU
DOWIIIWARD SLOPE PATTE Rill 

~~ 
AGE 

L 
L= 

FIGURE 28-16. Different patterns of growth retardation are demon
strated here. (From Shapiro F. Developmental patterns in lower extremity 
length discrepancies. J Bone Joint Surg Am 1982;64(5):639--051.) 

when planning an equalization procedure as this may cause a 
deviation from the prediction models described below. 

PREDICTIONS OF GROWTH AND ULTIMATE 
DISCREPANCY 

The most important question that drives prognosis and treat
ment is "what will be the final limb-length discrepancy, and 
how and when are we going to equalize them?" Multiple meth
ods have been developed to try to predict final discrepancies 
and thus guide treatment to allow equal leg lengths at skeletal 
maturity. From the previous sections, it becomes obvious that 
accurate knowledge of both the discrepancy and maturity 
is essential in answering these questions. Essentially, most 
methods to predict final discrepancies and time treatment rely 
heavily on the ground-breaking work of Green and Anderson, 
and each attempts to use this data in different ways (mathe
matically and graphically). Several generalizations can be made 
regardless of the technique used. Multiple data points (of dis
crepancy and skeletal age) over time help make more accurate 
predictions, and greater accuracy exists in predicting final limb 
difference as the child gets older (children >10 years of age). 

Green and Anderson Growth Remaining Model. 
Green and Anderson used longitudinal data on the growth 
of the lower extremities to predict the amount of growth 

remaining in the distal femur and proximal knee. Initially, 
semilongitudinal data on over 800 individuals were used to 
constrUct a growth remaining chart in 1947 (7). In 1963, 
a pure longitudinal cohon consisting of 50 males and 50 
females was followed yearly to refine the growth remaining 
chan and a nomogram of femur and tibia lengths. The later 
prospective cohon provided more accurate standard deviations 
over time and used skeletal age using Greulich and Pyle bone 
age. By plotting the skeletal age of the child, the amount of 
growth remaining in each bone could be read from the chart 
and allowed the prediction of the outcome of epiphysiodesis 
within two standard deviations. The growth remaining graph 
did not take into account the differences in the size of stat
ure or inhibition which might lead to differences from those 
predicted. 

Green and Anderson constructed another graph look
ing at the yearly growth of the tibia and femur in 67 males 
and 67 females from ages 1 to 18 years of age. This again 
was a completely longitudinal study based on chronologie age 
and average tibia and femur lengths (5). From this data, a 
nomogram was again constructed in which a patient's leg 
lengths could be plotted. From multiple measurements, per
centile growth of the individual could be seen on the "nor
mal leg" and inhibition of the short leg could be observed. 
They felt this helped with the growth remaining curve to 
determine whether a patient might be on the high or low 
side of the average growth remaining (i.e., a patient whose 
tibia and femur were two standard deviations from the norm 
might have a greater growth remaining and thus a greater 
inhibition after epiphysiodesis than someone two standard 
deviations below the mean). They stressed the importance 
of obtaining several measurements to get a sense on the pat
tern of the growth rate abnormality, especially in the 2 to 
3 years before a planned procedure as this rate may change 
over time. When using the chronologie graphs, they stressed 
the importance of taking maturity into account. Multiple 
measurements and the patient's overall growth chart percen
tiles can be useful in identifying discrepancies in maturity 
between skeletal and chronologie ages on these graphs. 
A patient consistently in the 80% percentile for height for 
age should similarly fall in near the second standard devia
tion for tibia and femoral length; if they suddenly drop in 
percentile this may mean they are either delayed in their 
maturation or were previously precocious. Knowledge of this 
will be useful in altering final predictions and might lead 
a clinician to use skeletal age rather than chronologie age. 
This method has been used for years and has been found to 
be accurate (100) at predicting the timing of epiphysiodesis 
(Figs. 28-17 to 28-20). 

Moseley Straight-Line Graph Method. In an effon 
to simplify and improve the accuracy of the Green and 
Anderson method, Moseley developed a nomogram for skel
etal age derived from Green and Anderson data to correct 
for percentile growth (variations in maturity and relative 
size) (101, 102). On this graph, the growth of each limb is 
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FIGURE 28-17. Graph showing total leg length versus skeletal age for boys allows a specific boy to be related to the 
population by plotting his leg length as a function of his skeletal age. It is useful in the analysis of leg-length data because it 
allows a projection into the future on the basis of the present situation. (From Anderson M. Green WT. Lengths of the femur 
and tibia; norms derived from orthoroentgenograms of children from five years of age until epiphyseal closure. Am J Ois Child 
1948;75:279-290.) 
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FIGURE 28-18. Graph showing total leg length versus skeletal age for girls serves the same purpose for girls that Figure 
28-17 serves for boys.(From Anderson M. Green WT. Lengths of the femur and tibia; norms derived from orthoroentgenograms 
of children from five years of age until epiphyseal closure. Am J Ois Chi/d1948;75:279-290.} 
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FIGURE 2:8-19. Green and Anderson growth-remaining graph. This graph shows the amount of growth potential remaining 
in the growth plates of the distal femur and the proximal tibia of boys and girls as functions of skeletal age. The graph is use· 
ful in determining the amount of shortening that will result from epiphysiodesis. (From Anderson M, Messner M, Green W. 
Distribution of lengths of the normal femur and tibia in children from one to eighteen years of age. J &me Joint Surg Am 1964; 
46·A(6):1197-1202.) 

recorded as a sttaight line. The effects of epiphysiodesis can 
be determined by using any one of three (proximal tibia. 
distal femur, both) reference lines so that equivalent leg lengths 
are achieved at maturity. To utilize this chan:, the length of 
the NORMAL leg is plotted on the given nonnative line. A 
vertical. line is then drawn and the intersection of the reference 
skeletal age (determined from Greulich and Pyle measmes) is 
recorded. The length of the ABNORMAL leg is then plotted 
on this same vertical line. The process is then repeated for at 
least three measurements. Best fit lines are then drawn on the 
skeletal nomogram and the ABNORMAL limb. A vertical line 
is drawn from the intersection of the skeletal age nomogram 
at maturity. The distance between these lines at maturity is 
the predicted discrepancy. Using the refe~:ence slopes for epi, 
physiodesis, one can determine when different combinations 
of epiphysiodesis could be performed to allow ultimate com:c;.
tion (Figs. 28-21 and 28-22). 

This method remains very useful in predicting final 
limb length with a mean error of 0.6 em using this tech· 
nique (76, 101). After surgical intervention, typically epi· 
physiodesis or lengthening, the leg-length discrepancy 
can continue to be monitored on the same graph to see if 

further interventions will be needed. Re<:ently, this graph 
has been updated to include more modern growth data, and 
the originators claim it is more acc:urate than the original 
Moseley suaight,line graph (103). The authors do not have 
experience with this graph. 

MenelausJWhit-Arithmatic Model. The arith
metic model was first proposed by White (1 04) and is useful 
when only one data point exists for the prediction of ultimate 
discrepancy. It was developed to help predict the timing of epi· 
physiodesis and not to describe growth. He suggested the distal 
femur grew 3/8 in. (10 mm) per year and proximal tibia grew 
1/4 in. ( 6 mm) per year and the discrepancy increases by 1/8 in. 
(3 mm) per year. This equated to 37% of total limb growth at 
the distal femur and 28% of total limb growth at the proximal 
tibia. White assumed boys stopped growing at 17 years and 
girls at 16 years. Menelaus later adjusted the age of growth 
cessation to be 16 years for boys and 14 years for girls. While 
calend.ar age was used in developing this method. Menelaus 
suggested it only be used when skeletal and chronologie age 
are within 1 year off each other and clinical used leg-length dif. 
ferences as determined by blocks and not radiographic length 
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Determing leg-length discrepancy: 
The growth-remaining method 

fJ Assessment of past growth 

1. Growth of both legs 
• present length- first length 

2. Present discrepancy 
= length of long leg - leng~h of short leg 

3. Growth inhibition 
_ (growth of long leg - growth o·f short leg) 
- growth of long leg 

1. Growth of long leg 
= 70.0-60.0 = 10.0cm 

1. Growth of short leg 
= 66.2 - 58.2 = 8.0 em 

2. Present discrepancy 
= 70.0-66.2 = 3.8 em 

3. Growth inhibition 
- (10.0 -8.0) - 0 2 
- 10.0 - · em 

mPrediction of future growth 

1. Plot present length of long leg on Green-Anderson 
leg length graph for appropriate sex: 

2. Project to r ight paral lel to standard deviation lines 
until maturity to determine mature length Of long 
leg 

3. Future growth oi long leg \ 
= mature length- present length 

4. Future iincrease in discrepancy 
=future growth long x inh ibition 

5. Predicted discrepancy at maturity 
= present discrepancy + future increase 

1. 90 

eo 
70 

60 
Leg length 50 

(em) 
40 

30 

20 

10 

Girls 

I 2 3 4 5 6 7 8 9 10 II 12 1314 15 161 7 18 

Skeletal age 

2. Length of long leg at maturity = 81 .1 em 

3. Future growth of long leg 
= 81 .1-70.0 = 11.1 em 

4. Future increase in discrepancy 
= 11.1 x 0.2 = 2.2cm 

5. Discrepancy at maturity 
= 3.8 + 2.2 = 6.0 em 

[!J Prediction of effect of surgery 

1. The effect of epiphysiodesis of the distal femoral 
and proximal tibial plates for a given sex and 
skeletal age can be determined by the Green
Anderson growtlh = remaining graph. 

2. The effect of lengthening is not affected by growth. 

1. Correction from proximal tibial arrest 
= 2.7 em 

Correction from distal femora l arrest 
= 4 .1 em 

Correction from combined arrest 
= 2.7 + 4.1 = 6.8 em 

RGURE 28-20. Step-by-step instructions for the use of the growth-remaining method. 
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Determining leg-length discrepancy: 
'The straight-line graph method 
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II Assessment of past growth 

1. Plot the point for the long leg on thesfoping line labeled " LONG LEG" 
at the appropriate length. 

2. Draw a vertical line through that point representing the current 
assessment. 

3. Plot the point for the short leg on the vertical line. 

4. Plot the point for skeletal age with reference to the sloping lines in 
the nomogram . 

5. Plot successive visits in t1he same fashion. 

6. Draw a straight line through the short leg points to represent the 
growth of the short leg. 

II Prediction of future growth 

1. Draw the horizontal straight line that best fits the points previously 
plotted for skeletal age. The fit to later points is more important than 
to earlier points. This i s the growth percentile line. 

2. From the intersection of the growth per·centile li ne with the maturity 
skeletal age line, draw a vertical l ine to intersect the growth lines of 
the two legs. This line represents th1e end of growth. 

3. The points of intersection of the vertical line with the two growth lines 
indicate the predicted lengths of the legs at maturity. 

II Predic:tion of effect of surgery 

1. To predict the outcome aftetr epiphysiodesis, draw three lines to the 
right from the last point for the long leg parallel to the three reference 
slopes. The intersections of these lin es with the vertical line 
representing the end of growth indicates the predicted lengths of the 
long lleg after the three possible types of epi[physiodesis. 

2. To predict the outcome after leg len,gthening, draw a line parallel to 
the growth line of thle short leg but elevated above it by the amount of 
lengtih gained . 

FIGURE 28-21. Step-bv-step instructions for use of the straight-line graph method. 
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Straight line graph for 
leg-length 

discrepancy 

100 

E 
90 

() ,_.. 
..c -0> 
1:: 
~ 80 
0> 
Q) 
_J 

70 

60 

50 

Skeletal age-Boys 

40 

30 

FIGURE 28-22. The strsight-line graph comprises three parts: the leg-length area with the predefined line fur the growth of 
the long leg, the areas of sloping lines fur plotting skeletal ages, and reference slopes to predict growth following epiphysio
desis. 

measurements. This method is best suited fur those patients 
during the last few years of growth whose skd.etal age correlates 
well with their c.hro.nologic age. The results of this technique 
fur timing epiphysiodesis have fuund that 80% of patients were 
within a ¥.1 in. when compared with the 90% obtained by using 
the Green and Anderson technique (105, 106) (Fig. 28-23). 

Dimeglio Method. This method is similar to the White 
and Menelaus method; however, different assumptions 
are made regarding the growth and skeletal age. Dimeglio 

calculates the growth at the knee to be 2 em per year (1.1 em 
at the femur and 0.9 em at the tibia) at the onset of puberty 
(bone age of 11 years in girls and 13 years in boys); in this 
model, growth ceases at bone age of 13.5 years in girls and 
15.5 years in boys. Based upon this, four common scenarios 
are generated for each discrepancy and timing of epiphys
iodesis. To treat a 5-cm discrepancy, epiphysiodesis of the 
distal femur and proximal tibia should be performed at the 
onset of puberty. For a 4-cm discrepancy, epiphysiodesis of 
the femur and tibia is perfOrmed 6 months after the onset 
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Determining leg-length discrepancy: 
The arithmetic method 

Leg-length data 
(for examples for all three methods): 

Sex: Female 

Age (yr) 
7 + 10 
8+4 
9+3 

Skeletal age ( yr) 
8 + 10 
9+4 

10 + 3 

Right leg length (em) 
60.0 
64.4 
70.0 

Left leg length (em) 
58.2 
61.9 
66.2 

Prerequisite growth itnformation 

Distal femoral p ~ate grows 10 mm/ yr. 
Proximal thbial p late grows 6 mm/ yr. 

