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Abstract: Background: In total hip arthroplasty (THA), accurate reconstruction of physiological
joint biomechanics is determined by the individual patient’s proximal femoral anatomy
and stem design. Previous studies demonstrated a wide variation of femoral canal
shapes and an association with extramedullary geometrical features. The purpose of
this study was to propose a comprehensive classification for the coronal plane
alignment of the hip (CPAH) that incorporates intramedullary and extramedullary
parameters. We sought to determine the distribution of femoral morphotypes in an
osteoarthritic cohort and to assess the reconstructive potential of four common femoral
stem designs in each CPAH type.

Methods: The preoperative radiographs of 2,345 patients undergoing primary
uncemented THA were retrospectively analyzed, including Dorr classification, neck-
shaft angle (NSA), femoral offset (FO), and femoral offset ratio (FOR). The CPAH
classification defines nine morphotypes based on the combination of Dorr type and
NSA. Each morphotype is categorized into a normal- and a high-offset subgroup.
Digital templating was conducted to assess the reconstruction of FO, leg-length (LL),
and the agreement between anatomy and stem geometry.

Results: CPAH types 2N, 5N, 5H, 6N, and 8N accounted for a combined percentage of
82% (n = 1,928), whereas the remaining morphotypes represented less common
anatomical constitutions. Canal shape, FO, and NSA were associated with
demographic characteristics (age, P < 0.001; sex, P < 0.001). Subgroup analyses
stratified by CPAH types revealed that the reconstructive potential of each stem design
depends on the patient’s femoral morphotype. Across all CPAH types, the short stem
was the best-fit implant, whereas a mismatch between anatomy and stem design was
evident in up to 80% of the cases using the anatomic stem design.

Conclusions: CPAH classification provides a comprehensive classification system for
femoral morphotypes. It enables a phenotyping approach in THA planning and
provides practical guidance for individualized implant selection.
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Abstract

Background: In total hip arthroplasty (THA), accurate reconstruction of physiological joint
biomechanics is determined by the individual patient’s proximal femoral anatomy and stem
design. Previous studies demonstrated a wide variation of femoral canal shapes and an
association with extramedullary geometrical features. The purpose of this study was to
propose a comprehensive classification for the coronal plane alignment of the hip (CPAH) that
incorporates intramedullary and extramedullary parameters. We sought to determine the
distribution of femoral morphotypes in an osteoarthritic cohort and to assess the reconstructive
potential of four common femoral stem designs in each CPAH type.

Methods: The preoperative radiographs of 2,345 patients undergoing primary uncemented
THA were retrospectively analyzed, including Dorr classification, neck-shaft angle (NSA),
femoral offset (FO), and femoral offset ratio (FOR). The CPAH classification defines nine
morphotypes based on the combination of Dorr type and NSA. Each morphotype is categorized
into a normal- and a high-offset subgroup. Digital templating was conducted to assess the
reconstruction of FO, leg-length (LL), and the agreement between anatomy and stem
geometry.

Results: CPAH types 2N, 5N, 5H, 6N, and 8N accounted for a combined percentage of 82%
(n = 1,928), whereas the remaining morphotypes represented less common anatomical
constitutions. Canal shape, FO, and NSA were associated with demographic characteristics
(age, P < 0.001; sex, P < 0.001). Subgroup analyses stratified by CPAH types revealed that
the reconstructive potential of each stem design depends on the patient’s femoral morphotype.
Across all CPAH types, the short stem was the best-fit implant, whereas a mismatch between
anatomy and stem design was evident in up to 80% of the cases using the anatomic stem
design.

Conclusions:

CPAH classification provides a comprehensive classification system for femoral morphotypes.
It enables a phenotyping approach in THA planning and provides practical guidance for

individualized implant selection.

Keywords: CPAH classification, coronal plane alignment of the hip, femoral morphotype, Dorr

classification, total hip arthroplasty, stem design, individualized arthroplasty



Introduction

In total hip arthroplasty (THA), the accurate reconstruction of physiological joint biomechanics
is crucial for the postoperative outcome and is determined by the patient’s proximal femoral
anatomy and the design of the prosthesis. The Dorr classification defines three distinct femoral
canal shapes based on intramedullary parameters [1]. However, previous studies identified a
much higher variability of intramedullary shapes and extramedullary geometrical parameters
that are relevant for the reconstruction of physiological joint biomechanics by THA [2-4]. Active
shape modeling and subsequent cluster analyses identified a minimum of ten distinct patterns
of femoral canal shape, each characterized by distinct geometrical measures including femoral
offset (FO) and neck-shaft angle (NSA) [3]. These findings indicate an association between
canal shape and joint geometry that has not yet been incorporated in a classification system.
In THA, inaccurate reconstruction of these parameters is associated with adverse functional
outcomes, wear of bearing surfaces, and reduced implant survival rates [5-9]. Consequently,
implant selection is one of the most important decisions in preoperative THA planning to
achieve the best possible agreement between hip anatomy and implant geometry. In primary
THA, femoral components can be classified into six categories based on implant geometry,
modularity, and length; each associated with with distinct biomechanical characteristics in
terms of fixation principles and load transfer [10,11]. Although implant choice and fixation type
are often determined by the patient’'s age and bone quality, there remains uncertainty about
which stem design allows for the best possible reconstruction of the individual patient’s
anatomic constitution. Therefore, a novel classification of femoral morphotypes that has the
capacity to determine which stem design provides the best reconstructive potential for the

individual anatomy would be of value.

The purpose of this study was to propose a classification system for the coronal plane
alignment of the hip (CPAH) that combines intramedullary and extramedullary geometric
parameters. We sought to determine the distribution of femoral morphotypes in a large
osteoarthritic patient collective and to assess the reconstructive potential of common femoral

stem designs in each CPAH type.



Methods
CPAH classification

In this single-center, retrospective study, patients who underwent primary, cementless THA

between 2016 and 2021 were screened for eligibility. After applying exclusion criteria, 2,345
radiographs were analyzed (Figure 1).

Radiological analysis was performed using preoperative, low-centered anteroposterior
radiographs, which were obtained using a standardized protocol [12]. Patients were positioned
supine, and legs were internally rotated by 15 degrees using a leg retainer. To ensure a
reproducible radiographic projection, quality criteria included symmetric obturator foramina,
neutral pelvic positioning, and symmetric visualization of the lesser trochanters. Severe
deformities of the acetabulum and proximal femur precluding reliable determination of the
femoral head and hip center of rotation were excluded (Figure 1).

