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Introduction/Background

We developed an evidence-grounded large language model (LLM) pipeline to convert more than 33,000
scoliosis radiology reports into structured VLM training labels. Because physician validation is the principal
scalability bottleneck, each extracted variable is displayed alongside color-coded highlights of the supporting
report text. We evaluated the usability of this interface.

Methods/Intervention

An evidence-grounded LLM extracted structured scoliosis variables including Cobb angles, curve
characteristics, spinal hardware, coronal and sagittal imbalance, vertebral numbering, compression fractures,
and incidental findings. The interface simultaneously displayed the structured extraction and color-
coded/highlighted the evidence within the radiology report text that was used to derive each extracted
variable. Two physician reviewers independently validated the first 100 reports using a randomized crossover
design in which each report was reviewed once using the evidence-grounded interface and once using the
original report interface. Review time, reviewer perception, inter-reviewer agreement, and field-level correction
patterns were assessed.

Results/Outcome

The first 100 reports contained a mean of 6.3 structured variables per report with balanced complexity
between arms. Mean review time was comparable for evidence-highlighted and original reports (Reviewer 1:
24.3 vs. 24.3 min per 10-report block; Reviewer 2: 21.0 vs. 22.8 min) as was validation performance across
extraction fields. Both reviewers were faster over the final 20 reports (19% and 46%) suggesting experience
contributed more to review time than the interface. Inter-reviewer agreement was 92.2% across 1,052 field-
level comparisons. The interface was rated helpful in 78% of evaluations, neutral in 12%, and slightly
confusing in 10%.

Conclusion

In this pilot study, evidence-grounded visualization maintained comparable review times, high inter-reviewer
agreement, and similar validation performance. Although it did not improve validation speed or accuracy,
reviewers consistently reported perceived improved clarity and easier navigation between structured outputs
and their supporting text. The primary benefit therefore appears to be improved usability and sustainability of
physician validation workflows rather than faster review. Greater efficiency gains may emerge for longer



reports in which locating sparse supporting evidence is more time-consuming.

Statement of Impact
Color-coded evidence grounding of LLM-extracted variables showed potential to reduce the cognitive burden
of physician validation, a principal bottleneck in scaling structured data extraction from radiology reports.
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Figure 1. Impact of color-coded reports compared to original reports on time to complete the review of 10 cases across two

reviewers over time.
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Figure 2. Example of a color-coded report to demonstrate the evidence used by the LLM for data field extraction. The key for the

Structured Output / QC

INDICATION: Prior Report ID: 1.2.276.0.7230010.3.1.2.17148
COMPARISON: 11/27/2014 it
TECHNIQUE: XR ENTIRE SPINE WITH SKULL 2-3 VIEWS SCOLIOSIS EVAL
Max Cobb angle: Not identified in current report
Limitation: These films were performed on the EOS system with less radiation than usual 2 view spine, limiting Cornegion: mOrs—
the Jiiati~c to : - + Curve severity: Unchanged mild S-shaped
v curvature of the thoracolumbar
FINDINGS: spine.
Th lumbar curvature: L mild S-shaped curvature with levocurvature of the lower thoracic and
Hardware present: Yes
dextrocurvature of the mid lumbar spine . .
Hardware basis: Posterior instrumented spinal
fusion of L1-S1
Coronal imbalance: Coronal plumbline passes 3.2 cm to the left of the sacral promontory . Construct span: L1-81
Construct region: lumbosacral

Sagittal imbalance: ¥74cm

Primary current Cobb  Not identified in current report

Other: Posterior instrumented spinal fusion of 1= with posterior decompression. Unchanged mild anterior - -

wedging of the T11 and T12 bodies . Red d multievel degenerative disc disease, worst in e o Nons Kenbted

the lower thoracic spine.

IMPRESSION: Coronal imbalance: -32cm

1. Unchanged mild S-shaped curvature of the thoracolumbar spine. Coronal and sagittal imbalance as Sagittal imbalance: 74.cm

described. Spinal numbering: Not stated

2. Posterior instrumented spinal fusion L1-S1. Vertebral body Not identified
augmentation:

P Comp ity
/ L ged mild anterior

finding: wedging of the T11 and T12

Review reasons:

vertebral bodies.
Cobb angle
W c | imbal Extraction confidence: 5/5—5
oronal imbalance
= Cobb confidence: Not scored
i el Anoelerioy Coronal imbalance §5—5
[ Hardware confidence:
I Numbering Slg'ﬁ!;:l imbalance 5/5—5
confidence:
i AGA i Hardware confidence:  5/5 —5
thald 1 findi ding follow u
- ; Needs human review:  NO

color-coding is located in the bottom left corner and the normalized extracted variables are listed on the right.

Very helpful

Reviewer 1,

n (%)

5 (10%)

Reviewer 2,

n (%)

30 (60%)

35 (35%)

Combined,

n (%)

30 (60%) 13 (26%) 43 (43%)

PO 11(22%) 1 (2%) 12 (12%)

4(8%) 6 (12%) 10 (10%)
Helpful (Very + 35/50 (70%) 43/50 (86%)  78/100 (78%)

Somewhat)

Table 1. Summary of reviewer ratings of the usefulness of the color-coding of reports to verify the data extracted by the large
language model. Of note, none of the color-coded reports were rated as "not useful".
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