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ABSTRACT

Introduction. The advent of pedicle screws which provide
distraction and derotation has led to higher correction of major
curves. Newer methods have been devised to evaluate
preoperative coronal flexibility, including lateral-bending (LB),
push-prone (PP) and fulcrum-bending (FB) radiographs.
Documentation of a consistent radiographic method predictive
of correction rate has not been established.

Objective. To determine the most predictive radiographic
method for evaluating spine flexibility and correction by
comparing the correction rate (CR), flexibility rate (FR) and
correction index (Cl) of the Cobb’s angle using the different
radiographic methods.

Methods. Preoperative radiographs of 20 patients who
underwent spinal fusion for adolescent scoliosis were obtained
using the LB, PP, and FB method and compared with
postoperative radiographs.

Results. Comparing the mean Cobb angles using the different
methods to that of postoperative standing showed that only the
FB method is not significantly different from the latter (p=0.669).
There was significant difference between the Cobb's angle
measured on the LB and PP and that measured on postoperative
standing (p=0.043, p=0.008). Comparing the mean flexibility of
the different methods with the mean CR also showed that the
mean FR of LB (p=0.007) and PP (p=0.00013) were significantly
different from the CR while that of FB is not significantly different
from the CR (p=0.687).

Conclusion. The FB radiograph demonstrated no statistical
difference compared to postoperative radiograph, FR, and Cl.
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Introduction

The assessment of the flexibility of the spine in patients
with adolescent idiopathic scoliosis (AIS) is important
because it provides information regarding the rigidity of the
curve, extent of structural change, the levels to be included
in the arthrodesis, the amount of correction that can be
safely achieved, and whether a secondary curve should be
treated with fusion.!

The advent of segmental spinal systems which provides
distraction, translation, and derotation have led to higher
postoperative correction of major curves.? Thus, newer
methods have been devised to evaluate preoperative coronal
flexibility. These include supine,® push-prone*>° traction,”
side-bending,>”8210 and fulcrum-bending radiographs.!12

The goal of surgical management of scoliosis is to
achieve a stable balanced spine centered over the pelvis.’ To
determine the exact levels of fusion required to achieve this
goal, surgeons have routinely used various types of
preoperative radiographs to assess the flexibility of the
spine. Currently, maximal side-bending supine radiographs
are considered the gold standard for evaluating preoperative
flexibility, as they have been found to be equal or better than
other methods and are easily performed.”!314151¢ However,
current segmental spinal instrumentation systems using
pedicle screws, which are more rigid than the Harrington
distraction system, have been found to achieve more
correction than would be expected from the evaluation of
For example,
Aronsson has demonstrated the ineffectiveness of side-
bending radiographs with the following results: side-
bending, 22° correction; Harrington instrumentation, 23°

traditional lateral-bending radiographs.!

correction; Wisconsin wires, 29° correction; and Texas
Scottish Rite Hospital Instrumentation, 36° correction.® In
addition, standardization of adequacy of side-bending
radiographs is difficult and is partly dependent on active
patient participation, effort and acceptance of the
technique.’® It is particularly unreliable for patients with
mental retardation or neuromuscular disorders.!

Kleinman et al. described the push-prone radiograph in
which the physician applies manual pressure on the apices
of each curve with the patient prone on the x-ray table. The
average correction obtained for 82 curves was 21.1 degrees,