Girls stop growing at 14 years of age. 
Boys stop growing· at 16 years of age. 

E1 Assessment of past growth 

1. Longest time interval for data 
:: age at last visit - age at first 

2. Years of growth remaining 
= 14 (16 for boys)- age at last visit 

3. Past growth o f legs 
= present length- first measured length 

4. Growth rate of long leg 
past growth 

= time interval 

5. Growth inhibition 
(g rowth off long leg- growth of short leg) 

;; growth of long leg 

1. Longest time interval for data 
"' 9 yr 3 mo - 7 yr 10 mo = 1 yr 5 mo 

= 1.42 yr 

2. Years of growth remaining 
= 14 yr - 9 yr 3 nno = 4 yr 9 mo :: 4.75 yr 

3. Past growth of: 
long leg = 70.0- 60.0 = 10.0 em 
short leg = 66.2 - 58.2 = 8.0 em 

4. Growth rate of long leg 

10.0 O I = 1.42 " 7. 4 em yr 

5. Inhibition 

- {10.0- 8.0) - 0 2 
- 10.0 - · em 

liJPrediction of future growth 

1. FUJture growth of long leg 
= years remaining x growth rate 

2. Future increase in discrepancy 
= future growth of long leg x inh ibition 

3. Discrepancy at maturitty 
= present discrepancy + future increase 

1. Future growt'h of long leg 
= 4.75 x 7.04 :: 33.4 em 

2. Future tincrease in discrepancy 
= 33.4 x 0.2 = 6.7 em 

3. Discrepancy at maturity 
= (70.0- 66.2) + 6.7 = 10.5 em 

II Prediction of effect of surgery 

Effect of epiphysiodesis 
:: growth rate x years remaining 

Effect of epiphysiodesis 
Femoral '"1.0 x 4.75 = 4.75 em 
T ibial = 0.6 x 4.75 = 2.85 em 
Both = 1.6 x 4.75 = 7.6 em 

FIGURE 28-23. Step-by-step instructions for use of the arithmetic method. The method presented here is modified from that 
presented by Menelaus and Westh. in that the future increase in discrepancy is calculated from growth acquired in the past 
instead of being assumed to be 0.3175 em per year of growth remaining. An example is shown in the panels in the right column. 



of puberty. For a 3-cm discrepancy, epiphysiodesis of the 
femur alone is recommended at the onset of puberty. For a 
2-cm discrepancy, epiphysiodesis of the femur only is recom
mended 1 year after the onset of puberty. This strategy can 
be adapted to individual cases but stresses the importance 
of making treatment d~isions at the onset of puberty and 
detecting this through Tanner staging (stage 2) and skeletal 
age (11 years in girls and 13 in boys). In this age group, hand 
and elbow radiographs were found to be effective in deter
mining bone age (4, 107). 

Mubiplier Method. In order to calculate the ultimate 
discrepancy; defined multipliers have been determined from 
previously published growth data. Tables of multipliers (for 
each age and gender) decrease with age and when multiplied 
by the existing deformity; an ultimate discrepancy can be pre
dicted. Thus by using the multiplier, the current leg lengths, 
and knowledge of whether the discrepancy is congenital or 
devdopmental, the clinician can estimate leg-length discrepan
cies at maturity. For congenital discrepancies, the discrepancy 
at skeletal maturity is easy to calculate. 
Disa:epaac;y at maturity = (L - S) x M, where L and S are 
the long- and shon-limb measurements and M is the age 
appropriate multiplier. At; developmental discrepancies have a 
constant rate of inhibition, the clinician must be able to calcu
late the rate of inhibition and the amount of growth remaining 
in the long limb. Thus, Disc:.ftpmcy at maturity • (L - S) + 
[1 - (S- S') I (L- L ')] x L (M- 1), where S, L are the current 
lengths and S;, L; are the lengths from 6 to 12 months ago. 
From these two calculations, affects and timing of epiphysio
desis can be estimated using similar appropriate formulae. This 
method has been found accurate (108-110), and the origina
tors stare that chronologie age is as accurate as bone age using 
this method (Table 28-1). 

In summary and as stated previously, all of the above 
methods assume constant growth and constant inhibition. 
Despite the knowledge that several inhibition patterns do exist 
(99), these do not appear to be of real clinical importance in 
estimating ultimate leg lengths. Studies have not consistendy 
shown that one method is superior over the others and that 
skeletal age does not necessarily improve estimation in final dis
crepancies. For example, Kasser et al. (111) found a mean error 
of 2.4 em using Anderson and Green data with chronologie 
age versus 2.6 em using the sttaight·line graph with skeletal 
ages in children <10 years of age. The accuracy of the skel
etal age determination h2s been brought into question. While 
no one technique is fuil safe, the authors would recommend 
always utilizing at least two techniques when determining 
treatment. If there is a sizable discordance between these tech
niques, a third should be employed. Of course, this is not 
always possible; both the Moseley and Green and Anderson 
methods require using multiple data points. When a clinician 
encounten a patient for the first time near the epiphysiodesis 
date (10 to 14 years of age), a treatment decision based on 
elbow and hand radiographs may better help determine the 
true skeletal age. 
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Age(yr) 

Femur 1ibia Femur 

0 5.90 5.40 4.64 4.76 
1 3.26 3.21 2.94 2.99 
2 2.60 2.56 2.39 2.39 
3 2.24 2.22 2.05 2.06 
4 2.00 2.00 1.82 1.84 
5 1.82 1.82 1.66 1.67 
6 1.68 1.69 1.53 1.54 
7 1.56 1.57 1.42 1.43 
8 1.46 1.47 1.33 1.34 
9 1.37 1.38 1.26 1.26 
10 1.30 1.31 1.19 1.18 
11 1.24 1.24 1.12 1.12 
12 1.18 1.17 1.07 1.06 
13 1.12 1.11 1.03 1.02 
14 1.07 1.()6 1.00 1.00 
15 1.03 1.03 
16 1.01 1.01 
17 1.00 1.00 

From Paley D. Bheve A, Herzenberg J. et al. MuHiplier method for predicting limb-
lang1h discrepancies. J Bons Joint S!Jrg Am 21XKJ;59A:1432-1448. 

NATURAL HISTORY OF UMB-LENGTH 
DISCREPANCY 
The TUttUral hirtory of limb-length discrepancy in adults is of 
major concern, yet unfortunately the data on this are lacking. 
To fully test the effect oftimb--length disc..t:epancy on a patient•s 
long-term function, one would need to study a cohon of 
affected individuals which could be compared to normal sub-
jects. These groups would have to be large in order to control 
for genetic predisposition for arthritis, trawnatic and lifestyle 
(obesity. smoking. exercise habits) f.tctors, and other comorbid 
conditions that can affect the rates of limb arthrosis and back 
pain. In the growing years, the long-term effect of discrep
ancy is also not known. Therefore, it is helpful to consider 
the effects of limb-length discrepancy on the growing child in 
terms of mechanisms of compmration. 

Mechanisms of Compensation. The parents of 
patients with leg·length discrepancy wony about developing 
problems of the hip, knee, and the spine. It is imponant to 
counsel families that the data on long-term effects of discrep
ancy are wtk:nown in adults, and no data demonstrate damage 
to the growing skeleton as a result of discrepancy. The child 
with a congenital leg-length discrepancy usually compensates 
better than adults who may have an acquired leg-length dis
crepancy. The movements about the lower limb joints with 
simulated and real leg-length discrepancies have been found 
to be essentially unchanged with small discrepancies (112). 
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Often times, a young child with a congenital discrepancy of 
3 em may not red right with a shoe llfi: and prefer to go with
out it. Song et al. found that discrepancies > 5.5% of the long 
extremity increased the mechanical work performed by the 
long limb and increased the vertical displacement of the center 
of body mass, with consequent energy penalty. Children with 
lesser discrepancies were able to nonnalize the work perfonned 
by the two extremities. These children compensate for minor 
degrees of leg·length discrepancy by walking on the toes of the 
short leg. with the heel r.u:ely touching the ground. This can 
result in a smooth, symmeaical gait that shows no abnormality 
except for the lack. of hed strike on the short side. Children 
who are older or who have a discrepancy of 4 to 5 em may 
also compensate for the discrepancy by flexing the knee on the 
long side or more commonly vaulting over the long leg. This 
action produces ex:cessive up-and-down motion of the pelvis 
and trunk. 

Natural History in Adults. It Ius been shown that 
discrepancies of <2 em are of no functional or clinical conse
quence in adults and that these discrepancies do not require 
m:atment (113). Despite evidence to suggest that discrepancies 
of <2.5 an are not significant in the adult (114), postural sway 
has been shown to increase when simulated discrepancies are as 
small as 1 em (115). Liu et al. (116) proposed the "symmeay 
index"' (SI) as a measure of the quality of gait and found that 
correction of discrepancy by a heel llfi: considerably improves 
the SI. 

It has been hypothesized that idibpttthic arthritis of the hip 
in the elderly patient may actually be the result of some previ
ously unrewgnized mild d~plasia, slipping of the capital fem
oral epiph~is. or leg-length discrepancy. It is conceivable that 
pelvic obliquity from limb. length discrepancy would decrease 
the cove.tage of the hip of the long leg in two--legged stance 
and with greater discrepancy; a more signifi.cant decrease in the 
center-edge (CE) angle could be expected to result in arthritis 
(Fig. 28-24). Despite this theory, there is no docwnentation 
to prove this hypothesis, and such a study would be diffirult 
to conduct as mentioned above. Leg-length discrepancy may 
increase the incidence of knee pain in athletes, although the 
nature of the relation has not been elucidated (117}. 

The effects of leg-length discrepancy on the spine are also 
not clearly established. Contw:lictory evidence exists about the 
possibility that leg-length discrepancy causes low back pain in 
the long term (118-120). Low back. pain is unusual in the 
younger child and is more common in the adolescent, but 
there is no evidence that low back pain and leg-length discrep
ancy are related in this age group. Frob et al. (121) studied 
whether leg-length discrepancy had any effect on the orien
tation of the facet joints in adults and found none, whereas 
Giles and Taylor (122) found changes in the facet joints of 
cadavers with leg-length discrepancy. It is not clear whether 
the incidence of back pain is higher in patients with leg-length 
discrepancy than it is in the general population. 

It is controversial whether leg-length discrepancy leads 
to structural scoliosis. Gibson et al. (123) assessed 15 patients 

with leg-length discrepancy following femoral fractures and 
found that after 1 0 years none had structural scoliosis. An 
increased incidence of strUctural scoliosis in patients with 
leg-length discrepancy has been noted when compared with 
the general population (124, 125); but it is hard to attri
bute leg-length discrepancy as the cause of scoliosis. If this 
were the case, the convexity of the scoliosis would be in the 
direction of the shorter limb; but in up to one·third of the 
cases, the scoliosis was in the opposite direction (Fig. 29·4). 
Because the leg· length discrepancy affects the spine only dur· 
ing two-legged stance, the skepticism toward the cause-and
effect hypothesis of length discrepancy and scoliosis seems 
justified. 

FIGURE 28-24. Decrease in CE angle with pelvic obliquity. The CE 
angle is decreased on the side of the long leg. Coverage is decreased 
and the resulting decrease in the load-bearing area causes an increase 
in pressure. Such a hip may be susceptible to late degenerative arthri
tis. IL. left; R, right; H, Hilgenreiner line; D, leg-length discrepancy.) 
(From Morscher E. Etiology and pathophysiology of leg-length discrep
ancies. Prog Orthop Surg 1977;1 :9.) 



TREATMENT OF LIMB-LENGTH 
DISCREPANCY 

General Treatment Principles. Limb-length dis
crepancy is a condition that the lay public can conceptu
ally understand; unfortunately, the public is also subject to 

misinformation on the implications of the discrepancy and 
treatment. As such, the physician is required to discriminate 
real and apparent (or positional) discrepancies in length, 
explain the facts and discount the myths which may be wdl 
entrenched. Patients referred for apparent discrepancies <1 to 
1.5 em may be due to positioning during assessment or may 
result from joint contractures. For the overly concerned parent 
with a child with a positional discrepancy; a standing or supine 
alignment radiograph can go a long way in allaying fears. 

