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A new measurement method for the radiographic assessment of
the proximal femur: the center-trochanter distance

Proksimal femurun radyografik degerlendirmesinde yeni
bir ol¢giim yontemi: Merkez-trokanter uzaklig
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Amag: Proksimal femurun radyografik degerlendirmesi
icin gelistirdigimiz yeni bir yontem -femur bas1 merkezi
ile trokanter u¢ noktasi arasindaki dik uzakligin dl¢iil-
mesi- tanimlanarak sunuldu.

Calisma plani: “Merkez-trokanter uzakligi” (MTU), fe-
mur diyafiz aksmna dik ¢izilen ve femur bast merkezi (M)
ve biiyiik trokanterin iist ucundan (T) gecen iki paralel ¢iz-
gi arasinda milimetre olarak olgiiliir. Eger M noktas1 T nok-
tasina gore listte ya da altta ise Ol¢iilen uzaklik sirastyla po-
zitif ya da negatif deger olarak ifade edilir. Bu yontemi uy-
gulamak amaciyla, kemiksel olgunlagsmasini tamamlama-
mis 200 kalgcanin ve tamamlamig 600 kalganin normal ola-
rak degerlendirilen 6n-arka direkt pelvis radyografileri iize-
rinde 6l¢limler yapildi. Elde edilen aritmetik ortalamanin
bir standart sapma (SS) alt1 ya da iistiinde kalan degerler
“normal”, aritmetik ortalamanin iki SS alt1 ya da iistiinde
kalan degerler “patolojik™ olarak kabul edildi. Yontemin
giivenirligi gelisimsel kalca displazisi nedeniyle ameliyat
edilen ve uzun donem izlemi olan 43 kalgcada smandi.
Sonuglar: Kemiksel olgunlagsmasini tamamlamamig
proksimal femurda -5 mm alt1 ve 15 mm {izeri, kemiksel
olgunlagsmasini tamamlamis proksimal femurda -17 mm
alt1 ve 7 mm tizerindeki MTU degerleri patolojik olarak
degerlendirildi. Yontemin gozlemci (kappa katsayist 0.92
ve 0.81) ve gozlemciler (kappa katsayist 0.88) arasi giive-
nirligi miikkemmel diizeyde bulundu.

Cikarimlar: Merkez-trokanter uzakligi, gelisimsel kalca
displazisi ve Legg-Calvé-Perthes hastalig1 gibi kal¢a pato-
lojilerinde proksimal femurun radyografik degerlendir-
mesinde kullanilabilir.

Anahtar sozciikler: Femur basi/radyografi; femur bagi nekro-
zu/radyografi; kalgca/radyografi; kalca cikigi/radyografi; Legg-
Perthes hastaligi; referans degeri.

Objectives: We developed a new method -measuring the
perpendicular distance between the center of the femur
head and the tip of the trochanter- for radiographic assess-
ment of the proximal femur.

Methods: The “center-trochanter distance” (CTD) refers to
the perpendicular line drawn to the femoral shaft axis
between two parallel lines that pass through the center of the
femoral head (C) and the tip of the greater trochanter (T). The
measured distance in millimeters is expressed as a positive or
negative value depending on the location of the point C, that
is, above or below the point T, respectively. Measurements
were made on anteroposterior plain radiographs of 200 skele-
tally immature and 600 skeletally mature hips, all of which
had been assessed as normal. Values that were found to be
below or above the standard deviation of 1 and 2 of the math-
ematical means were regarded as ‘“normal” and “‘pathologi-
cal”, respectively. The reliability of the method was tested in
43 hips that had been surgically treated for developmental
dysplasia of the hip and had a long-term follow-up.

Results: The center-trochanter distance measured below -5
mm and above 15 mm in the skeletally immature proxi-
mal femora, and below -17 mm and above 7 mm in the
skeletally mature proximal femora were regarded as
“pathologic”. The intraobserver (kappa coefficient, 0.92
and 0.81) and interobserver (kappa coefficient 0.88) reli-
ability of the method was found to be excellent.

Conclusion: The center-trochanter distance may prove to be
useful in radiographic assessment of the proximal femur in
several hip disorders such as developmental dysplasia of
the hip and Legg-Calvé-Perthes disease.