Measurements followed a standardized algorithm (Figure 2) and were performed using
Carestream Picture Archiving and Communication System software (Carestream Health Inc.,
Rochester, New York, USA). Intra- and interobserver reliabilities for radiological
measurements were calculated for 20 randomly selected radiographs using intraclass
correlation coefficients (ICC) with a two-way random effects model for absolute agreement and
revealed excellent intra- and interobserver ICCs (respective ranges: 0.991 to 0.998 and 0.911
to 0.998). Dorr classification was assessed using the cortical index (Cl) (Dorr A > 0.6, Dorr B
0.5-0.6, Dorr C <0.5) [1,13]. The NSA was measured as the angle between the femoral neck
axis and femoral shaft axis (coxa vara < 120°, coxa valga > 140°). The FO was measured as
the perpendicular distance between the center of the femoral head and the femoral shaft axis.
Femoral offset ratio (FOR) was defined as the ratio of FO divided by the cortical width 10 cm
distal to the lesser trochanter. By normalizing the absolute value of FO to the femoral shaft
diameter, the FOR allows the identification of anatomic subtypes with an increased offset
relative to femoral size.

The CPAH classification was conceptualized as a hierarchical framework integrating
intramedullary and extramedullary parameters of proximal femoral anatomy in the coronal
plane. In the classification matrix, Dorr types are set against the NSA subgroups, defining nine
distinct femoral morphotypes (Figure 3). FOR was incorporated as a secondary stratification
parameter within each morphotype to account for proportional variation in femoral offset
relative to femoral size. Each morphotype is further categorized into a normal (FORy) and high
offset (FORy) cohort. The cut-off value for the FORH subtypes was defined using a distribution-
based approach and set at 1.60 (mean FOR plus one standard deviation). This threshold was
selected to identify anatomic subtypes with a clearly increased FOR, representing clinically

relevant high-offset configurations within each CPAH type.



Patients’ mean age was 66 years (range, 16 to 92), and 60.2% were women. Dorr types A, B,
and C accounted for 31.3, 55.2, and 13.5%, respectively. Mean NSA was 130.3° (range, 105
to 162°), and mean FO was 46.3 mm (range, 11.6 to 76.1). Overall, 80.6% of the cases were
classified as coxa norma, 8.1% as coxa vara, and 11.3% as coxa valga. The mean FOR was
1.40 (SD 0.2), and 15.8% were categorized as high-offset subtypes (FORn).

Digital templating study

For each CPAH type, five cases were randomly selected using a simple random sampling
approach in Statistical Package for the Social Sciences (SPSS) Statistics software.
Representative femoral components were selected based on their use in the recent national
and international arthroplasty registry reports [14,15], and stem geometry was categorized
using the classification proposed by Radaelli et al. [11]: straight stem (Type A, n = 3 stem
designs), shortened quadrangular taper stem (Type B3, n = 1 stem design), anatomic fit-and-
fill (Type C2, n = 1 stem design), or short-stem prostheses (Type F, n = 2 stem designs) (Figure
1).

Digital templating was conducted using mediCAD® 2D software V7.0 (Hectec GmbH,
Altdorf/Landshut, Germany) following the standardized protocol for calibration and the
definition of anatomical landmarks. For acetabular cup placement, inclination was set at 40 to
45°, and the native center of rotation was restored to avoid alterations of the acetabular offset
and compensatory changes of the femoral and global offset. Planning of the femoral
component was followed the respective manufacturer's instructions, aiming for the
reconstruction of the native FO, leg-length equalization, and an adequate meta- and
diaphyseal anchorage as appropriate per stem design. For each implant type, the stem option
that enabled the best possible reconstruction of FO and leg length was selected, including
available lateralized stem options. Modular head options were limited to standard and medium
lengths to avoid offset compensation through excessive head lengthening.

Outcome parameters for part |l of the study were FO reconstruction (AFO planned -
preoperative) and leg-length equalization, assessed as leg-length discrepancy (LLD, affected
minus contralateral hip). THA reconstruction was considered adequate when the following
criteria were met: (1) AFO within zero to five mm [7], (2) LLD < 10 mm, and (3) agreement
between proximal femoral anatomy and implant geometry, defined as an adequate meta-/
diaphyseal anchorage or canal fill as appropriate per stem design and no mismatch between

canal shape and stem design [16].



Data analyses
Scatterplots were created to display the distribution of CPAH types. Normal distribution was

tested using the Shapiro-Wilk tests. Chi—square tests were used to compare categorical data.
Group differences were calculated using Student’s t-tests or Mann—-Whitney U-tests. We used
one-way Analysis of Variance (ANOVA) and Kruskal-Wallis tests for multiple-group
comparisons. Bonferroni adjustments were applied for multiple testings (« = 0.05). Statistical
analyses were performed using SPSS Statistics 29 (IBM Corporation, Armonk, New York,
USA). Statistical significance was set at P < 0.05. Figures were created using GraphPad Prism
10.6.0 (GraphPad Inc., La Jolla, California, USA). The study was approved by the local ethics
committee (#10232_BO_K_2022).

Results

CPAH classification of femoral morphotypes

The CPAH classification matrix defines nine femoral morphotypes by the combination of Dorr
type and NSA and 18 subtypes stratified by FOR (Table 1, Figures 3 and 4). In this Caucasian
study cohort, the most common morphotypes were CPAH 2N, 5N, 5H, 6N, and 8N, accounting
for a combined percentage of 82% of the cases. The proportion of FORH subtypes was highest
in varus hips, whereas the combination of valgus NSA and FOR4 was not observed in the
entire cohort.

Demographic characteristics differed significantly between the CPAH types (Table 2). An
inverse correlation was observed between age and both canal shape and NSA. The mean age
was lowest in patients who have Dorr A femora, whereas Dorr C was associated with higher
age (64 versus 69 years, r = -0.134, P < 0.001), and the mean age was lowest in patients
categorized as coxa valga (mean age: 63 years versus 69 years in coxa valga versus coxa
vara, r = -0.186, P < 0.001). A positive correlation was observed between age and FO (r =
0.199, P < 0.001) and FORH (P < 0.001). Women were associated with lower Cl values (P <
0.001) and higher NSA (P < 0.001). The FORy was associated with higher age (P < 0.001)
and women (P = 0.012).