When infants or young children present with a significant 
limb-length discrepancy, several clinic visits may be required to 

develop a good relationship with the family. A gradual approach 
allows the family to understand why the limb is affected and to 

psychologically come to grips with the implications for their 
child. For instance, it may take several meetings for the family 
to appreciate why the disorder exists, quantitate the current dis
crepancy; predict the discrepancy at maturity, and most impor
tandy; to understand the effect on their child's health. Naturally; 
families will want to know as soon as possible what treannent is 
likely; yet caution is needed to prevent informational overload 
at the early visits. Even in instances of significant shortening in 
which an infant will require reconstruction (usually several years 
to a decade later), an in-depth discussion on the risks of limb 
lengthening is not warranted at the initial visits. With time, 
a gradual introduction and education for future treatment is 
critical to develop a good parent-patient-surgeon relationship. 

Treatment Goals. Treatment varies according to patient 
age, the current discrepancy, and the projected discrepancy at 
maturity. While the child is growing. the family and the surgeon 
may temporize the situation with shoe lifts or other prosthetic 
options. The ultimate choice of treatment depends on the pre
dicted discrepancy at maturity. There are three ways to ulti
mately treat a limb-length discrepancy. The simplest method 
is to plan to continue the prosthetic or orthotic resources used 
in the childhood years. This is usually the best option in the 
two extreme situations--patients with slight discrepancies or 
in those whose projected discrepancy is so large it precludes 
limb reconstruction. In some of the later patients, surgical pro
cedures may be needed to optimize the use of these appliances. 

Should limb equalization be the ultimate goal, the two 

options are to either shorten the long limb or lengthen the shon 
limb. In the former scenario, one can consider procedures such as 
epiphysiodesis to slow the growth of the long leg or in mature 
patients to consider shortening of the bone via removal of a seg
ment of bone. If the limb is to be lengthened, it may require just 
a simple lengthening which involves an initial procedure and a 
subsequent disttaction of the limb. In some patients, a limb may 
require a series of surgical procedures to optimize the limb prior 
to limb lengthening. In either scenario of simple limb lengthening 
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or more complicated limb reconstruction, it is more apropos to 

consider limb lengthening to be a process, more than a procedure. 
There is some flexibility in the following guidelines to 

account for factors such as environment, motivation, intelligence, 
compliance, emotional stability, patient's and parents' wishes, and 
associated pathology in the limb. Fairly straightforward guidelines 
expressed in terms of the magnitude of the predicted discrepancy 
can be used to choose from among the major treatment categories: 

0-2 em No treatment 

2-6 em Onhotic use, epiphysiodesis, skeletal shonening 

6-20 em Limb reconstruction Uimb lengthening with or without 
adjunctive proceduresl 

>20 em Prosthetic fitting (with or without surgical optimization I 

Because there is some advantage to being tall (126-129), 
lengthening procedures are often preferred by parents and 
patients. Despite this, lengthening is not generally done 
for discrepancies <6 em because of the high morbidity and 
complication rate of lengthening. This procedure should be 
avoided in favor of epiphysiodesis or shonening whenever 
possible. The exception is in those patients who require a 
concomitant osteotomy to correct deformity, and therefore 
distraction through the osteotomy site can be performed for 
residual length discrepancies <6 em. 

Shonening procedures are usually not appropriate for 
correction of >6 em, because a disproportionate appearance 
may not be pleasing to the patient. The exception exists when 
epiphysiodesis is performed to correct a discrepancy of any 
magnitude when the long leg is clearly the abnormal one. In 
this case, the procedure corrects the abnormally long leg and 
does not result in abnormal proportions. Tibia skeletal shorten
ing is rarely done; in the femur, shortening > 1 0% of the bone 
length affects the bone-muscle length relationship resulting in 
muscle weakness. In addition, acute femoral shortening of 5 to 
6 em in mature patients is also not recommended because the 
bulbous thigh appearance is usually objectionable. 

The rough goal of limb shonening or limb reconstrUction 
is to equalize both limbs, provided no other comorbidities need 
to be accommodated. For instance, undercorrection of 1 or 2 
em would be considered functionally equtd and best for patients 
with paralysis of the shon leg. The residual discrepancy facili
tates clearing of the floor by the weak shon leg during the swing 
phase of gait, and this is even more impottant in patients who 
wear braces or have diminished swing phase knee flexion in gait. 
Whether skeleral shonening. epiphysiodesis, or bone lengthen
ing, the method of correction is chosen with the ultimate goal 
of making the limb lengths functionally equal; a secondary goal 
is to consider treatment that will allow a patient's body to be as 
symmetrical as possible. In order to maintain symmetrical knee 
height, one should consider lengthening the shonest bone or 
shortening the bone corresponding to the shonest bone on the 
long leg side. This only applies to instances where morbidity 
of treatment is equal. For instance, a mature adolescent with a 
4-cm shon femur would be a good candidate for acute femoral 
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lengthening on the long side. A similar patient with a 4-em 
shon tibia could be similarly managed even though this would 
result in abnormal knee heights. In this instance, femoral 
shortening is chosen because it is technically easier with fewer 
complications than tibial shonening. 

Orthotic Treatment for LLD. Not every patient with a 
discrepancy will benefit or want a lift; for instance in mature 
patients, no lift is required for discrepancies <2 em. In young 
children with congenital discrepancies in length, parents may 
not opt to consider a lift until the child has a discrepancy of 
4 em. These patients are used to a short leg and have adapted 
to it; practically speaking, these children are often barefoot and 
would not want to wear a shoe all of the time. Rapidly growing 
and active children would likely need more than one lift per 
year and some insurance companies may only pay for per year. 

A lift is a potential treatment for discrepancies up to 6 em 
and is a satisfactory adjunct for those patients with greater dis
crepancy who are not appropriate for surgery. It is imponant 
to realize that the discrepancy to be treated may be different 
from the radiographic measurement, perhaps indicating that 
there is a discrepancy in the foot height. Blocks can be used 
in clinic to estimate the extent of correction that feels best to 
the patient; the final height of the lift can be determined by 
clinical trials in which the lift height is temporarily modified 
to suit the patient. 

Depending on the patient, physicians may opt to recoup 
discrepancy with lifts inside the shoe (usually 1.5 to 2 em is 
the maximum), with the remainder, if necessary, applied to the 
bottom of the shoe. For larger discrepancies, the height of the 
lift should be less than the discrepancy. Lifts higher than 5 em 
are poorly tolerated because they may be heavy for a patient 
with congenital limb deformity. In addition, the leg muscles 
are not strong enough to resist inversion stress, and frequent 
ankle strains may result. If a higher lift is required, an onhotic 
extension up the posterior calf or above the malleoli can be 
added for stability. 

In patients who have a congenital amputation in addi
tion to a shon leg, the leg-length discrepancy usually can be 
made up in the prosthesis and thus obviate limb-equalization 
surgery. Prosthetic fitting after limb ablation surgery is a treat
ment of last reson but may be eventually needed in infants 
with a femur that is less than half of the length of the con
tralateral femur (130, 131). Amputation (Syme or Boyd pro
cedures) and prosthetic fitting is chosen if the discrepancy 
is anticipated to become > 15 to 20 em and especially if the 
patient has a functionally usdess foot (14). In order to maxi
mize prosthetic function, patients may benefit from adjunctive 
procedures which may include iliofemoral fusion, knee fusion, 
and Van Ness Rotationplasty. Foot ablation and prosthetic fit
ting is the preferred treatment when multiple procedures and 
lengthenings are needed to correct limb deformity and length 
discrepancy in extreme cases. Depending on how one defines 
complications from limb lengthening, families should expect 
one problem/complication that will require an additional treat
ment/surgery for each lengthening procedure. Furthermore, 

families should expect an average treatment period (from sur
gery to recovery) of at least 1 year for each limb lengthening. 

An enormous physical and psychological risk to a child 
would be expected if heroic attempts are taken to salvage a 
marginal limb with an 18- to 20-cm discrepancy. Some patients 
with fibular hemimdia and an unstable ankle do better with 
amputation and prosthetic fitting than with multiple hospi
talizations and surgical procedures to conserve the foot and 
lengthen the leg. This approach has the advantage of involving 
only one hospitalization and one definitive operation. They 
have an almost normal walking gait and can participate in rec
reational and sponing activities. Children who are treated for 
proximal focal femoral deficiency require above-knee prosthe
ses and they function wdl, although not as well as the chil
dren who have undergone bdow-knee amputations. Some of 
the above-the-knee prostheses can function as bdow-the-knee 
prostheses following a Van Ness rotationplasty, in which the 
reversed ankle functions as a knee, providing active control 
and motor power to the prosthetic knee (132). 

Although it is difficult for the parents to decide on an 
amputation in young children, those who undergo surgery 
and prosthetic fitting early in life show very good results. The 
optimal time for performing the Syme amputation is toward 
the end of the first year of life and for performing the rota
tionplasty is at approximatdy 3 years of age. It is hdpful for 
parents of children who are candidates for these procedures to 
meet older children who have undergone the same procedure 
and to talk with their parents. 

Epiphysiodesis. Epiphysiodesis is an excellent way to treat 
mild-to-moderate discrepancy in length; as a requirement, 
appropriate candidates must have enough growth remaining 
to recoup differences in length. The advantage to this method 
is the low morbidity and complication rate, thus making it the 
treatment of choice for surgical correction of moderate length 
discrepancy ( 1 04, 133-13 5). It is particularly useful in cases of 
limb overgrowth from fracture, inflammation, or overgrowth 
syndromes such as in hemihypertrophy. It is an excellent way 
to prevent limb-length discrepancy from occurring in the 
case of growth arrest from trauma or infection or tumor. For 
instance, in the case of a 12-year-old boy with an established 
growth arrest of his distal femur from trauma, an epiphysio
desis of the contralateral distal femur would be immediatdy 
indicated to avoid the expected 4-em discrepancy at maturity. 

The operation is effective by slowing the growth rate of 
the long leg and by allowing the short leg to catch up. It is nec
essary to take into account the ability of the shon leg to catch 
up; this is done by predicting the growth inhibition to correct 
the discrepancy at maturity. Epiphysiodesis is a highly accept
able procedure because it is straightforward, does not require 
postoperative immobilization due to instability, and disables 
the child minimally. It is most suitable for those children who 
have sufficient leg-length data to enable a confident prediction 
of the discrepancy at maturity of 2 to 6 em ( 136). 

After epiphysiodesis, the leg grows at a slower rate, having 
lost the contribution of the operated physis toward the process 



of growth. The loss is 27% fur the proximal tibial, 38% fur 
the distal femo.rnl, and 65% fur combined epiphysiodesis of 
both plates. The surgeon therefore induces a known degree of 
growth inhibition and has three discrete choices for shonening 
strategies. The amount of desired shortening can be achieved 
only by performing the surgery at the correct time. Performing 
the operation too late results in undercorrection, and perform
ing it too early results in overcorrection. 

The procedure itself is relatively easy to perform; a cer
tain diffiwlty arises in explaining it to the family and per
fOrming it ar the proper time. Most families ha~ an initial 
reticence about performing the operation on the good leg. 
In addition, the &milles can be concerned that the surgery 
will halt all of the child's growth or that they will a.ctUally get 
shorter. Funhermo.re, it can be difficult to explain why differ
ent growth plates grow at different rates. In order to improve 
understanding, it may be helpful to describe growth plates as 
automobile engines; some are more powerful than others, and 
in cases of discrepancy, one leg has a more powerful group 
of (growth) engines than the other. In order to make the legs 
equal, the epiphysiodesis is tantamount to placing a governor 
on the more powerful engines so that the other leg can catch 
up at the end of growth (finish line). 

Determining the appropriate time to perform the proce
dure is the most challenging pan of the treatment. Performing 
the procedure too early will result in the shon leg being longer 
than the leg undergoing the growth arrest; con~rsely. if it is 
done too late, then there will be incomplete correction. The 
Multiplier method and the Moseley growth chart are appro
priate mechanisms to gauge the appropriate time to perform 
the growth arrest (109). Use of the arithmetic method is most 
appropriate fur patients who present dose to the optimal 
time of epiphysiodesis and fur whom th~ is no infOrmation 
on past growth. In order to do so, we assume that boys stop 
growth at 16 years of age, girls stop at 14 years of age, and the 
distal femur provides 10 mm of growth and the p.roximal tibia 
6 mm of growth per year. Therefore a pan-genu epiphysio
desis could be expected to recoup 1.6 em of growth per year. 
This works well when the chronologie age and skeletal age are 
closely related; when discordant it is controversial whether the 
bone age or the chronologie age should be used. For instance, 
how does one predict the effect of a pan-genu growth arrest 

in a 13-yea.r-old boy when his skeletal age is 11.5 years. Based 
on chronologie age, a growth arrest at this age would lose 
4.8 em in the long leg. On the other hand and based on skel
etal age, a growth arrest would lead to a loss of 7.2 an. Blair 
et al. (137) reviewed. 67 epiphysiodeses and fuund that correc
tion to within 1 an had been achieved in only 22 cases, and 
35 failures had occurred because of the incorrect use of the 
Green and Anderson data.. It is better to aim for 0.5 to 1.0 an 
of undercorrection by doing the epiphysiodesis slightly later 
than the time fur perfect correction. To improve symmetry, the 
procedure is best done in the bone that is opposite the shortest 
one on the otheNi.de leg, although this principle may have to 

be compromised if future growth is insufficient fur such an 
epiphysiodesis to be effi:ctive. 
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FIGURE 28-25. Epiphysiodesis by stapling. Growth arrest can be 
accomplished by careful placement of three extraperiosteal staples 
over the medial and lateral aspects of the plate. 

