Clinical and research applications of detailed pelvic CT subsegmentation
Detailed pelvic CT subsegmentation transforms pelvic anatomy from a visual output into a quantitative substrate for measurement, planning, and dataset generation. The same validated segmentation output was reused to derive coverage maps, morphometric indices, bone-quality estimates, arthroplasty-planning parameters, and deep-learning labels. These applications demonstrate feasibility only, and each requires dedicated validation before clinical decision use.
Automated pelvimetric extraction
The finalized segmentation tree was used to extract standardized pelvic and proximal femoral measurements directly from anatomical regions and landmarks.
Acetabular and femoral-head coverage
Acetabular coverage describes the three-dimensional containment of the femoral head by the acetabulum. [1]
· 3D coverage mapping
Three-dimensional acetabular and femoral-head coverage can be quantified as surface-area containment and reported globally, regionally by quadrant, and radially by clockface position. [1] Recent CT-based dysplasia work also emphasizes the value of quantifying femoral-head coverage as a three-dimensional surface-area measure [2]. Manual 3D coverage analysis remains difficult to standardize because reproducible assessment requires segmentation, pelvic alignment, acetabular surface definition, regional localization, and comparison with reference values [3].
In the present workflow, acetabular and femoral-head coverage were derived from the finalized Pelvis Segmentation Tree by analyzing the spatial relationship between the segmented acetabular and femoral-head surfaces in a fixed pelvic orientation. The acetabular-coverage output estimates the acetabular surface region participating in femoral-head containment. The femoral-head coverage output estimates the covered femoral-head surface globally and within predefined regional sectors. Quadrant percentages and clockface localization identify whether coverage abnormality is anterior, posterior, lateral, or combined, converting a single projection-dependent angle into a directional 3D containment map[1] (Figure 1).
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Figure 1. Surface-based acetabular and femoral-head coverage maps with quadrant-percentage and clockface output. A 3D frontal view; B, posterior view; C, superior view.
· Coverage-related angular parameters
Coverage-related angular parameters were added to preserve familiar clinical interpretation beside the surface maps. Lateral center edge angel (LCEA) quantifies superolateral femoral-head coverage, and recent CT-comparison studies show that radiographs may underestimate LCEA compared with 3D CT [4]. In the present workflow, LCEA was derived from the segmented acetabulum and femoral head by extracting the closest acetabular patch, fitting a 3D circle from lateral, inferior, anterior, and posterior patch points, defining the 12-o’clock point from the circle plane, and calculating the angle to the femoral-head center in a fixed AP/coronal plane (Figure 2).
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Figure 2. Segmentation-derived lateral center-edge angle measurement. LCEA is calculated from the segmented acetabular rim and femoral-head center in a fixed AP/coronal plane.
The acetabular index, (sharp angel) , quantifies acetabular roof inclination and may also differ between radiographs and CT in dysplasia assessment [5]. The classical acetabular index/Tönnis angle remains rooted in established dysplasia measurement principles [6]. In the present workflow, the closest acetabular patch was used to extract the rim, identify the most lateral and medial-inferior rim points, and calculate the acute roof angle in the standardized camera plane (Figure 3).
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Figure 3. Segmentation-derived acetabular index measurement. The acetabular index is calculated from the medial-inferior and lateral acetabular rim points in the standardized camera plane.
Acetabular version describes the axial opening orientation of the socket according to established definitions of acetabular orientation [7]. In the present workflow, version was estimated on the femoral-head axial level using segmented anterior-wall, posterior-wall, and contralateral posterior-wall references, with the angle calculated from same-side anterior–posterior wall geometry relative to the transverse posterior reference (Figure 4).
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Figure 4. Segmentation-derived acetabular version measurement. Acetabular version is estimated from segmented anterior- and posterior-wall references at the femoral-head axial level.
Clinically, this combined coverage package may refine phenotyping of dysplasia, pincer morphology, anterior–posterior wall imbalance, and mixed femoroacetabular deformity.
