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Accuracy and applicability of measurement 
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by Ferguson's method and by a new method 
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Summary. A new method for the measurement of scoliotic 
curves in antero-posterior (AP) radiographs is presented, in 
which the centre of the surface image of the vertebral bodies 
of the apical and two end vertebrae of the curvature are de- 
fined on the basis of geometric principles. Measurements 
using the Cobb, the Ferguson, and the new method were per- 
formed on ten AP radiographs from each of three groups of 
young patients with right convex thoracic idiopathic scoliosis 
with Cobb angles of between 7 and 15 ~ 16 and 45 ~ and 46 
and 80 ~ , respectively. Measurements using the Cobb method 
yielded significantly higher values than measurements using 
either the Ferguson method or the new method. In curves 
with Cobb angles of between 7 and 15 ~ the values using 
Ferguson's method were significantly lower than those us- 
ing the new method; the difference increased significantly in 
curves with a Cobb angle of 16 ~ or more. The level of sig- 
nificance of the intra- and interobserver differences between 
the new, the Cobb and the Ferguson methods was signifi- 
cantly higher in curves with a Cobb angle of 16 ~ or more. It 
is argued that measures of the scoliotic angle obtained by the 
new method are of greater clinical relevance than those ob- 
tained by the two other methods. Unlike the Cobb method, 
the new method takes into consideration the translation of 
the apical vertebra in relation to the end vertebrae and not 
only the tilt of the end vertebrae of the curve. As compared 
to the Ferguson method, the new method is based on stan- 
dardised geometric principles, and is not influenced by 
changes in the shape of the vertebral body. Moreover, the re- 
peatability of the new method is greater than that of both the 
Cobb method and the Ferguson method. Therefore, it is be- 
lieved that the new method provides a more accurate mea- 
sure of the scoliotic curve than do the two other methods, 
and it is to be preferred over the other two methods in longi- 
tudinal evaluation of the development of the curve. 
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There are two radiographic methods for measuring the de- 
gree of scoliotic curvature at the coronal plane: one de- 
scribed by Ferguson in 1945 [8] and the other by Cobb 3 
years later [5]. Since then, to the best of our knowledge, 
only one more method has been proposed for measure- 
ment of  the scoliotic angle on antero-posterior (AP) radio- 
graphs [4]. 

Several reports have shown that the Ferguson method 
evaluates the scoliotic curve more accurately in that it 
takes into consideration not only the tilt of the end verte- 
brae of the curve, as does the Cobb method, but also the 
position of the apical vertebra. Despite this, the Cobb meth- 
od has become more used than the Ferguson method in 
clinical practice as well as for scientific purposes. In 1966 
the Cobb method was adopted by the Scoliosis Research 
Society as the standard method for quantification of scoli- 
otic deformity at the coronal plane. The method is also 
used for measurement of the curve at the sagittal plane. 
However, since then, the accuracy of the Cobb method 
has been questioned in several studies. 

The question of which method is most suitable for 
measuring the scoliotic curve is pertinent not only when it 
comes to decision making before treatment but also for 
evaluation of results of scientific longitudinal studies. 
Therefore, a reappraisal of the accuracy of the Cobb and 
Ferguson methods is appropriate when presenting a new 
method by which the degree of the scoliotic angle on A-P 
radiographs can be read. 

The aim of this study was (a) to present a new method 
for measurement on A-P radiographs of scoliotic angles 
of different degrees and to study its accuracy in relation to 
the Cobb and the Ferguson methods; (b) to compare the 
repeatability of the three methods; and (c) to study the ap- 
plicability of the three methods for evaluation of spine in- 
strumentation results. 
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Materials  and methods  

The study included 30 A-P radiographs from patients with adoles- 
cent idiopathic scoliosis (28 female and 2 male) with a mean age 
of 13.3 years (range 11.3-14.9 years). All were right convex tho- 
racic curves. The material was divided according to the Cobb an- 
gle into three groups of ten radiographs each. Group I comprised- 
Cobb angles of between 7 and 15 ~ group II those between 16 and 
45 ~ and group III those between 46 and 80 ~ The mean Cobb angle 
of all radiographs was 32 ~ (range 7-80~ and the apical vertebra 
was between T7 and T10. 

