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Ultrasound measurements of the newborn hip

Comparison of two methods in 657 newborns

Jaroslaw Czubak, Tomasz Kotwicki, Tomasz Piontek and Hubert Skrzypek

We compared ultrasound measurements using the
Graf and Terjesen methods in 657 newborns. The al-
pha angle and femoral head coverage {(FHC) were
analyzed. The rate of DDH was 3.9%, according to
Graf and 2.9%, according to Terjesen. The sponta-
neous increases in alpha angle and FHC were 5° and
7%, respectively, during the first 2 months. Good ac-
cordance between the two methods was shown. A
few hips were normal, according to one method and
were subluxated, according to the other one. The

methods gave similar results, except the percentage
of “immature hips” lla (29%) and “possible dysplas-
tic hips” (14%). This might be a sign of better speci-
ficity of the Terjesen method. Good interobserver
agreement and simple classification favor use of the
Terjesen method. The method of Graf is the most
commonly used and gives adequate evaluation of
the hip, if the method of examination and rather
complicated classification are followed closely.
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Several methods for ultrasound evaluation of new-
born and infant hips have been used and described
(Graf 1983, Harcke et al. 1984, Dahlstrom et al. 1986,
Terjesen et al. 1989a, b, Tonnis et al. 1990, Suzuki et
al. 1991, Zwierzchowski et al, 1994). However, there
is no agreement as to the best method.

We have analyzed the sensitivity of the Graf (1983)
method, which is the most commonly used and of the
Terjesen (1989a, b) method. The latter was chosen
because of its simplicity and direct relationship to ra-
diographic examination.

Patients and methods

From May 1993 to December 1994, 657 of 826 new-
borns born in Franciszek Raszeja Hospital in Poznaii
were examined in the Institute of Orthopedics and
Rehabilitation in Poznaii. All mothers were advised to
come for examination of the baby’s hips in the first
weeks of life, but some failed to do so for some un-
known reason. Since we were unaware of the pediatri-
cians’ clinical findings of the newborns, our examina-
tion was considered the primary one. There was no
treatment before our first examination, Pediatricians
routinely ordered wide diapers for all newborns. The
group comprised 326 boys and 331 girls, altogether
1,314 hips. The age at the first examination was mean
23 (5-42) days. The largest number of patients under-

went first examination in the 3rd week of life. Subse-
quently, the infants were examined at least twice in
every 6-week period.

The ultrasound section of the hip in the Terjesen
method is similar to that in the Graf method (Figure).
We prefer to place the child in a lateral position dur-
ing examination. An Aloka 500 ultrasound machine
was used with the 5 MHz linear transducer. Two dis-
tances were measured on the sonogram: from the ace-
tabular floor to the level of the acetabular rim (a) and
from the acetabular floor to the lateral joint capsule
(b). From these two measurements, the percentage a/b
x 100% was calculated and referred to as femoral
head coverage (FHC). According to Terjesen et al.
(1989a, b), a normal FHC is equal to or higher than
50%, whereas 49—40% indicates possible dysplasia,
39-10% subluxation and below 10% dislocation. It
should be emphasized that FHC equal to 49-40% in
newborns is possible dysplasia and in infants older
than 4 months it is dysplasia.

The alpha angle in the Graf method was compared
to the FHC. The following points were evaluated: the
influence of this method on the number of cases diag-
nosed as hip dysplasia during the first, second and
third examinations, as well as the changes in the alpha
angle and FHC between the first and third measure-
ments. For evaluation of interobserver variation, the
FHC measurements were made by 4 examiners, 2 or-
thopedic surgeons with experience in ultrasound ex-
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Schematic drawings of the principles of the (A) Graf and (B)
Terjesen methods.
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B: Distance a is from the acetabular floor to the level of the
lateral acetabuiar rim and b is from the same point of the ace-
tabular floor to the lateral joint capsule. Both distances are
measured perpendicular to the baseline of the ultrasound im-
age.

amination and 2 students with little experience. The
scans were made only by experienced doctors (JC,
TK).

For statistical evaluation of the various parameters,
we used the Student’s t-test and the correlation coeffi-
cient (r). The differences were considered significant
when p < 0.05.

