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• First Disease Specific Patient (Parent)-

Reported Outcomes Questionnaire for EOS

• Validity

• Criterion Validity (pulm) (n=10)

• Construct Validity (n=95)

• Reliability

• n=15

• Responsiveness

• n=25 pre and post-operative

• Normative Reference Data (cross-sectional)

• 150 norms (benign orthopaedic dx’s)

Background



Background
• HRQOL 8 domains:

• General Health

• Pain/Discomfort

• Pulmonary Function

• Transfer

• Physical Function

• Daily Living

• Fatigue/Energy Level

• Emotion

• Family Burden 2 domains: 
• Parental Impact

• Financial Impact 

• Satisfaction 
• Child Satisfaction

• Parent Satisfaction 



Known-Group Validity

Total N = 90 patients
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Hypotheses:

• If the C-EOS is a valid way to distinguish patients from one another, 
then there should be differences between etiology designations  in 
EOSQ domain scores prior to intervention in EOS patients

• HRQOL 8 domains:
• General Health

• Pain/Discomfort

• Pulmonary Function

• Transfer

• Physical Function

• Daily Living

• Fatigue/Energy Level

• Emotion

• Family 

Burden:
• Parental Impact

• Financial 

Impact 

• Satisfaction: 
• Child 

Satisfaction

• Parent 

Satisfaction 



Methods

• Retrospective comparative analysis of prospectively collected data of a 
large multi-center cohort of patients.

• 610 patients who had pre-treatment (surgical or non-operative) EOSQ 

• 119 congenital

• 201 idiopathic

• 156 neuromuscular

• 184 syndromic



Baseline Characteristics

C-EOS Etiology

All 

n=610

Idiopathic

n=201 

Congenital

n=119

Syndromic

n=134

Neuromuscular

n=156

Age at Baseline/Pre-

Treatment EOSQ
6.1 ± 3.8 6.3 ± 4.7 4.5 ± 3.2 6.2 ± 3.4 7.0 ± 2.7

Coronal Cobb Angle 63 ± 25 54 ± 22 56 ± 23 67 ± 23 76 ± 26

Max Sagittal Kyphosis 48 ± 25 41 ± 22 41 ± 20 52 ± 26 57 ± 27

Neuromuscular patients were slightly older.

Neuromuscular and Syndromic Patients had slightly larger coronal and sagittal Cobbs 



Results



EOSQ Domains based on C-EOS Diagnosis
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Variables affecting EOSQ Domain Scores in Multivariate Modeling
General 

Health Pain

Pulmonary 

Function Transfer

Physical 

Function

Daily 

Living

Fatigue/  

Energy Emotion

Parental 

Impact

Financial 

impact

Parent 

Satisfaction

Child 

Satisfaction

Age (-) (+) (+) (-)

C-EOS

C > 

S,NM I>S

C, I > 

NM, S C > NM

C, I > 

NM, S

C, I > 

NM, S

C,I > 

NM,S C > S C >NM C > NM,S

Ambulatory Status (+) (+) (+) (+) (+) (+)

Cardiac Condition

Pulmonary 

Condition (-) (-)

Tracheostomy (-)

Supplemental 

nutrition (-)

Developmental 

Delay (-) (-) (-)

GI condition (-)

(+) implies positive correlation with subdomain score, (-) implies negative correlation with subdomain score

Results – Multivariate Summary
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Interpretation:Interpretation:

• Idiopathic = Congenital

• Effectively no domains where congenital scored differently than idiopathic.

• There was no domain where neuromuscular or syndromic patients scored as well as congenital or 

idiopathic 

• except pain where syndromic caught up to idiopathic

• Neuromuscular patients generally scored the lowest in EVERY domain.   

