
Different ultrasound techniques
Comparative literature review



What do we  want from these 
methods

•Reproducible scans 
•High specificity

•Reliable scans
•Very high sensitivity



3 main methods, how do they compare?

Graf (1980) : based 
on a static coronal 
image of the hip

Harcke (1984) : 
concept of femoral 

head coverage 
(FHC)

Terjensen (1989) : 
FHC with dynamic 

hip screening

Graf R. The diagnosis of congenital hip joint dislocation by ultrasound compound treatment. Arch Orthop Trauma Surg 1980; 97:117-33
Morin C, Harcke HT, MacEwen GD. The infant hip: real time US assessment of acetabular development. Radiology 1985:157:673-7
Terjesen T, Bredland T, Berg V. Ultrasound for hip assessment in the newborn. J Bone Joint Surg [Br] 1989; 71-B:767-73. 



HARCKE METHOD (1984)

Patient in the supine 
position

Static and dynamic 
scanning in the frontal 
and transverse planes 

are performed

Qualitative description  
with numeric 

measurements as well

Use of femoral head 
cover (FHC) > 57% 

(patients < 9-12 
months) is optional
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Transverse Neutral View

Transverse Flexion/Abduction View

Transverse Flexion/Adduction View

Coronal Neutral View

Coronal Posterior Lip

Coronal Posterio Lip/Mid-acetabulum 
under stress

Examination of the infant hip with real-time ultrasonography. Harcke HT, Clarke NM, Lee MS, Borns PF, MacEwen GD J 

Ultrasound Med. 1984 Mar; 3(3):131-7.



HARCKE METHOD (1984)

L = lateral

P = posterior

h = head

p =pubis

i = ischium
il = ilium

Transverse View Coronal View

L = lateral

S = superior 
h = head

iI = ilium

Curved arrow = labrum
Arrowhead = triradiate 



Evolution



HARCKE METHOD (1994) Delaware,USA

Revised to 2 views as the 

standard minimum technique, 

“…quantitative measurements such 

as Graf’s α angle is optional in the 

Harcke method, but encouraged to 

use α angle ”



TERJESEN METHOD (1989) Oslo

Lateral approach 
Patient in the 

supine position

Bony Rim 
Percentage or 
Femoral Head 

Coverage %

FHC should be > 
50%

Terje Terjesen (1998) Ultrasonography for 
evaluation of hip dysplasia: Methods and 
policy in neonates, infants, and older 
children, Acta Orthopaedica Scandinavica, 
69:6, 653-662, 

“Mean normal hips had 54% and in boys 56% FHC . 
The lower limit of normal range is approximately 45% (44% in girls and 47% in boys).”

•There is a Grey zone from 45% to 54%.



It is difficult to find the centre 
of a non-spherical object. 

As the Femoral Head is not round…
with rotation each section of the head will 

have different sizes ! 



So % of femoral head coverage will change with rotation 
System NOT reproducible



TERJESEN METHOD (1989)

d/D (%) can be measured 
in normal hips only

d*/D (%) should be 
measured in subluxed hips

d/D can be > 50% in 
subluxed hips!!!

Harcke, H.T. & Pruszczynski, B. Pediatr Radiol (2017) 47: 817. https://doi.org/10.1007/s00247-017-3802-4

50%, normal 
49-40% possible dysplasia,
39-10% subluxation
below 10% dislocation



TERJESEN METHOD (1989)

Lateral head distance (LHD)

“…an expression of the uncovered part of the ossific 

nucleus, is measured and it can have a minus sign in 

normal hips.”

“In newborns with instability the FHC can be 35%, 

which means that FH subluxes rather than 

dislocates. In stress (Flex/adduct/stress) it can be 

checked if the FH moves lateraly >3mm.”