Its novelty is not 3D acetabular coverage analysis itself, but the automated derivation of regional coverage maps from a validated segmentation tree, reducing manual boundary tracing and linking coverage percentages, clockface localization, LCEA, roof inclination, and acetabular version in one post-segmentation workflow.


Proximal femoral and reconstruction-related metrics
Proximal femoral and pelvic metrics were included because hip mechanics and reconstruction depend on coronal alignment, torsion, offset, limb-length symmetry, and pelvic posture.
· Neck–shaft angle ) NSA (   
The neck–shaft angle quantifies the coronal relationship between the femoral neck and shaft and is used to describe proximal femoral morphology, including coxa vara and coxa valga [8]. In the present workflow, NSA was calculated from the segmented femoral head–neck axis and an adaptive femoral shaft axis selected from the available proximal or mid-shaft region (Figure 5). This output supports proximal femoral morphology assessment, bilateral comparison, osteotomy planning, and implant geometry evaluation.
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Figure 5. Segmentation-derived neck-shaft angle measurement. NSA is calculated from the segmented femoral head-neck axis and adaptive femoral shaft axis.


· Femoral offset
Femoral offset is the perpendicular distance from the femoral-head center to the femoral shaft axis and is important for hip biomechanics, abductor function, gait, stability, and THA reconstruction [9,10].
In the present workflow, femoral offset was measured by projecting the segmented femoral-head center and adaptive shaft axis into the fixed frontal plane and calculating the perpendicular distance (Figure 6). This output supports templating, reconstruction assessment, postoperative comparison, and side-to-side symmetry evaluation.
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Figure 6. Segmentation-derived femoral offset measurement. Femoral offset is measured as the perpendicular distance from the femoral-head center to the adaptive femoral shaft axis.
· Limb-length discrepancy
Limb-length discrepancy reflects side-to-side length inequality and is clinically relevant because residual discrepancy affects gait, patient satisfaction, function, and perceived reconstruction quality. [11,10]
In the present workflow, LLD was estimated by measuring the 3D ASIS-to-lesser-trochanter distance on each side and reporting the left–right difference.
This output provides a rapid internal bilateral comparison for preoperative, postoperative, and reconstruction-related assessment (Figure 7).
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Figure 7. Segmentation-derived limb-length discrepancy measurement. LLD is estimated from bilateral ASIS-to-lesser-trochanter distances and reported as the side-to-side difference.
Pelvic tilt
Pelvic tilt describes sagittal pelvic orientation and is clinically relevant because pelvic posture changes functional acetabular orientation and cup-position interpretation [12,13]. In the present workflow, pelvic tilt was calculated from the anterior pelvic plane defined by the segmented ASIS landmarks and symphysis pubis (Figure 8).
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Figure 8. Segmentation-derived pelvic tilt and reconstruction-related metrics. Pelvic tilt is calculated from the anterior pelvic plane defined by the ASIS landmarks and symphysis pubis.
Pelvic bone-quality assessment
Pelvic bone-quality assessment supports osteoporotic-fracture risk stratification and surgical planning, as diminished bone density and regional bone stock are linked to implant purchase, screw pull-out, loosening, reduction collapse, and fixation failure [14,15,16]. Opportunistic CT screening with vertebral HU correlates with osteoporosis, but it does not describe the heterogeneous pelvic bone stock used for fixation or arthroplasty [14]. Pelvic cancellous HU varies regionally, with denser load-transfer areas such as the acetabular roof and sciatic buttress differing from the pubis and ischium [17].
In the present workflow, PBQI sampled the segmented weight-bearing chain: L5 body, sacrum, bilateral sciatic buttress, acetabular roof, femoral head, and calcar. Each ROI was extracted from the finalized segmentation tree, internally filled, eroded toward trabecular bone, and analyzed by voxel HU distribution. HU values were summarized as mean HU and four density bands: <150, 150–250, 250–350, and >350 HU.
The immediate output is a regional heat-map and table showing local bone stock and side-to-side asymmetry.