• A few exceptions where the syndromic patients were similarly poor such as general health, 

pulmonary function, emotion, financial impact and parent satisfaction



Hypotheses:

• HRQOL 8 domains:
• General Health

• Pain/Discomfort

• Pulmonary Function

• Transfer

• Physical Function

• Daily Living

• Fatigue/Energy Level

• Emotion

• Family 

Burden:
• Parental Impact

• Financial 

Impact 

• Satisfaction: 
• Child 

Satisfaction

• Parent 

Satisfaction 



Coronal Cobb Angle
n Spearman

correlation 
p-value

General Health 530 -0.109 0.012

Pain Discomfort 524 -0.233 0.000

Pulmonary Function 524 -0.177 0.000

Transfer 522 -0.288 0.000

Physical Function 517 -0.258 0.000

Daily Living 514 -0.272 0.000

Fatigue Energy 524 -0.247 0.000

Emotion 509 -0.203 0.000

Parental Impact 525 -0.272 0.000

Financial Impact 518 -0.209 0.000

Child Satisfaction 495 -0.241 0.000

Parent Satisfaction 502 -0.211 0.000

Coronal Cobb angles 
had a statistically 
significant effect on all 
domains with a 
negative correlation 

BUT the effects were 
small with low 
Spearman coefficients
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Kyphosis angles had a 
statistically significant 
effect on all domains 
with a negative 
correlation 

BUT the effects were 
small with low 
Spearman coefficients

Maximum Kyphosis
n Spearman 

correlation

p-value

General Health 360 -0.094 0.074

Pain Discomfort 355 -0.138 0.009

Pulmonary Function 354 -0.163 0.002

Transfer 352 -0.139 0.009

Physical Function 352 -0.223 0.000

Daily Living 345 -0.196 0.000

Fatigue Energy 356 -0.242 0.000

Emotion 339 -0.123 0.024

Parental Impact 356 -0.206 0.000

Financial Impact 351 -0.141 0.008

Child Satisfaction 330 -0.201 0.000

Parent Satisfaction 334 -0.202 0.000



Hypotheses:

• HRQOL 8 domains:
• General Health

• Pain/Discomfort

• Pulmonary Function

• Transfer

• Physical Function
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Burden:
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Age



Looked at variables which could create bias

Age
N Corr P-val

General Health 610 0.042 0.302

Pain Discomfort 601 -0.222 0.000

Pulmonary Function 604 -0.102 0.012

Transfer 601 -0.065 0.112

Physical Function 595 0.039 0.348

Daily Living 586 0.058 0.164

Fatigue Energy 602 -0.158 0.000

Emotion 584 -0.246 0.000

Parental Impact 604 -0.078 0.055

Financial Impact 595 -0.028 0.493

Child Satisfaction 567 -0.119 0.004

Parent Satisfaction 578 -0.081 0.051

• Age had a statistically 
significant effect on 
several domains but 
the actual effects were 
small with low 
Spearman coefficients
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But similar effects on scores, nonop or operative:

0

20

40

60

80

100

General Health Pain Discomfort Pulmonary Function Transfer Physical Function Daily Living Fatigue Energy Emotion

Surgical Patients by C-EOS

Surgical Idiopathic (n=103) Surgical Congenital (n=61) Surgical Syndromic (n=90) Surgical Neuromuscular (n=128)

0

20

40

60

80

100

General Health Pain Discomfort Pulmonary Function Transfer Physical Function Daily Living Fatigue Energy Emotion

Nonop Patients by C-EOS

Idiopathic (n=98) Congenital (n=58) Syndromic (n=44) Neuromuscular (n=28)



Conclusions

• EOSQ demonstrated known group validity 
when assessed on ~600 patients at multiple 
centers without the bias of treatment.

• Congenital patients scored (surprisingly?) 
well compared to Idiopathic patients 
(disease burden of congenital fusions not 
controlled)

• C-EOS Neuromuscular and Syndromic 
patients score significantly lower than 
Idiopathic and Congenital patients on most 
domains



Conclusions

• Future studies reporting EOSQ 
results of treatment must 
account for the C-EOS 
designations as matched or 
isolated groups

• Age and Cobb angle also have 
associations with EOSQ domain 
scores, albeit weak associations



Thank You


