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Proximal Femoral Morphology: A Reliability Study
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ABSTRACT
The purpose of this study was to assess the inter- and
intraobserver reliability through visual perception of a previously
described classification system of proximal femoral morphology.
The interobserver reliability ranged from slight to moderate
across testing. Experience appears to play a role as the
intratester reliability did not differ with fellowship trained attending
physicians, but differences were seen with junior- and senior-level
residents. The diversity of the proximal femoral morphology likely
represents a continuum rather than three distinct shapes. This
may imply that for many proximal femoral canals, characterization
of a single type may not be possible. Further research is
warranted to determine the clinical significance of these findings.
Keywords: Bone quality, Proximal femoral morphology, Total
hip arthroplasty.
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INTRODUCTION
Femoral component position is a predictor of long-term
outcome in total hip arthroplasty (THA). The diversity in
proximal femoral morphology has been well documented,
and plays a critical role in prosthesis selection and fit,
particularly with an uncemented femoral stem.1-3
A commonly used X-ray classification system of the
proximal femur was proposed by Dorr et al.1 This group
described three distinct patterns of shape and bone
structure of the proximal femur, labeled types A to C. The
differences in the qualitative assessment of the proximal
femur were defined and validated by shape and cortical
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thickness with specific radiographic measurements. It
was suggested that such classification of the proximal
femoral morphology was reliable since the interobserver
variation was less than 20% at first review and improved
to less than 5% at the second viewing.1 However, this
data relied on observations performed by two physicians.
To our knowledge, there has not been a study comparing
the reliability of radiographic analyses using the methods
previously described. The purpose of this study was to
investigate the reliability of the Dorr classification system
in defining proximal femoral morphology with a subgroup
analysis based on physician level of training.

MATERIALS AND METHODS
This study was approved by the Institutional Review
Board at our institution. Radiographs adjusted for
magnification included anterior–posterior and frog-leg
lateral views of the proximal 1/3 to 1/2 of the femur. All
patients had evidence of primary osteoarthritis. Two
separate investigators, who were not involved with the
reliability portion of the study, measured the cortical
index (CI) on the anterior–posterior and lateral views
as previously described to qualitatively determine
the types (A to C) of the proximal femur morphology
(Figs 1A and B).1 Only radiographs showing a similar
CI measurement between the two investigators and
showing a CI falling within the range of previously
described types were included in this study.1 The CI was
used as it was the only radiographic measure reported
to be significantly different for each type.1 A total of
30 radiographs with an equal distribution of morphology
types for analysis were utilized.
The physicians participating in the study were separated into three groups based on their level of training.
Group I consisted of fellowship adult reconstructive attending physicians and fellows, group II senior-level residents, and group III junior residents. Prior to beginning
the study, all participants reviewed the original article
by Dorr et al1 defining the classification system of proximal femoral morphology. In addition, immediately prior
to each round of evaluation, a brief presentation was
given with examples of each type of proximal femoral
morphology. The selected radiographs were converted
to a PowerPoint presentation, cropped appropriately to
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Table 1: Kappa interpretation scale
0.0
Poor

0.20
Slight

0.40
Fair

0.60
Moderate

0.80
Substantial

1.00
Almost perfect

ment would equate to a kappa of 1, while agreement by
chance would equate to 0.

RESULTS
A

B

Figs 1A and B: Cortical index on the anterior–posterior and lateral
views to qualitatively determine the proximal femoral morphology
types (A to C)

allow for blinding, and viewed by participants in a
conference room. The results were collected and the
same test, with images in a new random order, was
performed 2 weeks later to assess intratester reliabi
lity and changes in intertester reliability. Participants
were blinded to the distribution of morphology types
included in the test.

STATISTICAL METHODS
Fleiss’s kappa was used to measure the inter-rater
reliability across all readers and within types (A to C)
and physician reader subgroups. The kappa statistic
expresses the extent to which the observed amount
of agreement among raters exceeds what would be
expected if all raters made their ratings completely at
random. Kappa values with 95% confidence intervals
are presented.
Bootstrap methods were used to compare the
correlated measures in rounds 1 and 2. A p-value < 0.05
was considered statistically significant. SAS version 9.2
was used for all analyses (SAS Institute, Inc.).
A commonly cited scale, while by no means universally accepted, is shown in Table 1.4 Almost perfect agree-

There were a total of 14 participants included in the study.
Group I consisted of two adult reconstruction fellowship
trained attending surgeons and one adult reconstructive
fellow. Group II had six PGY 4 and 5 orthopedic surgery
residents. Group III consisted of five PGY 2 and 3
orthopedic surgery residents.
In round 1, the highest inter-rater agreement was
obtained for type A (0.40) and the lowest for type B
(0.25). In round 2, the highest interobserver agreement
was obtained for type A (0.67), and the lowest for type C
(0.36). Comparing rounds 1 to 2, significant improvement
was seen in the identification of type A (0.40 vs 0.67), but
not of types B (0.25 vs 0.39) and C (0.30 vs 0.36) (Graph 1).
Overall, kappa scores for the identification of types
significantly improved from rounds 1 to 2 (0.31 vs 0.47).
Group I obtained the highest interobserver agreement
for type A (0.74) and the lowest for type B (0.54) in round 1.
This subgroup obtained the highest interobserver agreement for type A (0.79) and the lowest for type C (0.32)
in round 2. Comparing rounds 1 to 2, no significant
improvement was seen in the identification of type A
(0.74 vs 0.79), type B (0.55 vs 0.46), or type C (0.59 vs 0.32)
(Graph 2). Overall, group I kappa scores for the identification of types did not significantly improve from rounds
1 to 2 (0.62 vs 0.55).
Group II obtained the highest interobserver agreement for type A (0.28) and the lowest for type B (0.10)
in round 1. This subgroup obtained the highest interobserver agreement for type A (0.50) and the lowest