Blount produced physeal arrest by placing three staples 
across the medial and lateral physis (138-140) (Fig. 28-25). 
He proposed temporary arrest and that growth would resume 
after removal of the staples (141, 142). This concept is attrac
tive because it obviated the need to make predictions of future 
growth. Unfonunately. this could not be predicted with cer
tainty. and cases of unde.siJ.d arrest, angular defOrmity, or 
rebound growth upon removal occurred (143-145). In addi
tion, some staples lost fixation, entering the adjacent joint, or 
caused overlying bursitis: these implants therefOre lost propo
nents and was considered to be a permanent form of growth 
arrest. Temporary instrumented epiphysiodesis with medial and 
lateral rigid staples may be used for the rare patient with over
growth that is significant at an early age and would be >6 em 
at maturity (e.g., limb gigantism associated with Macrodactyly 
or Klippel-Trenaunay-Weber syndrome). In these cases, the 
medial and lateral rigid stapling can slow the growth fur 1 
to 2 years and then be removed to be reinsern:d some time 
later or fOllowed with definitive epiphysiodesis. It is possible 
to perform stapling in such a way that normal growth resumes 
when the staples are removed. (1~148). Technical details are 
important such as remaining e:nraperiosteal and not directly 
exposing the growth plate. Some surgeons ha~ recently con
sidered growth arrest with the use of modular plate and screw 
devices placed on both sides of the growth plate. It is the 
author's opinion that these devices, designed fur hemiepiphy
seal stapling, should not be used to arrest growth because of 
the risk of implant failu.t~:: and asymmetri.cal growth arrest lead
ing to iatrogenic defunnity. Other methods of growth arrest 
include the use of transphyseal screws as originally desc:ribed 
by Metaizeau in 1998 (149-151). Khoury et al. (149) recently 
reported good results of growth arrest with uansphyseal screw 
epiphysiodesis (Fig. 28-26). 

The principle of uninstrumented growth arrest is to pro
duce a symmetrical bony bridge that tethers the physis and 
prevents future growth. Traditional epiphysiodesis requires inci
sions on both the medial and lateral aspects of the physis, a total 
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A 
CROSSED SCREW.S 

medial 
skin incisions I lateral 

skiin incisions 

B 
NON INTERSECTING SCREWS 

~ medial screws ~lateral screws 

FIGURE 28-26. Epiphysiodesis can be accomplished with percutaneous placement of transphyseal screws as described by 
Metaizeau et ai.(From Metaizeau JP. Wong-Chung J. Bertrand H. et al. Percutaneous epiphysiodesis using transphyseal screws 
{PETS). J Pediatr Orthop 1998;18(3):363-369.} 



FIGURE 2J-21. Epiphysiodesis by the Phemister technique. A rect
angular bone block is replaced in reverse position to produce a bar 
across dle growth plate. 

of four incisions if pan-genu arrest is performed. Traditional 
open techniques involve removing a block of bone from both 
sides of the plate and reorienting the block of bone to produce 
a bony bridge. Phemister removed a rectangular block that 
was two-thirds on the metaphyseal side and one--third on the 
epiphyseal side of the plate, and then put it back in a reversed 
position (152) (Fig. 28·27). Others have designed a box chisel 
or circular trephine to remove a square block or cylinder of 
bone that can be rotated 90 degrees before replacement (104). 
Macnicol and Gupta have reponed a percutaneous version 
of the Blount technique (153). All these proc:edw-es serve to 

bridge the physis medially and laterally with the solid bone. 
The current authors advocate percutaneous epiphysio

desis under fluoroscopic guidance as the current standard of 
care. Epiphysiodesis has considerable advantages over other 
approaches because of its low morbidity and low complica
tion rate, but there are minor disadvantages (154, 155). The 
advantages include small scars, thus avoiding unsighdy scarring 
(153, 156, 157). Disadvantages to the method include poten· 
rial for incomplete growth arrest resulting in angular deformity 
or continued growth. Scott, for example, reported a rate of 
continued growth of the physis of 12% (158). Additionally; 
we have seen several children develop i.nflammatory reac
tions within the soft issues that can be mistaken for cellulitis. 
Although most percutaneous epiphysiodesis are performed 
around the knee for length discrepancy, similar techniques 
with smaller drills can be used for the upper extremity or distal 
tibia. 
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In the preoperative area, the patient•s surgical limb is 

identified by the patient and family; the site is rruu:ked by the 
surgeon or the patient. Intraoperatively; a "time-out• by the 
surgical team confinns patient name, birth date, antibiotic 
prophylaxis, site of surgery, and planned procedure. After 
appropriate anesthetic induction, patients are positioned 
supine on a radiolucent table and fluoroscopic images con· 
firm appropriate visualization of the growth plates by lining 
up the image intensifier beam perfecdy parallel to the growth 
plates. This can be challenging for the distal femur where the 
growth plate is biconcave in nature; the tibia growth plate is 
easier to visualize because it is flat and parallels the joint line 
which is posteriorly sloped 10 degrees. A sterile tourniquet 
is applied and inflated to 250 mm of Hg of pressure prior 
to incision. 

Percutaneous epiphysiodesis is usually performed 
through one medial and one lateral incision. Edmonds et al. 
(159) found fourfold lower rates of complications when a 
two· incision approach is chosen over a single portal approach. 
After incising the skin and fat. the fascia is divided which 
allows the surgeon to place and drill a k-wire 1 em into the 
periphery of the growth plate. Once confirmed radiograph
ically; a 7 mm cannulated drill is placed over the wire and 
advanced horizontally, two-thirds the way across the growth 
plate. The drill bit is then backed up to the entry site and is 
directed anteriorly and advanced along the path of the growth 
plate and then redirected and passed posteriorly along the 
path of the growth plate. Between passes, the surgeon must 
adjust the trajectory of the drill bit anteriorly and posteriorly 
in order to remove the intervening growth cartilage. Care is 
needed to prevent inadvertent cortical breech and damage to 
the surrounding joint or soft tissue when the drill is directed 
anteriorly and posteriorly (Figs. 28·28 to 28·30). Because the 
distal femoral plate is biconcave and not perfectly flat, there 
is a technical challenge in making sure that the tip of drill is 
in the plate and that it stays there. In the distal femur, the 
intercondylar notch intrudes into the posterior aspect of the 
plate; anteriorly; the surgeon must be careful not to inadver
tendy enter the patella groove by being sensitive to the feel 
of the drill touching the cortical bone. The opposite incision 
is then made and the same technique is used to remove the 
growth plate anteriorly and posteriorly under fluoroscopic 
control. From the opposite entry site, the surgeon will be able 
to pass the drill bit all the way across the growth plate con· 
necting the two areas and in an attempt to remove the carti· 
lage adjacent to the opposite entry site. Once a connection 
between the two sites has been made, a curette can be used 
to remove the growth plate in the hard-to-reach comers. We 
flush the growth plate with sterile saline (without bubbles) to 
remove the debris and more dearly visualize the resected area 
via fluoroscopy (Fig. 28-31). 

Approximately 50% of the area of the plate should be 
removed in the pattern shown in Figure 28-32. This c:::x:cxmt of 
removal is sufficient to ensure arrest of the physis and maintains 
enough bone strength through residual plate and surrounding 
periosteum and perichondral ring to prevent fraaure. Ttbial 

Text continud on pag~ 1368 



m CHAPTER 28 I LIMB-LENGTH DISCREPANCY 

Technique of Percutaneous Epiphysiodesis (Figs. 28-28 to 28-30) 

FIGURE 28-28. Technique of Percutaneous Epiphysiodesis. The technique for destruction of the tibial physis is the 
same as that described for percutaneous epiphysiodesis of the distal femur. A drill is advanced across the physis under 
image intensifier control. Several passes are made going anteriorly and posteriorly, with care taken that each time the drill 
is advanced, it remains in the physis and not above or below it Care need also be taken so that the drill remains within the 
bone. The closer together these drill tracks are made, the easier the next step will be. 
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FIGURE 28-29. If the fibula was arrested with the open 
technique, it is a simple matter to start the drill into the bone 
through the wound. If not, a small stab wound is made oppo
site the physis. It is possible to do this from only the lateral (or 
medial) side in a normal-shaped physis. A-C: The drill is slowly 
advanced, checking with the image intensifier to be sure that the 
drill remains in the physis. This is done with each pass, as the 
surgeon moves the drill more anteriorly and posteriorly with each 
successive pass. In some cases, the physis follows an undulat
ing course, which requires the epiphysiodesis to be performed 
from both the medial and lateral sides. Besides, some surgeons 
feel uncomfortable passing the drill completely across the physis, 
especially posteriorly, for fear of going outside of the bone and 
injuring an important structure. 

FIGURE 28-30. After multiple passes with the drill, a curette is used 
to connect the drill holes and further remove additional physis. The 
curette should be checked with the image intensifier to be certain that 
it is removing physis and not unnecessary metaphyseal bone. Also, an 
effort should be made to k.eep the hole in the cortex as small as possi
ble to minimize the bleeding into the soft tissues. The wound is closed 
with absorbable sutures. A drain is not helpful because it blocks read
ily with the material from the bone. If the limb has 2 years or less of 
growth remaining, it is usually not necessary to arrest the proximal 
fibula. In this case. it is usually easier to perform the epiphysiodesis 
from the medial side because the border of the tibia is subcutaneous. 
This is the only time the operation is truly percutaneous. 
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RGURE 28-31. Radiographic images after percutaneous growth 
arrest demonstrates ablation of both the distal femur and the proximal 
tibial growth plates. 

epiphysiodais should be accompanied by amst of the pJ:O'lim21 
fibular physis if the tibial shortening is > 2.5 em (160). The fibular 
epiphysiodesis can be performed through the same skin incision 
as the lateral aspect of the tib~ but the sw:geon must approach 
the fibula from the anterior aspect to avoid the peroneal nerve. 
Because the tibia has a flat physis, one may be amptx:d to try and 
attest the growth plare from only a single incision; this can lead 
to complkations such as incomplete growth attest and angular 
deformity (159). 

Postoperativdy, we place a compressive dressing for 3 
days to reduce swelling and we routinely perform a femor.d 
nerve block with 114% m.arcaine for postope.mtive pain con
trol. Even though the bones are considered strong enough for 
routine ambulation, patients receive a knee immobilizer and 
crutches for ambulation in order to decrease pain. Once the 
pain resolves, these modalities are not needed as the child is 
weigh.tbearing as tolerated. Three days after surgery, the dress
ing can be removed and motion and the.mpy started to facilitate 
recovery. We typically restrict all sports activities until 6 weeks 
and ensure that the patient returns to activities when they have 

RGURE 28·32. Area of plate to be removed in epiphysiodesis. 
Obliteration of medial and lateral circular segments of the plate, leav
ing the central part and the strong periphery, successfully stops growth, 
yet the bone retains sufficient strength to forego immobilization. 

full motion and strength. Patients are seen at 6 months with 
a standing alignment film to detect any iatrogenic defonnity 
from incomplete growth arrest that may occur. Once complete 
growth attest is confirmed, they are followed with scanograms 
until growth cessation in order to document outcome and pre
vent possible overcorrection as a result of unexpected growth 
potential from the short leg. Should the leg length equalize 
prior to growth cessation, the family and patient may need 
to consider growth arrest of the previously short leg to ensure 
they remain equal. Thankfully, this is an extremely rare occur
rence as most surgeons tend to time the surgery in order to 
undershoot correction. 

Skeletal Shortening. Skeletal shortening has similar indi~ 
cations as epiphysiodesis (predicted discrepancy from 2 to 6 em); 
it is offered to patients who do not meet the prerequisites for 
epiphysiodesis either because they are too old to gain correc
tion through growth azrest or because their conditions are such. 
that the extent of the discrepancy at maturity cannot be confi
dently predicted. In patients where a deformed bone needs to 
be osteotomized and is slightly longer (=2 to 3 em), one can 
simultaneously shorten the bone. Skeletal shortening can also 
be considered to gain partial correction in patients with larger 
discrepancy (>6 em) because they are not candidates for limb 
lengthening as a result of clinical or psychological concerns. 
More extensive shortening of 7.5 em in the femur and 5 em 
in the tibia have been reported with no loss of function (161). 

