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Background:  The  Dorr  classification  is  widely  used  to evaluate  femoral  bone  quality,  but  it has  no clear
quantitative  criteria.  This  study  aimed  to evaluate  the  reproducibility  of the  Dorr  classification  and
examine  its quantitative  indices  on  plain  radiographs,  which  are  suitable  for objective  classification.
Hypothesis:  Reproducibility  of  the  Dorr classification  is  influenced  by  the  clinical experience  of the
examiners,  and  radiographic  indices  are  required  for this  classification.
Materials  and methods:  One  hundred  and  one  patients  were  examined  using  their  preoperative  plain
antero-posterior  and  lateral  radiographs.  To  evaluate  the  reproducibility  of  the  Dorr  classification,  the
Dorr type  of  each  patient  was  judged  twice  each  by  three  expert  hip  surgeons  and  three  junior  hip
surgeons.  Indices  measured  using  the plain  radiographs  were canal-to-calcar  ratio,  cortical  index  (CI),
and canal  flare  index.  A receiver  operating  characteristic  curve  was  used  to  evaluate  which  measured
parameters  were  suitable  as  indices  for the  Dorr classification  which  was  determined  by  the  consultation
among  three  expert  hip  surgeons.
Results:  Regarding  intra-examiner  reproducibility,  kappa  coefficients  for the  three  junior  hip  surgeons
were  0.36,  0.62,  and  0.65, whereas  those  for the  three  expert  hip  surgeons  were 0.70,  0.86,  and  0.87.
Regarding  inter-examiner  reproducibility,  the kappa  coefficient  for  the  junior  hip  surgeons  was  0.32,
whereas  that  for the expert  hip surgeons  was 0.52.  The  CI on  the  lateral  radiograph  had  the  largest  area
under  the  curve  (AUC)  between  types  A and  B, whereas  the  CI  on  the  anteroposterior  radiograph  had
the  largest  AUC between  types  B and  C. The  respective  cutoff  points  of  the  CI  on the  anteroposterior
radiograph  were  0.58  between  types  A  and  B and 0.49  between  types  B and C. The respective  cutoff
points  of CI on  the  lateral  radiograph  were  0.45  between  types  A and  B and  0.28  between  types  B and  C.

Conclusion: The  intra-examiner  reproducibility  of the  Dorr classification  ranged  from  “fair”  to  “almost
perfect”,  whereas  the inter-examiner  reproducibility  ranged  from  “fair”  to “moderate”.  Both  were  influ-
enced  by  the  level  of  clinical  experience  of  the  examiners.  The  most  suitable  index  for  classification  using
plain  radiographs  of  the  hip  is the  CI on  anteroposterior  and lateral  radiographs.
Level  of evidence:  IV,  retrospective  study.

©  2018  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

Femoral bone quality is an important factor that affects
eriprosthetic fractures and femoral component fixation in total
ip arthroplasty (THA) [1–5]. Therefore, preoperative evaluation of

emoral bone quality is important when choosing a design and fixa-

ion method of femoral component. The Dorr classification is widely
sed to evaluate femoral bone quality [1]. In this classification,
emoral bone quality is divided into three types using anteropos-
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terior and lateral plain radiographs of the hip joint. Type A is a
sufficiently thick bone cortex in anteroposterior and lateral views.
Type C is an extremely thin bone cortex with a stovepipe shape in
anteroposterior view and a widened medullary cavity and indis-
tinct cortical bone in lateral view. Type B is between types A and C
and comprises a thin cortical bone with a residual funnel shape in
anteroposterior view and an indistinct bone cortex at the posterior
of the femur with a nonuniform line on the medullary cavity side
of the bone in lateral view (Fig. 1). However, the Dorr classifica-

tion merely classifies the appearance on plain radiographs and has
no clear quantitative criteria. Currently, there are only few studies
investigating intra-examiner and inter-examiner reproducibility of
the Dorr classification [1,6].

https://doi.org/10.1016/j.otsr.2018.11.008
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Fig. 1. Plain anteroposterior and lateral radiographs of each Dorr type are sho

We  hypothesized that the reproducibility of the Dorr classifica-
ion is influenced by the clinical experience of the examiners, and
adiographic indices are required for this classification. This study
imed to evaluate the reproducibility of the Dorr classification and
xamine its quantitative indices on plain radiographs, which are
uitable for objective classification.