In addition, pre- and postopertive A-P radiographs of ten pa- 
tients having undergone Harrington or Cotrel-Dubousset spinal in- 
strumentation were evaluated by all three methods. 

Measurements of the scoliotic angle at the coronal plane were 
carried out using the standard Cobb and Ferguson methods. In ad- 
dition, measurements were done using the new method, as follows: 
the end vertebrae and the apical vertebra of the curvature and the 
four corners of each were defined, and lines were drawn delineat- 
ing both the upper and lower endplates of the three vertebrae. The 
midpoint of each line was determined with a ruler. Perpendiculars 
were drawn through the midpoint of these lines. The intersection 
of the lines represents the geometric centre of the projected image 
of the vertebral body. Lines were then drawn through the centre of 
the three vertebrae, and the angle thus formed (Fig. 1 B) was mea- 
sured with a goniometer. The same vertebrae, in all measurements, 
were used for all three methods (Fig. 2A-C) .  The same goniometer 
and the same type of pencil were used for all measurements. 

In order to study the repeatability of the three methods, mea- 
surements on the 30 radiographs were carried out six times by the 

same observer for estimation of the intraobserver degree of varia- 
tion expressed as a standard deviation (SD) of the six measure- 
ments. The same radiographs were independently measured twice 
by another observer to evaluate the interobserver difference of the 
measurements, also expressed as SD of the two measurements. 

The interval between measurements was between 3 and 7 days 
and the skeletal landmarks were not preselected. 

To study the applicability of the three methods in instrumented 
spines, pre- and postoperative A-P radiographs from ten patients 
were measured by the three methods. 

Statistical analysis of the intraobserver and interobserver val- 
ues between measurements in the three groups was performed by 
analysis of variance at 99.9%, 99% and 95% confidence levels. 

Results  

T h e  m e a n  i n t r a o b s e r v e r  C o b b  a n g l e  in  g r o u p  I w a s  11.4 ~ 
in  g r o u p  II  29 .9  ~ a n d  in  g r o u p  I I I  55 .2~ t he  m e a n  F e r g u -  

son  a n g l e s  w e r e  6 .0  ~ , 17.9 ~ a n d  33.3  ~ , r e s p e c t i v e l y ;  a n d  
the  m e a n  a n g l e s  o b t a i n e d  b y  the  n e w  m e t h o d  w e r e  7 .2  ~ , 

21 .8  ~ a n d  40 .4  ~ r e s p e c t i v e l y  ( T a b l e  1). T h e  m e a n  v a l u e  o f  
t he  i n t e r o b s e r v e r  m e a s u r e m e n t s  o f  the  C o b b  a n g l e  in  
g r o u p  I w a s  10.9 ~ in  g r o u p  II  28  ~ a n d  in  g r o u p  I I I  53 .2~ 

the  m e a n  F e r g u s o n  a n g l e s  w e r e  6.1 o, 16.1 ~ a n d  36 .2  ~ re-  

s p e c t i v e l y ;  a n d  t he  m e a n  a n g l e s  o b t a i n e d  b y  t he  n e w  
m e t h o d  w e r e  7.1 o, 20 .0  ~ a n d  41 .9  ~ r e s p e c t i v e l y  ( T a b l e  2). 

A n a l y s i s  o f  t he  d i f f e r e n c e s  b e t w e e n  the  i n t r a o b s e r v e r  
a n d  i n t e r o b s e r v e r  m e a s u r e s  s h o w e d  t h a t  t he  d i f f e r e n c e  

1 
B 

C 

Fig. 1 A. The point of intersection of the diagonals of the vertebral 
body within a circle does not coincide with the centre of the circle. 
B The point of intersection of the perpendiculars from the mid- 
point of the upper and lower end plates of the vertebral body is the 
true geometric centre of the circle 

F i g . 2 A - C .  Measurements of the same curve with A the Cobb 
method, B the new method and C the Ferguson method yield an- 
gles of 33 ~ , 22 ~ and 16 ~ , respectively 

Table 1. Intraobserver measures (mean + SD) by group for the 
three methods (degrees) 

Cobb New Ferguson 
method method method 

Group I 11.4 + 2.76 7.2 + 2.04 6.0 _+ 2.05 

Group II 29.9 + 10.27 21.8 + 7.21 17.9 _+ 6.82 

Group III 55.2 + 10.1 40.4 + 7.56 33.3 _+ 6.57 

Table 2. Interobserver measures (mean _+ SD) by group for the 
three methods (degrees) 