The overall advantage of skdetal shortening is that it can 
be done in the mature patient. when the discrc:pancy is certain 
and length correction (and occasionally simultaneous angular or 
rotational deformity correction) can be precisely obtained. The 
disadvantage of a major skdetal shortening is the potential for 
relative overlengthening of the muscle and ~ess (162); as 
sw:h it is unusual to perform more than 3 em of shortening in 
the tibia and more than 5 em in the femur. A good rule of thumb 
is to consider that a shortening of around 1 0% of the bone length 
is usually well toleratx:d. Furthennore, it is desirable to plan and 
execute an osteotomy level that leaves as much muscle at in situ 



length; femoral shortenings done proximally will have minimal 
effect on the quadriceps that originate distally to the osteotomy. 

Skeletal shortening is usually performed in the femur; it is 
rarely done in the tibia except in cases in which the femur does 
not lend itself to shortening. Tibia shortenings have greater 
risk of neurovascular complications because of the proximity 
and the tethering of neurovascular structures. In addition, tibia 
osteotomies have a higher rate of delayed union, nonunion, 
and compartment syndrome. Should tibia shortening be per
formed, prophylactic anterior compartment fasciotomy is 
advisable to reduce the risk of compartment syndrome. Internal 
fixation is more difficult in the tibia; dosed techniques cannot 
be used because the bone is subcutaneous, and the muscles of 
the leg are slower to recover strength than those of the thigh. 

The early techniques involved making step cuts or other 
complex cuts in the diaphysis of the bone, using interfragmentary 
screws or intramedullary rods for fixation (163, 164). These 
techniques are only of historical interest, because better 
techniques with more secure fixation are now available (165). 
The two principal techniques in use today are diaphyseal 
shortening. open or dosed, with intramedullary rod fixation 
and proximal shortening with plate fixation. Both approaches 
provide secure fixation and neither requires postoperative 
immobilization. 

Prior investigators had pioneered a technique of dosed fem
oral shortening with an intramedullary saw set which allows the 
procedure to be performed entirely within the medullary cavity 
and without direct approach to the shaft of the femur (166, 
167). The femur diaphysis is cut at two levels; the intetvening 
bone segment is fragmented, shortened, and stabilized with a 
locked intramedullary nail; advantages are a minimal approach 
and less soft-tissue dissection. The nail provides outstanding 
fixation and the patient may weight bear as tolerated. This pro
cedure is limited to patients with bones that can accommodate 
the intramedullary saw and standard locked nails (usually 9 to 
10 mm of medullary space is required). This technique is usu
ally precluded in patients with open proximal femoral growth 
plates due to risk of growth attest or avascular necrosis; the latter 
results from damage to the lateral ascending femoral circumflex 
vessels along the femoral neck as the saw and the nail may enter 
through the piriformis fossa. Other risks to this surgery include 
potential fat embolism syndrome as a result of dosed femoral 
shaft reaming (168). Because the fragmented bone stays in situ, 
patients with dosed femoral shortening may temporarily com
plain of the large callus of bone that develops from the incorpo
ration of the comminuted bone fragments that remain. 

Alternatively; an open approach can be used to remove a 
segment of bone which is stabilized by a plate or possibly an 
intramedullary nail. A significant advantage of proximal femo
ral shortening (at the level of the lesser trochanter) with plate 
fixation is that the resection level is proximal to most of the 
quadriceps origin. As such, the muscle and bone length rela
tionship is preserved and patients recover strength quickly. The 
open approach allows exact measure of the amount of bone 
to be removed from the patient. This is an advantage because 
dosed femoral shortening does not allow precise measurement 
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of shonening. On the other hand, the open approach requires 
a large incision on the lateral thigh and requires elevation of 
the vastus lateralis muscle. The plate is placed on the lateral 
aspect of the femur, thus making it potentially prominent and 
painful. In these cases, a second later operation of moderate 
magnitude is needed to remove the plate. 

Preoperatively, the amount of bone to be shonened is 
determined from scanogram measurements; anteroposterior 
and lateral radiographs of the femur are required to measure the 
diameter of the diaphysis and to assess for anatomic deformity 
that would preclude intramedullary fixation. Intraoperatively, 
the patient is placed supine with a bump that allows exposure to 
the buttock. A guide pin is placed percutaneously to the appro
priate starting point as dictated by the proximal nail geometry 
[either the piriformis fossa (straight nail) or the trochanteric tip 
(trochanteric entry nail)]. The bony entry ponal is enlarged and 
the femur is prepared for reaming. Acute respiratory distress syn
drome has been reponed during or following dosed intramedul
lary shortening and may be the result of fat embolization caused 
by reaming an intact femur (168). In order to prevent this rare 
but significant complication, we routinely vent the femur with 
a large cannulated drill bit placed into the junction of the distal 
metaphysis and diaphysis. If the femur is of sufficient diameter 
(12 mm minimum), one can use newer reamers (RIA Reamers, 
Synthes, Paoli, Pennsylvania) that simultaneously ream, irrigate, 
and aspirate the femur. We funher advise the anesthesia team 
of the risk so that they can adequately hydrate the patient and 
keep the Pa02 high during the reaming process. The femur is 
reamed 1.5 to 2 mm larger than the diameter of the planned 
nail and sufficiently large enough to accept the saw. 

A proximal and distal k-wires are placed to detect inadver
tent malrotation after osteotomy, and then the osteotomy levels 
are identified. We prefer to plan the levels in the proximal one
third of the femur in order to minimize the amount of quadriceps 
muscle that would be functionally lengthened. Alternatively for 
shoner lengthenings, cuts could be placed so that the shortening 
is from the isthmus of the femur where the internal diameter 
is least; this has the advantage of more cylindrical reaming and 
eventual easier cutting in the cylindrical diaphysis. The bone is 
cut by a special eccentric cam saw (OEC Intramedullary Saw, 
Warsaw IN) that is passed down the shaft and cuts through the 
cortex from within (Figs. 28-33 and 28-34). The size of the saw 

required is determined by the outside diameter of the bone; the 
distal cut is made first, and a second cut is then made more proxi
mally at the precise location to give the desired amount of cor
rection (Fig. 28-35). Occasionally, the cuts cannot be completed 
because the femur is not perfectly cylindrical and the saw will not 
fully cut a portion of the bone. In these cases, a ~ in. osteotome 
can be placed percutaneously to complete the cuts (Fig. 28-36). 
Once the two cuts have been completed, the intervening cylin
drical piece of bone is split into two sections using a special hook
shaped reverse-cutting osteotome, and the pieces are pushed 
aside (Fig. 28-37). The surgeon then passes a guide rod down the 
femoral shaft which facilitates the placement of the intramedul
lary rod. The previously placed k-wires ensure rotational integrity, 
and the femur is locked distally and the rod is back-slapped to 

Text continued on page 1373 
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Technique of Closed Femoral Shortening (Figs. 28-33 to 28-37) 

FIGURE 21-33. Technique of Closed Femoral Shortening. 
The intramedullary bone saw set is a required equipment in 
addition to all the equipment necessary for closed intramedul
lary femoral rod placement. The saw consists of two shafts: an 
inner one with a saw blade on the end and an outer one with a 
bushing set eccentrically on it just proximal to the saw blade. 
This bushing fits tightly inside the medullary canal. The size 
of the bushing on the saw defines the size of the saw, which 
ranges from 12 to 17 mm. In reality, the size of the bushing is 0.5 
mm smaller than the stated size: therefore, it will fit into a canal 
reamed to the stated size. On the shaft opposite the saw blade is 
aT handle. an indexing scale marked 1 through 20, and a spring
loaded index scale locking nut. This T handle rotates the saw 
blade out from behind the bushing. On a threaded portion of the 
outer shaft is a measuring device that consists of a trochanteric 
rest distally and a locking nut proximally. 

The intramedullary chisel is a sharp, thick hook on the end 
of a strong rod. This is hooked on the distal end of the piece of 
bone to be split and is driven out of the bone with the slotted 
hammer. Because the piece of bone to be split is a rigid ring, 
splitting one side of it results in the other side of it splitting (see 
Fig. 28-37). 

T-HANDLE 

INDEXING SCALE 

LOCKING NUT 
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FIGURE 28-34.. The saw is now advanced down the medullary 
canal. The distal cut is made first. The measuring device is set to 
allow the saw to pass down the shaft to the distance that was 
determined on the preoperative radiographs. This can be checked 
on the image intensifier, although it may not be as precise. It is of 
critical importance that the trochanteric rest be held firmly against 
the tip of the greater trochanter at all times. Not only is this the 
reference point for all measurements, but it also ensures that the 
saw remains in the same cut in the bone. 

To begin the osteotomy, the index scale locking nut is pulled 
back and the indexing scale is advanced one hole past the zero 
marl<. The T handle is then used to turn the saw through one or two 
complete revolutions. The osteotomy proceeds by advancing the 
indexing scale one hole at a time. Each time after it is advanced, the 
saw is turned 360 degrees, cutting a small thickness of the bone. 
Each time the indexing scale is advanced, the saw protrudes slightly 
more. When the saw has been advanced to the number 20 on the 
indexing device, it has reached its maximal penetration. The index
ing device is returned to the zero mark, and the saw is withdrawn. 

Occasionally, after the anterior cortex has been cut through, the 
saw catches when it is rotated. It is important to make certain that 
the measuring device is held firmly against the tip of the trochanter. 
If this fails to correct the problem. the saw should be retracted three 
or four stops and then advanced one stop at a time. Care should be 
exercised in the procedure because it is possible to break the saw. 
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FIGURE28-35. The saw is now pushed down the shaft until the 
trochanteric rest sits firmly against the tip of the trochanter. and 
the entire procedure of cutting the bone is repeated at the proxi
mal osteotomy site. It is necessary to complete this osteotomy. 
This can be done by using the distal fragment of the femoral shaft 
as a lever to break this intercalary piece of bone off the proximal 
fragment. If this is not possible, either of the two methods used to 
complete the first osteotomy can be used. 
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FIGURE 21-36. In some circumstances. the femur may not break. This is usually because the saw has failed to cut 
through the linea aspera. There are two ways to deal with this problem. The canal can be reamed larger and a larger saw 
inserted. If this is not possible, the osteotomy can be completed by inserting a 1 /4-in. osteotome through a stab wound in 
the lateral thigh over the osteotomy site. The osteotome is passed into the osteotomy site under image intensifier guidance. 
The osteotome is then maneuvered posteriorly toward the linea aspera. With a firm grasp on the osteotome and with the 
hand held firmly against the thigh, the osteotome is struck sharply with a mallet to complete the osteotomy. 

FIGURE 28-37. The intercalary fragment of femoral shaft created by the two osteotomies must now be split and moved 
out of the way to allow the femur to shorten. If the entire piece of bone or one large piece of bone is displaced, it may cre
ate a symptomatic enlargement that interferes with muscle movement. 

The intramedullary chisel is inserted through the proximal and intercalary fragments, and the hook is directed postero
laterally to catch on a thick part of the intercalary fragment. It is usually not possible to split the linea aspera, and if the 
thin anterior cortex is split one large and one small fragment will result. With the hook in the proper location, the slotted 
hammer is used to drive the hook out of the canal. The image intensifier is used to verify that the intercalary fragment is 
split and to avoid splitting the proximal femoral shaft. 

After the fragment is split, the hook is used to displace the pieces to each side. Additional manipulation of the fragments 
can be accomplished by pushing on them with the distal fragment of the femoral shaft as it is brought into apposition with the 
proximal fragment. It must be possible to displace the split fragments and bring the distal and proximal shaft into apposition. 



oompress the osteotnmy rM>> fin.a1 proximal locking maintains 
shorrening and normal femoral rotation. In the past. oomplica
ti.ons resulted from inadequate fixation with unlocked nails. l.e&ol 
than rigid frati.on can lead to loss of rotational control and open
ing of the shortening gap. two problems that are difficult to con
trol without locking. 

0 
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Although closed femoral shortening is an appealing tech

nique, it requires familiarity with the .instruments. is techni
cally demanding. and has best results in experienced hands 
(Fig. 28-38). It leaves a small. cosmetically acceptable scar. 
and the later procedure to remove the rod is of lesser magni
tude than that required to remove a blade plate. The major 

F 

RGURE 28·38. Technique of closed femoral shortening. A: After reaming the canal, the saw is placed into the shaft of 
the femur. B: The femur is osteotomized. C: The second cut is begun at a length equal to the distance needed to shorten. 
D: The second cut is completed leaving a cylinder of bone. E: The cylinder of bone has been split with the osteotomes. 
F: Femoral nail fixation is performed after the femur is shortened. G: Solid healing is present 4 to 6 months after surgery. H: 
little clinical scarring is noted on her lateral thigh. 
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disadvantages are the technical complications and the risk of 
respiratory distress syndrome, as noted in the preceding ten, 

and the significant quadriceps weakness that results. Patients 
with greater shortening require 6 to 12 months to regain nor
mal knee control and function (169). 