as measured on the push films and 21.8 degrees
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postoperatively, which was not statistically significant.
Furthermore, the close relationship between the push film
and immediate postoperative correction was not altered by
the location of the curve, the type of instrumentation
employed, or the etiology of the scoliosis.> Vedentam et al.
compared the supine side-bending radiograph with the
push-prone radiograph in terms of their ability to predict the
postoperative coronal alignment for primary thoracolumbar
and lumbar curves managed with an anterior spinal
instrumentation. They concluded that the lateral bending
and the push-prone radiographs predicted less correction of
the Cobb angle than was achieved after surgery. However,
the push-prone radiograph was superior to the lateral-
bending radiograph in accurately predicting the
postoperative correction of the rotation of the lowest
instrumented vertebra as well as translation of the lowest
instrumented vertebra from the sacral line.® They noted the
advantage of the push-prone radiograph in its ability to
assess the effect of forceful correction of the primary
compensatory curve on the curves above and below the
fusion. This allows the surgeon to determine before surgery
the eventual global coronal balance of the spine after
correction of the primary curve.® Dobbs et al. tried to
determine the best preoperative radiograph which correlates
with the postoperative lumbar curve in AIS patients
undergoing a selective thoracic posterior spinal fusion at L1
or above.!* The study evaluated 100 patients with AIS and
compared side-bending and push-prone radiographs.
Results showed that when trying to predict ultimate lumbar
spine position using all available pre-op measures in a
multiple linear regression model, upright AP lumbar Cobb
(p<0.0001) and push-prone lumbar Cobb (p<0.03) were the
only pre-op measures predictive of final lumbar Cobb
measurement.*

In an effort to provide maximal flexibility with a
technique that is simple to perform and does not require
active patient participation, Luk and Cheung et al. devised
the fulcrum-bending radiograph designed to provide true
reproducibility by correcting both gravitational and postural
forces. The study revealed that the difference between the
mean angle on the lateral bending radiograph and that of the
postoperative  radiograph was significant (p<0.001).
However, the mean angle measured on the preoperative
fulcrum bending radiograph and the postoperative angle
were almost identical 12 They attributed this to the passive
bending force exerted on the curve by the body weight, and
its reproducibility, with no muscular effort. Klepps et al.
compared supine side-bending and fulcrum-bending
radiographs in assessing coronal flexibility in 46 patients
with AIS.® The study compared the absolute values,
flexibility rates, correction rates, and correction indices of the
Cobb’s angles and showed that the fulcrum-bending
radiograph demonstrated statistically better correction than
other preoperative methods of main thoracic curves (p<0.01)
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but fell short of demonstrating the correction obtained
surgically. There was no statistical difference between side-
bending, fulcrum-bending, or postoperative correction for
thoracolumbar/lumbar curves (all p>0.07).1°

Deviren et al. reported that the flexibility of the major
curve is a useful predictor of expected surgical correction,
and flexibility of compensatory curves determines whether
they are structural or nonstructural.® They determined that
for every 10° increase in curve magnitude over 40° results in
a 10° decrease in flexibility; every 10 year increase in age
decreases flexibility of the structural curve by 5%.3 They
advocated further studies because a quantitative assessment
of changes in curve flexibility with age and progression of
deformity may yield important insight into the change in
surgical management options over time.

This study presents the first attempt in Philippine
medical literature to analyze the correlation of lateral-
bending, push-prone and fulcrum-bending radiographs in
terms of their ability to assess coronal flexibility and
postoperative alignment for primary thoracolumbar and
managed  with
instrumentation. In addition, the study will determine the
role of age and flexibility of the spine in predicting the
correction rate.

lumbar  curves posterior  spinal

Methods

All patients with AIS who underwent posterior
instrumentation with pedicle screws from December 2004 to
October 2005 were included in the study having fulfilled the
inclusion criteria:

1. Detection of curve after the age of 10 years
Absence of congenital, musculoskeletal, and
syndrome-like causes.

3. Complete treatment by the Spine Service

4. Posterior instrumentation and fusion utilizing
pedicle screws

5. Complete radiographic evaluation.

Written consent for the radiography was obtained from
all the parents or guardians. The preoperative radiologic
evaluation for all patients included a 36-inch long
posteroanterior radiograph taken with the patient standing,
a supine posteroanterior radiograph, a supine right and left
side-bending posteroanterior radiograph, a push-prone
radiograph, and a fulcrum-bending radiograph. Side-
bending radiographs taken with the patients
voluntarily bending maximally while in a supine position
(Figure 1).1° The push-prone radiograph was obtained by