Results

We found similar but not identical percentages of dis-
located or subluxated hips: 3.9% for Graf and 2.9%
for Terjesen (Tables 1--2).

With the Graf method, the frequency of immature
hips, type 1la, was 29%, whereas with the Terjesen
method, 14% of hips had “possible dysplasia” (FHC

Table 1. Ultrasound results according to the Graf classifica-
tion at the primary examination in 657 newborns

49-40%). The average increase of the alpha angle
was 5° between the first and second measurements
and 2° between the second and third measurements.
The average increases in FHC were 7% and 3%, re-
spectively. The increases in both parameters were sta-
tistically significant (p < 0.001). A statistically signif-
icant correlation (r = 0.57) between the alpha angle
and FHC was found (p < 0.001).

21 children (3.2%) with 25 abnormal hips were
treated, using the Pavlik harness. The indications for
treatment were: a positive Ortolani test (11 hips), lim-
ited abduction (below 70°) and ultrasound abnormali-
ties (alpha less than 50°, FHC less than 50% (14 hips).
In all treated cases, stable reduction and normaliza-
tion of ultrasonography were achieved after 21 (6—41)
weeks (Table 3).

4 examiners performed FHC measurements of 422
hips. The average interobserver difference was 2.8%—
3.9%. The standard deviation for all pairs of examin-
ers was 3.2%.

The third examination showed that 1.9% of the hips
had an alpha angle ranging from 50° to 60° and in
98.1% of hips it was above 60°. The FHC ranged from
40% t0 49% in 2.2% of hips and appeared to be above
50% in 97.8% of the measured hips. Hips which had not
achieved normal ultrasound parameters were observed
until the alpha angle and FHC exceeded 60° and 50%,
respectively. None of these hips was treated.

We analyzed the frequency of discrepancy between
the methods—i.e., cases diagnosed as subluxation by
one method and normal or suspected dysplasia by the
other (Table 4). In 14 hips during the first examina-
tion, the alpha angle was more than 50° (Graf type 11
a) whereas FHC was less than 40% and indicated sub-
luxation. The number of discrepancies decreased to 4
hips in the second and no hips in the third examina-
tion.

During the first examination, 13 hips had alpha an-
gles from 43° to 50°, which means type II ¢ and D in
the Graf classification, whereas FHC exceeded 40%.
13 hips were diagnosed as subluxated by both meth-

Table 2. Ultrasound results according to the Terjesen classi-
fication at the primary examination in 657 newborns

Number of hips Number of hips
Graf -_—
type oangle Pangle Left Right Total % Type FHC%® Left Right Total %
| = 60° 440 449 889 67.7 Normal =50 532 555 1087 828
lla 50°-59° 195 188 383 29.1 Possible dysplasia 4049 98 89 187 143
llc 43°-49° 14 12 26 2.0 Subluxation 10-39 26 10 36 27
D 43°-49° > 77° 2 0 2 02 Dislocation <10 0 2 2 02
Hi < 43° 8 8 16 1.2
v 4 2 6 05 8 FHC% femoral head coverage in percentage
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Table 3. Primary clinical examination, and first and second
ultrasound examinations of 21 treated children

Clinical examination Ultrasound examination

Limited Pos. First Second
Case Side abd. Orolani a-angle FHC o-angle FHC
1 L + + 40 41 47 50
R 62 64 60 62
2 L 60 54 55 54
R + 54 54 51 34
3 L + + 38 33 41 38
R + + 65 48 66 50
4 L + 48 38 49 3t
R 57 48 59 54
5 L 58 46 48 43
R + 49 36 47 43
6 L 49 53 62 62
R + + 42 0 56 58
7 L + + 43 20 71 60
R + 440 0 71 ral
8 L + 40 40 60 42
R 4 40 65 45
9 L 53 42 70 62
R + + 41 31 60 54
10 L + 30 33 87 62
R 61 54 63 62
11 L 62 54 63 69
R + 49 31 49 54
12 L + 40 33 49 53
R 58 46 60 53
13 L + 45 43 48 48
R 65 62 66 63
14 L + 44 3 63 67
R 64 58 63 67
15 L + 37 28 60 70
R 41 28 61 75
16 L + 42 20 67 58
R + 70 60 53 62
17 L + 52 50 56 46
R 61 57 49 50
18 L + 43 46 63 58
R + 36 43 66 58
19 L + 49 38 62 64
R 70 69 66 62
20 L + 52 50 60 64
R 61 67 60 64
21 L + 50 43 55 48
R 56 54 57 54