Terje Terjesen (1998) Ultrasonography for evaluation of hip dysplasia: Methods and policy in neonates, infants, and older 
children, Acta Orthopaedica Scandinavica, 69:6, 653-662, 

Ossific nucleus in not always in the center!!!
Stress view is difficult to interpret, as there is physiological laxity in newborns 



GRAF’S METHOD

• Warm place

• Changing Table

• The cradle

• Sonoguide

• Linear probe

• Instructions to 
mother

• Examination 
should last less 
than 1 min

Preparation

essential

Graf R. Hip Sonography: Diagnosis and Management of Infant Hip Dysplasia. 2006. Springer. Germany



GRAF’S METHOD

•Fingers positioned on 
trochanter

•Transducer position 
(placed between 
thumb and fingers 
parallel to the 
bolsters of the cradle)

Positioning

standardised 

Graf R. Hip Sonography: Diagnosis and Management of Infant Hip Dysplasia. 2006. Springer. Germany



GRAF’S METHOD

• The transducer is moved 
backwards and forwards 
from the position on the 
greater trochanter

• Concentrate  on the 
lower limb of the os ilium

• Correction of the 
sectional plane is then 
carried out

Scanning 
technique

simple

Graf R. Hip Sonography: Diagnosis and Management of Infant Hip Dysplasia. 2006. Springer. Germany



ULTRASOUND MEASUREMENT (alpha and beta angles)

D

Decentered 

(III,IV, D)

Unstable 

 (IIc)

Immature II a

 Dysplastic  IIb
Normal type I

Graf R. Hip Sonography: Diagnosis and Management of Infant Hip Dysplasia. 2006. Springer. Germany

!!!NO GREY ZONES!!!



MATURATION CURVE (alpha and beta angle)

Takes into account the normal physiological laxity (elastic wipping)that resolves spontaneously by 6 
weeks of age

Graf R. Hip Sonography: Diagnosis and Management of Infant Hip Dysplasia. 2006. Springer. Germany



•Literature 

•Comparing the different techniques 

•can we set a gold standard ?



COMPARISON BETWEEN METHODS (1994) Spain

✓ 208 babies (clinical 

indic.), 416 Hips 

✓ examined with 

Graf/Harcke/Suzuki

Simultaneous Ultrasound Studies of Developmental Dysplasia of the Hip Using the Graf, Harcke, and Suzuki Approaches. Diaz 
A. M.D. et al. Journal of Pediatric Orthopaedics B: 1994



COMPARISON BETWEEN METHODS (1994)

▪ From 30 IIb Graf hips, all were normal based on Harcke
▪ no further follow up

Simultaneous Ultrasound Studies of Developmental Dysplasia of the Hip Using the Graf, Harcke, and Suzuki Approaches. Diaz 
A. M.D. et al. Journal of Pediatric Orthopaedics B: 1994



COMPARISON BETWEEN METHODS (1998)

✓Graf vs Terjesen 
✓ 656 (1312 hips) 

newborns
✓Mean age 23 days
✓ Treatment based on 

both technique’s results
• Dislocated hips: 2 

(Terjensen) vs 16 (Graf)

• 2 dislocated hips (Graf) 
appeared normal in 
Terjensen

• No dislocated hip 
(Terjensen) appeared 
normal in Graf

Jaroslaw Czubak et.al. (1998) Ultrasound measurements of the newborn hip Comparison of two methods in 
657 newborns, Acta Orthopaedica Scandinavica, 69:1, 21-24



COMPARISON BETWEEN METHODS (2001)

Mini-review article
Graf 
vs 

Terjensen

Ossific nucleus in not always in the center!!!
Comparison of Two Techniques Used in the Assessment/Measurement of Developmental Dysplasia of the Hip (DDH). Sarah-
Jane Langford, Susan New, and Kalpana Pate. Ultrasound, Vol 9, Issue 3, pp. 26 – 30.Published August 1, 2001



COMPARISON BETWEEN METHODS (2006)

232 neonates (<4 days)

Graf vs Terjesen
- Reproducibility
- Inter-observer reliability
- Intra-observer reliability