were

positioning the patient comfortably in a prone position on a
36-inch long cassette. A trained radiology technician then
applied a firm medial translational force to the portion of the
torso that corresponds to the apex of the primary curve.
Counter forces were applied to the opposite side of the body
of the axilla and the pelvis by a second assistant, thereby
creating a three-point correctional force on the spine.
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Figure 1. S. A. is a 13-year-old girl who has a primary thoracolumbar curve, with the superior end vertebra being T6 and the
lower end vertebra being L2. (A) The standing radiograph demonstrated a 43° right thoracic curve; (B) The lateral bending
radiograph demonstrated a 10° curve while the (C) push prone radiograph resulted in an 18° curve; (D) The fulcrum bending

radiograph showed a 5° curve; (E) The postoperative standing radiograph showed the curve corrected to 5°.

Accurate placement of the apical force on the torso was
performed by identifying the apex of the curve on the
standing posteroanterior radiograph and then marking the
apex on the patient’s torso.

A fulcrum-bending radiograph was made with the
patient lying on his/her side over a large (23 cm in diameter),
radiolucent plastic cylinder. The fulcrum was placed directly
under the apex of the lumbar curve and under the rib
corresponding to the apex of the thoracic curve. Accurate
placement of the fulcrum was achieved by identifying the
apex of the curve and its corresponding rib on the
anteroposterior radiograph and then marking the apex on
the patient after counting cephalad from the most caudad
rib. A true lateral position of the patient on the table was
determined with reference to the pelvis and the shoulder,
which should be perpendicular to the x-ray beam.!"12

The postoperative radiographic evaluation was taken
one week after surgery with a standing posteroanterior view
of the spine using a 36-inch long cassette.

The Cobb method was used to measure the
thoracolumbar or lumbar curves. The Cobb method
consisted of three steps: (1) locating the superior end
vertebra, (2) locating the inferior end vertebra, and (3)
drawing intersecting perpendicular lines from the superior
surface and from the inferior surface of the inferior end
vertebra. The angle of deviation of these perpendicular lines
from a straight li ne is the angle of the curve. Measurements
on all radiographs were made by the author independently
confirmed by a radiology resident. The average of the
values will be used when two different values are observed
for the same parameter. A number 2 glass marking lead
pencil sharpened to a 2-mm tip and a standard goniometer
with  1° used to determine the
measurements. Carman et al. determined the intraobserver
and interobserver variation in the measurement of the
Cobb’s angle to be 1.06#2.97 and 3.9+3.1 degrees,
respectively.!

increments were
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The Cobb angles were compared by their absolute
values, flexibility rates, correction rates, and correction
indices using the following formulas:

Correction rate = Preoperative standing Cobb angle - Postoperative Cobb angle x 100
Preoperative standing Cobb angle

Flexibility rate = Preoperative standing Cobb angle - Preopeartive flexibility angle x 100
Preoperative standing Cobb angle

Correction Index = Correction Rate
Flexibility Rate

into a
kyphosis at the thoracic spine
and into a lordosis at lumbar
spine and restore the sagittal
profile

transform the scoliosis

All surgery was performed by a single surgeon (RCB).
All of the patients were managed with posterior spinal
arthrodesis with the use of pedicle screws (Moss-Miami
Danek).
selective and based on curve

instrumentation or  Sofamor Levels  of
instrumentation were
classification as advocated by King and Moe.”” A rod
derotation technique was utilized for curve correction
wherein the correction rod is rotated 90 degrees to transform
the scoliosis into a kyphosis at the thoracic spine and into a

lordosis at the lumbar spine and to restore the sagittal

Table 1. Case-specific data from 20 patients

Px # Age at Type of
operation curve Preop Side-bend
standing
! 19 A 60 58
2 22 11 58 28
3 15 I 60 38
4 21 v 70 30
5 16 m 55 35
6 14 v 45 6
7 14 I 34 8
8 15 v 85 65
9 14 v 76 60
10 13 I 43 10
11 21 I 75 50
12 14 v 54 35
13 15 I 45 10
14 16 1I 48 19
15 15 1I 40 18
16 19 1I 45 22
17 15 11T 35 12
18 18 v 55 22
19 14 v 60 28
20 16 v 55 24
Mean 16 58 33
SD 3 14 20

