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Abstract

Background: Proximal femur morphology determines the choice of cemented or uncemented Total Hip Arthroplasty (THR), and
Dorr classification is widely used to type this characteristic. As a result, a considerable reliability for such typing system is expected.
Objectives: The current study aimed at assessing inter and intra-observer reliability of Dorr classification in proximal femur mor-
phology.
Methods: A total of 50 standard hip radiographs from patients with trauma or THR candidates were evaluated by 6 observers, in-
cluding 2 senior orthopedic residents, 2 orthopedic surgeons, and 2 hip fellowship-trained orthopedic surgeons, using the Dorr
classification system. Subsequently, radiographs were re-numbered and re-evaluated, 6 weeks after the first review. Cohen’s Kappa
statistic was used for statistical analysis of inter and intra-observer reliability.
Results: The mean intra-observer and inter-observer kappa value for the residents was 0.560 and 0.592, respectively. The mean
intra-observer and inter-observer kappa value for the orthopedists was 0.566 and 0.540, respectively. The mean intra-observer and
inter-observer kappa value for the hip fellowships was 0.477 and 0.490, respectively.
Conclusions: A minimum to moderate inter and intra-observer reliability of Dorr classification system was seen between the ob-
servers of the current study. These results suggest that the classification of the femur morphology is more challenging than pre-
viously described and characterization of a single Dorr type, especially in case of uncertainty between type B and C of Dorr might
need reconsideration, in order to prevent its adverse effect on the patients’ outcome.
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1. Background

Classification systems aid surgeons to characterize a
problem, suggest a potential prognosis, and offer guid-
ance in determining the optimal therapeutic method for
a particular condition. In addition, classification systems
play a key role in the reporting of clinical and epidemio-
logic data, allowing uniform comparison and documenta-
tion of such conditions.

An optimal classification system should be reliable and
valid, while an unreliable classification may result in un-
necessary harm to patients (1). As a result, evaluation of
intra-observer and inter-observer reliability of classifica-
tion systems is of critical importance.

As population age increases, a considerable number
of patients with osteoporosis will need total hip replace-
ment (THR). Several factors determine the risk of femoral
periprosthetic fracture, including the choice of cemented
or uncemented stem. Proximal femoral morphology is one

of the most important components, which determines the
use of cemented or uncemented stem (2). In order to unify
the decision-making process, Dorr classification of femoral
morphology is widely used (3). In this regard, application
of cemented THR for Dorr type C and uncemented THR for
Dorr type A and B has been acknowledged (4). Given the
importance of Dorr type in the selection of femoral stem
(cemented vs. uncemented) and the best type of cement-
less stem, a considerable reliability for such typing system
is expected. To the best of the author’s knowledge, to date
only one published study has evaluated the reliability of
the Dorr classification (5).

2. Objectives

This manuscript aimed at investigating the inter-
observer and intra-observer reliability of Dorr typing sys-
tem in THR candidate with osteoporotic proximal femur.
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3. Methods

This study was approved by the institutional review
board of the university, where the current study was con-
ducted. A total of 50 standard anteroposterior hip radio-
graphs, including proximal half of the femur from pa-
tients with trauma or THR candidates, were used in this
study. All patients were referred to the hospital during
2010 to 2014, in order to obtain the required treatment.

The Dorr system was employed to classify proximal
femoral morphology. It is an X-ray classification system
and consists of 3 distinct patterns of shape and structure
of the proximal femur, labeled as A, B, and C. Type A corre-
sponds to a small metaphysis, thick cortex, and high nar-
rowed isthmus. Type B corresponds to a wider metaphysis,
thinner cortex, and a tapering but wider isthmus. Finally,
Type C corresponds to a wide metaphysis and thin cortex
with loss of isthmus constriction (3).

The radiographs were reviewed by 6 observers, in-
cluding 2 senior orthopedic residents, 2 orthopedic sur-
geons, and 2 hip fellowship-trained orthopedic surgeons.
A schematic description of the Dorr classification was avail-
able before and during the reading sessions for observers.
Names and identifying marks were covered on the radio-
graphs and they were randomly numbered afterwards.
All radiographs were reviewed by each observer. Subse-
quently, radiographs were re-numbered in order to be re-
evaluated, 6 weeks after the first review. The observers were
blinded to their own and other’s reports.

Kappa value distinguishes true agreement of different
observations from agreement due to chance alone. As a re-
sult, Cohen’s Kappa statistic has been used for statistical
analysis of interrater reliability. Accordingly, the results of
each observer has been compared to its own second report
(intra-observer) and with the results of the other studies
(inter-observer), as well (6).

According to this analysis, a range of Kappa values
from 0 to 1 was obtained; 0 was regarded as the least and
1 as the highest agreement (Table 1) (6).

