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History

Total hip arthroplasty remains one of the most commonly
performed and clinically successful procedures available to
patients with severe degenerative arthritis and other painful
conditions of the hip, such as osteonecrosis [17]. Implant
design and philosophy have evolved since the use of the first
THA, which was described by Professor Themistocles Glick
in 1891; his ivory implant was used to replace the femoral
heads of patients with tuberculosis [7]. Sir John Charnley [2]
is widely considered the father of modern THA. He advo-
cated for the use of acrylic bone cement to allow for fixation
of the acetabular and femoral components, in conjunction
with a small-diameter femoral head to minimize wear (“the
low-friction arthroplasty™).

Before Dorr’s classification [6], Noble et al. [24] mea-
sured the canal flare index to divide the proximal femoral
geometry among the stovepipe, normal, and champagne flute
shapes. The canal flare index was measured as the ratio of the
intracortical width of the proximal femur 20 mm proximal to
the lesser trochanter to the intracortical width of the canal
isthmus. Femurs with ratios of less than 3 were categorized as
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“stovepipe,” those with ratios of 3 to 4.7 as “normal,” and
those with ratios of 4.7 to 6.5 as “champagne-fluted.” Dorr
et al. [6] expanded on these findings to investigate the bio-
chemical and histologic properties associated with differ-
ences in the morphology of the proximal femur.

Long-term follow-up of early cemented femoral designs
suggested that the most-common cause of revision was
aseptic loosening [ 14, 26]. Furthermore, revision arthroplasty
with cemented femoral fixation demonstrated higher rates of
failure than did primary THA [15]. “Cement disease” as a
potential cause of late failure spurred investigation in alter-
native forms of fixation [12]. In North America in particular,
the use of uncemented implants began to see wider use in the
1980s as advances in mechanical engineering facilitated
osteointegration after initial press-fit fixation. In this
context, a classification system was needed to help determine
which patients were good candidates for uncemented fixa-
tion, the success of which was felt to depend to some degree
on the quality of femoral cortical bone.

Purpose

Early cementless implants were challenging to implant, and
proponents of those first-generation devices recommended
limiting their use to patients with robust femoral cortical bone
[13, 19]. In this context, Dorr et al. [6] described a classifi-
cation system to evaluate the quality of the femur on plain
radiographs in patients who undergo THA. There is debate
even today about whether cementless devices should be used
in patients whose femoral bone quality is poor [1, 4], and for
that reason, the criteria initially developed by Dorr et al. [6] to
some extent remain in use today.

As with most orthopaedic classification systems, the Dorr
classification system of femoral bone quality can be used for
four main purposes in patients undergoing THA: clinical
decision-making, communication among providers, de-
termining to what degree the prognosis of reconstructions
may depend on bone quality, and research. It is also critical
that surgeons understand the calcar-canal ratio, described in
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Dorr et al. [6], which can be used in templating to decrease
risk of intraoperative fracture in THA.

Description

The Dorr classification evaluates the quality of the proximal
femur according to radiographic, biochemical, and histo-
logic data (Fig. 1). The study described three types of
proximal femoral geometry based on 52 consecutive
patients undergoing primary THA [6]. The differences in
bone type can especially be appreciated on a lateral radio-
graph. Type A indicates thick and distinct cortices seen on
AP and lateral radiographs, creating a narrow diaphyseal
canal and “funnel shape” of the proximal femur. The lateral
radiograph shows a thick curved posterior cortex (fin). In the
original study, this type was more frequently found in
younger, heavier, and male patients. Dorr Type A femurs
(“champagne flute”) typically accommodate a flat, tapered,
proximally porous coated stem (that is, a “single wedge” or
“blade”), although the length of the stem as well as the
specific implant’s geometry must be considered. Flat, ta-
pered, proximally fitting stems typically achieve three points
of fixation: two points near the metaphysis as the proximal
aspect of the implant engages the lateral shoulder and medial
calcar, and a third point near the distal aspect of the stem in
the diaphysis [16]. In some Dorr Type A femurs, the meta-
diaphyseal diameter can be excessively narrow, causing the
implant to engage or get “caught up” distally before maxi-
mizing their fit in the metaphysis [3]. The may result in some
degree of axial stability, but often results in a femoral im-
plant that is undersized and fails to achieve rotational

stability within the metaphysis. Stems that are caught up
distally also may be excessively proud regardless of me-
chanical stability, resulting in the potential for leg length
discrepancy or the need for reduced head or neck lengths to
achieve equality. This may result in a leg-length discrepancy
or the need for reduced head or neck lengths to achieve
equality. Although patients with Dorr Type A femoral bone
often have thick cortical densities, excessive impaction of
tapered broaches may result in fracture in the meta-
diaphyseal region [27].