Graph 1: Inter-rater reliability
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Graph 2: Intratester reliability (attending physicians and fellow)

Graph 3: Intratester reliability (senior residents)

for type B (0.35) in round 2. Comparing rounds 1 to 2,
significant improvement was seen in the identification
of type A (0.28 vs 0.50), type B (0.10 vs 0.35), and type C
(0.19 vs 0.41) (Graph 3). Overall, group II kappa scores for
the identification of types significantly improved from
rounds 1 to 2 (0.18 vs 0.41).
Group III obtained the highest interobserver agreement for type A (0.31) and the lowest for type C (0.17)

in round 1. This subgroup obtained the highest interobserver agreement for type A (0.79) and the lowest
for type C (0.38) in round 2. Comparing rounds 1 to 2,
significant improvement was seen in the identification
of type A (0.31 vs 0.79), but not of types B (0.25 vs 0.41) and
C (0.17 vs 0.38) (Graph 4). Overall, group III kappa scores
for the identification of types significantly improved from
rounds 1 to 2 (0.24 vs 0.52).

Graph 4: Intratester reliability (junior residents)
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DISCUSSION
With the rise in cementless fixation in the United States
over the past 20 years, more attention has been devoted
to the study of proximal femoral morphology. Previous
designs of cementless femoral prosthesis were based
on the assumption that age and sex did not affect the
shape of the proximal femur.3 Multiple studies have
demonstrated that the geometry of the proximal femur
differs significantly with these variables.3,5-7 As such,
implant design has changed to account for this, which
should theoretically lead to increased implant longevity
and decreased perioperative complications.
With the improvement of implant design and
introduction of alternative bearing surfaces, we have seen
an increase in younger patients receiving THA. These
patients typically will present with “type A” proximal
femoral morphology. The increased density noted in
this population’s proximal femur creates a concern
with traditional proximally porous-coated uncemented
femoral components. Traditional stems may get “hung
up” in the diaphysis which could lead to thigh pain8 and
potentially a lack of osteointegration.5 Furthermore, the
potential for periprosthetic fracture may potentially be
increased in this patient population.
In contrast, the aging population tends to have a
decrease in the density of the diaphyseal cortices which
is commonly referred to as “type C” proximal femoral
morphology. These patients seem to be at risk for a poor
in-growth potential based on geometrical limitations
of their morphology and implant design. It is thought
by some that this type of morphology is a relative
contraindication to cementless femoral components.
To our knowledge, this is the first study to assess the
reliability of classifying proximal femoral morphology
as described by Dorr et al.1 In both rounds of evaluation,
type A morphology had the highest interobserver
agreement. However, our results show that interobserver
agreement was only fair and moderate in rounds 1 and 2.
The interobserver agreement for types B and C was slight
to fair in both rounds of evaluation, suggesting increased
difficulty in the identification of these specific subtypes.
Experience may play a role in the identification
and reliability of the specific morphology types. Our
results revealed both junior and senior residents showed
improvements in specific subtypes between the two
rounds of testing. However, the fellowship trained
attending physicians and the fellow did not show
improvements between rounds in our study.
Based on our findings, we believe the diversity of
the proximal femoral morphology likely represents
a continuum rather than three distinct shapes. This
may imply that for many proximal femoral canals,
The Duke Orthopaedic Journal, July 2015-June 2016;6(1):12-16

characterization of a single type may not be possible. Our
results suggest this is more likely with patients who fall
into the types B and C categories. The clinical significance
of this continues to be a challenge in our practice and
we treat each individual patient on a case-by-case basis
regarding implant selection and determining whether to
use cement or press-fit our implants. We concede that we
did not evaluate fixation method, implant design, and/
or outcomes based on classification in this study. Further
research in this area is warranted.
Our study is not without limitations. We had difficulty
identifying specific types of proximal femoral morphology that were within the standard measurements as
previously described in both the anterior–posterior and
lateral views.1 We believe this likely demonstrates that
the femoral canal does not have three distinct shapes but
rather presents a continuum as previously discussed. To
help eliminate potential error, we had the CI measured
by two independent investigators who were not involved
in the reliability portion of the study. These measurements needed to be within the reference range based
on the original classification in order to be considered
for analysis. In addition, although at our institution our
radiographs are standardized, slight variability in hip
rotation could make a difference in our measurements.
The reliability of this study was based on the visual perception of the Dorr classification by the participants and
not the radiographic measurements which had previously
been done in the original study. Although a potential
limitation, we feel this represents real-world application
of this classification system. Lastly, all participants were
asked to review the original article by Dorr et al defining
the classification system of proximal femoral morphology;
we did not have a way to verify this portion of the study.
Notwithstanding, the brief presentation with examples
of each type of proximal femoral morphology given prior
to each round of evaluation was done in an attempt to
ameliorate this possibility.
Radiographic classification systems are routinely
used in orthopedics, but they are seldom studied for
their reliability prior to being used in clinical practice.
Our results raise the possibility that the morphology of
the proximal femur is more challenging to identify than
previously described, subject to each surgeon’s own level
of clinical experience and radiographic interpretation.
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