Cobb New Ferguson 
method method method 

Group I 10.9 + 2.73 7.1 + 2.64 6.1 :t: 2.33 

Group II 28.0 + 10.14 20.0 + 8.62 16.1 _+ 8.74 

Group III 53.2 + 11.08 41.9 + 6.74 36.2 +_ 6.86 

Table 3. Mean differences between intraobserver and interob- 
server measures for each method by group (degrees) 

Difference Difference for Difference 
for Cobb new method for Ferguson 

Group I 0.5 0.1 -0.  l 
Group II 1.9" 1.8 1.8 
Group III 2.0* -1.5 -2.9* 

* Significant at 95% 
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Table 4. Comparison of intraobserver mean differences between 
the methods for the three groups (degrees) 

Cobb vs Cobb vs New method vs 
new method Ferguson Ferguson 

Group I 4.2*** 5.4*** 1.2" 
Group II 8.1"** 12.0"** 3.9** 
Group III 14.8"** 21.9"** 7.1"** 

* Significant at 95%; ** significant at 99%; *** significant at 
99.9% 

Table 5. Comparison of interobserver mean differences between 
the methods for the three groups (degrees) 

Cobb vs Cobb vs New method vs 
new method Ferguson Ferguson 

Group I 3.8*** 4.8*** 1.0 
Group II 8.0*** 11.9"** 3.9** 
Goup III 11.3"** 17.0"** 5.7** 

** Significant at 99%; *** significant at 99.9% 

Comparison of  the interobserver values showed that 
the differences between the Ferguson method and the new 
method were not significant for group I but were indeed 
significant for groups II and III. 

The differences between the Cobb method and the new 
method, and between the Cobb and the Ferguson method 
were significant in all three groups (Table 5). 

The intra- and interobserver measures for each method 
showed highly significant differences between the groups 
(Tables 6, 7). 

The study of  the applicability of  the three methods 
showed that postoperative measurement  of  the curve us- 
ing either the Ferguson or the new method was hampered 
by the metallic rods and hooks, which often concealed at 
least one, and often two or more, of  the needed bony land- 
marks o f  the end vertebrae o f  the curve. However,  a sim- 
ple regression between the values obtained by the Cobb 
and the new method yields the equation: new method 
value = (Cobb value x 0.74) - 0.62. This allows a conver- 
sion o f  Cobb to equivalent new method values if the new 
method is difficult to apply. 

D i s c u s s i o n  

Table 6. Mean intraobserver differences between the groups by 
the three methods (degrees) 

Cobb New Ferguson 
method method method 

Gr. I vsGr. II 18.0"** 14.6"** 11.9"** 
Gr. I vs Gr. III 43.8*** 33.2*** 27.3*** 
Gr. II vs Gr. III 25.3*** 18.6"** 15.4"** 

*** Significant at 99.9% 

Table 7. Mean interobserver differencese between the groups by 
the three methods (degrees) 

Cobb New Ferguson 
method method method 

Gr. I vs Gr. II 17.1"** 12.9"** 10.0"* 
Gr. I vs Gr. III 42.3*** 34.8*** 30.1"** 
Gr. II vs Gr. III 25.2*** 21.9"** 20.1"** 

** Significant at 99%; *** significant at 99.9% 

was not significant in group 1 for any of  the three meth- 
ods. In group II, the difference was significant for the 
Cobb method only, and in group III  the difference was not 
significant for the new method but was significant for the 
other two methods. Thus the results show that there were 
no significant differences between intraobserver and in- 
terobserver measures for the new method in any of  the 
three groups (Table 3). 

Comparison of  registered measures between the meth- 
ods showed that there were significant differences be- 
tween the methods in all groups for the intraobserver val- 
ues (Table 4). 

In measuring a scoliotic angle, factors influencing the ac- 
curacy, i.e. freedom from errors of  the obtained values aris- 
ing from the method of  measurement  itself and from the 
object of  the examination, should be taken into account  as 
well as factors affecting the reliability of  the measure- 
ments, i.e. the degree o f  confidence that can be put in the 
obtained values. Some of  these factors, for instance the 
position o f  the patient in relation to the X-ray tube, are 
c o m m o n  for all methods of  measuring a scoliotic angle on 
radiographs, and they are difficult to neutralise. Others 
can easily be detected and corrected. 