Proximal Shortening with Plate Fixation. In certain 
patients, acute shortening is best aanmplished with an open 
approach that is stabilized with a wriety of plate fixarion devices. 
This method is appropriate for patients with concomitant proxi
mal femoral defonnity that needs to be simultaneously co1'J.'e(;ted. 
This method may be best for patients who may not be great 
candidates for intr.rmedullary fixation. Such patients have open 
growth plates (risk of avascular necrosis), very narrow diam
eter (poor reaming and nail candidates), or with femoral shaft 
deformity (bowing) that will not easily accommodate the nail 
geometry. In addition, open osteotomy techniques will ensure 
exact shortening where fluoroscopy is not readily available or in 
patients with brittle bones (osteogenesis imperfi::cta) that may not 
be clc:anly cut with an intr.rmedullary saw. In addition, patients 
with questionable pulmonary history may be at inc:rc:ased risk of 
.ARDS and should not have closed femoral shortening. 

We prefer to plan our shortening .in a proximal location 
when at all possible. This has the advantage of minimizing 
the degree of quadriceps functional lengthening and therefore 
min.imizing postoperative weakness. Mid diaphyseal shorten-

A B 

ings have the disadvantage of weakness as well as potentially 
decreased healing seen in nonmetaphyseal bone. Today. a host 
of different fixation options can be used and include devices 
with proximal fixation into the femoral neck (pediatric sized 
hip-screw devices or blade plates). Alternatively plates with 
locked screws (Synthes, Paoili, PA) into the femoral neck can 
be used. We pre&r to use a 110-or 130-degree plates in order to 

stabilize the femur; these devices have a lower profile than hip
screw devices or 90-degrc:e blade plates which are more suit
able for varus osteotomy (varus plates are designed for medial 
displacement of the femoral shaft). With these implants, we 
can perform an osteotomy at the junction of the intertro
chanteric-subtrochanteric level. This approach combines the 
advantages of metaphyseal healing without gready affecting 
the Blix curve of the quadriceps function. On occasion, distal 
femoral defonnity requires a more distal osteotomy to correa 
deformity (Fig. 28-39) in addition to shortening. We do not 
plan shortening >2 em at this level for risk of long-standing 
quadriceps weakness. 

A lateral approach to the proximal femur is made, the 
fuscia lata is incised, and the vasrus lateralis is detached from 
the vasrus ridge and elevated posteriorly to maintain an ante
riorly based flap of muscle. The blade plate chisel is placed 
into the pro:rimal femur over a guide pin; a distally placed 
k-wire that is placed parallel with the chisel will ensure that 
rotation is preserved. The chisel is inserted by hammering 

c 
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FIGURE 28-39. A! This 15-year-old girl with NOMID syndrome has a 4·cm discrepancy in length with genu varum from the 
distal femoral varus. She is a poor candidate for external fixation due to risks of infection and her severe immunodeficiency. 
B: Distal osteotomy is required to correct defonnity, but proximal femoral shonening osteotomy is additionally chosen due to 
concerns for weakness from shonening distally. C: Six months postoperatively, the length is equalized and varus is corrected. 
D: Good knee extension is possible secondary to preservation of her in situ quadriceps length. 



it a short distance, backing it out until loose and advancing 
fun:he.r; then it is backed out and readvanced in this manner 
to the appropriate depth. Failing to advance the chisel in this 
cyclical way can lead to great difficulty in removing the chisel 
once the bone has been seaioned. After the chisel site has been 
appropriately prepared and the chisel seated, the osteotomy 
level is planned; the most proximal cut is placed at or above the 
level of the lesser trochanter. The femur is cut with an oscillat
ing saw that is frequendy cooled with saline to minimize bone 
necrosis. The distal 1~1 is measured and similarly cut and the 
intermediary bone segment is removed. The chisel is rem<M:d 
and the blade plate is placed proximally along the chisel path; 
the plate is then fixed to the distal shaft after simultaneously 
shortening the bone while maintaining in situ rotation. The 
bone that WllS removed can be ground up and used as bone 
graft at the osteotomy level prior to wound closure. 

Growth Anest (Physeal Bar) Excision. Partial growth 
arresa (bar or bridw:) are a consequence of localized growth 
plate injury resulting from a multitude of etiologies including 
uauma, infc:ction, or neoplasm. Growth attests can vary in 
size and location and lead to variable combinations of angu
lar deformity or limb-length discrepancy. For instance and in 
comparison to traumatic growth arrests, the bridge from infec
tions tends to be less discrete, larger and more central, and can 
even consist of multiple small bridw:s. Diagnosis of growth 
arrest can be made by identifYing deformity (angulation or 
shortening) and growth plate abnormalities such as localized 
growth plate narrowing and asymmetric growth arrest lines 
(Fig. 28-40). Advanced imaging is available to define the 
c:nent and location of the bridge and include computerized 
tomography (CD and MRI scans. The latter is extremely sen
sitive and in cases where no obvious deformity (length discrep
ancy or angulation) has resulted, the .surgeon would be wise 
to document irrefutable growth alteration before considering 
treatment. cr scanning is very effective for mapping out the 

FIGURE 21-40. A 15-year·old boy has ankle deformity 4 years after 
an ankle fracture. Asymmetric growth arrest lines are present and are 
indicative of growth arrest. 
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location of the bony bar and calculating the size of the bridge 
in relation to the growth plate bridw:. 

Bridge resections are usually limited to those that involve 
<50% of the sur&ce area of the growth plate and who would 
have at least a 2~cm discrepancy at maturity. In patiena who 
would have less than a 2--cm discrepancy at maturity, compl~ 
tion of the growth arrest is preferable to the unpredictable 
results inherent to bridge excision. Attempted excision of baJ:s 
>50% may be considered in seleaed cases where the predicted 
growth loss is >5 em. In these young patients, an attempt at 
acision may be preferred to the diffirult treatment of limb 
lengthening. Most authors do not consider an angular defor~ 
mity to be a contraindication to attempted bridge excision; 
however, concomitant osteotomy should be considered if the 
deformity is > 15 to 20 degrees. 

Established bars can be considered peripheral or central, 
the latter are more challenging to remove and treat. In order to 
remove a central bar, a hole is made in the metaphysis and the 
bone is removed distally until the physeal scar is approached. 
CiJ:cu.rnkrential removal of bony bar at the level of the 
growth plate will continue until growth plan: is visualized for 
360 degrees; this may be facilitated with the use of an arthro
scope camera (170) or a dental mirror. There is the danger 
that minor components of a central bridge can be left behind. 
The resected area is then filled with inert material such as fat 
or cranioplast cement (minimally exothermic bone cement). 

Peripheral bars are exposed and the margins of the bar 
are defined with inuaoperative imaging and from preoperative 
planning. Under Ioupe magnification and headlight illumina
tion, the bone is butted away until growth plan: is present at 
all areas. Once the bone is removed, inert material (fat or cra
nioplast) is placed into the defea and will prevent the bone 
from growing back. bemeen the epiphysis and the metaphysis. 
Placement of k-wires in the epiphysis and the metaphysis will 
facilitate monitoring of the growth plate function. With time 
and further development, it is anticipated that image guidance 
methods and intraoperative cr scanning could improve the 
ease and results of bridge excision. 

Limb Raconstruction/l.imb Lengthening. Patients with 
discrepancies >6 em may only require /im}, lmglhming as a 
component of their discrepancy. Patients with discrepancies 
greater than this may require multiple and different operations 
(including limb lengthening) and are better termed limb r~con
struction candidates. Correction of projected discrepancies of 
15 to 20 em is possible with recent advances in technology and 
with improved understanding of mechanisms or strategies to 
avoid or reduce the morbidity associated with these endeavors 
(171-173). In order to correct deficiencies of this magni~ 
tude, the patient and their families have to be aware that a 
series of operations may be needed to optimize the limb (limb 
optimiztllifm) prior to limb lengthening and that increases in 
length are best obwned with a series of moderate lengthening 
attempts (10% to 20% in length at each limb-lengthening 
attempt). The family needs to recognize that each lengthening 
attempt will require at least 1 month of fixator time for every 
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centimeter of length gained. Thw, an external fixator period 
of up to 6 months will be required and will precede many 
more months of required rehabilitation. Combining these facts 
with the ubiquitow associated problems or complications and 
additional surgeries to treat them, it is no wonder that many 
centers require psychosocial consultation prior to embarking 
on such rigorow treatment. Finally, it needs to be recognized 
that some residual length discrepancy may require epiphysio
desis or skeletal shortening of the nonaffc:cted side in order to 
complete the treatment goal of limb equalization within 2 em. 

Within the scope of this chapter, it is impossible to out
line the timing or scope of treatment that is needed for each 
individual patient. Nor is their uniformity among practitioners 
regarding the optimal time to begin the limb reconstruction 
process. Pros and cons exist at every stage of the process; some 
advocate delaying limb lengthening until patients are older 
children (10 to 12 years) so that they can comprehend the 
task ahead; others suggest that lengthening at an earlier age 
(5 to 7 years) may allow for more normal growth posdength
ening and perhaps less ultimate discrepancy. 

One reasonable philosophy is to optimize any osseow 
or joint deformity that would be an obstacle to lengthening 
prior to school age. For instance, concurrent hip dysplasia in 
congenital short femur should be corrected well before femo
ral lengthening in order to avoid hip dislocation. Similarly, 
correction of ankle valgus may be needed before lengthening 
for fibular hemimelia. It is also reasonable to plan lengthenings 
such that when completed an appropriate amount of residual 
growth on the contralateral leg is available to compensate for 
incomplete correction via epiphysiodesis of the long leg. 

Patient Factors That Affect Limb Lengthening. Cer
tain preex:isiting conditions increase the risk of complications 
during limb lengthening. For instance, the complication rates in 
limb lengthening for congenital disorders is greater than limlr 
length discrepancy fiom shortening due to growth plate injury 
(infi:ction, trauma. or neoplasia). Perhaps, the easiest lengtheni~ 
are in skeletal dysplasia patients who are lengthened for stature. 

The differences in complication rates from congenital deficiency, 
growth plate injury, or skeletal dysplasia are likely a result of differ
ences within the adjacent soft tissues. In congenital conditions, the 
soft tissues are dysplastic and short; in patients with discrepancy 
fiom growth plate injury the soft tissues are normal; and in skeletal 
dysplasia the soft tissues are relatively longer than the bone to be 
lengthened (thus more amenable to lengthening). 

Other comorbidities include irreparable joint instability 
(such as seen in neonatal septic arthritis) which can preclude 
lengthening. In addition, neurologic deficits within the leg sug
gest that the weak leg should be left a little short to facilitate floor 
clearance during swing phase. Weakness and the need for brac
ing mwt be assessed bc:cawe leg-length discrepancy in patients 
with paralysis or weakness is usually best handled by undercor
rection, leaving the weak leg short to facilitate swing-through. 
Another important consideration is in those patients where 
irradiation has been wed to treat tumors (29). The absence 
of mesenchymal precursors and healthy osteoblasts precludes 

lengthening procedures through the affected bone (impossible 
for dead bone to form a lengthening regenerate) and the soft 
tissues that are resistant (fibrotic and inelastic) to lengthening 
procedures (17 4, 175). Other conditions to consider include 
the presence of spinal deformity and spinal imbalance; stiff 
suprapelvic obliquity which is compensated by discrepancy may 
lead to trunk imbalance once legs are equalized. 

Prior to lengthening. a temporary shoe lift is useful for 
patients with complex deformities, because they take into 
account the combined effects of asymmetric feet, angular 
deformities, contractures, pelvic obliquity, and spinal balance. 
These lifts can be wed to simulate the effect of length gained 
and prepare the patient for the end result. Finally, the con
cerns, compliance, and emotional state of the parents and 
patient must be taken into account. This aspect is partic:ula.rly 
important when lengthening is being considered, because this 
is a long and difficult process requiring understanding and 
cooperation by all involved. Despite excellent education and 
preparation, parents and patients always underestimate the 
duration of lengthening and the later restriction of activities. 
The surgeon constandy mwt be aware that patients frequendy 
express concerns about function when they are actually con
cerned about cosmetic effect, which may be less important 
when compared with the risks of surgery. 

Limb Optimization. Surgery may be needed prior to or 
at the time of lengthening and include release of contractures, 
correction of angular deformity, and completion of partial 
growth arrests cawing angular deformity. It is sometimes advis
able to correct coexisting deformities before correcting leg
length discrepancy, becawe the correction of some deformities 
changes the treatment goal. For example, the correction of angu
lar deformity of the limb wually increases the length of the leg. 