* Correction rate = Preop standing Cobb angle-Post standing Cobb angle x 100
Preop standing Cobb angle

Comparison of Different Radiographic Assessment in Scoliosis

profile.!81® Thereafter, a Stagnara wake up test was
performed to document voluntary distal motor function.
Statistical evaluation utilized paired t test using Microsoft
Excel statistical program to determine the p values. Values
less than 0.05 were considered statistically significant.
Predictors of correction rate were evaluated. Pearson
correlation and multilinear regression analysis using
Statistical Analysis System for Windows software (ver.6.12)
were used to determine correlations and relationships
between the variables.

Results

During the period of December 2004 — October 2005, a
total of 22 patients with adolescent idiopathic scoliosis who
underwent posterior instrumentation were seen at the Spine
Unit. One (1) patient had incomplete radiographs while one
(1) patient had a congenital type of scoliosis; these patients
were thus excluded from the study. This left a total of 20
patients who fulfilled the inclusion criteria forming the
population of this study.

The study included 15 female patients with an average
age of 16.4 years (range, 12-22) at the time of surgery. The
patients were divided into groups according to the five
curve patterns described by King.”” Two (2) patients had a
Type I curve, six (6) patients had a type II curve, three (3)
patients had a type III curve, eight (8) had a type IV curve
and one (1) had a type V curve. Table 1 shows that the mean
preoperative Cobb angle that was measured on the
preoperative standing radiograph was 55°+14 (range 34-85°).

Angle of Curve (degrees)

Push-prone Fulcrum Post-op
bending standing correction rate*
54 40 48 20
30 12 14 76
35 18 15 75
38 24 25 64
32 22 22 60
18 4 4 91
19 5 4 88
60 56 50 41
33 30 8 89
18 5 5 88
65 50 33 56
35 23 20 63
12 8 6 87
24 15 18 62
18 12 10 75
24 15 15 67
18 12 15 57
28 20 20 64
30 20 24 58
24 18 16 71
34 22 19 69
16 17 15 21
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Table 2. Average Cobb’s angle, flexibility rate and correction index

Preoperative Standing Lateral-Bending

Push-Prone Fulcrum-Bending Postoperative standing

Cobb’s Angle 58.46(14.88) 33.31(20.71) 34.54(16.57) 22.85(17.17) 19.54(15.86)
mean(SD)t
Flexibility Rate* n/a 46.54(25.11) 42.85(18.02) 64.46(20.89) n/a
Correction Indexq n/a 2.06(1.64) 1.82(0.78) 1.10(0.26) n/a

t Standard Deviation

* Flexibility rate = Preop standing Cobb angle-Preop flexibility angle x 100
Preop standing Cobb angle
q Correction Index = Correction Rate
Flexibility Rate

Note: Correction indices designed to factor out curve flexibility were calculated. A value of 1 indicates a flexibility rate similar to the surgical correction rate.

Table 2 lists the mean Cobb angle, flexibility rate and
correction index of the preoperative standing, lateral-
bending,  push-prone, fulcrum-bending and  the
postoperative standing. Comparing the mean Cobb angles
using the different methods to that of the postoperative
standing using T-test showed that only the fulcrum bending
method is not significantly different from the latter
(p=0.159). There were significant differences between the
Cobb’s angle measured on the lateral-bending and push-
prone and that measured on the postoperative standing
(p=0.003, p=0.000008 ) (Table 3).

