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Scoliosis in Neurofibromatosis type1:
Dystrophic or non-dystrophic

• Nondystrophic and 
dystrophic

• Most common osseous 
defect

• 2% of pts with scoliosis 
will have NF-1

• 30% of patients with NF-
1 have spine disorders

• Dystrophic more severe

Crawford OCNA 2007



Natural History
• Calvert et al, JBJS Br 1989

– Treated (n=34) and untreated 
(n=32) w/ NF1 scoliosis

– 75% untreated group had 
kyphoscoliosis

– Severe anterior scalloping –
progressed 23°/yr

– All others 7°/yr progression 
and 8°/yr of kyphosis

• Wilde et al, Spine 1994
– Vertebral subluxation, disc 

wedging and peripheral 
skeletal dystrophy prognostic 
factors that predict 
progression after arthrodesis Rapid progression 5 to 80 degrees



Radiographic characteristics of 
dystrophic scoliosis

• Certain radiographic 
characteristics have been 
reported to predict dystrophic 
scoliosis, but the inter-observer 
reliability is not well described. 

• Rating systems should have 
good inter-rater reliability to be 
generalizable.

• Careful validation of these 
predictive factors may facilitate 
early detection and timely 
intervention to optimize 
outcomes and minimize delayed 
treatment.



Objective

The purpose of this study is to assess the inter-
observer reliability of 8 radiographic 

characteristics of dystrophic modulation in NF1.



Materials and Methods

• Multicenter contribution
• 122 sets (AP & Lat) of 

patient radiographs with NF1 
& scoliosis assessed by 5 
Spine surgeons 

• 8 Radiographic 
characteristics dystrophic 
scoliosis

• Blinded to final diagnosis
• Inter-observer reliability 

analysis was performed 
using Fleiss’ kappa.

• Vertebral wedging
• Vertebral rotation
• Sharp angular curve
• Rib penciling
• Vertebral scalloping
• Widened interpedicular 

distance
• Atypical location
• Spindling of transverse 

processes



Inter-observer 

• Of the 122 cases, 
83(68%) were 
dystrophic and 
39(32%) were non-
dystrophic. 

• Overall agreement 
for dystrophic 
diagnosis was 
0.61(good). 

Characteristic Fleiss’ kappa

Dystrophic diagnosis 0.612

Vertebral wedging 0.619  - max
Vertebral rotation 0.589
Sharp angular curve 0.602
Rib penciling 0.414
Vertebral scalloping 0.140  - min
Widened interpedicular
distance

0.182

Atypical location 0.276
Spindling of transverse 
processes

0.424



Results

• For dystrophic diagnosis
– all 5 readers agreed that a case was dystrophic in 

46 of 122 cases, and non-dystrophic in 30 of 122 
cases, 

– but there was some disagreement in 46 cases. 
• For wedging, where the agreement was 

‘good’, the readers completely agreed more 
than half of the time. 

• In contrast, where the agreement was ‘poor’, 
the readers disagreed in nearly all the cases.



Actual Dystrophic diagnosis

Variable Name Rate observed in 
all 610 readings

Rate observed in 
truly dystrophic 

(sensitivity)

Rate observed in 
truly non-
dystrophic 

(1-specificity)

Vertebral wedging 61.5 % 75.9 % 30.8 %
Vertebral rotation 61.2 76.1 29.2
Sharp angular curve 52.5 65.3 25.1
Rib penciling 42.8 54.4 18.0
Vertebral scalloping 40.7 46.8 27.7
Widened interpedicular
distance 36.1 43.9 19.5

Atypical location 22.3 29.6 6.7
Spindling of transverse 
processes 15.1 18.3 8.2

The association between each characteristic and true dystrophic diagnosis is highly significant 
(chi-square test, p-value < 0.0001) for seven of the eight characteristics, and slightly less significant 
(p-value = 0.0011) for the eighth (spind).



Discussion:
Dystrophic Modulation

• Durrani et al, Spine 2000
– Modulation occurred 65% of patients
– Modulation occurred in 81% of patients scoliosis 

presented before 7 years and 25% after 7 years
– Rib penciling only factor influenced progression
– Progression rate: scoliosis 12° and kyphosis 8°

• Dystrophic modulation may explain 
underestimation of dystrophic diagnosis by 5 
raters.



Summary

• Overall dystrophic diagnosis can be reliably 
assessed by radiographic characteristics. 

• Some radiographic characteristics, such as 
wedging, can be reliably assessed with good 
agreement. 

• The agreement on other characteristics, such 
as scalloping, is poor.
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