Type B indicates bone loss from the medial and posterior
cortices resulting in a wider diaphyseal canal, which was
found to be more prevalent in men than in women. Type B
femurs on a lateral radiograph have erosion of the posterior
fin with flattening of the cortex and proximal “rat bites” from
active osteoclast activity. The distal end of the posterior fin
may be absent. Dorr Type B femurs will typically accom-
modate most stem designs, both cemented and uncemented.
However, flat, tapered stems largely depend on the quality of
the proximal cortical bone and three-dimensional anatomy,
and even if axial stability is achieved and the mediolateral
cortical width is filled, rotational stability may be inadequate
if the quality of cancellous bone is poor or becomes deficient
because of inaccurate broaching. As such, a metadiaphyseal
or fully diaphyseal engaging stem (or cemented stem) might
be considered [25].

Type C indicates substantial loss of the medial and
posterior cortices (loss of the posterior fin) with decreased
bony definition of the cortices (a “fuzzy” appearance).
Type C proximal femurs were described as having a
“stovepipe” appearance. They had a wide canal diameter
and were more often found in thinner, elderly, and female
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Fig. 1 This figure shows the Dorr classification.
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patients (Fig. 1). Dorr C Type femurs (“stovepipe”) have a
geometry that often favors the use of a cemented stem.
Although the use of flat, tapered metadiaphyseal and di-
aphyseal stems has been described with clinical success in
Dorr Type C femurs in several studies [5, 22, 28], reliance
on these styles of implant may be associated with an in-
creased risk of complications [8, 30]. Dorr Type C fem-
oral anatomy is typically associated with underlying
osteopenia, as confirmed histologically in Dorr et al.’s
original study [6]. The force necessary to achieve me-
chanical stability with a tapered broach thus may result in
femoral fracture, typically at the level of the calcar. A
diaphyseal-engaging stem may result in fracture at the
diaphysis, either with reaming or final implant position-
ing. Second, the integrity of bone necessary to achieve
mechanical support with an uncemented stem may result
in axial or rotational instability at the time of surgery or
early postoperative subsidence. The use of cement to al-
low for immediate mechanical interdigitation typically
negates this consideration [10].

Each type was analyzed using quantitative indices: the
cortical index and the canal-to-calcar isthmus ratio. The
cortical index was defined as the ratio of the difference
between the femoral diaphyseal diameter and intra-
medullary canal diameter over the femoral diaphyseal
diameter at a point 10 cm distal to the mid-lesser tro-
chanter as a reflection of the cortical thickness (Fig. 2).
The canal-to-calcar isthmus ratio was calculated on an AP
radiograph as a fraction of the intramedullary canal’s
isthmus over the diameter of the intramedullary canal at
the calcar. Widened distal intramedullary canals will have
higher ratios for this measurement (Fig. 3). Cortical in-
dices were higher in Type A bone (0.58 = 0.01) than in
Type B bone (0.50 = 0.0) and higher in Type B bone than
in Type C bone (0.42 = 1 0.01), with all measures being
statistically significant. Type C bone also had higher
canal-to-calcar ratios (0.64 = 0.02) than Type A bone did
(0.57 £ 0.02), but no difference was identified between
Type B (0.59 = 0.02) and Types A or C. Calcar-canal
ratios are an important aspect of preoperative templating
to avoid intraoperative fracture. In Type A bone, the canal
is small compared with the metaphysis, so templating to
fill the metaphysis may result in fracture of the medial
calcar or lesser trochanter. Additionally, the thick poste-
rior fin in Type A bone may displace the stem anteriorly in
the diaphysis, forcing the femoral head into a posterior
position. This can retrovert the stem and impact stability.
In Type C bone, the metaphysis might be smaller than the
diaphysis, so templating to fill the diaphysis may result in
fracture of the medial calcar.

