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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 
their predictive value is 
not well described. 

• It is unclear which set of 
radiographic features 
are most predictive of 
dystrophic scoliosis and 
will stand up in a robust 
statistical model.



Objective

This study aims to determine which combination 
of x-ray characteristics was best able to predict 

true dystrophic status.



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

• Logistic regression was used to 
model the odds of an x-ray being 
dystrophic as a function of the 8 
radiographic characteristics. 

• Backward elimination, forward 
elimination, and stepwise selection 
were used to determine which 
characteristics were most predictive 
of dystrophic status.

• Vertebral wedging
• Vertebral rotation
• Sharp angular curve
• Rib penciling
• Vertebral scalloping
• Widened interpedicular distance
• Atypical location
• Spindling of transverse processes

• The ‘gold standard’ clinical diagnosis for 
each x-ray, made by the patient’s surgeon 
based on clinical data

• Combination of  Hx, PE, MRI and CT 
scans, surgical observations and results. 



Results
• The actual

diagnosis was 
dystrophic for 83 of 
the 122 x-rays, or 
68% and 39(32%) 
were non-
dystrophic

• Readers 
underestimated the 
proportions that 
were dystrophic.

Reader

Frequency 
Non-

dystrophic
(percent)

Frequency 
Dystrophic
(percent)

1 47
(39%)

75
(61%)

2 45
(37%)

77
(63%)

3 40
(33%)

82
(67%)

4 48
(40%)

74
(60%)

5 67
(55%)

55
(45%)

Total 247
(41%)

363
(59%)



Logistic regression analysis modeling  
backward, forward and stepwise elimination

• Spindling of transverse 
process

• Short sharp angular curve
• Widened interpedicular 

space
• Vertebral scalloping
• p > 0.05

• Rib penciling
• Vertebral rotation
• Vertebral wedging
• Atypical location
• p < 0.05

Strong predictors of dystrophic 
scoliosis: 



Results
• The odds of an x-ray being dystrophic were 2.43 times 

higher when rib penciling was present; vertebral rotation –
2.98, vertebral wedging – 2.37, & atypical location 3.00

• If all 4 characteristics patterns were present there would be 
a 51 times higher risk of dystrophic curve pattern.



Model summary

• The model predicts that the probability of an 
x-ray being truly dystrophic is about 31% if 
the reader saw none of these four 
characteristics. 

• The probability rises to about 52-58% if the 
reader saw one of the four characteristics, to 
about 72-80% if he saw two of them, to about 
88-91% if he saw three of them, and to about 
96% if he saw all four of them.



Conclusion
• Only four of the 8 classic radiographic 

findings of dystrophic scoliosis are most 
predictive. 
– Rib penciling
– Vertebral rotation
– Vertebral wedging
– Atypical curve location

• Further research to predict dystrophic curve 
patterns should focus on these radiographic 
markers.
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