By definition, measurement of  an angle requires three 
fixed points, Changes of  the degree of  the angle are con- 
nected with positional changes of  any of  these points. The 
three reference points for evaluation of  a scoliotic angle are 
related to the apical and two end vertebrae of  the curvature. 

The Cobb method of  measuring the scoliotic angle 
takes into account the declination of  the end vertebrae of  
the curve, but not the translation o f  the apical vertebra. 
Therefore, the Cobb angle cannot be considered as a pure 
measure of  curve severity [12]. 

Ferguson 's  method uses as reference points for mea- 
surement of  the scoliotic curve the intersection o f  the di- 
agonals of  the vertebral body  of  the apex and the two end 
vertebrae of  the curve. However,  the defined centre o f  the 
projected surface of  the vertebral body  does not always 
coincide with the geometric centre of  the image of  the 
vertebra [ l 0]. 

The method described by Capasso [4] is based on elab- 
orate geometric principles evaluating the whole scoliotic 
curve as an arc of  a circumference. In practice, the method 
uses as landmarks for determination of  the scoliotic angle 
the upper and the lower comer  o f  the vertebral body of  the 
upper and the lower end vertebra of  the curve respec- 
tively, and the midpoint of  the body of  the apical vertebra 
at the side of  the concavity. 
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The new method for measurement of the scoliotic 
curve, devised by one of the authors (K.M.D.), uses as 
reference points the true geometric centre of the surface 
area of the apical and the two end vertebrae of the curve. 
It is therefore more accurate and clinically more relevant 
than other methods in evaluating the degree of curvature 
at the frontal plane projected on A-P radiographs. 

Variations in the outcome of measurements of scoliotic 
angles depend on the position of the patient in relation to 
the X-ray tube and the degree of the position changes of 
the vertebrae at the three cardinal planes. Significant dif- 
ferences in measurements using the Cobb method have 
been reported between radiographs taken while the patient 
was standing freely and those taken in a standardised po- 
sition [6], between A-P and P-A radiographs [7], between 
radiographs taken at different times of day [18] and be- 
tween radiographs taken with the patient lying and those 
taken in the standing position [17]. These variations are 
common to all methods and therefore have not been eval- 
uated in the present study. 

The reliability of the results of the measurements, ex- 
pressed as intraobserver and interobserver SD, is related 
to the selection of the three reference vertebrae, the defin- 
ition of landmarks on the radiographs and the experience 
and skill of the reader. 

In a model study on two scoliotic skeletons [15], minor 
rotation of the spine or movements of the X-ray tube or a 
combination of both gave a mean difference of reading by 
two authors of up to 8 ~ for the Cobb angle. The mean er- 
ror using the Cobb method was 3.12 + 0.48 ~ compared to 
1.82 + 0.21 ~ for the Ferguson method. 

It has been reported that in measuring the progression 
of a scoliotic curve using the Cobb method, a difference 
of at least 10 ~ can be considered to represent a true change 
with 95% confidence [3], whereas, a difference of less 
than 4 ~ has been considered to result from measurement 
variability [2]. The interobserver variability in three sets 
of measurements made by four observers, using the Cobb 
method with or without preselected levels of the curve, 
has been found to be between 6.3 and 7.2 ~ and the in- 
traobserver variability between 2.8 and 4.9 ~ [13]. 

As in the present study, previous comparative studies of 
the results of measurements using different methods have 
shown that the Cobb method gives consistently higher val- 
ues than the Ferguson [4, 15, 16]. The exaggeration of the 
curve in measurements using the Cobb method has been 
explained on the basis of geometric principles [11]. 

It has been reported that, Fergusion angle value can be 
converted to an equivalent Cobb value by multiplying it 
by 1.35, and that the Ferguson method is better suited to 
automated measurements [16]. Conversion of Cobb to 
new method values can be achieved using the equation: 
new method angle = (Cobb angle • 0.74) - 0.62. 

