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CT images with high spatial resolution are
essential for the assessment of the bones in
musculoskeletal (MSK) imaging, and critical for
fracture detection [1]. In-plane high-resolution
degrades with increasing distance from the
isocenter of the CT gantry [2]. Therefore, proper
positioning of the patients at isocenter is
important for acquiring high spatial resolution
imaging. Unfortunately, off isocenter positioning
is not uncommon [3, 4]. A large-scale analysis of
CT scans of the chest, abdomen, and pelvis found
that 83.7% of the scans were performed with
patients positioned off isocenter [5]. Isocenter
positioning can be additionally challenging in
MSK patients, who frequently have limited
mobility, experience pain, or restrictive orthopedic
hardware or casts. Nevertheless, there are
examples in which consistency of patient
centering has been improved via quality
improvement and educational efforts [6]. In order
to optimize imaging quality and standardize
patient positioning protocols, there is a need to
define an optimal range of distances from the
isocenter where image quality is consistent and
clinically acceptable. In-plane spatial resolution is
commonly quantified using the modulation
transfer function (MTF) [7]. However, the impact
of off-isocenter positioning on MSK clinical
image quality has not been specifically
investigated.

INTRODUCTION

To our knowledge, this work is the first to
systematically examine the effect of increasing
off-center distance on both spatial resolution and
clinical usefulness of trabecular bone imaging at
joint interfaces in energy-integrating detector CT.
Image quality was assessed subjectively using
Likert-scale evaluations by musculoskeletal
radiologists, with the goal of identifying an
optimal scanning region in which image
performance is preserved for MSK examinations.

PURPOSE

This retrospective study included 57 elbow EID
CT examinations acquired at varying distances
from the isocenter. Three radiologists
independently evaluated spatial resolution and
diagnostic utility using a 5-point Likert scale (5 =
much better than standard of care; 1 = much
worse than standard of care), and interrater
agreement was quantified using intraclass
correlation coefficients (ICC). Ordinal logistic
regression assessed the association between
distance from the isocenter and image quality
scores separately in two cohorts—(1) patients
with a cast, splint, or splinted elbow positioned
over the chest and (2) patients without these
factors—to account for potential confounding
from casts, splints, or chest beam attenuation.

MATERIAL AND METHODS

Mean age was 48 ± 19 years (38 males, 19 females). ICC was excellent for both spatial resolution and
diagnostic utility (ICC = 0.975/ ICC = 0.973). For each 1-mm increase in distance from the isocenter, the odds
of being in a higher Likert score category decreased significantly by approximately 5-7% and 5-16% for spatial
resolution and diagnostic utility score, respectively (p < 0.05). The probability of achieving a diagnostic utility
Likert score ≥4 exceeded 0.8 when the elbow was positioned within 123.7 mm for patients with a cast/splint,
and within 161.5 mm for those without. For spatial resolution, this was within 136.3 mm for patients with a
cast/splint, and within 146 mm for those without.

RESULTS

In EID CT, overall image quality for musculoskeletal (MSK) exams
can be maintained with high probability when the organ of interest
is within 123 mm of isocenter.

CONCLUSION
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The clinical images of the elbow positioned at different 
distances from the isocenter.

Up to approximately 123 mm from isocenter: Image quality remained uniformly high, with most
examinations receiving scores of 4–5 regardless of the presence of a cast or splint, and only a small number of
exceptions.
More than approximately 123 mm from isocenter: Image quality showed greater variability, spanning the
full range of scores from 1–5. Although some scans still achieved excellent ratings, lower scores occurred more
frequently, reflecting a decline in the consistency and predictability of image quality.

Distance associated with a high likelihood of image quality scores ≥4 (probability ≥0.8):
Patients with a cast or splint:

Diagnostic Utility - Approximately 124 mm or less from iso-center
Spatial Resolution - Approximately 136 mm or less from iso-center 

Patients without a cast or splint:
Diagnostic Utility - Approximately 162 mm or less from iso-center
Spatial Resolution - Approximately 146 mm or less from iso-center 

Main finding: As positioning moves farther from isocenter, the likelihood of obtaining images with high 
diagnostic utility and spatial resolution progressively decreases, indicating that off-center imaging is associated 
with reduced confidence in achieving consistently high-quality examinations.
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Ordinal logistic regression 
model-predicted probability 
of diagnostic image quality 
(Likert ≥ 4) versus distance 
from isocenter. The solid line 
shows probabilities derived 
from an ordinal logistic 
regression fit to ordinal Likert 
scores. Overlaid points 
represent observed diagnostic 
(probability 1, Likert≥ 4) and 
non-diagnostic (probability 0, 
Likert< 4) image quality 
classifications for individual 
cases.

As the joint moves away
from isocenter, spatial
resolution and overall
image quality degrade
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