Digital templating — Hip Coronal Reconstruction

In the varus CPAH types 1, 4, and 7, the best FO reconstruction was achieved in the
quadrangular taper and short-stem subgroups, resulting in a combined percentage of 93.3 to
98.3% of adequate FO reconstructions within zero to five mm (Figure 5A and Table 3) (P <
0.001). Templating of the straight stem was associated with a reduction of FO, reflected by a
combined percentage of 40.0% of adequate FO reconstructions in all varus CPAH types

combined (P < 0.001). The best leg-length reconstruction was achieved using the B3 stem,



whereas the highest LLD was observed in the anatomic stem cohort (P = 0.004) (Figure 5B).
For varus hips, the best agreement between femoral anatomy and stem design was achieved
with the short-stem designs, while templating revealed a mismatch between anatomy and
implant design in 25.5% of the straight stem and 40.0% of the anatomic stem simulations (P <
0.001).

In the high-offset morphotypes, the most anatomic FO reconstruction was achieved in the
quadrangular taper and short-stem subgroups (P < 0.001). In contrast, templating of the
straight stem components was associated with an offset reduction. The planned LLD did not
differ significantly between the groups (P = 0.111).

In the valgus subtypes CPAH 3, 6, and 9, mean AFO was increased with all stem designs
(Figure 5A and Table 3). In all valgus morphotypes combined, the best FO reconstruction was
achieved with the short stem, whereas the anatomic stem was associated with the highest
increase (P <0.001). In valgus hips, the best reconstruction was achieved using the short stem
and B3 stem, whereas the straight and anatomic stems could not be simulated due to a
mismatch between femoral anatomy and implant geometry in 57.8 and 66.7% of the cases,
respectively (P < 0.001).

In CPAH types 1 to 3, characterized by Dorr A anatomy, the short stem and B3 stem
prostheses matched the femoral canal shape in 100.0 and 84.0% of the cases (P < 0.001). In
CPAH types 7 to 9 with Dorr C anatomy, the best agreement was observed for the short stem
and B3 stem, whereas templating revealed a mismatch between canal shape and implant
design in 32.0% of the straight stem and 64.0% of the anatomic stem simulations (P < 0.001).
Detailed results of the digital templating study stratified by CPAH types and stem design are
provided in Figures 5 A to B, Table 3, and Supplemental Tables S1A to B.

Discussion

In this study, we introduce the CPAH classification that defines nine distinct femoral
morphotypes combining intramedullary and extramedullary geometrical parameters that are
crucial for the reconstruction of hip biomechanics in THA. The most important findings of our
study were that the variability of proximal femoral anatomy is oversimplified by the existing
classification systems and that a one-size-fits-all concept using a single femoral stem design
does not have the reconstructive potential to achieve an anatomic reconstruction across the

distinct femoral morphotypes.

CPAH classification of femoral morphotypes

Our results demonstrated a substantial variability of proximal femoral anatomy and an

association with demographic characteristics in a large patient collective. In the present study,



NSA ranged from 105 to 162°, and FO ranged from 11.6 to 76.1 mm. Although the mean values
are consistent with evidence from previously published studies [17-19], the overall range
detected in this cohort indicates a much greater variability of femoral anatomy. In addition, our
results complement the evidence for an association between canal shape an demographical
characteristics by revealing not only sex-specific differences in proximal femoral anatomy, but
also an association between age and both NSA and canal shape [1,2,20,21]. Although a sex-
specific approach has been discussed for THA before [22], the considerable inter-individual
variability in femoral anatomy underscores the need for a more individualized approach. The
CPAH classification provides a pragmatic and comprehensive system for the definition of
femoral morphotypes and has the potential to contribute to a phenotyping approach in THA.
Despite most cases being attributable to CPAH types 2, 5, and 8, the classification matrix
further defines less common femoral morphotypes that may present challenges for the
reconstruction of hip geometry in THA. Although no high-offset subgroup was observed in the
valgus CPAH types 3, 6, and 9, these theoretical subtypes were included for completeness,
as an inadequate reconstruction of FO in primary THA is associated with the risk of consecutive

phenotype changes.

Digital templating — Hip Coronal Reconstruction

Subgroup analyses stratified by CPAH type and stem design revealed considerable group
differences for the agreement between implant geometry and proximal femoral anatomy
indicating that the reconstructive potential of each stem design depends on the individual
femoral morphotype.

In primary THA, an accurate reconstruction of hip geometry and joint biomechanics is crucial
for the clinical and functional outcome [6,7,9,23,24]. A recent study by Vorimore et al. revealed
a substantial impact of the reconstruction of FO and LL on the clinical outcome, and the best
results were observed in cases with a coronal reconstruction within a 2.5 mm range [6].
Therefore, a thorough analysis of femoral anatomy and optimal implant selection are crucial to
optimize coronal hip reconstruction. To our knowledge, no study has yet compared the
reconstructive potential of different stem geometries following a phenotyping approach.

In the varus and high offset CPAH types, the most anatomic reconstruction of FO and LL, and
the highest proportions of adequate THA reconstructions were achieved with the short stem
and B3 stem designs. In calcar-guided short-stem THA, stem position is determined by the
osteotomy level, which enhances the capacity to accurately restore FO across different femoral
morphotypes [25]. In varus and FORy phenotypes, a high osteotomy and consecutive varus
position of the stem enable the reconstruction of high FO anatomies, whereas a deep resection
allows for an anatomic FO reconstruction in valgus morphotypes. The B3 stem design also

follows the medial calcar and is characterized by a reduced distal geometry, which minimizes



proximal-distal mismatch between stem design and canal shape and increases the
reconstructive potential across various femoral morphotypes [11, 26]. In contrast, our results
demonstrate a lower reconstructive potential of the straight and anatomic stem designs,
especially in CPAH types characterized by high femoral offset, extensive varus or valgus NSA,
as well as Dorr A or C canal shapes. These stem designs achieve diaphyseal anchorage,
which potentially limits coronal hip reconstruction in cases with outlier configurations of the
constitutional NSA and canal shape. In most conventional stem designs, neck length increases
with stem size, which results in an increased offset and leg lengthening [26]. However, this
linear relationship between canal shape and neck length does not reflect the variability of
proximal femoral anatomy. Moreover, the reconstruction of high-offset anatomies using
lateralized stems and large femoral head lengths is associated with inferior outcomes and an
increased risk for aseptic loosening [27].