Dorr et al. [6] measured serum calcium (measured by
atomic absorption spectrophotometry), parathyroid hor-
mone (by radioimmunoassay), and vitamin D levels (by
liquid chromatography) in each patient and found these
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Fig. 2 This image shows the cortical thickness index. In this
example, the cortical index is 0.5 ([A-B/A] = 50-25/50).

values to be within normal limits and not statistically dif-
ferent among the three Dorr types.

A histologic assessment of intraoperative bone biopsy
results from each type of bone determined that Type C
proximal femurs had deficiencies at both the structural and
cellular level. Structurally, Type A bone had thicker cortical
bone than Types B and C bone, and Type B bone was thicker
than Type C bone. Osteoid volume, osteoid surface, the
mean formation period of osteons, osteoblast surface, oste-
oclast surface, and numbers of osteoblasts and osteoclasts
were all greater in Type C bone than in Types A and B bone.
There were no differences in these parameters between
Types A and B bone. Type B bone had greater cortical
porosity than Types A and C bone, but no differences were
detected between Types A and C for this parameter.
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Calcar to Canal Ratio: B/A

Fig. 3 This image shows the calcar-to-canal ratio. In this ex-
ample, the calcar-to-canal ratio would be 50% (B/A= 25/50).

Validation

The Dorr classification is used in both orthopaedic and non-
orthopaedic specialties to assess the morphology of the
proximal femur. In the original study, AP and lateral radio-
graphs from 52 patients were examined by two observers
twice for classification. The interobserver variation was less
than 20% at the first reading and less than 5% at the second
reading [6]. Multiple studies have assessed the validity of the
Dorr classification since then, with varied results [20, 23, 29].

Mazhar et al. [20] evaluated the interobserver and intra-
observer reliability of the Dorr classification among two se-
nior orthopaedic residents, two orthopaedic surgeons, and
two arthroplasty fellowship-trained surgeons. The intra-
observer reliability was calculated after individuals performed
first and second reviews of 50 AP hip radiographs 6 weeks
apart, and interobserver reliability was assessed within and
between experience level groups. The authors used Cohen’s
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kappa value to calculate reliability; Cohen’s kappa ranged
from -1 to 1, with 0 reflecting a random chance of agreement
and 1 reflecting perfect agreement [21]. In Mazhar et al.’s
study [20], the mean total kappa value (intraobserver and
intraobserver) for residents was 0.576, 0.553 for orthopaedic
surgeons, and 0.484 for fellowship-trained surgeons; these
kappa values are too low to support adoption of the Dorr
classification, and in that study, the authors found that expe-
rience did not improve reliability by very much. However,
Mazhar et al. [20] only reviewed AP radiographs.

However, other studies have found greater reliability,
particularly among more-experienced users. In 2018, Nakaya
et al. [23] assessed the reproducibility of the Dorr classifi-
cation between experience levels (three junior and three se-
nior arthroplasty surgeons) and the effect of quantitative
indices on observer reliability. The intraexaminer re-
producibility was 0.36, 0.62, and 0.65 for junior hip surgeons
and 0.7, 0.86, and 0.87 for senior hip surgeons. Meanwhile,
the interexaminer reproducibility was 0.32 for junior hip
surgeons and 0.52 for expert hip surgeons. Their finding
suggested that interobserver and intraobserver reliability
positively correlated with levels of clinical experience, al-
though interobserver reliability remained a serious concern,
even among more-experienced users. When observers also
used cortical indices as an assistive measure (the ratio of the
difference between the femoral diaphyseal diameter and
intramedullary canal diameter over the femoral diaphyseal
diameter at a point 10 cm distal to the mid-lesser trochanter)
(Fig. 2), the reliability of the Dorr classification improved
substantially, with an intraexaminer reproducibility of 0.89
and 0.86 for junior and senior hip surgeons, respectively [23].
Based on this, we strongly recommend that surgeons using
the Dorr classification employ it in conjunction with carefully
calculated cortical indices (Fig. 2).

Outside orthopaedic surgery, Sah et al. [29] found that
patients with Type C bone had lower T scores than those
with Type A bone did, in contrast to the Singh index and
canal-to-calcar ratio, which were not associated with T
scores. This demonstrated that the Dorr classification may
indicate a patient’s bone quality. However, a prior study
showed that plain radiographs are not the most-reliable was
to assess patient bone quality [11]. In the study by Sah et al.
[29], intraobserver reliability was 92% and is somewhat
reassuring in light of an earlier study that reported much
lower intraobserver reliability metrics [20]. We believe the
higher intraobserver reliability reported by Sah et al. [29]
may be because they used AP and lateral radiographs for
evaluation, as opposed to the study by Mazhar et al. [20].