Key words: Femur head/radiography; femur head necrosis/radi-
ography; hip/radiography; hip dislocation/radiography; Legg-
Perthes disease; reference values.
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Antero-posterior direct pelvic radiography is an
important diagnostic tool for various hip problems.
Changes of both acetabulum and proximal femur
can be seen easily in this kind of a graphy. Changes
in shapes of femoral head and neck and angular
deformities of the femoral neck can occur in conse-
quent to the ischemic changes of proximal femur in
the diseases like Legg-Calve-Perthes and develop-
mental hip dysplasia." It is known that in children,
upper edge of the trochanter is seen at the same level
or just at the distal of the center of the femoral head
in plain graphy.” The normality of the relation
between femoral head and the greater trochanter
depend upon the absence of growth difference of
both and the normality of the neck-body angle and
the length of femur neck. This normal relation gives
a positive strength to the hip abductors for maintain-
ing the functional mechanics of the hip.”*" Thus, it
may be put forward that the use of various measur-
ing methods in antero-posterior pelvic graphy pro-
vides sufficient determinants in radiographic evalu-
ation of proximal femur.

Up to now two methods are defined to evaluate
the relation between femur head and great trochanter
in a plain anteroposterior graphy. Edgren has
defined “articulotrochanteric distance (ATD)” for
precisely measuring the distance between the joint
surface of femur head and the tip of greater
trochanter at a pelvic graphy. The numeric value
obtained is read as positive if the joint surface of the
femur head is above the tip of greater trochanter and
is read as negative if vise-versa. This parameter is
used to assess the radiographic results in various
studies.”™ Kalamchi ve MacEwen" have assessed

(R [

the position of the tip of the great trochanter accord-
ing to the center of the femur head and have defined
it as positive if the trochanter is at distal of the cen-
ter of the femur head, neutral if they are on the same
level and negative if the trochanter is at proximal of
the center of the femur head. The use of this para-
meter to evaluate the radiographic results in several
hip pathologies is seemed quiet limited.

In this study, it is aimed to define a new, easy and
objective measuring method names as “center-
trochanteric distance (CTD)” in radiographic assess-
ment of proximal femur, to reveal its normal and
pathologic border range and to investigate its relia-
bility.

Patients and methods

Central trochanter distance is the distance
between to parallel lines which are perpendicular to
the vertical axis of diaphysis of femur passing
through the center of femur head (C) and the tip of
the great trochanter (T), in terms of millimeter (fig-
ure 1). C point is determined by positioning a trans-
parent pattern including concentric rings on the
contours of femur head. If C point is above T
point, the distance measured is defined as positive
(figure 1a) and if C point is below T point, the dis-
tance measured is defined as negative (figure 1b).

First phase of the study was formed by deter-
mining the normal and pathological values.
Radiographic results of the patients who admitted
to the orthopedics and traumatology outpatient
clinic or hospitalized in the same clinic of a certain
hospital for this purpose. Anteroposterior pelvic
graphies which were taken for various purposes

Figure 1.(a, b) Schematic view of the center-trochanter distance. C: Center of femur

head T: Tip of the greater trochanter.
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Table 1. Measurement results of 800 normal hips.

Number of hips Mean = SD (mm) Distribution (mm)

Immature proximal femur 200 4.8+4.8 -7 ve 17
Mature proximal femur 600 -5.246.1 -25ve 13
and were classified as normal were separated aside. surements of two observes, respectively.

Two legs and knees were at extension, patella were
facing frontally and focusing distances were 110
cm in all these films. First group was consisted of
200 proximal femurs of 100 children (50 females,
50 males, average age 9.2 + 2.7 year-old) who were
immature in terms of bone structure with visible
growth plaque lines of apophysis of great
trochanter and epiphysis of proximal femur.

Second group was consisted of 600 proximal
femurs of 300 adult patients (150 females, 150
males average age 39.1 + 16.2) who were mature in
terms of bone structure with invisible growth
plaque lines of apophysis of great trochanter and
epiphysis of proximal femur. All measurements
were done by the second author as defined before.
Same pencil and ruler were used in all measure-
ments. After calculating mean values of the mea-
surements, the values remaining one standard devi-
ation upper or lower than the arithmetical mean
were defined as “normal”, two standard deviations
upper or lower than the arithmetical mean were
defined as “pathological” and values in between
one and two standard deviation were defined as
“controversial”.