In the entire cohort, the short stem was the best-fit implant. In CPAH types 2N, 4N, 4H, 5N,
and 5H, sufficient fixation was achieved in 80 to 100% with all four stem geometries. For the
straight stem, a mismatch between proximal femoral anatomy and stem geometry was
observed in 26% of the varus and 58% of the valgus morphotypes, as well as 36% of Dorr A
and 32% of Dorr C anatomies. The anatomic stem demonstrated a mismatch with consecutive
insufficient fixation in 40% of the varus and 67% of the valgus CPAH types, as well as 28% of
Dorr A and 64% of Dorr C morphotypes. In accordance with our results, Boese et al. reported
a poor agreement between femoral anatomy and implant geometry of a straight stem design
in 30% of the cases [16]. In their study, the poor reconstruction was predominantly observed
in cases with a high FO, the combination of low FO and low femoral neck height, and valgus
hips. Ishii et al. also found an association between femoral canal shape and a proximal-distal
mismatch for straight stem designs [28]. These findings consistently demonstrate that a single
implant design does not have the reconstructive potential to achieve an anatomic
reconstruction across all distinct femoral morphotypes. The CPAH classification draws on the
concept of a phenotyping approach, which has been successfully introduced in total knee
arthroplasty by the Coronal Plane Alignment of the Knee (CPAK) classification, which provides
a pragmatic framework linking knee phenotypes to alignment strategies [29]. Similarly, the
CPAH classification defines distinct femoral morphotypes based on a combination of
intramedullary and extramedullary parameters and links these to the reconstructive potential
of established stem designs. While the four stem categories evaluated in this study represent
the most commonly used implant geometries in current clinical practice, the CPAH
classification enables a structured, anatomy-based assessment that allows the identification
of patients in whom a mismatch between stem design and proximal femoral anatomy is

anticipated. Accordingly, preoperative CPAH assessment has the potential to guide surgeons



toward a more individualized implant selection and to identify cases in which a broader implant
portfolio may be necessary to achieve an adequate reconstruction of hip biomechanics.

Current evidence on the reconstructive potential of stem geometries is limited, as the majority
of studies investigate specific implant types, which restricts the transferability of the results. In
this context, CPAH classification provides not only a pragmatic framework for the assessment
of proximal femoral anatomy and coronal reconstruction in THA but also enables consistent

reporting in future research.

Potential limitations

The current study should be interpreted considering its potential limitations. Although a
standardized radiological imaging protocol was followed, conventional radiographs remain
susceptible to projection-related inaccuracies potentially affecting quantitative measurements.
The study focuses exclusively on the two-dimensional assessment of proximal femoral
anatomy in the coronal plane and sagittal femoral geometry was not assessed in this study.
The anterior femoral curvature varies considerably between individuals and may influence
diaphyseal fit, particularly for longer stem designs that achieve distal fixation [30]. The degree
of anterior bowing is directly associated with posterior stem tilting [30], and femoral anteversion
has been shown to be independent of the coronal morphotype [31], suggesting that sagittal
and transversal parameters represent distinct anatomical dimensions warranting
complementary classification. Additionally, femoral anteversion and anterior femoral offset
correlate with femoral rotation and sagittal hip biomechanics [32,33]. While computed
tomography-based analyses could provide a multidimensional assessment of proximal femoral
anatomy, anteroposterior radiographs constitute the standard preoperative imaging modality.
Therefore, CPAH classification can easily be incorporated into clinical practice. Future
research, including statistical shape modelling of three-dimensional imaging data, may allow
for a multi-planar expansion of the classification to address sagittal stem alignment, femoral
torsion and restoration of anterior femoral offset. In our study, femoral anatomy was
investigated in an osteoarthritic Caucasian cohort; hence, the distributions of CPAH types may
differ in other populations. Furthermore, the clinical applicability of CPAH classification is
limited in cases with proximal femoral deformities which potentially compromise the reliable
determination of anatomical landmarks. THA reconstruction was simulated in a digital
templating study, enabling for a highly standardized assessment of the reconstructive potential
of different stem designs in the coronal plane. By the anatomic restoration of the hip center of
rotation, the biomechanical effects of cup positioning were excluded. Although previous studies
demonstrated high accuracy and reliability for digital templating, the transferability to
postoperative THA reconstruction may be limited. The retrospective study design and the

templating approach precluded the assessment of functional outcomes. Future prospective



studies are warranted to verify our results and to examine the effects on postoperative

radiological and functional outcomes.

Conclusions

In conclusion, the novel CPAH classification is a comprehensive classification system that
defines nine distinct femoral morphotypes based on intramedullary and extramedullary
geometrical parameters. Our results demonstrate that the reconstructive potential of femoral
stem designs depends on the patient’s individual proximal femoral anatomy. Therefore, CPAH
enables a phenotyping approach in preoperative THA planning and provides practical

guidance for implant choice.
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Figure 1 Flowchart of the study design.

ARCO, Association Research Circulation Osseous Classification; CPAH, Coronal Plane

Alignment of the Hip Classification; OA, osteoarthritis; THA, total hip arthroplasty.



Radiological measurements

reference lines

— femoral shaft axis

biischial line

mid-lesser trochanteric line [1]
reference line 3cm distal  [2]
reference line 10cm distal [3]

radiological indices

cortical index (Cl): Cl = (Z-X) / Z

— x = intramedullary canal diameter [3]
-z =femoral diaphyseal diameter [3]

canal to calcar ratio (CCR): CCR=X/Y
— X =intramedullary canal diameter [3]
— y = calcar isthmus [1]

3cm I

10cm

femoral offset ratio (FOR): FOR=FO /Z
- z = femoral diaphyseal diameter [3]

Figure 2 This figure shows the radiological measurements of femoral offset (FO), neck-shaft
angle (NSA), and the radiological indices, including the Dorr classification and femoral offset
ratio (FOR) in a preoperative low-centered antero-posterior radiograph of the pelvis.
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Figure 3 The Coronal Plane Alignment of the Hip (CPAH) classification matrix defines nine
femoral morphotypes by the combination of Dorr types and NSA subgroups. Each CPAH type
is further subdivided into a normal (FOR\) and a high offset subgroup (FORH).
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Figure 4: Scatterplot depicting the distribution of CPAH types. Dorr types are set against the
subgroups by neck-shaft angle. The high-offset subgroup (FORu) is color-coded and
represented by triangles.
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Figure 5: The boxplots demonstrate the results of digital templating for (A) FO reconstruction,
and (B) LLD for each stem design in the distinct CPAH types.

Plus symbols represent mean values, and lines mark the median values. Asterisks denote
statistical significance, *P < 0.05, **P < 0.010, ***P < 0.001.

AFO, femoral offset reconstruction (planned — preoperative); LLD, leg-length discrepancy

(affected minus contralateral hip).



Tables

Table 1 Distribution and percentages of CPAH types.

Coxa vara
(NSA < 120°)

Coxa norma
(NSA 120 — 140°)

Coxa valga
(NSA > 140°)

FORN FORH FORN FORH FORN FORH
Dorr A 40 39 517 91 47 0
(C1>0.6) (1.71%) (1.66%) (22.05%) (3.88%) (2.00%) (0.00%)
Dorr B 40 51 897 149 158 0
(C10.6-0.5) (1.71%) (2.17%) (38.25%) (6.35%) (6.74%) (0.00%)
Dorr C 9 12 207 29 59 0
(Cl<0.5) (0.38%) (0.51%) (8.83%) (1.24%) (2.52%) (0.00%)

Cl, cortical index; FOR, femoral offset ratio; NSA, neck-shaft angle.



