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Abstract 

Objectives: The most critical step in the calculation of final limb length discrepancy (LLD) is estimating 
the length of the short limb after skeletal maturity(Sm). Paley's multiplier method is a fast, convenient 
method for calculating Sm and LLD after skeletal maturi ty; nonetheless, the calculation of the process 
of Sm and LLD in acquired type cases is complex in contrast to congenital type in this method. 
Notwithstanding, the multiplier method uses a variable called "growth inhibition" for the calculation 
process in acquired type LLD; however, its mathematical proof has not been published yet. The present 
study aims to find out whether there is an alternative way to estimate the length of Sm and LLD in 
skeletal maturity without using growth inhibition (GI) and its com plex calculation process in acquired 
type LLD. 

Methods: We used trigonometric equations to prove the GI concept and conducted proportionality analysis to 
calculate the length of short limbs and LLD in skeletal maturity without using GI. 

Results: Based on the results, the following proportionality can estimate the length of the short limb in skeletal 
maturity. (ΔLm/ΔL = ΔSm/ΔS) 

Conclusion: The GI concept can be proved trigonometrically; nonetheless, its numerical value is not necessary for 
estimating the length of the short limb in skeletal maturity. Instead, a simple proportionality analysis serves the 
purpose of calculation. 

        Level of evidence: II 

        Keywords: Limb length discrepancy, Method skeletal maturity, Paley's multiplier 

 
 

Introduction

efore the full growth span, epiphysiodesis of 
normal limbs is the treatment of choice for children 
suffering from a predictable 2 to 5-centimeter LLD 

in skeletal maturity. Nevertheless, short limb lengthening 
is recommended for larger discrepancies.1,2 Therefore, the 
precise estimation of LLD in skeletal maturity is a basic 
prerequisite for deciding whether to lengthen the short 
limb or use epiphysiodesis of a normal limb at the 
appropriate time. Paley's Multiplier Method is a convenient 
approach to estimating LLD in skeletal maturity by using 
one multiplier table and chronological age.3,4 The 
multiplier method uses the GI variable in its calculation 
process of Sm and LLD; however, the mathematical basis of 
the GI has not been published yet; moreover, the 

calculation of GI and its related formula is difficult to 
understand and memorize. To address this problem, we 
proved the GI concept by relying on trigonometric tools. 
Alternatively, we introduced a simple proportionality in 
the multiplier method to calculate Sm and LLD without the 
need for calculating GI. 

 

Materials and Methods 
Based on Paley's multiplier method, limb length 

discrepancies are divided into two categories: congenital 
and developmental.4 One measurement of the limb length in 
the congenital type and two measurements of limb length in 
the developmental type are prerequisites for calculating the 
final LLD )Δm). However, as Paley et al. recommended, the 
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results will be more precise if the calculation process in the 
congenital type is carried out as the developmental type.4 the 
following basic variables must be measured in congenital 
and developmental limb length discrepancy. 

Congenital type 
L: Current length of normal limb 
S: Current length of short limb 
Lm: Estimated length of normal limb in skeletal maturity 
Sm: Estimated length of short limb in skeletal maturity 
M: Multiplier Coefficient, the value extracted from the table 
for each specific age 

Developmental type 
  We need two consequent limb length measurements, 8-12 

months apart. 
L': Previous (first-time measurement) length of normal 
limb 
S': Previous (first-time measurement) length of short limb 
L: Current length (second time measurement) of normal 
limb 
S: Current length (second time measurement) of short 
limb 
Lm: Estimated length of normal limb in skeletal maturity 
Sm: Estimated length of the short limb in skeletal 
maturity 

M: Multiplier Coefficient, the value extracted from the 
table for each specific age 
ΔLm=Lm-L, ΔL=L-L' 
ΔSM=Sm-S, ΔS=S-S' 
The calculating process of the length of a normal limb in 

the skeletal maturity (Lm) in both types of LLD is the same 
(Lm=M*L) 4. Nonetheless, the calculating process of the 
short limb (Sm) is different in congenital versus 
developmental LLD.4,5  