Table 3. Comparison of mean Cobb’s angle of lateral-
bending,  push-prone, and fulcrum-bending  vs.
postoperative Cobb’s angle

Radiographic method Cobb’s angle P value
Mean (SD)
Lateral-bending 33.31(20.71) 0.003
Push-prone 34.54(16.57) 0.000008
Fulcrum-bending 22.85(17.17) 0.159
Postoperative standing 19.54(15.86) N/A

The mean correction rate obtained by the study was
69.07 with standard deviation of 21.43.
correlation coefficient when the correction rate was
correlated with the flexibility rate of lateral-bending, push-
prone and fulcrum-bending are 0.762, 0.856 and 0.868,
respectively. Table 4 shows that the fulcrum-bending
method has the strongest correlation with the correction rate.
Figure 2 shows the scatter plot of the flexibility rate of
fulcrum-bending indeed which shows a strong positive
correlation with the correction rate. T-test comparing the
mean flexibility of the different methods with the mean
correction rate also showed the same result, that is, the mean
flexibility rates of lateral-bending (p=0.0003) and push-prone
(p=0.000002) were significantly different from the correction
rate while that of fulcrum-bending is not significantly
different from the correction rate (p=0.15) (Table 4).

A correction index of 1 or more suggests that the
instrumentation has taken up or exceeded nearly all the
flexibility revealed by the fulcrum-bending radiograph. The
mean correction index of the fulcrum-bending method is the

The Pearson

closest to 1 and not significantly different (p=0.205) from 1
while that of the lateral-bending (p=0.038) and push-prone
(p=0.003) methods were significantly different (Table 5).

Table 4. Comparison of flexibility rate of lateral-bending,
push-prone, and fulcrum-bending vs. correction rate

Flexibility Pearson correlation P value
Rate coefficient
Lateral bending 46.54(25.11) 0.762 0.0003
Push prone 42.85(18.02) 0.856 0.0000002
Fulcrum bending 64.46(20.89) 0.868 0.152

Table 5. Comparison of correction index of lateral-bending,
push-prone, and fulcrum-bending

Correction Index P value
Lateral bending 2.06(1.64) 0.038
Push prone 1.82(0.78) 0.003
Fulcrum bending 1.10(0.26) 0.205

Multilinear regression analysis was utilized to explain
the association between correction rate, flexibility rate of
fulcrum bending and age (Figure 2). Statistical analysis
demonstrated a linear association predicted by the formula:

Correction rate= 33.864 — 1.086 (age) + 0.815 (flexibility
rate of fulcrum bending)

o 100 Z 7
-E 80 B ’000
g o ’ o
T 40 .
9 @
5 20 -
(3]
0 T I
0 20 40 60 80 100
flexibility rate of fulcrum bending

Figure 2. Scatter plot of flexibility rate of fulcrum bending
and correction rate
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Thus, the correction rate decreases by around 1% for
every one-year increase in age when the flexibility rate is
held constant. Similarly, maintaining the age constant, the
correction rate increases by around 0.8% for every 1%
increase in the flexibility rate.

Discussion

From December 2004 to October 2005, the Spine Unit of
the Department of Orthopedics treated 22 patients with
adolescent idiopathic scoliosis. A total of 20 patients fulfilled
the inclusion criteria and form the population for this study.
The study presents the first attempt in Philippine medical
literature to correlate lateral-bending, push-prone and
fulcrum-bending radiographs with the correction rate,
flexibility rate and correction index. Several similarities and
differences are observed in comparison with regional and
international reports.