Table 2 Demographic characteristics and geometric parameters of proximal femoral anatomy in CPAH types.

CPAH 1N CPAH 1H CPAH 2N CPAH 2H CPAH 3N P-value
(n=40) (n=39) (n=517) (n=91) (n=47)

Age, mean (SD) 67.8  (132) 69.1 (11.2) 63.7 (11.0) 67.7 (8.9) 593 (11.1)

Sex

women, % 17 (42.5) 17 (436) 274  (53.0) 59 (64.8) 37 (78.7)
men, % 23 (57.5) 22 (56.4) 243  (47.0) 32 (35.2) 10 (21.3)
BMI, mean (SD) 29.8 (4.1) 274 (49) 297 (55) 269 (3.7) 305 (4.4)
Cl,mean (SD) 064 (00) 06 (0.0) 06 (0.0) 06 (0.0) 06  (0.0)
NSA, mean (SD) 116.9 (2.9) 1171 (24) 1299 (4.9) 1254 (3.6) 1443 (3.9)
FO, mean (SD) 55.0 (8.1) 59.6 (4.9) 468 (6.2) 548 (5.6) 331 (6.0)
FOR, mean(SD)1.5  (0.1) 17  (01) 14  (01) 1.7  (0.1) 1.1 (0.2)
CPAH 4N CPAH 4H CPAH 5N CPAH 5H CPAH 6N
(n=40) (n=51) (n=897) (n=149) (n=158)

Age, mean (SD) 70.8 (11.0) 695 (11.0) 667 (11.5) 69.8 (9.8) 627 (11.4)
Sex

women, % 19 (47.5) 28 (54.9) 504 (56.2) 112 (75.2) 121 (76.6)
men, % 21 (52.5) 23 (45.1) 393 (43.8) 37 (24.8) 37 (23.4)
BMI, mean (SD) 275 (493) 265 (3.8) 277 (63) 254 (400 276 (5.2
Cl, mean (SD) 0.6 (0.0) 0.6 (0.0) 0.6 (0.0) 0.6 (0.0) 0.6 (0.0)
NSA, mean (SD) 117.1  (2.8) 1157 (3.9) 1305 (49) 126.2 (3.8) 143.7 (3.6)
FO, mean (SD) 523 (45) 584 (6.2) 458 (6.1) 53.0 (48) 340 (5.2
FOR, mean (SD) 1.5 0.1) 17 0.1) 14 0.1) 1.7 0.1) 1.1 (0.2)
CPAH 7N CPAH 7H CPAH 8N CPAH 8H CPAH 9N
(n=9) (n=12) (n=207) (n=29) (n=59)
Age, mean (SD) 67.9 (124) 708 (12.1) 693 (106) 715 (13.1) 654 (10.7) <0.001*
Sex <0.001 *
women, % 6 (66.7) 10 (83.3) 142 (68.6) 19 (65.5) 46 (78.0)
men, % 3 (33.3) 2 (16.7) 65 (31.4) 10 (34.5) 13 (22.0)
BMI, mean (SD) 249 (44) 234 (32) 263 (6.0) 248 (49) 259 (54) <0.001*
Cl, mean (SD) 0.5 (0.0) 05 (0.0) 05 (0.0) 05 (0.1) 05 (0.0) <0.001 *
NSA, mean (SD) 117.5 (3.2) 1162 (28) 1311 (54) 1259 (3.7) 1450 (4.0) <0.001*
FO, mean (SD) 488 (69) 575 (7.2) 448 (6.2) 538 (4.7) 333 (54) <0.001*
FOR, mean (SD) 1.4 0.1) 17 0.1) 14 (0.1) 1.8 0.2) 1.1 (0.2) <0.001*

BMI, body mass index; Cl, cortical index; FO, femoral offset; FOR, femoral offset ratio; NSA, neck shaft
angle, SD, standard deviation.

Asterisks indicate statistical significance (P < 0.05); Kruskal-Wallis Test with Bonferroni adjustment for
multiple testing.



Table 3 Digital templating results stratified by CPAH types and stem design.

