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Introduction

Lengthening with IM nails (e.g. PRECICE,
Fitbone nails) or lengthening with fixators
over IM nails (LON) 1s becoming popular.



The Problem

Lengthening of the femur along the
anatomic axis causes lateral mechanical
axis deviation MAD 1.e. Valgus effect
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The effect on mechanical axis deviation of femoral lengthening with an
intramedullary telescopic nail, Herzenberg et.al (JBJS Br. vol. 94-B, No. 9,
September 2012)




The Problem

No room for alignment adjustments later



The Problem

Some cases has combined femoral
shortening & deformity

We have to consider the existing deformity in addition
to the deformity created by lengthening the femur along
its anatomical axis (valgus effect)



The Question

How to plan for femoral lengthening with
or along IM nails so as to end up with
straight alignment at the completion of

lengthening?

(putting into account the valgus effect created by such

lengthening 1n addition to any existing deformity at the index
procedure)



The Classic CORA deformity
analysis method

Each segment of the deformity would be represented
by an axis line

The anatomic axis of the upper femur would be the
mid-diaphyseal line, the anatomic axis for the lower
femur would be drawn referenced to the mechanical
axis by 7°.

The CORA (deformity apex) would be where the 2
axes lines intersect.

Plan your osteotomy around the site of the CORA
following osteotomy rules.



The CORA method shortcoming

. It doesn’t put into account the deformity created by
lengthening the femur with IM nails.

. Not applicable in cases where the femur 1s only
short but not deformed.



The new Proposal

This method 1s very similar to the classic
CORA deformity analysis method, the only
difference 1s:

When drawing the anatomic axis of the
lower femoral fragment, instead of drawing
1t referenced to the mechanical axis at 7°,
we use a smaller angle.



Solution

 Ditch the “classic” anatomic axis & use a
“resolution” axis that’s not 7° off the
mechanical axis.....

e [t’s actually LESS than 7° off the
mechanical axis




* To achieve a straight limb
alignment when lengthening
1s completed, the center 1f
the femoral head must be
located along the upward
extension of the mechanical
axis of the lower femoral
segment

« Hence the length of the
femoral neck doesn’t change
during lengthening.

e Thus the piriformis fossa
(the upper limit of the
anatomical axis) would
assume a more medial
position.




* To achieve a straight limb
alignment when lengthening
1s completed, the center 1f
the femoral head must be
located along the upward
extension of the mechanical
axis of the lower femoral
segment

« Hence the length of the
femoral neck doesn’t change
during lengthening.

e Thus the piriformis fossa
(the upper limit of the
anatomical axis) would
assume a more medial
position.




» This 1s opposite to what happens
to the center of the femoral head
which moves to a more lateral
position (causing lateral MAD,
1.€. valgus effect) when
lengthening 1s done along the
“classic’” anatomical axis.




In the

situation the length of
the femoral

the
the

(14 29

the
axis (the
angle enclosed between
both axes is 7° on
average).




Thus 1n

situation
the length of the
femoral
the

between the upward
extensions of both the
mechanical & the
“classic" anatomical
axis of the lower
femoral segment.




 Thus we can conclude that when
lengthening the femur with IM nails we
should use an axis that’s referenced to the
mechanical axis by an angle that’s LESS
than 7°.

* The more you lengthen, the smaller that
angle would be.



Sinog =c¢/ ¢ X Sino

 In this equation ¢, ¢ & a are known, so we can calculate sin
o' & by using the inverse trigonometric function of * arcsin

“ on any calculator we can accurately estimate the (new)
AMA angle.
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In the pre-lengthening
condition we can draw
a triangle ABC where

Point A represent the
nail entry point at the
center of the knee

Point B represent the

center of the femoral
head

Point C represent the
piriformis fossa.




represents the femoral
mechanical axis & we’ll refer to
its length as “c”

1s the femoral neck &
we’ll refer to 1t’s length as “2”

We’ll refer to the Femoral
Mechanical Anatomical ( )

angel as alpha “” (the angle
between AB & AC lines )

We’ll refer to the angle between
the mid-diaphyseal line of the
proximal femoral fragment (AB
line) & the line joining the
center of the femoral head to the
piriformis fossa (BC line) as

(X

gamma



In the post-lengthening condition we’ll use A,
B, C to refer to the same points as before

we’ll refer to the (1cw) length of the femoral
mechanical axis as “c ”

the femoral neck length will remain
( ) as 669

we’ll refer to the (new) Femoral Mechanical
Anatomical (FMA) angel as alpha” “o

(YD)

angle will remain ( ) because the
head center, piriformis & the proximal
femoral fragment retain their anatomical
relationship

In this triangle we only need to measure the
distance “c’” (¢'= ¢ + amount of lengthening).
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LLaw of Sines




sina _ siny 3 a

*siny = C*sina

For pre-lengthening triangle:

a C
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For pre-lengthening triangle: _ MY =2j/a* sy AC*sino
a C
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For post-lengthening triangle: =2 a*smy=c *smna
a
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L sina  SIn o .
For pre-lengthening triangle: _ MY = a*smy =fC*sino
a C

_ _ sina’  sin o N
For post-lengthening triangle: = ‘)’ =2 a*smp=c¢ *sina

a C

Thus ¢ *sina = ¢ *sina' 2 Sina’ =c¢/ ¢ X Sina




Sinog =c¢/ ¢ X Sino

 In this equation ¢, ¢ & a are known, so we can calculate sin
o' & by using the inverse trigonometric function of * arcsin

“ on any calculator we can accurately estimate the (new)
AMA angle.
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Take Home Message

This method 1s very similar to the classic
CORA deformity analysis method, the only
difference 1s:

When drawing the anatomic axis of the
lower femoral fragment, instead of drawing
1t referenced to the mechanical axis at 7°,
we use a smaller angle (which we got from
the equation)
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