This framework could evolve into a composite pelvic bone-quality index combining mean HU, HU-band fractions, regional asymmetry, and load-bearing ROI patterns. [18,19]
The novelty is shifting from single-level HU or DXA screening to a segmentation-guided, multi-region pelvic index aligned with surgical load-bearing anatomy.
PBQI remains a feasibility framework and must be validated against DXA/QCT, fracture phenotype, screw purchase, fixation failure, implant loosening, biomechanical testing, and clinical outcomes before clinical use (Figure 9).
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Figure 9. Pelvic bone-quality assessment across segmented load-bearing regions. Four HU bands summarize local pelvic bone stock along the segmented load-bearing chain from L5 to calcar.
Arthroplasty-planning application
CT-based 3D THA planning improves anatomical understanding, implant-size prediction, component positioning, and reconstruction strategy [20]. However, conventional CT-based 3D planning may require manual segmentation, repeated component adjustment, operator experience, and substantially longer templating time; Huo et al. reported mean planning time of 32.07 ± 2.41 min for 3D Mimics versus 3.91 ± 0.64 min for AI-assisted 3D planning. [21]
In the present workflow, arthroplasty planning represents a direct surgical extension of pelvic CT subsegmentation.The module established an APP-based pelvic coordinate system from segmented pelvic landmarks and used this frame for standardized planning. The cup-planning tool derived the acetabular center, press-fit cup size, inclination, version, rim engagement, and peri-acetabular HU from the segmented acetabular contact region. The femoral-planning tool used STL implant components and segmented femoral references to align the stem, fit it to the medullary isthmus, and report head size, stem size, femoral version, combined anteversion, and proximal bone morphology. The workflow generated implant-in-situ visualization, LLD/offset summaries, bone-quality context, femoral-fit outputs, and a consolidated planning report (Figure 10).
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Figure 10. Arthroplasty-planning workflow derived from pelvic CT subsegmentation. The same segmented anatomy drives pelvic-frame standardization, cup planning, femoral stem fitting, implant visualization, and final reporting.
The novelty is a one-click segmentation-derived THA planning workflow that integrates pelvic orientation, cup planning, femoral stem fitting, HU context, implant visualization, and reporting, aiming to reduce manual CT-planning burden and improve planning consistency and accuracy.
These outputs demonstrate feasibility only; implant-selection rules, stability metrics, HU thresholds, and final reconstruction parameters require validation against surgeon planning, navigation or robotic systems, postoperative imaging, and clinical outcomes.
CT-based screw-corridor planning
CT-based screw-corridor planning is essential for defining safe intraosseous trajectories in pelvic and acetabular fixation, where narrow osseous pathways leave little tolerance for cortical breach, joint penetration, or neurovascular injury [22,23,24,25].
In the present workflow, the finalized Pelvis Segmentation Tree was used to define screw entry points, target regions, corridor axes, diameters, lengths, and regional HU context for preoperative corridor screening, implant sizing, entry localization, and bone-quality assessment (Figure 11).
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Figure 11. CT-based screw-corridor planning from segmented pelvic anatomy. Segmented entry regions, target zones, corridor axes, diameters, lengths, and local HU context support preoperative screw-corridor screening.
Deep-learning dataset expansion
Recent pelvic segmentation studies highlight the need for robust CT labels to train and test AI models across normal anatomy, anatomical variation, and fracture morphology [26,27]. 
In the present workflow, validated deterministic subsegmentation can generate large-scale initial masks for normal pelvic CTs. Abnormal and fracture cases can then be semi-automatically segmented and manually refined to create pathology-aware labels.
The next step is extension to the main pelvic anatomical structures and clinically relevant subregions, including the acetabulum, ilium, sacrum, pubis, anterior column, posterior column, and additional subsegmentations.
These curated labels could support automated pelvic segmentation, abnormality detection, fracture localization, displacement measurement, bone-loss assessment, and pelvic or acetabular fracture classification.
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