Table 1. Interpretation of Cohen’s Kappa

Kappa Value Level of agreement

0 - 0.2 None

0.21 - 0.39 Minimal

0.4 - 0.59 Weak

0.6 - 0.79 Moderate

0.8 - 0.90 Strong

0.9 - 1 Perfect

The IBM SPSS Statistics 22 was used for all statistical

analysis and P values of <0.05 were considered statistically
significant.

4. Results

The degree of agreement was assessed for all possible
pairs, presented as a kappa value. The intra-observer kappa
value for resident 1 and 2 was 0.657 (P < 0.001) and 0.464 (P
< 0.001), respectively. The inter-observer kappa value be-
tween resident 1 and 2 was 0.496 (P < 0.001) and 0.688 (P <
0.001) for the first and second observation, respectively.

The intra-observer kappa value for the orthopedic sur-
geon 1 and 2 was 0.465 (P < 0.001) and 0.667 (P < 0.001), re-
spectively. The inter-observer kappa value between ortho-
pedic surgeon 1 and 2 was 0.385 (P < 0.001) and 0.696 (P <
0.001) for the first and second observation, respectively.

The intra-observer kappa value for the orthopedic sur-
geon with hip fellowship 1 and 2 was 0.635 (P < 0.001) and
0.320 (P = 0.001), respectively. The inter-observer kappa
value between the orthopedic surgeons with hip fellow-
ship 1 and 2 was 0.727 (P < 0.001) and 0.254 (P < 0.004) for
the first and second observation, respectively.

The detailed kappa value for inter-observer and intra-
observer reports in addition to the corresponding Confi-
dence Intervals (CI) are demonstrated in Table 2.

Table 2. The Detailed Kappa Value for Inter-Observer and Intra-Observer Reportsa

Group Kappa Value P Value 95% CI

Resident 11 & 12 0.657 < 0.001 (0.566, 0.749)

Resident 21 & 22 0.464 < 0.001 (0.366, 0.562)

Resident 11 & 21 0.496 < 0.001 (0.400, 0.592)

Resident 12 & 22 0.688 < 0.001 (0.600, 0.776)

Orthopedist 11 & 12 0.465 < 0.001 (0.367, 0.563)

Orthopedist 21 & 22 0.667 < 0.001 (0.579, 0.755)

Orthopedist 11 & 21 0.385 < 0.001 (0.287, 0.483)

Orthopedist 12 & 22 0.696 < 0.001 (0.601, 0.791)

Hip fellowship11 & 12 0.635 < 0.001 (0.540, 0.730)

Hip fellowship 21 & 22 0.320 0.001 (0.212, 0.428)

Hip fellowship 11 & 21 0.727 < 0.001 (0.638, 0.816)

Hip fellowship 12 & 22 0.254 < 0.004 (0.150, 0.358)

aFirst number refers to the observer and the second one to the session of the
assessment. For example resident 21 means: the first observation of resident
number 2.

The mean intra-observer and inter-observer kappa
value of the residents was 0.560 and 0.592, respectively.
The mean intra-observer and inter-observer kappa value
of the orthopedists was 0.566 and 0.540, respectively. The
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mean intra-observer and inter-observer kappa value of the
hip fellowships was 0.477 and 0.490, respectively.

The mean total kappa value (intra-observer + inter-
observer) for residents, orthopedists, and hip fellowships
was 0.576, 0.553, and 0.484, respectively.

5. Discussion

Classification systems have numerous implications.
They should facilitate communication among physicians
and assist documentation and research. They should have
prognostic value for patients and assist physicians in plan-
ning their management (1). Indeed, in the context of treat-
ment, a poorly validated classification will be a biased pre-
dictor of patients’ outcome, and its application may result
in unnecessary harm to patients. In the course of scien-
tific clinical research, poorly validated classifications will
result in misclassification of patients and bias the study,
making the comparison of patient populations between
studies difficult (1). Therefore, it is important to judge
whether a classification process “measures what we want
it to measure, and how well it does so” before it is widely
accepted in clinical practice (1, 7).

Some classifications of musculoskeletal conditions
have not proved to be reliable when critically evaluated (8).
For example, several studies demonstrated questionable
inter-observer reliability of Neer classification system for
proximal humerus fractures (9, 10). On the other hand, re-
liability of some other classification methods, such as Fer-
nandez classification system for distal radius fractures, has
been evaluated and approved (11).