Reconstructive parameter

Stem design

Reconstructive parameter

Stem design

Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAHN (Type A) (Type B3) (Type C2) (Type F) Prvalue CPAHH (Type A) (Type 83) (Type C2) (Type F) Prvalue
AFO, mean (SD), range 21 (2.9) 70-30 16 (1.1) 00-30 02 (5.7) 60-70 | 28 (16) 10-50 |0.003* 'AFO, mean (SD), range 48 (46) 130-20| 04 (22) 30-30 18 (33) 70-20 14 (15) 00-40 [0.002*
A-F, P=0.002 A-F,p=0.002
LLD, mean (SD), range 15 (2.6) -40-70 04 (1.7) -1.0-3.0 32 (1.5) 10-50 22 (1.7) 0.0-50 |[0.101 LLD, mean (SD), range 3.4 (5.7) -5.0-140 | 1.4 (26) 0.0-6.0 5.8 (7.3) -1.0-16.0 | 3.0 (3.5) -3.0-8.0 |0.591
Adequate THA reconstruction, n (%) 5 (33.3) 5 (100.0) 1(20.0) 0 (100.0) <0.001* Adequate THA reconstruction, n (%) 2 (13.3) 3 (60.0) 2 (40.0) 0 (100.0) <0.001*
Offset restoration, n (%) 6 (40.0) 5 (100.0) 2 (40.0) 0 (100.0) 0.003 * Offset restoration, n (%) 3 (20.0) 4 (80.0) 2 (40.0) 0 (100.0) <0.001*
Acceptable LLD, n (%) 15 (100.0) 5 (100.0) 5 (100.0) 10 (100.0) na. Acceptable LLD, n (%) 13 (86.7) 5 (100.0) 3 (60.0) 10 (100.0) 0.111
Agreement anatomy - stem design, n (%) 12 (80.0) 5 (100.0) 3 (60.0) 0 (100.0) 0.133 Agreement anatomy - stem design, n (%) 9 (60.0) 3 (60.0) 4 (80.0) 0 (100.0) 0.128
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAHZN (Type A) (Type B3) (Type C2) (Type F) Prvalue CPAH 2H (Type A) (Type B3) (Type C2) (Type F) Prvalue
AFO, mean (SD), range 1.0 (3.1) -9.0-5.0 26 (1.8) 1.0-5.0 0.0 (3.8) -4.0-4.0 2.4 (1.7) 0.0-5.0 |0.428 AFO, mean (SD), range 1.6 (3.4) -7.0-4.0 1.2 (0.8) 0.0-2.0 -1.8 (3.5) -5.0-2.0 1.0 (1.4) 0.0-4.0 |0.205
LLD, mean (SD), range 1.6 (8.1) -14.0-11.0| -1.2(3.7) -6.0-3.0 0.2 (7.6) -10.0-8.0 1.4 (5.6) -7.0-9.0 (0.868 LLD, mean (SD), range 3.9 (6.5) -7.0-16.0 0.0 (6.2) -10.0-7.0 1.2 (47) -4.0-8.0 29 (5.3) -3.0-13.0 |0.589
Adequate THA reconstruction, n (%) 8 (55.3) 2 (40.0) 3 (60.0) 9 (90.0) 0.181 Adequate THA reconstruction, n (%) 4 (26.7) 3 (60.0) 2 (40.0) 9 (90.0) 0.018 *
Offset restoration, n (%) 14 (93.3) 5 (100.0) 3 (60.0) 10 (100.0) 0.051 Offset restoration, n (%) 6 (40.0) 5 (100.0) 2 (40.0) 10 (100.0) 0.003 *
Acceptable LLD, n (%) 11 (73.3) 4 (80.0) 4 (80.0) 9 (90.0) 0.791 Acceptable LLD, n (%) 11 (73.3) 4 (80.0) 5 (100.0) 9 (90.0) 0.497
Agreement anatomy - stem design, n (%) 12 (80.0) 4 (80.0) 4 (80.0) 10 (100.0) 0.506 Agreement anatomy - stem design, n (%) 1 (73.3) 5 (100.0) 5 (100.0) 10 (100.0) 0.111
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAH 3N (Type A) (Type B3) (Type C2) (Type F) Pvale
AFO, mean (SD), range 7.7 (1.8) 5.0-10.0 7.0 (1.0 6.0-8.0 15.2 (1.6) 13.0-17.0 5.7 (1.9) 3.0-9.0 |<0.001*
F-C2 P<0.001
B3-C2, P=0.038
A-C2 P=0.043
LLD, mean (SD), range -0.6 (4.0) -6.0-6.0 2.0 (3.4) -3.0-5.0 -2.4 (6.2) -12.0-4.0 0.6 (2.3) -2.0-5.0 (0.306
Adequate THA reconstruction, n (%) 1(6.7) 0 (0.0) 0 (0.0) 1 (10.0) 0.808
Offset restoration, n (%) 3 (20.0) 0 (0.0) 0 (0.0) 5 (50.0) 0.065
Acceptable LLD, n (%) 14 (93.3) 5 (100.0) 4 (80.0) 10 (100.0) 0.419
Agreement anatomy - stem design, n (%) 4 (26.7) 4 (80.0) 2 (40.0) 8 (80.0) 0.031*
Reconstructive parameter Stem design Reconstructive parameter Stem design
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPaH 4N (Type A) (Type B3) (Type C2) (Type F) Prvale CPAH 4 (Type A) (Type B3) (Type C2) (Type F) Prvae
AFO, mean (SD), range 1.9 (3.0) 6.0-3.0 1.0 (1.7) 0.0-4.0 0.2 (3.7) -5.0-4.0 2.4 (37) 0.0-12.0 [0.029* AFO, mean (SD), range 14 (3.2) -9.0-1.0 0.6 (0.9) 0.0-2.0 16 (3.8) -4.0-6.0 1.1 (1.4) 0.0-40 [0.122
A-F,P=0.024
LLD, mean (SD), range 2.1 (4.8) -6.0-11.0 | -1.4 (3.1) -7.0-0.0 8.2 (6.7) 0.0-16.0 22 (36) -3.0-7.0 |0.070 LLD, mean (SD), range 4 (4.1) -3.0-9.0 1.2 (1.8) 0.0-4.0 5.4 (5.4) -4.0-9.0 2.1 (5.0) -8.0-9.0 |0.346
Adequate THA reconstruction, n (%) 4 (26.7) 3 (60.0) 2 (40.0) 8 (80.0) 0.065 Adequate THA reconstruction, n (%) 6 (40.0) 5 (100.0) 2 (40.0) 9 (90.0) 0.014*
Offset restoration, n (%) 6 (40.0) 5 (100.0) 2 (40.0) 9 (90.0) 0.014* Offset restoration, n (%) 8 (53.3) 5 (100.0) 3 (60.0) 10 (100.0) 0.027 *
Acceptable LLD, n (%) 13 (86.7) 4 (80.0) 3 (60.0) 10 (100.0) 0.211 Acceptable LLD, n (%) 5 (100.0) 5 (100.0) 5 (100.0) 9 (90.0) 0.462
Agreement anatomy - stem design, n (%) 12 (80.0) 4 (80.0) 4 (80.0) 10 (100.0) 0.506 Agreement anatomy - stem design, n (%) 14 (93.3) 5 (100.0) 4 (80.0) 10 (100.0) 0.419
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAH N (Type A) (Type B3) (Type C2) (Type F) Prvalue CPAH 5H (Type A) (Type 83) (Type C2) (Type F) Prvalue
AFO, mean (SD), range 1.8 (1.9) -1.0-5.0 3.4 (2.5) -0.0-7.0 6.0 (3.2) 1.0-10.0 2.4 (1.7) 0.0-5.0 [0.007* AFO, mean (SD), range 1.3 (1.7) -2.0-4.0 1.4 (0.9) 0.0-2.0 3.8 (1.9) 2.0-7.0 2.3 (2.0) 0.0-5.0 [0.106
A-C2,P=0.004
F-C2,P=0.030
LLD, mean (SD), range 26 (41)  -60-100 | 02 (3.2) -4.0-5.0 2.0 (1.2) 1.0-4.0 31(36)  -1.0-10.0 |0.515 LLD, mean (SD), range 0.5 (5.8) 80-7.0 | -1.0 (2.0) -4.0-1.0 1.0 (3.7) 6.0-4.0 1.0 (3.3) -4.0-6.0 |0.786
'Adequate THA reconstruction, n (%) (86.7) 4 (80.0) 3 (60.0) 10 (100.0) 0.211 Adequate THA reconstruction, n (%) 8 (53.3) 5 (100.0) 3 (60.0) 0 (100.0) 0.027 *
Offset restoration, n (%) 14 (93.3) 4 (80.0) 1 (20.0) 0 (100.0) <0.001 * Offset restoration, n (%) 13 (86.7) 5 (100.0) 4 (80.0) 10 (100.0) 0.445
Acceptable LLD, n (%) 14 (93.3) 5 (100.0) 5 (100.0) 0 (100.0) 0.712 Acceptable LLD, n (%) 10 (66.7) 5 (100.0) 4 (80.0) 10 (100.0) 0.117
Agreement anatomy - stem design, n (%) 14 (93.3) 5 (100.0) 4 (80.0) 10 (100.0) 0.419 Agreement anatomy - stem design, n (%) 15 (100.0) 5 (100.0) 5 (100.0) 10 (100.0) n.a.
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAH 6N (Type A) (Type B3) (Type C2) (Type F) P-value
AFO, mean (SD), range 5.5 (1.6) 3.0-9.0 2.3 (1.3) 2.0-5.0 11.0 (3.2) 7.0-15.0 29 (1.7) 1.0-6.0 [<0.001*
F-A, P=0.032
F-C2,P<0.001
B3-C2,P<0.005
LLD, mean (SD), range -5.8 (8.6) -21.0-8.0 -2.8 (9.7) -18.0-7.0 -8.4 (7.7) -20.0-1.0 -3.3 (5.0) -11.0-6.0 |0.578
Adequate THA reconstruction, n (%) 2 (13.3) 4 (80.0) 0 (0.0) 4 (40.0) 0.013*
Offset restoration, n (%) 7 (46.7) 5 (100.0) 0 (0.0) 9 (90.0) 0.001*
Acceptable LLD, n (%) 6 (40.0) 4 (80.0) 2 (40.0) 6 (60.0) 0.396
Agreement anatomy - stem design, n (%) 8 (53.3) 5 (100.0) 1 (20.0) 6 (60.0) 0.083