Prior to distraction osteogenesis, certain conditions need 
to be maximized in order to prevent complications from limb 
lengthening. Most of these involve stabilization of joints above 
and bdow the bone to be lengthened. For instance in con
genital short femur, hip dysplasia (shallow socket or femoral 
varus) can lead to hip dislocation during or after femoral 
lengthening. To improve hip stability, acetabular dysplasia is 
best corrected via pelvic osteotomy; proximal femoral varus and 
retroversion can also contribute to hip instability during length
ening and should also be corrected with osteotomy. Patients 
with congenitally short femur often have associated laxity of 
the cruciate ligaments ( 13) and hypoplasia of the lateral femoral 
condyle (Fig. 28-4). These deformities can predispose to patel
lofemoral dislocation or subluxation of the tibial plateau during 
lengthening. Similarly, lengthening of the tibia for fibular herni
melia can be contraindicated in the presence of an unstable. 

Limb Lengthening. It is important that families under
stand that limb lengthening is not jwt a "procedure" (where 
the bone is cut and a lengthening device applied) but is more 
apdy considered a challenging "'process," whereby the bone is 
lengthened after a relatively simple procedure. When consider
ing limb lengthening, certain principles should be considered. 



Primarily, limb lengthening is a procedure of last resort and 
is reserved for situations in which other methods of correc
tion are available. Lengthening is usually not appropriate for 
patients requiring correction of <6 em as methods of shorten
ing are of lesser morbidity. Two exceptions to this principle 
exist; for instance, patients of short stature may not find short
ening (skeletal shortening or epiphysiodesis) to be an accept
able alternative. Additionally, for those patients who require an 
osteotomy to correct deformity. a subsequent limb lengthen
ing for shomr d.iscrepancies can be subsequently performed 
through the corrective osteotomy site. 

Secondarily; it is not uniform to expect to gain distances 
of >8 to 10 em at a lengthening without hav.ing problems or 
complications from the lengthening. A goal for a lengthening 
for most patients is between 15% and 20% of the original bone 
length. For instance, when lengthening a 30 em femur, it is rea
sonable to expect 4.5 to 6 em of length gain before complica
tions or pain limits further lengthening. Patients requiring large 
corrections may require staged lengthening of femur and tibia, 
repeated staged lengt:heniags of the same bone (176), or sup
plementary shortening procedures on the long leg. In patients 
who undergo seriallengthenings, complications rates appear to 
be similar in bones that are lengthened once or twice (1n). 

Third, the time required to lengthen a limb and reha
bilitate it fully can be extensive; for instance families should 
expect 1 month of fintor time for e:very centimeter of length 
gained and does not include the time required for rehabilita
tion and to protect the limb from injury. Finally. when the 
predicted discrepancy approaches 15 to 20 em, the morbidity, 
time, and hardship encountered outweigh the benefits of serial 
lengthening, and this method is abandoned in favor of ampu
tation and prosthetic fitting. 

Historical Perspective. Since Codivillis report, there 
have been many techniques described for lengthening the leg. 
These have included step cuts (178), periosteal slee:ves (179), 
onlay cortical grafts (180), slotted plates (181), intramedullary 
rods (182), and other internal and external devices for gradual 
controlled lengthening (183-186). The Anderson device, using 
large pins and an external fixawr with threaded rods for length
ening, became widdy used but confined the patient w bed. 
Teclmiques of instantaneous lengthening of the femur (165, 
187-189) and tibia (190) have been repomd but have not 
gained widespread support because the amount of length to be 
gained is limited. Simultaneous shortening of one fumur and 
lengthening of the other with the ac.ised bone segment from 
the other-side leg has been recommended (191, 192). Although 
not considered .. limb lengthening," ttansiliac lengthening up to 
2 to 3 em can be performed in patients with infiapelvic asym
metry that requires concurrent hip stabilization (193-195). 

A significant advancement in limb lengthening was made 
with the Wagner method of limb lengthening which gained 
popularity in the 1970s and early 1980s. With this method, 
the diaphysis of a bone was sectioned and sofi: tissues released 
as necessary. The bone was acutdy lengthened 1 em while 
an external fixator device hdd the bones apart. The Wagner 
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ex:temal fixator was then used to lengthen the limb 1.5 mm 
per day until the desired length was obtained. At that point, 
the device was removed and a metal plate was fixed w the other 
side of the osteotx>my, thus stabilizing the both ends. The dis
traction site would then be filled with autogenous bone gt#t: at 
this operation or during a third operation. Once the bone was 
consolidated, the plate could then be removed. Although this 
method was effective, patients suffered complications ranging 
from device failure, deep infection, poor bone healing, pain, 
sofi:-tissue contractures, and even hypertension. Over time, the 
Wagner method and other methods of lengthening became 
obsolete with improved understanding of the biology of dis
ttaction osteogenesis (llizarov) also termed d.isttaction callota
sis (DeBastiani). Other advances in technology continue today 
with newer fixaton, computer-guided application, and defor
mity correction and implantable lengthening devices. 

Over the last two dec:ades, the advancement in lengthen
ing has been accompanied with descriptive terms for devices 
and the methodology of distraction osteogenesis. For instance, 
the Ilizarov method can be considered distraction osteogen
esis which is the same process refe.rred to by DeBastiani as 
distraction callotasis. The former used a circular fiutor with 
transfixing wires (llizarov device) (Fig. 28-41) and the later 
utilized a monolateral device with half pin fixation (Orthofi:x: 
device). When choosing between the devices that are available, 

RGURE 28-41. llizarov lengthening device. External fixation is 
accomplished by tensioned wires fixed to circumferential rings. !From 
llizarov G. Deviatov A. Surgical lengthening of the shin with simultane
ous correction of deformities. Ortop Travmatol Protez 1969;30:32-37.) 
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the surgeon recognizes that the distinction between the two 

devices is no longer as sharp as it once was. For instance, ring 
fixators may be stabilized with half pins as well as transfix
ing wires; similarly monolateral devices may have rings applied 
that can utilize the transfixing wires. These latter constructs are 
more aptly considered hybrid constructs. For the purposes of 
this chapter, we choose to consider that the biology of distrac
tion osteogenesis is the same whether it is stabilized with a ring 
or monolateral fixator. 

Distraction Osteogenesis. There are three phases 
in distraction osteogenesis, and these can be characterized 
as the latency (waiting), distraction, and consolidation peri
ods (Fig. 28-42). After the osteotomy, the bone ends are kept 
opposed for a period of time that can vary between 3 and 
14 days. During this latency period, the osteotomy site passes 
through the inflammatory phase of fracture healing. The dura
tion of this latency period varies according to factors such as 
patient age (older-longer latency) and location (diaphysis
longer latency) and further tends to be longer if the bone has 
had previous surgery, trauma, or is acutely angled. During 
the latency period, the patient and parents understand and 
become comfortable with the lengthening mechanism, pin site 
care, an exercise program to maintain mobility and to attain 
ambulation with weightbearing. 

After the waiting period, the osteotomy then enters the 
reparative stage of fracture healing and the site is distracted 
1 mm per day in differing increments. Most surgeons recom
mend 1,4 mm lengthening steps done four times per day to 
optimize bone formation. This can be increased if exuberant 
callus is noted or conversdy can be slowed if bone formation 
seems retarded. It is wise to obtain radiographs at the distrac
tion site 1 week after the distraction is started to make sure the 
osteotomy is spreading an expected amount. Device malfunc
tion or errant lengthening methodology will become apparent 
if the bone has not gapped an appropriate distance. During 
the lengthening period, radiographs of the joint above and 
bdow are needed to detect nascent hip or knee subluxation. In 
addition, radiographs are taken at intervals of 2 to 4 weeks to 
evaluate alignment and the quality of bone in the lengthening 
gap (i.e., the regenerate). Altemativdy; ultrasonography can be 
used to measure the lengthening gap (196, 197). The rate of 
distraction can be modified according to clinical progress or 
radiologic appearance. 

Maintaining motion is extremdy important during the 
lengthening procedure. Patients and parents are instructed in 
a home exercise program, and the patient's range of motion 
should be monitored regularly. Stopping the lengthening 
should be considered if limitation of motion that is resistant 
to a more intensive motion program develops. Because most 
patients regain flexion in the first year after lengthening (198), 
it appears that maintaining knee extension is more impor
tant. Thus, many recommend discontinuing lengthening if an 
extension contracture of >30 degrees devdops. Lengthening 
can be started again if the contracture resolves prior to consoli
dation of the regenerate. 

Distraction is discontinued when the goal has been 
achieved or when an irresolvable complication, usually loss 
of motion, supervenes. During the consolidation period, 
patients are allowed to ambulate with full weightbearing, 
with aids if necessary. The device is retained until radiographs 
show consolidation which suggests adequate strength of the 
regenerate bone. Valid objective radiographic guidelines for 
what constitutes adequate consolidation and subsequent 
removal of the lengthening device have not been established. 
Findings such as corticalization with three cortices visible on 
two radiographs and the appearance of a medullary cavity are 
considered to be signs of adequate strength, but the decision 
to remove the device is still empiric. A good tip is to antici
pate regenerative fracture and to leave pins in place for several 
days while the intervening fixator is removed. If a patient suf
fers regenerate failure, it is a simple process to reapply the 
device until fully healed. It is possible to protect the tibia 
externally with a cast or brace after device removal, allowing 
removal from the tibia earlier than from the femur. In addi
tion, the mechanical and anatomic axes of the tibia are col
linear, and the bone is subject mainly to compressive forces. 
This is not the case for the femur, in which the regenerate 
bone is not collinear with the mechanical axis and subject to 
bending loads. 

Some investigators have recommended dual-energy x-ray 
absorptiometry (DEXA) as a means to assess strength within 
the regenerate prior to fixator removal (199, 200). In the con
solidation period, dynamization of the device will subject the 
bone to cyclic longitudinal loading and stimulate bone forma
tion. If the bone in the lengthening gap is slow to consolidate, 
there are several strategies available to increase bone forma
tion or prevent fracture or deformation on fixator removal. 
Gonzalez et al. (201) compared bone quality in patients who 
underwent bilateral limb lengthening; those limbs that had a 
random placement of pulsed dectromagnetic fidd stimulators 
had shortened the use of the external fixator. Ultrasound has 
also been used to improve bone formation after limb length
ening (197, 202). Using bisphosphonates in a small series 
of patients with regenerate insufficiency, Little et al. (203) 
felt these drugs were effective as a means to slow catabolism 
and allow the regenerate to mature. Mechanical methods to 
increase regenerate strength include shortening the device to 
put the bone under longitudinal compression, either leaving it 
somewhat shortened or re-lengthening it once the regenerate 
responds. Alternatively, some investigators have recommended 
early fixator removal, then intramedullary nailing in order to 
decrease fixator time and prevent fracture and callus deforma
tion (204). Plate fixation during and after limb lengthening 
is another method to decrease fixator time and decrease the 
incidence of fracture: in contrast to intramedullary fixation, 
this method can be used in children with open growth plates 
(205, 206). 

Patients should be restricted from contact sports until 
the bone is radiologically normal and the patient's joint range 
of motion has returned to near normal; fractures through the 
lengthening gap have been reported years later. 
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A 

FIGURE 28-42. A: Scanogram of a 14-year-old boy with congenital shortening of the tibia and fibula. Note the ball-and
socket ankle joint; as in the normal ankle, the physeal plate of the fibula lies at the level of the plafond. The discrepancy is 
5.7 em, with an anticipated discrepancy at maturity of 6.3 em. B: The osteotomy site 2 weeks after surgery and 1 week. after 
lengthening has begun. c-E: Lengthening at 6, 12, and 16 weeks. respectively. The callus remains homogenous without gaps. 
The fixator remained in place for 21 weeks. The patient's subsequent course was uneventful, and he returned to full athletic 
activity 18 months after his initial surgery. 
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Limb Lengthening with External Fixation. Prior to 
lengthening, the surgeon will propose a lengthening device 
based upon multiple factors. For instance, half pins and mono
lateral frames are unifonnly better tolerated than transfixing 
wires and ring fixation applied in the proximal thigh. On the 
other hand, ring fixators are also more versatile in that they 
lend themselves to the correction of complex deformities. 
They can control more than two segments (207), can extend 
across joints, and can he used to translate segments of bone 
in the treatment of congenital pseudarthrosis and acquired 
absences (208). Fixation is accomplished by tensioned 
through-and-through wires attached to complete or partial 
rings. Unwillingness to use through-and-through wires in the 
proximal femur has led to the devdopment of half-pins, which 
are now gaining favor at alllevds. In addition, each device has 
unique abilities to correct angular and rotational deformity in 
addition to the length discrepancy. Finally, some devices have 
companion computer programs which allow one to calculate 
the deformity and apply the fixator, and the computer can 
generate recommendations to guide the correction of length 
and deformity in all three planes. 