Currently, lateral bending radiographs have been the
standard by which other flexibility radiographs are
compared. However, several authors have called into
question their ability to provide correction comparable to
that obtained through modern spinal
instrumentation.!»8112021  For example, Aronsson has
demonstrated the ineffectiveness of side-bending
radiographs with the following results: side-bending, 22°
correction; Harrington instrumentation, 23° correction;
Wisconsin wires, 29° correction; and Texas Scottish Rite
Hospital Also,
standardization of adequacy of side-bending radiographs is
difficult and is partly dependent on patient participation and
acceptance of the technique. Cheung et al. reported that the

Instrumentation, 36° correction.?

difference between the mean angle on the lateral-bending
radiograph and that on the postoperative radiograph was
significant (p<0.001).112 In our study there was significant
difference between the Cobb’s angle of the lateral-bending
compared to the postoperative standing radiograph
(p=0.043). Furthermore, there was a significant difference
between the flexibility rate of the lateral-bending radiograph
and the correction rate (p=0.007).

The push-prone technique assesses overall spinal
balance by demonstrating the effect of primary curve
correction on the curves both above and below and exposes
patients to less radiation, but when compared to lateral-
bending, predicts less correction.*>*  Vendantam et al.
reported in a prospective study of 40 patients with
adolescent idiopathic scoliosis that there was significant
difference in the Cobb’s angle measured in the push-prone
radiograph and the postoperative radiograph (p=0.0086).
They attributed their the difficulty in
standardizing the force exerted on the apex of the curve.®

results to

Klepps et al. compared the correction index obtained with a
radiograph and determined that it was
significantly different from a fulcrum-bending radiograph (p
< 0.05).1° The current study shows that the push-prone
radiographs significantly  different

push-prone

were from the
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postoperative standing radiographs (p = 0.008), flexibility
rate (p =0.00013) and correction index (p = 0.001).

In an effort to provide maximal flexibility with a
technique that is simple to perform and does not require
active patient participation, Luk et al. devised the fulcrum-
bending  radiograph  designed to  provide
reproducibility by correcting both gravitational and postural
forces. Our study has confirmed the results of these previous
which fulcrum-bending  radiographs
demonstrating better flexibility than other preoperative
methods.!'2 The study of Klepps showed that fulcrum-
bending radiographs provided significantly better correction
than lateral bending and push prone in terms of average
Cobb’s angle, flexibility rate, or correction index (all
p<0.01).1° Cheung reported that even in patients who had a
more flexible curve, the difference between the angle
measured on the lateral-bending radiograph and that on the
fulecrum-bending radiograph was still significant (p<0.01)."
Furthermore, the difference between the mean angle
measured using the fulcrum-bending radiograph and that
using the postoperative radiograph was 1 degree. Their
conclusion was that flexibility is best predicted by the
fulcrum-bending radiograph and is always more predictive
of the final correction. In their institution, the fulcrum-
bending radiograph has replaced the lateral-bending
radiograph in routine preoperative assessment. In our study,
the fulcrum-bending radiograph showed no significant
difference compared to postoperative standing radiograph
(p=0.669), flexibility rate (p=0.687), and correction index
(p=0.816).

Deviren et al. reported that flexibility of the major curve
is a useful predictor of expected surgical correction, and
flexibility of compensatory curves determines whether they
are structural or nonstructural.®> They determined that for
every 10° increase in curve magnitude over 40° results in a
10° decrease in flexibility; every 10 year increase in age
decreases flexibility of the structural curve by 5%.% In our
study, age and fulcrum flexibility —rate were the main

true

studies found

predictors for correction rate. Every one-year increase in age
when the flexibility rate is held constant, results in a 0.9%
decrease in the correction rate. Similarly, maintaining the
age constant, the correction rate increases by around 0.8%
for every 1% increase in the flexibility rate.

Conclusion

The fulcrum-bending radiograph demonstrated no
statistical difference as compared to the postoperative
radiograph, flexibility rate, and correction index. In our
institution, fulcrum-bending radiographs have been a
standard procedure before surgery because of its ability to
assess postoperative curve correction. Age and fulcrum
flexibility rate were the main predictors for correction rate.
Every one-year increase in age when the flexibility rate is
held constant results in a 0.9% decrease in the correction
rate.
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