Trigonometric proof for calculating Sm in congenital type 
The tangent of an angle is defined as the ratio between 

the adjacent side and the opposite side of a right triangle 
containing that angle. The starting point of discrepancy )Σ 
point) is located on the zero point of the time-axis (X-
Axis) in congenital LLD [Figure 1]. The growth slop of the 
two limbs is different )α ≠β); however, the growth ratio 
(coefficient of proportionality) called multiplier is 
constant for both limbs. 
(Lm/L=Sm/S=M, Lm=M*L, Sm=M*S) 
  Trigonometric proof for the estimation of Sm is 
demonstrated in Figure 1. Sm can be calculated by using 
the following proportionality [Figure 2]. 
Lm/L=Sm/S 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trigonometric proof for calculating Sm in developmental 
type 
  The starting point of discrepancy )Σ point) lies somewhere 
on the normal limb growth curve [Figure 3]. Therefore, we 
cannot accurately measure the length of a short limb after 
skeletal maturity (Sm) by merely using the multiplier factor 
(M). It means that Sm≠M*S is in developmental LLD. 

Trigonometric proof for the estimation of Sm is 
demonstrated in Figure 3. The calculation process of Sm 
actually does not need the complex formula of GI. We can 
predict the length of the short limb in skeletal maturity (Sm) 
by applying a simple mathematical proportionality [Figure 
4]. 

   (Lm-L)/ (L- L') = (Sm-S)/(S- S') OR ΔLm/ΔL = ΔSm/ΔS 

  

Figure 1. Trigonometric proof in congenital LLD Figure 2. Calculation of LLD in congenital type 
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This is an example extracted from the original article on 
the multiplier method 
  "An eight-year-old girl has a limb-length discrepancy of 2.7 
centimeters due to distal femoral growth arrest following 
trauma three years earlier. The current length of the normal 
femur (L) is 28 centimeters, and the length of the normal 
femur one year ago (L') was 26 centimeters. The current 
length of the short femur (S) is 25.3 centimeters, and the 
length of the short femur one year ago (S') was 24.4 
centimeters. The multiplier for eight-year-old girls is 1.33. 
The amount of growth remaining in the normal femur is G=L 
(M–1) =28(1.33–1) =9.2 centimeters. The amount of growth 
in the normal femur during the previous year was (L–L') 
=28–26=2 centimeters, and the amount of growth in the 
short femur during the previous year was (S– S') = 25.3 – 24.4 
= 0.9 centimeter. Therefore, the growth inhibition (GI) can be 
calculated as I=1–(S–S')/ (L–L') =1–(0.9/2) =0.55. The 
discrepancy in the amount of growth remaining is Δg = I×G = 
0.55×9.2 = 5.1 centimeters. Therefore, the total predicted 
limb-length discrepancy is Δm = Δ + Δg = 2.7+ 5.1 = 7.8 
centimeters." 4 It is believed that the above calculation is 
really complex. We can solve the example by following 
proportionality [Table 1]. 

)ΔLm/ΔL = ΔSm/ΔS) 
(37.24-28)/ (28-26) = (Sm-25.3)/ (25.3-24.4) 
So Sm=29.45 
Δm=Lm-Sm=37.24-29.45=7.79≃7.8 )original number) 

  Finally, the following calculation process of time prediction 

of epiphysiodesis is derived from Paley's original article. 
After calculating Lm and Sm, the right time for the 
epiphysiodesis of the normal limb can be similarly estimated 
in both congenital and developmental types.  

 

Results 
  In our approach, the following steps should be considered: 

  The desired length of the normal limb after skeletal 
maturity is equal to Sm.  

1. All variables )Lm, Sm, L, S, L', S,' ΔLm, ΔSm) are related to 
the length of specific bone, such as femur or tibia in 
isolated femoral or tibial epiphysiodesis; however, in 
total epiphysiodesis around the knee, they are related to 
the total length of the femur plus tibia. 

Table 1. Calculation of the long and short limb lengths by 
proportionality (Paley’s original article example) 

 

Previous length 

 

Current length 

 

Maturation length 

L'=26 L=28 Lm=M*L=1.33*28=37.24 

 

 

S'=24.4 

 

 

S=25.3 

 

Sm=? 

Sm can be extracted by 

ΔLm/ΔL = ΔSm/ΔS 

Sm=S+ ΔSm 

 

 
 

Figure 3. Trigonometric proof in developmental LLD Figure 4. Calculation of LLD in developmental type 
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2. Le = length of the normal limb in the age of 
epiphysiodesis 

3. 71% of the total femoral growth occurs at the distal 
femoral physis, and 57% of the total tibial growth 
occurs at the proximal tibial physis. 