Limitations

The most-important limitation of the Dorr classification
has been its inconsistent reliability across the studies that
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have evaluated it [20]. Kappa values of approximately 0.5
or less do not support the wide use of a classification
system; however, two studies have found much better
reliability [23, 29], with kappa values and agreement
percentages easily high enough to recommend the clas-
sification’s use, as we noted earlier. In general, the studies
that showed higher reliability had more-experienced
reviewers and used quantitative indices such as the cor-
tical index as an assistive measure. For readers classifying
proximal femoral morphology according to Dorr et al. [6],
we recommend that cortical indices be used in addition to
qualitative bone assessments, and that classifications
are discussed with experienced surgeons to improve
reliability.

Although very early uncemented components were
difficult to implant and risked causing femoral fractures in
patients with poorer cortical bone quality [13, 19], making
the Dorr classification essential for decision-making vis-
a-vis implant selection, most recent studies have found
that modern uncemented components are generally reli-
able, even in patients with poor (Dorr Type C) femoral
cortical bone quality (Table 1) [5, 9, 22, 28]. This may call
into question whether the Dorr classification offers as
valuable a contribution to clinical decision-making in the
era of contemporary components as it once did.
Regardless, reliable mechanical fixation with uncemented
implants cannot always be assured, and a critical evalu-
ation of femoral geometry using Dorr’s method may help
identify patients who may benefit from a cemented
techique.

Conclusions

Although the Dorr classification has been found to have
inconsistent interexaminer and intraexaminer reliability,
use of the cortical index appears to improve its re-
producibility. We recommend that the Dorr classification
be used with attention to lateral radiographs for classifi-
cation into type and calculation of cortical indices.
Although Dorr Type C bone once was thought to preclude
the use of cementless fixation, studies of modern femoral
stem designs have demonstrated durable fixation with this
technique [5, 9, 22, 28]. Surgeons must also consider,
however, that patients with Type C bone are often elderly
and inactive, and the consequences of intraoperative frac-
ture using cementless THA may result in a second surgery.
Furthermore, several of these studies [5, 9, 22] demon-
strating efficacy of cementless implants in poor femoral
bone have had relatively few patients and the procedures
were performed by experienced surgeons. As stated by
Leopold [18], some of the long-term dangers of newer
procedures or techniques may not be discovered until years
later and would require very large sample sizes to accu-
rately detect. We believe the Dorr classification remains
useful in patient selection, particularly for lower-volume
surgeons who may consider cemented techniques to de-
crease early mechanical loosening or femoral fractures
during hip arthroplasty. We strongly emphasize the im-
portance of preoperative templating to ensure a stem will fit
the geometry of a patient’s femoral canal to decrease the
risk of iatrogenic fractures in patients who undergo THA.

Table 1. Studies in support of uncemented fixation in Dorr C Type bone

Number of Number of patients by Follow-up
Study patients Implant type (years), mean Results
Reitman et al. 81 Uncemented proximally Dorr Type A: 20 13 No higher intraoperative
[28] porous coated femoral Dorr Type B: 19 fracture in Type C bone
component Dorr Type C: 33 No revisions for instability,
osteolysis, or thigh pain
Hatem et al. 87 Uncemented conical femoral Dorr Type A: 32 2.8 No differences in Harris hip
[9] component Dorr Type B: 37 score or osteointegration
Dorr Type C: 18 No revision at the last
follow-up
Meding et al. 1994 Uncemented proximally Dorr Type A: 625 2 No differences in stem survival
[22] porous coated femoral Dorr Type B: 1569 for aseptic loosening
component Dorr Type C: 127 No difference in Harris hip
scores, pain, and osteolysis
Dalury etal. [5] 53 Uncemented proximally Dorr Types C: 53 6 At 6 weeks, all with

porous coated femoral
component

radiographic evidence of
osteointegration
At 1 and 6 years, no fracture,
subsidence, thigh pain, or
loosening
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Further investigations should be performed to identify re-
liable and useful assessments of a patient’s bone mor-
phology to decrease the risk of complications such as
intraoperative fracture during THA.
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