. Patients and methods

.1. Patients

The subjects were 101 consecutive patients who had primary
HA at our hospital. Patients with a history of hip fracture surgeries,
one tumors, Grade III or IV developmental dysplastic hips accord-

ng to the Crowe Classification [7], and indistinct plain radiographs
ere excluded. There were 78 women and 23 men  aged 29–87

ears (mean, 60 years) with underlying diseases of osteoarthritis
77), osteonecrosis (16), rapidly destructive coxarthrosis (5), and
heumatoid arthritis (3). This study was approved by the institu-
ional review board of our institution (clinical image analysis of
atients with joint disorders, No. 15056-2).

.2. Methods

To evaluate the reproducibility of the Dorr classification, the

orr type of each patient was judged twice each by three expert
ip surgeons and three junior hip surgeons, with a 1-month

nterval between judgements. Each examiner made their decision
fter receiving a detailed explanation regarding the Dorr type

Fig. 2. Methods of measuring each parameter using plain radiographs are show
he cortex contour is indistinct in the lateral view of the type B and C femora.

characteristics using plain radiographs. The three expert hip
surgeons determined the gold standard for the Dorr classification.
Indices measured using the plain radiographs were canal-to-calcar
ratio (CC ratio) [1], cortical index (CI) [1], and canal flare index
(CFI) (Fig. 2) [8]. The CC ratio and CI (anteroposterior and lateral
views) were measured using the method described by Dorr et al.
[1], and CFI was measured using the method described by Noble
et al. [8]. CC ratio: Measured on anteroposterior plain radiographs
of the hip. Two  points are established on the medial and lateral
aspects of the medullary cavity 10 cm distal from the center of the
lesser trochanter, and another two points are established on the
medial and lateral aspects of the medullary cavity 3 cm distal from
the center of the lesser trochanter. The CC ratio was  obtained by
dividing the distance x of the medullary cavity at the point 10 cm
distal from the center of the lesser trochanter by the distance y at
the point at the center of the lesser trochanter where the two  lines
formed by the two points on the internal aspect and the two points
on the lateral aspect of the medullary cavity pass. CI was measured
on anteroposterior and lateral plain radiographs of the hip. CI was
obtained by dividing the thickness of the femoral bone cortex at
the point 10 cm distal from the center of the lesser trochanter
(distance of the lateral aspect of the femoral bone cortex z–distance
of the medullary cavity x) by the distance of the lateral aspect of
the femoral bone cortex z. In this study, CI measured on an antero-
posterior radiograph was  abbreviated as CI (AP) and CI measured
on a lateral radiograph was  abbreviated as CI (lat). CFI: Measured

on anteroposterior plain radiographs of the hip. The width of the
medullary cavity proximal from the lesser trochanter by 35% of the
vertical distance from the lesser trochanter to the femoral head
center was  designated a. CFI was  obtained by dividing a by the

n. CC ratio: canal-to-calcar ratio; CI: cortical index; CFI: canal flare index.
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Table  1
Intra-examiner and intra-examiner reproducibility of the Dorr classification.

Examiner Fleiss’ kappa
coefficient
(95% CI)

Degree of
agreementa

Intra-examiner reproducibility
Junior 1 0.65 (0.48–0.81) Substantial
Junior 2 0.36 (0.18–0.54) Fair
Junior 3 0.62 (0.47–0.77) Substantial
Expert 1 0.70 (0.55–0.86) Substantial
Expert 2 0.87 (0.69–1.06) Almost perfect
Expert 3 0.86 (0.69–1.02) Almost perfect

Inter-examiner reproducibility
Junior surgeons 0.32 (0.22–0.41) Fair
Expert surgeons 0.52 (0.43–0.62) Moderate
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and “almost perfect” (two surgeons). Overall, the inter-examiner
Overall 0.44 (0.40–0.49) Moderate

a Interpretation of kappa is according to Landis & Koch [10].

idth of the isthmus of the medullary cavity b. All radiographic
easurements were performed by an examiner who was not

nvolved in the determination of the gold standard of the Dorr
lassification.

.3. Method of assessment and statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
3. The Fleiss’ kappa coefficient was used to evaluate the repro-
ucibility of the Dorr classification [9]. The degree of agreement
as assessed using the Landis and Koch’s interpretation of the

appa coefficient [10]. � coefficient <0 was defined as “poor,” ≥ 0
ut ≤ 0.20 as “slight,” ≥ 0.21 but ≤ 0.40 as “fair,” ≥ 0.41 but ≤ 0.60 as
moderate,” ≥ 0.61 but ≤ 0.80 as “substantial,” and ≥0.81 as “almost
erfect.”

A receiver operating characteristic (ROC) curve was used to
etermine the parameters on plain radiographs, which are suitable
o be used as indices for the Dorr classification [11,12]. The opti-

al  cutoff point of each radiographic index was calculated using

he point on the ROC curve closest to (0, 1). The intraexaminer and
nterexaminer reproducibility of the Dorr classification, based on
he new index on plain radiographs, was assessed by a junior hip

Fig. 3. Receiver operating characteristic curves of each parameter o
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surgeon (junior 1) and an expert hip surgeon (expert 1). The level
of significance was  set at a p-value < 0.05.