Comparing ultrasound measurements of neonatal hips using the methods of Graf and Terjesen. JBJS (Br). A. Falliner,D. 
Schwinzer, H.-J. Hahne, J. Hedderich, J. Hassenpflug. Published Online:1 Jan 2006

https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419
https://online.boneandjoint.org.uk/doi/full/10.1302/0301-620X.88B1.16419


COMPARISON BETWEEN METHODS (2010)

✓ 207 newborns
✓Measured by Peads. Ortho, 

Ortho and Student 
✓ a-angle, b-angle and FHC 

were measured twice 
(1242 exams)

Reproducibility of different screening classifications in ultrasonography of the newborn hip, Christian D Peterlein et al., BMC 
Pediatrics 2010 10:98



COMPARISON BETWEEN METHODS (2012)

✓ 225 infants clinically 
suspected of DDH

✓Mean age : 7.79±6.44 weeks
✓ Graf vs Harcke vs Terjensen
✓ Calculate Specificity and 

Sensitivity

Evaluation of three ultrasound techniques used for the diagnosis of developmental dysplasia of the hip, Pacheco et al., Sao 
Paolo



COMPARISON BETWEEN METHODS (2015)

Review article
• Incidence
• Screening methods

• Radiographs
• U/S

• Treatment
• Follow-up

Kotlarsky P, Haber R, Bialik V, Eidelman  Developmental dysplasia of the hip: What has changed in the last 20 years? World 

Journal of Orthopedics. 2015;6(11):886-901. doi:10.5312/wjo.v6.i11.886.



Summary

Article Reliability Sensit/Specif Interobserver Intraobserver Reproducibility

Diaz A. M.D. et al. Journal of 
Pediatric Orthopaedics B: 1994
(Graf vs Harcke vs Suzuki)

Graf - - - -

Czubak et al. Acta Orthopaedica 
Scandinavica. 1998 (Graf vs Terj.)

Equal Terjesen Terjesen - -

Langford et al. Ultrasound.2001 
(Graf vs Terj.)

Graf needs more 
experience

- - - -

Falliner et al. JBJS, 2006 (Graf vs 
Terj.)

Equal Graf Equal (except 
for students)

Graf Graf

Peterlein et al.BMC Pediatrics. 
2010 (Graf vs Terj)

Graf - - - Graf

Pacheco et al. ECR. 2012 (Graf vs 
Terj vs Harcke)

Graf Graf - - -

Kotiarsky et al. World Journal of 
Orthopaedics. 2015 (Review)

Graf Graf - - -



CONCLUSION

Graf technique  
outweighs  other 

techniques

Well-described 
with guidelines

“Checklist 1 and 2”

Has no GREY zones

Takes into account 
changing anatomy 
in first 12 weeks of 

life



So use a method that 

•Reproducible scans 
•High specificity

•Reliable scans
•Very high sensitivity



Summary

Article Reliability Sensit/Specif Interobserver Intraobserver Reproducibility

Diaz A. M.D. et al. Journal of 
Pediatric Orthopaedics B: 1994
(Graf vs Harcke vs Suzuki)

Graf - - - -

Czubak et al. Acta Orthopaedica 
Scandinavica. 1998 (Graf vs Terj.)

Equal Terjesen Terjesen - -

Langford et al. Ultrasound.2001 
(Graf vs Terj.)

Graf needs more 
experience

- - - -

Falliner et al. JBJS, 2006 (Graf vs 
Terj.)

Equal Graf Equal (except 
for students)

Graf Graf

Peterlein et al.BMC Pediatrics. 
2010 (Graf vs Terj)

Graf - - - Graf

Pacheco et al. ECR. 2012 (Graf vs 
Terj vs Harcke)

Graf Graf - - -

Kotiarsky et al. World Journal of 
Orthopaedics. 2015 (Review)

Graf Graf - - -
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