ods. A greater discrepancy was noted for type III ac-
cording to Graf. There were only 2 hips diagnosed as
dislocated by both methods, 9 were subluxated, 3
were possible dysplastic and 2 normal, respectively,
according to the Terjesen method. The number of dis-
crepancies decreased to 1 hip and no hip in the second
and third examinations, respectively.

Discussion

The frequency of dislocated and subluxated hips
found in our study (3.2%) using the Graf and Terjesen
methods is somewhat smaller than the 4% found by
Dega et al. (1959). Their study was based on 36,000

Table 4. Ultrasound results according to both methods at
the primary examination (number of hips evaluated with
both classifications)

o angle
FHC | lla lic i Total
Normai 830 248 7 2 1087
Possible dysplasia 53 125 6 3 187
Subluxation 5 9 13 9 36
Dislocation 0 0 0 2 2
Totat 888 382 26 16 13128

2 jncomplete data in 2 hips

newborns in our city during 1952-58, using only clin-
ical signs.

The treated group of 21 infants (3.2%) was exclud-
ed from the analysis of natural history. We found a
considerable spontaneous improvement in the hips of
the remaining 636 infants, revealed by an increase in
the alpha angle and FHC (5° and 7%, respectively)
during the first 2 months of life and a slightly smaller
increase in the following 2 months. Our figures were
smaller than those of Hangen et al. (1995), who re-
ported an increase of 8.5° monthly in the alpha angle,
but agreed with the results of Castelein and Sauter
(1988).

A good interobserver agreement between 4 exam-
iners was achieved, using the Terjesen method. We
did not do this kind of evaluation using the Graf meth-
od, because our inexperienced colleagues found it dif-
ficult to define ultrasound landmarks for the measure-
ments. It was usually easy to find the acetabular floor
and the lateral part of the head, using the Terjesen
method.

The results obtained with the Graf and Terjesen
methods were in good agreement. A large percentage
of type 11a hips according to Graf (29%), were found
with the alpha angle ranging from 50° to 60, and
slightly reduced FHC indicating suspected hip dys-
plasia, according to Terjesen (14%). These groups
probably reflect immaturity of the hips during the first
weeks of life. In these hips, ultrasonography could not
establish a reliable, definite diagnosis in the newborn
period. It seems that both methods are very sensitive
for evaluating newborn hips. Thus a question arises,
whether the routines of ultrasound screening should
be changed from the newborn period to 2—3 months
of life, when most hips are mature.

The use of both methods resulted in twice as large a
number of cases diagnosed as possible and slight dys-
plasia in the newborn using the Graf method, as com-
pared to the Terjesen method. In our opinion, this is a
sign of better specificity of the Terjesen method. All
these hips normalized without any treatment. This
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supports the findings of previous reports (Castelein
and Sauter 1988, Terjesen et al. 1989a, b).

The number of discrepancies between the methods
is interesting. Using the Graf method, the number of
immature hips which are normal according to the
Terjesen method is 5 times larger than the number of
possible dysplastic hips with the Terjesen method but
normal in the Graf method. The number of discrepan-
cies in the subluxated group is very similar, but it in-
creases in dislocated hips. This may be because the
criteria for dislocated hips do not correlate well in
both methods or there is a poor correlation between
the slope of the acetabulum (Graf method) and the
head coverage (Terjesen method). In our opinion,
head coverage better describes the relation of both
parts of the hip than the measurement of the slope of
the acetabulum.

We conclude that both the Graf and Terjesen meth-
od give similar results. A good interobserver agree-
ment, better specificity and a simple classification are
in favor of the Terjesen method. We found nearly as
good interobserver agreement as that reported by
Holen et al. (1994) and previously by Terjesen et al.
(1989). The Graf method is, however, the most com-
monly used and gives an adequate evaluation of the
hip, if the method of examination and rather compli-
cated classification are followed carefully.
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