4. Disappeared amount of limb length after 
epiphysiodesis of normal limb is illustrated by Gf 
(femur epiphysiodesis), Gt (tibia epiphysiodesis), and 
Gft (total knee epiphysiodesis). 

5. If epiphysiodesis of normal distal femoral physis is 
accomplished in the time point of Le, %71 of the 
remaining normal femoral growth will disappear. 
(Gf=%71*[Lm-Le]) 

6. If epiphysiodesis of normal proximal tibial physis is 
accomplished in the time point of Le, %57 of the 
remaining normal tibial growth will be disappeared. 

(Gt=%57*[Lm-Le]) 
7. If epiphysiodesis of distal femoral physis and proximal 

tibial physis is accomplished in the time point of Le 
simultaneously, %67 of the remaining normal total 
growth will disappear. (Gft=%67*[Lm-Le]) 

  Although Paley et al. did not explain %67 of the total growth 
of the lower limb provided by physis around the knee, it is 
used by multiplier mobile application.4-7 

8. The desired length of both limbs after epiphysiodesis of 
normal limb is equal to Sm. [Table 2] 

9. After calculating Le by the middle column, the multiplier 
specific to the age of epiphysiodesis )Mε) will be 
achieved by the third column. 

10. Finally, we can check the multiplier table to obtain the 
value of )Mε) and determine the age corresponding to 
this multiplier value retrogradely. 

 

 
 

Discussion
  There are different methods for calculating the time of 
epiphysiodesis and LLD in skeletal maturity, including the 
Green and Anderson chart method(1963), Menelaus Method 
(1966), Moseley Straight-Line Graph (1977), and Paley 
Multiplier Method (2000).2,4,8-11 Although the most popular 
tool for predicting LLD is the Moseley straight-line graph, the 
multiplier method can predict LLD in skeletal maturity 
precisely.3,4 The multiplier method can estimate LLD by 
using one multiplier table and chronological age precisely. 
However, Eltayeby et al. believe that it has a tendency to 
underestimate LLD.12,13 Moseley defined the GI concept for 
the first time in 1977 and proposed the growth ratio of short 
limb (growth-slop of short limb) as constant compared to 
normal limb before skeletal maturity, when both charts are 
linear.8,9 He defined GI by the following formula: 

 

 
  Moseley stated that the formula is provable mathematically; 
however, he did not prove it. 9 In addition, he did not use the 
numerical value of GI since his method was based on drawing 
charts and lines. Thereafter, Paley used the numerical value 
of the growth inhibition variable in the multiplier method by 
means of the following formula: 
 

  L, L', S, and S' stand for the length of normal and short limbs 
in two consequent measurements, respectively.4 The 
formula was a simple form of Moseley's formula, whereas by 
using Paley's multiplier method, we need to calculate the 
numerical value of GI for the estimation of the LLD in 
maturity in developmental LLD. It is complicated to explain 
how the GI variable affects the final length of the short limb. 
Probably, the complexity of the GI variable leads to the 
innovation of mobile applications. Furthermore, other 
researchers present more complex formulas.14,15 Therefore, 
based on Paley's multiplier method and Moseley's GI 
concept, we redefined the calculation process of the length of 
the short limb in skeletal maturity (Sm) without GI 
calculation in developmental LLD. 
 
Conclusion 

The most critical step in the calculation process of LLD 
after skeletal maturity is estimating the length of the short 
limb (Sm). Although the GI concept presented by Moseley 
and the numerical calculation of GI by Paley's method is 
important, the numerical calculation of the growth 
inhibition is unnecessary in the multiplier method. 
Therefore, estimating the length of the short limb in 
skeletal maturity can be performed using the following 
simple proportionality. )ΔLm/ΔL = ΔSm/ΔS) 

Table 2. Calculation of multiplier in the age of epiphysiodesis (Mε) 

 
 

Location of epiphysiodesis 

 
The aim of  this column is extraction of the final length of t h e  

normal limb is equal to Sm that it can be extracted by 

ΔLm/ΔL = ΔSm/ΔS 

Sm=S+ ΔSm 

 
Multiplier  Coefficient  in the age of 

Epiphysiodesis (Mε) 

Distal Femoral Sm= Lm-%71*[Lm-Le] Mε =Lm/Le 

Proximal Tibial Sm= Lm-%57*[Lm-Le] Mε =Lm/Le 

Both bone Sm= Lm-%67*[Lm-Le] Mε =Lm/Le 
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