As the population ages, the number of hip osteoporotic
fractures increase (12-14). Recent studies have demon-
strated better outcomes with THR than fracture fixation or
partial hip replacement in geriatrics (15, 16). This informa-
tion has led to increased number of arthroplasty used for
the treatment of hip fractures. However, the surgeon needs
to understand and address the potential pitfalls that osteo-
porosis could bring to performing THR. The shape of the
osteoporotic femur is different from non-osteoporotic fe-
mur by having a wider and thinner cortex (17). This charac-
teristic determines the choice of cemented or uncemented
THR, and the Dorr classification is widely used to type this
characteristic (3). In this regard, those with type A or B of
Dorr are advised to receive uncemented THR, while type C
of Dorr is better managed by cemented THR (4). As a re-
sult, a considerable inter or intra-observer reliability is ex-
pected for Dorr reports to assure unbiased prediction of
patients’ outcome. It is of note that the surgeons, who use
cemented stem for all patients regardless of morphology
of their proximal femur do not use the Dorr classification.

To the best of the author’s knowledge, there is only one
available published article, which has recently evaluated
the reliability of visual perception of Dorr classification
(5). According to their report, the inter-observer reliability
ranged from slight to moderate across testing. They also
considered experience as a key player in such classification
(5). They concluded that the diversity of proximal femur
morphology likely represents a continuum rather than 3
distinct classes, and characterization of a single type may
not be possible.

The current results also showed a minimum to mod-
erate inter and intra-observer agreement between the ob-
servers regarding the level of qualification. In this regard,
the mean intra-observer agreement level was 0.560, 0.566,
and 0.477 for residents, orthopedists, and hip fellowships,
respectively. In addition, the mean inter-observer agree-
ment level was 0.592, 0.540, and 0.490 for residents, ortho-
pedists, and hip fellowships, respectively.

Surprisingly, the level of inter or intra-observer agree-
ment decreased by higher qualification of observers, show-
ing the lowest agreement level among hip fellowships and
higher agreement level among residents. These results
were inconsistent with the results of the study of Jen-
ning et al., which reported a higher intra-tester reliability
among fellowship trained attending physician compared
to junior and senior residents (5). This inconsistency needs
to be further addressed in future investigations.

According to the current results, classification of the
femur morphology is more challenging than previously
described and strongly subjected to the surgeon’s level of
clinical experience and radiographic interpretation. This
could imply that characterization of a single type femoral
morphology may not be applicable in all cases. This is
more likely in patients, who fall in the Dorr type B and C.
In other words, when there is uncertainty between Dorr
type A and B, it does not affect the choice of therapeutic
approach, while uncertainty between type B and C might
lead to the subsequent wrong choice of therapeutic strat-
egy (cemented vs. uncemented arthroplasty) and effect of
the patients’ outcome and quality of life. In the current
study, although in the majority of cases a high inter and
intra agreement level was seen, in some cases half of the
observations were recorded as type B, while the other half
were determined as type C (Figure 1). Considering femoral
morphology as a continuum, as Jennings et al. implied (5),
in such cases the femoral morphology might be located
somewhere in the border of type B and C, which makes the
classification process troublesome. This is where the Dorr
classification mostly fails to adequately classify femoral
morphology and needs a resolution in order to prevent
misclassification and its subsequent therapeutic burden.

Recently, Abdulkarim et al. reviewed all randomized
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Figure 1. A, A Proximal Femur Radiograph with Complete Agreement on Type B of Dorr Classification; B, A Proximal Femur Radiograph with Complete Agreement on Type C 
of Dorr Classification; C, A Proximal Femur Radiograph with Half Agreement on Type B and Half Agreement on Type C of Dorr Classification.

controlled trials comparing cemented versus uncemented
THRs available in the published literature. According to
their report, no significant difference was found between
cemented and uncemented THRs in terms of implant sur-
vival as measured by the revision rate. However, they
concluded that further research, with improved method-
ology and longer follow up are needed to better define
specific subgroups of patients in whom the relative bene-
fits of cemented and uncemented implant fixation can be
clearly demonstrated (18). Until then, the Dorr typing sys-
tem still maintains its importance in the classification of
femoral morphology and deciding whether cemented or
uncemented stems should be applied.

The primary limitation of the current study was that
the number of observers for each category of experience
was limited to 2. This number is appropriate using Cohen’s
Kappa statistic, however, additional observers may be used
when the Fleiss Kappa statistic is used. The concern here is
that the use of only 2 observers for each category may po-
tentially cause sample error regarding the orthopedic sur-
geon population. This concern could be mitigated with in-
clusion of additional observers in future investigations.

In conclusion, more reliable characterization sys-
tems are needed to classify femoral morphology and its
subsequent choice of therapeutic strategy. In spite of
widespread application of Dorr classification system, the
current analysis did not confirm the reliability of this sys-
tem and more evaluation of this system is needed to be per-
formed in future investigations.
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