Second phase of the study was formed by exam-
ining the reliability of the defined method in surgi-
cally operated hips due to development hip dyspla-
sia. For this purpose, 43 radiograhic results of 29
patients (mean age 21 year-old, distribution 13-29)
which were taken after approximately 20 years of
fallow-up (distribution 13-28 years) were investi-
gated. None of the hips were dislocated.
Measurements were done twice with 2 weeks inter-
vals independently by the first two authors. Same
pencil and ruler were used in all measurements.
Hips were classified into “normal”, controversial”
or “pathological” subgroups in accordance with the
definitions done before, after the observers mea-
sured CTDs in millimeters. Intraobserver and inter-
observer measurement variations were defined as
the difference between the two measurements of
one observer and the difference between two mea-

Intraobserver and interobserver compliance about
the relations of head-trochanter in terms of mea-
sured CTD value was calculated by kappa statis-
tics.

Results

Range values from normal hips

Values between 0-10 mm were defined as “nor-
mal, between -1 and -5 mm were defined as “con-
troversial” and values lower than -5 mm and high-
er than 15 mm were defined as “pathological” in
accordance with the previously defined formula in
proximal femur group of immature bone structure.
97% (n=193) of the 200 measurements in this
group was in 2 SD range. In proximal femur
group of mature bone structure, values between -
11 and 1 mm were defined as “normal”, between
2-7 mm and between -12 and -17 mm were defined
as “controversial”, values lower than 17 mm and
higher than 7 mm were defined as “pathological”.
575 (96%) of 600 measurements in this group
were in the range of mean £2 SD (table 1).

Reliability of interobserver and intraobserver
measurements from treated hips

Mean intraobserver and interobserver measure-
ment differences were 1.0£0.9 mm (distribution 0-4
mm) and 1.711.5 mm (distribution 0-8 mm), respec-
tively. When center-trochanter distance measure-
ments were classified as normal, controversial and
pathological in accordance to the classification
defined before, the compliance ratio (kappa coeffi-
cient) of first and second author was 98% (0.92) and
95% (0.81), respectively. Interobserver compliance
ratio (kappa coefficient) was found to be 97%
(0.88). All kappa values calculated were indicating a
perfect compliance. "

Discussion

Any radiograpical or clinical evaluation system is
valuable if its precision and reliability are proved.
But, the reliability of an evaluation system should be
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determined before evaluating of the results of the
treatment method or before being a guide for treat-
ment."” Several defects of previously defined radi-
ographic evaluation method for the relation of femur
head and trochanter have led the authors to develop
a new evaluation system. Although the articu-
lotrochanteric distance is used extensively, its intra
and interobserver measurement consistency has not
been assessed, yet. Also, normal and pathological
range values of this measurement method in both
children and adults have not been determined, yet.
This prevents the standard classification of hips as
normal or pathological. The classification system of
Kalamchi and MacEwen" for head-trochanter rela-
tion covers mainly the patients whose bone matura-
tion is completed. For this reason, use of this method
in adults is controversial. Also, it can be considered
as a subjective method because of lack of numeric
values. Besides, intraobserver reliability is moderate
"1 On the contrary, in our study, normal and patho-
logical ranges of CFD in both children and adults
were determined and also, intra and interobserver
reliability were found to be perfect. The center of the
femur head is known to be the center of femoral
rotation.”” As femur head is an anatomical and bio-
mechanical point, we believe that considering the
center of femur head as a reference for radiographi-
cal evaluation of trochanter — head relation would be
more appropriate. It can be told that a significant
decrease in center-trochanter distance may originate
from an excessive growth of great trochanter,
decreased neck-diaphysis angle or decrease in length
of femur neck and it can be told that a significant
increase may originate form the increase in neck-
diaphysis angle and/or the increase in the antrover-
sion of femur neck.

In clinical practice, it may be possible to deter-
mine the pathological changes of proximal femur, to
establish a treatment approach and to evaluate of the
results of chosen method after CTD measurement
similar to the measurements of ATD. In our opinion
CTD has two disadvantages beside its advantages.
In excessively deformed and flattened femur head,
the exact determination of the center of the head
might not be as easy as it used to be with a normal
femur. This problem can be solved by considering
the acetabular concavity center as the center of the
femur head. That is why, when acetabulum and

femur head are thought to be two circles within each
other, the center of acetabulum can be accepted as
the center of femur head."” On the other hand this
solution is not valid for subluxated or dislocated
hips. Besides, the use of CTD in children younger
than 5 years old is limited due to the fact that deter-
mining the center of femur head can fail in this age
group. "

In conclusion, CTD can be accepted as an objec-
tive, anatomical and simple measuring method for
radiographical assessment of proximal femur. This
method has perfect intra and interobserver reliabili-
ty. Center trochanteric distance is an appropriate
method for the radiographic assessment of proximal
femur in several hip diseases like DHD and Legg-
Calve-Perthes disease.
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