Reconstructive parameter

Stem design

Reconstructive parameter

Stem design

Straight Stem

Quadrangular Taper Stem

Anatomic Stem

Short Stem

Straight Stem

Quadrangular Taper Stem

Anatomic Stem

Short Stem

CPAHTN (Type A) (Type B3) (Type C2) (Type F) Prvalue CPAHTH (Type A) (Type 83) (Type C2) (Type F) Prvalue
AFO, mean (SD), range 0.9 (2.2) 6.0-2.0 24 (21) 0.0-5.0 8.0 (3.8) 4.0-14.0 0.8 (0.6) 0.0-2.0 [<0.001% AFO, mean (SD), range -3,0 (4,0) -10.0-30 | 0.2 (22) -3.0-3.0 .6 (3.8) 0.0-10.0 0.5 (0.8) 0.0-2.0 [0.007*
A-C2,P<0.001 A-C2, P=0.006
LLD, mean (SD), range 7.5 (6.5) -5.0-15.0 3.8 (7.9) -7.0-11.0 114 (8.1) -1.0-21.0 5.7 (5.8) -6.0-13.0 [0.208 LLD, mean (SD), range 9.5 (8.4) -8.0-23.0 5.4 (2.6) 2.0-8.0 7.0 (5.7) -2.0-12.0 6.8 (5.3) -6.0-12.0 |0.609
'Adequate THA reconstruction, n (%) 3 (20.0) 3 (60.0) 0 (0.0) 7 (70.0) 0.014* Adequate THA reconstruction, n (%) 1 (6.7) 3 (60.0) 2 (40.0) 7 (70.0) 0.008 *
Offset restoration, n (%) 8 (53.3) 5 (100.0) 1 (20.0) 10 (100.0) 0.003 * Offset restoration, n (%) 5 (33.3) 4 (80.0) 4 (80.0) 10 (100.0) 0.004 *
Acceptable LLD, n (%) 9 (60.0) 3 (60.0) 2 (40.0) 7 (70.0) 0.741 Acceptable LLD, n (%) 7 (46.7) 5 (100.0) 4 (80.0) 7 (70.0) 0.135
Agreement anatomy - stem design, n (%) 13 (86.7) 5 (100.0) 0 (0.0) 10 (100.0) <0.001* Agreement anatomy - stem design, n (%) 7 (46.7) 3 (60.0) 3 (60.0) 9 (90.0) 0.181
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAH BN (Type A) (Type B3) (Type C2) (Type F) Prvalue CPAH 8H (Type &) (Type B3) (Type C2) (Type F) Prvalue
AFO, mean (SD), range 1.2 (1.5) 0.0-4.0 1.0 (0.7) 0.0-2.0 10.2 (2.6) 7.0-13.0 0.8 (0.8) 0.0-2.0 |0.004* AFO, mean (SD), range 0.4 (1.6) -4.0-2.0 1.6 (0.9) 1.0-3.0 .2 (3.3) 0.0-8.0 1.2 (1.6) 0.0-5.0 |0.196
F-C2,P=0.004
A-C2,P=0.004
LLD, mean (SD), range 5.3 (3.7) -10-120 | 26 (3.2) 0.0-7.0 8.8 (4.2) 3.0-13.0 2.8 (1.5) 0.0-5.0 [0.023* LLD, mean (SD), range 2 (2.9) -30-70 | -0.8(26) -4.0-2.0 .8 (3.1) 0.0-8.0 29 (2.4) -1.0-6.0 |0.164
F-C2,P=0.004
Adequate THA reconstruction, n (%) 10 (66.7) 5 (100.0) 0 (0.0) 0 (100.0) <0.001* Adequate THA reconstruction, n (%) 10 (66.7) 5 (100.0) 3 (60.0) 0 (100.0) 0.083
Offset restoration, n (%) 15 (100.0) 5 (100.0) 0 (0.0) 10 (100.0) <0.001* Offset restoration, n (%) 13 (66.7) 5 (100.0) 4 (80.0) 0 (100.0) 0.445
Acceptable LLD, n (%) 13 (86.7) 5 (100.0) 3 (60.0) 10 (100.0) 0.111 Acceptable LLD, n (%) 15 (100.0) 5 (100.0) 5 (100.0) 0 (100.0) n.a.
Agreement anatomy - stem design, n (%) 12 (80.0) 5 (100.0) 1(20.0) 10 (100.0) 0.002 * Agreement anatomy - stem design, n (%) 12 (80.0) 5 (100.0) 3 (60.0) 10 (100.0) 0.133
Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem
CPAH N (Type A) (Type B3) (Type C2) (Type F) Pvale
AFO, mean (SD), range 7.1(32) 0.0-13.0 6.6 (2.2) 4.0-10.0 13.2 (0.8) 12.0-14.0 5.9 (2.7) 3.0-10.0 [<0.001*
C2-A,P<0.001
C2-B3,P=0.004
C2-F,P<0.001
LLD, mean (SD), range -3.7 (3.9) -10.0-2.0 -0.6 (0.9) -2.0-0.0 -7.8 (2.8) -11.0--5.0 | -1.5(2.4) -6.0-1.0 (0.009*
C2-F, P=0.018
C2-B3,P=0.024
Adequate THA reconstruction, n (%) 4 (26.7) 1 (20.0) 0 (0.0) 2 (20.0) 0.644
Offset restoration, n (%) 5 (33.3) 1(20.0) 0 (0.0) 5 (50.0) 0.239
Acceptable LLD, n (%) 10 (66.7) 5 (100.0) 2 (40.0) 9 (90.0) 0.087
Agreement anatomy - stem design, n (%) 7 (46.7) 5 (100.0) 2 (40.0) 10 (100.0) 0.007 *