3. Results

Regarding intra-examiner reproducibility, the kappa coeffi-
cients for the three junior hip surgeons were 0.36, 0.62, and 0.65,
whereas those for the three expert hip surgeons were 0.70, 0.86,
and 0.87. Regarding inter-examiner reproducibility, the kappa coef-
ficients for the junior hip surgeons, expert hip surgeons, and all
surgeons were 0.32, 0.52, and 0.44, respectively (Table 1).

The Dorr type gold standard was  type A in 51 patients, type B in
41, and type C in nine. The evaluation using ROC  curves revealed
an area under the curve (AUC) between types A and B of 0.518 for
CC ratio, 0.784 for CI (AP), 0.899 for CI (lat), and 0.626 for CFI (Fig. 3
and Table 2). The optimum cutoff value for CI (lat), which had the
largest AUC between types A and B, was 0.45. AUC between types B
and C was  0.694 for CC ratio, 0.925 for CI (AP), 0.892 for CI (lat), and
0.883 for CFI (Fig. 4 and Table 2). The optimum cutoff value for CI
(AP), which had the largest AUC between types B and C, was  0.49.

The intra-examiner and inter-examiner reproducibility of the
Dorr classification based on the CI (AP) and CI (lat) is listed in Table 3.
The degree of agreement of the intra-examiner reproducibility
improved compared with that observed using the conventional
classification except for the CI (lat) of the expert hip surgeon
(Table 1). Similarly, the degree of agreement of the inter-examiner
reproducibility improved when the CI (AP) was used as the refer-
ence radiographic index for the classification.

4. Discussion

In the current study, the intra-examiner reproducibility of the
Dorr classification for junior hip surgeons was “fair” (one sur-
geon) and “substantial” (two surgeons). For the expert surgeons,
the intra-examiner reproducibility was  “substantial” (one surgeon)
reproducibility of the Dorr classification was  “fair” in the junior hip
surgeons group and “moderate” in the expert hip surgeons group.
This indicated that both the intra-examiner and inter-examiner

n plain radiographs for differentiating between types A and B.
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Table  2
Areas under the curve (AUC) and cutoff points of each radiographic parameter.

Radiographic parameters Types A vs. B Types B vs. C

AUC (95% CI) p-Value Cutoff AUC (95% CI) p-Value Cutoff

CC ratio 0.518(0.399–0.637) p = 0.76 0.52 0.694(0.520–0.868) p = 0.07 0.60
CI  (AP) 0.784(0.692–0.876) p < 0.01 0.58 0.925(0.837–1.000) p < 0.01 0.49
CI  (lat) 0.899(0.836–0.962) p < 0.01 0.45 0.892(0.768–1.000) p < 0.01 0.28
CFI  0.626(0.513–0.740) p = 0.04 4.38 0.883(0.783–0.984) p < 0.01 3.87

CC ratio: canal-to-calcar ratio; CFI: canal flare index; CI: cortical index; AP: anteroposterior view; lat: lateral views; 95% CI: 95% confidence interval.

Fig. 4. Receiver operating characteristic curves of each parameter on plain radiographs for differentiating types B and C.

Table 3
Intra-examiner and intra-examiner reproducibility of the Dorr classification according to the cortical index on anteroposterior and lateral radiographs.

Index on plain radiograph Examiner Fleiss kappa coefficient(95% CI) Degree of agreementa

Intra-examiner reproducibility
CI (AP) Junior 1 0.89 (0.74–1.04) Almost perfect

Expert 1 0.86 (0.72–1.00) Almost perfect
CI  (lat) Junior 1 0.81 (0.65–0.97) Almost perfect

Expert 1 0.78 (0.62–0.94) Substantial
Inter-examiner reproducibility

CI (AP) Junior 1 and expert 1 0.68 (0.58–0.83) Substantial
CI  (lat) Junior 1 and expert 1 0.59 (0.43–0.75) Moderate
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I: cortical index; AP: anteroposterior view; lat: lateral views; 95% CI: 95% confiden
a Interpretation of kappa is according to Landis & Koch [10].

eproducibilities of the Dorr classification are influenced by the
evel of clinical experience of the examiners. In addition, even for
he expert hip surgeons, the inter-examiner reproducibility was
moderate”, thus implying that objective and quantitative indices
re required to properly judge the Dorr classification in the clin-
cal setting. Jennings et al. assessed the inter-observer reliability
f the Dorr classification using the Fleiss’ kappa coefficient among
dult reconstruction fellowship trained attending surgeons and fel-
ows as well as among senior residents and junior residents and
eported “slight” to “moderate” inter-observer reliability, a finding
onsistent with the results of the present study [6].