It has also been stated that the Ferguson method is best 
suited for curves of less than 50 ~ and the Cobb for curves 
of more than 50 ~ [10] and that measurement of the scoli- 
otic curve after surgery by the Cobb method gives a 
greater degree of correction than using the Ferguson 
method [9]. 

The results of the present study show that measurement 
of a scoliotic curve by the Cobb method yields significantly 

higher values than measurements made using either the Fer- 
guson or the new method, in all three groups of radiographs, 
i.e. in curves with a Cobb angle between 7 and 80 ~ 

The Capasso method is based on landmarks at the pe- 
riphery of the vertebral bodies on the concavity and, 
therefore, the results may be influenced by the degree of 
ossification of the vertebral body in children, by vertebral 
modelling in severe cases of scoliosis or by osteophytic 
formation in elderly patients. The method gives signifi- 
cantly higher values than the Ferguson and Cobb meth- 
ods; the Ferguson value equals 40% and the Cobb 62.4% 
of the values obtained by this method [4]. 

In curves with Cobb angles between 7 and 15 ~ there 
was a significant difference in the intraobserver but not 
the interobserver measures between the Ferguson and the 
new method. The level of significance was still higher for 
the intraobserver and the interobserver measures in curves 
of 16 ~ or more. Since both the Ferguson and the new 
method use the same vertebrae as reference points, this 
observation implies that in early scoliosis a minor defor- 
mity of the apical vertebral body results in only slight dis- 
placement of the point of intersection of the diagnonals 
from the geometric centre of the apical vertebra. With in- 
creasing curvature and corresponding wedging of the api- 
cal vertebral body, the point of intersection of the diago- 
nals moves to the side of the concavity, away from the 
geometric centre, leading to a significantly increasing dif- 
ference between the new method and the Ferguson values. 

However, it has to be kept in mind that the image of a 
scoliotic curve on plain A-P radiographs represents 
merely the surface projection of the displaced vertebral 
bodies and gives no indication of the degree of the true 
three-dimensional spinal deformity. 

Although it has been reported recently that the curve 
measured using the Cobb method is sometimes underesti- 
mated after instrumentation because the standard land- 
marks of the end vertebrae are obscured by metal [ 1], only 
the Cobb method is considered to provide reliable and 
comparable measurements of the scoliotic curve before 
and after surgery. 

The Cobb method is easier to apply than the Ferguson 
method, and the new method is somewhat more elaborate 
than the Ferguson. The new method, using three vertebrae 
for estimation of the scoliotic curve, is considered more 
accurate than the Cobb method; the use of the geometric 
centre instead of the changing position of the intersection 
of the diagonals of the vertebrae increases the accuracy of 
the new method as compared to the Ferguson method. 
Moreover, the new method consistently yields lower val- 
ues than the Cobb method and higher values than the Fer- 
gusion method at least for curves with a Cobb angle of up 
to 80 ~ . 

Finally, the repeatability of measurements is more reli- 
able for the new method than for the other two methods. 
Therefore, the new method is to be preferred over other 
methods both in scientific work to evaluate longitudinal 
changes in the scoliotic curve and in decision making be- 
fore treatment. 

The principles of the proposed new method can also be 
used without qualification for measurement of the 
kyphotic angle of the spine at the sagittal plane. 



Acknowledgement. This work was supported by research grants 
from the Karolinska Institute and King Oscar II and Queen 
Sophia's Golden Wedding Anniversary Foundation, Stockholm, 
Sweden. 

References 

1. Bass RK, Duncan RL, Fisher L, McGuire R (1994) Cobb angle 
measurement error before and after posterior segmental spinal 
instrumentation (abstract). Proceedings of the 29th Annual 
meeting of the Scoliosis Research Society, Portland, Oregon, 
pp 134-135 

2. Beckman CE, Hall V (1979) Variability of scoliosis measure- 
ment from spinal roentgenograms. Phys Ther 59:764-765 

3. Carman DL, Browne RH, Birch JG (1990) Measurement of 
scoliosis and kyphosis radiographs. J Bone Joint Surg [Am] 72: 
328-333 

4. Capasso G (1981) A new method for the radiographic evalua- 
tion of deformity in scoliosis. Ttal J Orthop Traumatol 7 :127-  
136 