Type A, Flat Taper Stem (Stryker ® Accolade, Zimmer Biomet ® Taperloc, BBraun Aesculap ® Bicontact); Type B3, Quadrangular Taper Stem (BBraun Aesculap ®
CoreHip), Type C2, Anatomic Fit-and-Fill Stem (Symbios ® SPS stem), Type F, Short Stem (Mathys ® Optimys, Artigo ® A2) .

FO, femoral offset; FOR, femoral offset ratio; NSA, neck shaft angle; SD, standard deviation.

Asterisks indicate statistical significance (P<0.05); Kruskal-Wallis Test with Bonferroni adjustment for multiple testing, Chi-square test




Supplemental Table S1A Digital templating results for FO reconstruction stratified by CPAH types and stem design.

Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem p-value
(Type A) (Type B3) (Type C2) (Type F)
AFO, range AFO, range AFO, range AFO, range
mean (SD) mean (SD) mean (SD) mean (SD)
NSA subgroups
Coxa vara -24 (3.6) -13.0-3.0 1.0 (1.8) -3.0-5.0 1.8 (5.0) -7.0-14.0 1.5 (2.0) 0.0-12.0 <0.001 *
(n=210) A — B3, p<0.001
A - C2, p<0.001
A - F, p<0.001
Coxa norma 0.7 (25) -9.0-5.0 1.9 (1.6) 0.0-7.0 3.6 (4.9 -5.0-13.0 1.7 (1.7) 0.0-5.0 <0.001 *
(n=210) A-C2, p=0.001
Coxa valga 6.8 (2.5) 0.0-13.0 56 (23) 2.0-10.0 13.1 (2.6) 7.0-17.0 48 (2.5) 1.0-10.0 <0.001 *
(n=105) F— A, p=0.032
F - C2, p<0.001
B3 - C2, p<0.001
A - C2, p<0.001
Dorr types
Dorr A 0.0 (6.3) -13.0-10.0 26 (27) -3.0-8.0 23 (7.5) -7.0-17.0 2.7 (2.3) 0.0-9.0 0.007 *
(n=175) A-F, p=0.009
Dorr B 1.1 (3.5) -9.0-9.0 1.9 (1.9) 0.0-7.0 4.4 (5.0) -5.0-15.0 22 (2.2) 0.0-12.0 0.006 *
(n=175) A~ C2, p=0.003
Dorr C 1.0 (4.3) -10.0-13.0 24 (2.8) -3.0-10.0 76 (4.8) 0.0-14.0 1.8 (2.5) 0.0-10.0 <0.001 *
(n=175) A - C2, p<0.001
F - C2, p<0.001
FOR subgroups
FORnN 21 (43) -9.0-13.0 3.2 (2.6) 0.0-10.0 7.0 (6.5) -6.0-17.0 29 (2.6) 0.0-12.0 <0.001 *
(n=315) A - C2, p<0.001
F - C2, p<0.001
B3-C2, p=0.018
FORH -1.5 (3.8) -13.0-4.0 09 (14) -3.0-3.0 1.4 (3.9) -7.0-10.0 1.25 (1.6) 0.0-5.0 <0.001 *
(n=210) A —F, p<0.001
A - B3, p=0.011
A-C2, p=0.001

FO, femoral offset; FOR, femoral offset ratio; NSA, neck shaft angle, SD, standard deviation.
Asterisks indicate statistical significance (P<0.05); Kruskal-Wallis Test with Bonferroni adjustment for multiple testing.



Supplemental Table S1B Digital templating results for leg length reconstruction stratified by CPAH types and stem design

Straight Stem Quadrangular Taper Stem Anatomic Stem Short Stem p-value
(Type A) (Type B3) (Type C2) (Type F)
LLD, range LLD, range LLD, range LLD, range
mean (SD) mean (SD) mean (SD) mean (SD)
NSA subgroups
Coxa vara 46 (6.2) -8.0-23.0 18 (42) -7.0-11.0 6.8 (6.2) -4.0-21.0 37 (46) -8.0-13.0 0.007*
(n=210) B3 - C2, p=0.004
Coxa norma 25 (5.6) -14.0-16.0 0.0 (36) -10.0-7.0 23 (5.2) -10.0-13.0 24 (3.8) -7.0-13.0 0.019*
(n=210) B3 - F, p=0.011
Coxa valga -34 (6.1) -21.0-8.0 -05 (59) -18.0-7.0 -6.2 (6.2) -20.0-4.0 -14 (37) -11.0-6.0 0.013*
(n=105) C2 - B3, p=0.019
Dorr types
Dorr A 19 (56.8) -14.0-16.0 05 (3.7) -10.0-7.0 1.6 (6.1) -12.0-16.0 20 (4.0 -70-13.0 0537
(n=175)
Dorr B 05 (6.6) -21.0-11.0 -0.8 (47) -18.0-7.0 1.2 (7.7) -20.0-16.0 1.0 (46) -11.0-10.0 0.385
(n=175)
Dorr C 41 (7.1) -10.0-23.0 21 (45 -70-11.0 44 (8.3) -11.0-21.0 33 47) -6.0-13.0 0.392
(n=175)
FOR subgroups
FORnN 1.1 (6.6) -21.0-150 03 (49 -18.0-11.0 1.7 (8.5) -20.0-21.0 1.5 (44) -11.0-13.0 049
(n=315)
FORH 3.7 (64) -8.0-23.0 1.0 (3.7) -10.0-8.0 3.5 (5.5) -6.0-16.0 31 45 -80-13.0 0.111
(n=210)

FOR, femoral offset ratio; LLD, leg length difference; NSA, neck shaft angle, SD, standard deviation.
Asterisks indicate statistical significance (P<0.05); Kruskal-Wallis Test with Bonferroni adjustment for multiple testing.