The Dorr classification is a method of qualitative classification

hat is determined using anteroposterior and lateral plain radio-
raphs of the hip joint. In our exploration of quantitative indices
hat are suitable for the Dorr classification, we found parameters
hat were easily measured on plain radiographs. We  evaluated
erval.

CI, an index of cortical bone thickness of the distal shaft of the
femur [1]; CC ratio, an index of the shape of the medullary cav-
ity of the proximal femur [1]; and CFI, an index of the flare shape
of the medullary cavity of the proximal femur [8,13]. Evaluation
using ROC curves revealed that CI (lat) between types A and B
and CI (AP) between types B and C were the indices that could be
most sensitively judged. Originally, types A and B were differenti-
ated according to the presence or absence of indistinctness of the
femoral bone cortex on lateral plain radiographs of the hip, and the
result of this differentiation reflected the definition of each type.
Types B and C are differentiated according to the widening of the
medullary cavity and thinness of the bone cortex in anteroposte-
rior and lateral views. Our results also showed a larger AUC for CI

than that for other parameters in anteroposterior and lateral views.
AUC for CI was  greater in the anteroposterior than in the lateral
view.
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To assess the reliability of the CI (AP) and CI (lat) as radiographic
ndices for the Dorr classification, a junior hip surgeon and an expert
ip surgeon measured them twice for all cases. The intra-examiner
eproducibility of both hip surgeons improved from “substantial” to
almost perfect,” except for the CI (lat) measured by the expert hip
urgeon. Moreover, the inter-examiner reproducibility improved
rom “moderate” to “substantial” when the CI (AP) was  used as the
eference; however, this improvement was not observed when the
I (lat) was used. This may  be attributed to the lower clarity of the
ortex contour on lateral radiographs (Fig. 1). In addition, the inter-
xaminer reproducibility of the Dorr classification did not reach
he level of “almost perfect” agreement, even when the CI (AP) was
sed. This may  be due to variations in the proximal femoral mor-
hology being a continuum, and it is inherently difficult to classify

t into three specific types [6].
The present study has three limitations. First, it involves a small

ample size. Sim J et al. reported that the number of subjects
equired in a 2-rater study to detect a statistically significant kappa
p ≤ 0.05) on a dichotomous variable, where it is 50 with 80% power
egardless of the proportions of positive diagnoses, assuming the
ull hypothesis value of kappa to be zero [14]. Regarding the ROC
urve analysis, power was calculated using R version 3.5.0 and was
hown to be > 80% in both the CI (AP) and CI (lat). Thus, the sam-
le size of the current study (101 cases) is considered sufficient.
econd, the effect of the femoral rotation during X-ray imaging on
he reproducibility of Dorr classification was not considered. The
larity of the cortex contour may  change with the rotation of the
emur, and the effect of femoral rotation on the clearness of the cor-
ex contour may  differ among the three types. The effect of femoral
otation on the reproducibility of the Dorr classification should be
valuated using three-dimensional computed tomography. Third,
he correlation between improvement in the Dorr classification and
one quality using dual-energy X-ray absorptiometry (DEXA) or
uantitative computed tomography was not evaluated. Sah et al.
15] reported regarding the degree to which parameters on plain
adiographs (Dorr classification, CI, CC ratio, and Singh index) were
elated to DEXA T-score (femoral neck, greater trochanter of the
emur, spinal column) in 32 patients with osteoarthritis. They also
ound that when osteoporosis had a T-score of −2.5, the CI (AP)
utoff was 0.50, which was almost the same as our cutoff of 0.49
etween types B and C. If we consider that Type C is an index
f poor bone quality [1,15], our cutoff could suitably determine
ype C as an index of poor bone quality when the index is used for
reoperatively evaluating femoral bone quality.

In conclusion, the intra-examiner reproducibility of the Dorr
lassification ranged from “fair” to “almost perfect” and the inter-
xaminer reproducibility ranged from “fair” to “moderate”. Both
ere influenced by the level of clinical experience of the examiners.
he most suitable index for classification using plain radiographs
f the hip is the CI on anteroposterior and lateral radiographs. The
espective cutoff points of the CI on the anteroposterior radiograph
ere 0.58 between types A and B and 0.49 between types B and

[

[
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C. The respective cutoff points of CI on the lateral radiograph were
0.45 between types A and B and 0.28 between types B and C.
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