5. Cobb JR (1948) Outline for the study of scoliosis. Am Acad 
Surg Lect 5:261-275 

6. Dawson EG, Smith RK, McNiece GM (1978) Radiographic 
evaluation of scoliosis. A reassessment and introduction of the 
scoliosis chariot. Clin Orthop 131 : 151-155 

7. DeSmet AA, Goin JE, Asher MA, Scheuch HG (1982) A clin- 
ical study of the differences between the scoliotic angles mea- 
sured on posteroanterior and anteroposterior radiographs. J Bone 
Joint Surg [Am] 64:489-493 

295 

8. Ferguson AB (1949) Roentgen diagnosis of the extremities and 
spine. Hoeber, New York, pp 414-415 

9. George K, Rippstein J (1961) A comparative study of the two 
popular methods of measuring scoliotic deformity of the spine. 
J Bone Joint Surg [Am] 43:809-818 

10. Kittleson AC, Lira LW (1970) Measurement of scoliosis. Am J 
Roentgenol Radium Ther Nucl Med 108:775-777 

1 l. Lusskin R (1962) Curves and angles, a comparison of scoliosis 
measurement. Clin Orthop 23 : 232-235 

12. McAlister WH, Shackelford MGD (1975) Measurement of 
spinal curvatures. Radiol Clin North Am 13:113-121 

13. Morrissy RT, Goldsmith GS, Hall EC, Kehl D, Cowie HC 
(1990) Measurement of the Cobb angle on radiographs of pa- 
tients who have scoliosis. Evaluation of intrinsic error. J Bone 
Joint Surg [Am] 72 : 320-327 

14. Oda M, Rauh S, Gregory PB, Silverman F, Bleck EE (1982) 
The significance of roentgenographic measurement in scolio- 
sis. J Pediatr Orthop 2:378-382 

15. Sevastik JA, Bergquist E (1969) Evaluation of the reliability of 
radiological methods for registration of scoliosis. Acta Orthop 
Scand 40 : 608-613 

16. Stokes IAF, Aronson DD, Ronchetti PJ, Labelle H, Dansereau 
J (1993) Reexamination of the Cobb and Ferguson angles: big- 
ger is not always better. J Spinal Disord 6:333-338 

17. Torell G, Nachemson A, Haderspeck-Grib K, Schultz A (1985) 
Standing and supine Cobb measures in girls with idiopathic 
scoliosis. Spine 10:425-427 

18. Zetterberg C, Hansson T, Lidstram J, Irstam L, Andersson G 
(1983) Daytime postural changes of the scoliotic spine. Orthop 
Trans 7 : 7-8 

Announcement 
European 
Spree Journal 

�9 Springer-Verlag 1995 

International ISSLS Fellowship 

The International Society/or the Study of the Lumbar Spine was 
founded in 1974 to bring together those individuals throughout the 
world, who, by their contributions and activities both in the area of 
research and clinical study were interested in the lumbar spine in 
health and in disease. Its further purpose was to serve as a forum 
for the exchange of information of both an investigative and clini- 
cal nature which relates to low back pain and disability. 

This has been accomplished by holding annual meetings through- 
out the world. Unfortunately, there are many countries, especially 
in underdeveloped areas, that are not represented. The members 
of the Society feel that a great deal of information could be ex- 
changed if these countries actively participated. 

The purpose of the International Fellowship Fund is to identify 
appropriate individuals in under represented/underdeveloped areas 

and financially sponsor them to attend and actively participate in 
the Society's meetings. 

If someone would like to attend next year's meeting in Burling- 
ton, VT, USA, June 25-29, 1996, the applicant should send a letter 
of application briefly outlining their work along with a curriculum 
vitae, a list of their publications, in English, and two letters of spon- 
sorship from their superiors. They should also send an abstract of 
a paper or poster that they would present at the meeting. The ap- 
plicant should have a demonstrated interest in clinical spine or non 
clinical spine related research. Five copies of this material should be 
in the Society's office in Toronto by January 1, 1996. The commit- 
tee will meet shortly after to decide which of the applicants will re- 
ceive this award for the 1996 meeting. Send applications to: The In- 
ternational Society for the Study of the Lumbar Spine, Sunnybrook 
Medical Centre, Room A309, 2075 Bayview Avenue, Toronto, 
Canada, M4N 3M5; Phone 416-4 80-48 33, Fax 416-480-6055. 