Occasionally, a patient will have a shortened limb that 
will also require correction of a deformity; the surgeon has 
the choice of choosing acute deformity correction followed by 
gradual lengthening or gradual correction of both problems. 
There is good evidence to suggest that, if an external device is 
already in place for lengthening, either gradual or acute cor
rection of coexisting deformity can achieve good results (209). 
Acute correction has the effect of simplifying the lengthening 
and widens the sdection of devices, whereas gradual correction 
with the Ilizarov or another ring fixator allows the physician to 
monitor and modify the correction on an ongoing basis. 

When planning the lengthening site, it is considered that 
greater amounts of hone formation can be expected when the 
osteotomy is performed in metaphyseal bone (as opposed to 
diaphyseal bone) that has not been traumatized from previ
ous pathology (210). Additionally greater blood supply and 
therefore impact on healing is seen in periosteal rather than 
endosteal blood sources. Thus maintaining the integrity of the 
periosteum and using low-energy methods to cut the bone 
(osteotome versus power saw use) decreases thermal injury and 
improves bone formation (21I, 212). Once the bone has been 
transected, the osteotomy site is not lengthened for a variable 
period in time that depends on a variety of host factors. On 
one end of the spectrum, the "latency period" can be as short 

as 5 days in young children with metaphyseal osteotomies. 
Yet in the other extreme, this period should be lengthened to 
I4 days when osteotomy is performed in young adults who 

undergo diaphyseal osteotomies with acute deformity correc
tion through previously traumatized bone. 

The rate of distraction can affect bone formation. Ilizarov 
(208) recommends distraction of I mm per day, a rate that 
exceeds the ability of the regenerating bone in the gap to effect 
union but is not so fast that it inhibits bone formation. The 
rate may have to be slowed if radiographs show inadequate 
regeneration and a widening lucency in the regenerating bone. 

Faster rates often induce ischemia and considerably slow 
the rate of osteogenesis, but some patients who show excd
lent regeneration radiologically can have their distraction rate 
increased. The rate of I mm per day also appears to be appro
priate for the soft tissues that must grow in length in tandem 
with the bone (213). Increasing the frequency oflengthenings 
without changing the rate promotes faster consolidation exper
imentally and reduces the tension stress on the regenerating 
bone. Lengthening by 0.25 mm four times per day is better 
than lengthening by I mm one time per day, and it appears 
that gradual, continuous elongation, perhaps by a motorized 
device as suggested by Ilizarov, is ideal. 

Although bone formation can be routindy expected, the 
distance a bone can be lengthened depends on soft-tissue fac
tors too. In general, the total distance is limited to tightness of 
the surrounding muscles and tendons and associated decreases 
in joint motion and increased risk of joint subluxation. Devices 
that lend themsdves to fixation of more than two segments of 
the same bone make it possible to lengthen a single bone both 
proximally and distally at the same time. Although this theo
retically doubles the rate of bone dongation, the soft tissues do 
not easily double their dongation rate. In addition, ipsilateral 
lengthening of the tibia and femur has been shown to increase 
pressure in the articular cartilage (2I4); should this method 
be clinically indicated, the surgeon is well advised to consider 
fixation across the joint to ameliorate the pathology that could 
ensue to the articular surfaces and ligaments. Additionally, the 
surgeon should consider spanning an adjacent joint should 
that joint be at risk for subluxation or development of a muscle 
contracture. For example, patients with complete fibular hemi
melia may need to have the ankle spanned to prevent ankle 
subluxation and equinus contracture. Lengthening should be 
stopped if an untoward joint complication arises, and consid
eration to muscle lengthenings of the adjacent muscles such as 
hip adductors, hamstrings, or gastrocsoleus complex can allow 
further length to be gained. 

It is not known whether there is an upper limit to lengthen
ing. Reports on the new techniques suggest that greater length
ening may be possible than was formerly thought. Carroll et 
al. (215) have shown that permanent changes occur in muscle 
and joint cartilage with tibial lengthening > 11 o/o, and Bell has 
shown effects on the adjacent joints in animal experiments 
(214). These effects may be related more to the rate than the 
magnitude of lengthening, and the degree to which they occur 
in human patients is uncertain. 

Cyclic loading of the regenerate is thought to promote 
osteogenesis. The fixators with thin wires have the advantage of 
allowing dynamic loading of the lengthening gap throughout 
the period of fixation while they simultaneously control length. 
Their construct of thin wires and circumferential rings provides 
rigidity against bending in the sagittal and coronal planes but 
is not so rigid in the axial direction, allowing slight axial move
ment in response to applied loads. Monolateral devices can 
also be dynamized by the application of spring mechanisms. In 
general, the device is removed once there is formation of three 
cortices out of four cortices seen on anteroposterior and lateral 



radiographs of the regenerate. The wise surgeon will remove 
the device and allow the patient to go home for several days 
before the pins are removed, thus allowing reapplication of the 
device should a regenerate fracture occurs. 

Distraction Epiphysiolysis. Distraction epiphysiolysis 
was pioneered by Ring and more recently reassessed by 
Monticelli, Spinelli, and others (216-222) and does not 
require an osteotomy. A theoretical advantage is the ability 
to correct growth deformity at the site of the pathology-the 
growth plate. It is achieved by applying a distraction force 
across the physis until it fractures. Lengthening can then be 
obtained by gradual distraction. This method has the disad
vantages that the lysis is sudden, painful, and not well tolerated 
and that the physis can be injured, thereby compounding the 
leg-length inequality (223, 224). Despite theoretical advan
tages, the complication rate is high (225) and thus it should be 
reserved for children who are very near the end of growth to 
minimize the consequences of physeal damage. 

Lengthening over an Intramedullary Rod. In the 
traditional application of any of the external lengthening 
devices, the device is responsible for both maintaining align
ment and achieving distraction. Numerous unsightly scars 
result from percutaneous pins or wires used to achieve suf
ficient stability and because they must be left in place for a 
prolonged period until the bone is strong. In 1956, Bost and 
Larsen (182) introduced the concept of lengthening over an 
intramedullary rod. The rod serves to maintain alignment 
during both the distraction and the consolidation phases, and 
the external device serves only to achieve length (226). In this 
way, the number of percutaneous tracts can be reduced, the 
external device can be removed at the conclusion of lengthen
ing, and the rate of regenerate fracture may be reduced (227). 
In addition to getting the external fixator off earlier, patients 
tend to gain their knee motion quicker in comparison to 
lengthenings with a fixator for the entire duration (228, 229). 
Lin described 2 cases of 15 cases of lengthening over a rod 
that required bone grafting (230), so the effect of rodding on 
osteogenesis remains unclear. The techniques can also be used 
in patients with shortened and deformed bones. In a series of 
patients with deformed and shonened femurs, Kocaoglu et al. 
(231) recently combined fixator-assisted deformity correction 
with intramedullary fixation and then lengthening over the 
nail. 

Femoral lengthening over the rod has two disadvantages; 
one is that the femur must be lengthened along the anatomic 
axis of the leg, which will medialize the knee during long 
lengthenings. Second, because the proximal femoral physis is 
a barrier to blood to the femoral head, a real risk of proximal 
femoral avascular necrosis exists when the ascending retinacu
lar vessels are injured after placing a rigid reamed nail down the 
piriformis fossa. Similarly, the presence of the tibial apophysis 
and risk of growth arrest leading to recurvatum makes tibial 
lengthening over a nail a challenge in the growing patient. 
Saraph et al. (232) used modified Ender nails (could be locked 
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at both ends) as a method to avoid the problems of growth 
abnormalities from rigid tibial nails in children undergoing 
distraction. Regardless of the nail type, there has been hesita
tion in using this approach because of the fear of producing 
a serious intramedullary infection of the rod from infection 
of pin tracts (233). Early experience with this technique is 
varied. Some studies report a low infection rate and recom
mend the technique (229, 234-236) specifically in patients 
who need standard lengthening in patients with no history 
of past infection, open fracture bone deformity, or poor soft 
tissues (23 7). On the other hand, others are less enthusiastic, 
mainly because of a higher rate of infection (238-240) and in 
particular if a past history of an open fracture or infection is 
present (233). 

This procedure involves reaming the medullary canal of 
the bone and placing a temporary nail in the shaft. Two proxi
mal and two distal external fixator pins are placed in a manner 
that fixes the bone but does not bind to the nail. The nail is 
removed, an osteotomy can be performed percutaneously, and 
then a new nail (one that has not been scored during pin place
ment) is placed and locked proximally. The limb undergoes 
standard lengthening, and once the final length is obtained the 
distal end of the nail is locked and the fixator removed. The 
limb then can undergo rehabilitation and progressive weight
bearing. This technique has been found to decrease fixator 
time and patients have a more rapid return of knee motion. 
Problems with this method include the potential of deep infec
tion of the implant from pin tract infection as well as risk of fat 
emboli syndrome from reaming an intact bone. 

Intramedullary Lengthening Devices. The primary 
objection to limb lengthening is the use of external fixation 
with associated pin tract infections, scarring, painful tether
ing of the tissues by external fixation pins, poor cosmesis, and 
the extended consolidation period which requires the device 
to be present for many months. As such, there is tremendous 
interest in the development of devices or methodology that 
reduces or eliminates the use of external fixation (241, 242). 
One potential method would be the use of an intramedul
lary nail that would simultaneously lengthen and stabilize the 
bone while it heals. These devices have not found wide clini
cal applicability in children for several reasons. For instance, 
children usually heal faster than adults; thus the time for 
total external fixation is less. In addition, the pediatric patient 
has obviously smaller bones (which provides engineering 
difficulties for self-lengthening nails that are strong enough) 
with growth plates that would be at risk from placement of 
an intramedullary device. For instance, placement of a femo
ral intramedullary device through the piriformis fossa would 
put the femoral epiphysis at risk for avascular necrosis; simi
larly a tibial nail through the proximal tibia apophysis would 
raise the risk of recurvatum deformity. Despite the limitations 
above, there are occasional instances where these devices can 
be used in children with already compromised growth plates 
or in adolescents (241-247). Complications are different than 
those seen in standard distraction osteogenesis and include 
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nail f.illure, poor bone formation as a result of stresses in the 
regenerate, need for exchange nailing, and overlengthening or 
underlengthening as a result of mechanical failure. 

Complications from Lengthening. In reality, the suc
cess of limb lengthening is less dependent on the amount of 
length gained than on avoiding complications that may arise as 
a result of the treatment. It is challenging to evaluate the litera
ture as each paper has a different definition of what constitutes 
a complication, yet all studies of leg lengthening have reponed 
high complication rates (143, 248-260). Complications are 
related to the amount of lengthening (252, 261), and if the 
goal is a modest increase in length, the rate is reduced and 
the proportion of patients reaching their preoperative goals is 
increased (171). Complications include technical errors during 
the execution of the fixator placement and osteotomy. These 
include neurovascular injury (262), fracture, infection, and 
compartment syndrome. Complications from the lengthen
ing process include sudden hypertension during lengthening 
(263-265), device malfunction, pin f.illure, pin tract infec
tion, osteomyelitis, premature consolidation, poor bone for
mation, fracture after device removal, decreased growth of 
the limb (266, 267), malalignment during lengthening, pain, 
soft-tissue scaring, muscle tightness leading to joint stiffness 
contracture, or even dislocation (268, 269). The list of compli
cations is long; so it is wise to fully explain them to the parents 
and patients; we tell patients to expect at least one compli
cation and one additional treatment, operation, or procedure 
to treat these problems. Treatments range from antibiotic use 
to repeat osteotomy, sequestrUm debridement, bone grafting, 
fixator adjustment for malalignment, soft-tissue releases for 
contracture or joint subluxation, and fixator modification to 
span affected joints. 

Because of the frequency of concerns, questions, prob
lems, and complications that sunound the care of patients 
undergoing lengthening, it facilitates their management to 
form a lengthening team in a program with shared responsi
bilities. A nurse, physical therapist, social worker, and a skilled 
technician are important members of the team and should join 
the surgeon in preparing patients and families for the length
ening procedure. The team can respond to ongoing needs and 
offer support during the lengthening procedure. Families and 
patients never fully appreciate the depth and breadth of the 
hardship they will face, and they will require more support 
than is needed for most orthopaedic cases. 

CONCLUSION 

Providing the care of patients with leg-length discrepancy 
requires familiarity with the disease processes that cause dis
crepancy: an understanding of the natural history of discrep
ancy; knowledge in the techniques for patient assessment and 
the methods for prediction of future growth and discrep
ancy; familiarity with the factors important in the sdection 
of treatment goals; and expertise in methods of treatment. 

Maintaining familiarity with up-to-date techniques and phi
losophies of surgical treatment is challenging, but the improve
ment in our capabilities should be an adequate reward. 
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