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Abstract

Background: The acetabular index (Al) is the most commonly used parameter for diagnosing hip dysplasia. Pelvic
malposition can result in misinterpretation of Al measurement especially in younger children. We aimed to
investigate the correlation between pelvic orientation and acetabular index (Al) by using digital reconstructed
radiographs (DRRs) and identify reliable parameters predictive of pelvic orientation on plain radiographs.

Methods: We retrospectively identified 33 children (52 hips) who received dual source CT examinations. Virtual
pelvic models were reconstructed after scanning. After orientating in the standard neutral position, the models
were rotated and tilted around corresponding axes. DRRs were generated at every 3° during the process. The
acetabular index, the horizontal diameter (Dh) and vertical diameter (Dv) of bilateral obturator foramina, the vertical
distance (h) between upper border of pubic symphysis, and Hilgenreiner's line were measured on each DRR by two
independent observers. Rotation index (Rr = right Dh/left Dh), tilt index (Rt = h/Dv), intra-observer error, and inter-
observer error of Al were calculated.

Results: For tilt and rotation up to 12.0°, Al increased with anterior tilt and decreased with posterior tilt. And for
rotation, it increased on the side toward which the pelvis rotated and decreased on the opposite side. Al varied
dramatically if angulation exceeded 6.0°. Malposition below this limit demonstrated the intra- and inter-observer
errors were +2.0° and + 3.0° respectively and caused no significant effect on Al measurement.

Conclusions: For children up to age 6 years, an acceptable pelvic plain radiograph can be determined when Rt is
approximately between 0.9 and 1.4 and Rr between 0.7 and 1.5. For the first time, we have identified parameters
derived from a group of subjects which can predict this degree of malposition. The parameters obturator diameters
(Dh), obturator height (Dv), and distance (h) between symphysis and Hilgengreiner's line can be feasibly measured
on X-ray and employed in clinical practice to assess the acceptability of the pediatric pelvic radiograph prior to
measurement of the Al
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Background

Developmental dysplasia of the hip (DDH) is one of the
most common limb deformities in children, with an inci-
dence of 1 to 35% depending on age and diagnostic
method [1]. Early diagnosis and concentric reduction are
the essential elements of successful treatment, thereby
increasing the chance of a functional and anatomical hip
joint [2]. Radiographical assessments in combination
with medical history and clinical examination are as-
sumed to make the diagnosis of DDH [3], among which
a plain anteroposterior radiograph of the pelvis is the
most frequently used due to low cost, limited radiation,
and repeatability [4]. The acetabular index (Al) is the
most commonly used parameter for diagnosis. This is
defined as the angle between a line through the triradi-
ate cartilage (Hilgenreiner’s line) and a line tangentially
connecting the inferior margin of the iliac bone and the
superolateral part of the acetabular bony rim [5]. How-
ever, a plain radiograph cannot always be of reliable
standard because of pelvic malposition during the acqui-
sition of radiograph as well as inaccurate centralization
of the X-ray beam [6—8]. In addition, the imprecise loca-
tion of the superolateral part of the acetabulum may
contribute to the measurement error [9]. The variance
of Al measurement and pelvic orientation is greater in

younger children who are incapable of cooperation dur-
ing the examination. The reliability and reproducibility
of Al measurements have been questioned over many
decades [10-12]. If an accurate AI measurement could
be made from a non-standard pelvic radiograph, this
would be a significant gain in the utility of the measure-
ment [13, 14].

The pelvic motion could be projected into three direc-
tions: left-right inclination on the coronal plane, antero-
posterior pelvic tilt on the sagittal plane and rotation
around the craniocaudal axis [7]. Previous investigations
about the influence of pelvic orientation on Al measure-
ment had involved clamping adult cadaveric specimens
at different degrees of pelvic tilt and rotation [13]. Since
left-right inclination occurs perpendicular to the x-ray, it
cannot affect the measurement of Al

Small sample size, especially in children, is a criticism
of the representativeness and reliability of these studies
on Al measurement. Recent imaging software advances
may now allow resolution of these problems by the use
of three-dimensional reconstruction technology based
on CT datasets. The reconstructed virtual pelvic model
can be subjected to inclination, tilt, and rotation to vari-
ous degrees (Fig. 1). The accuracy of these digital recon-
structed radiographs (DRRs) generated from the virtual
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Fig. 1 Digital reconstructed radiographs (DRRs) can be generated after tilting and rotating the reconstructed pelvic model to any position. We
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pelvic model has been verified previously [15, 16] and
these images are shown to be representative of trad-
itional plain radiograph of pelvis [14]. By using DRRs,
we are able to expand sample size and to model live, not
cadaveric pelvises.

The aims of our study are to (1) investigate the correl-
ation between pelvic orientation and Al measurement by
using DRRs generated from pelvic reconstruction
models, (2) find relatively reliable parameters on plain
radiograph predictive of pelvic orientation, and (3) iden-
tify a window of acceptable angulation within which a
measurement of Al can be categorized as reliable.

Methods

We retrospectively reviewed children who had under-
gone CT examinations for suspected hip dysplasia or
pre-operative examination of orthopedic surgery includ-
ing closed reduction or open reduction/innominate oste-
otomy in our department between January 2015 and
December 2015 from our institutional database. Bilateral
hips were counted separately. Inclusion criteria were the
availability of dual-source CT data taken via a standard-
ized protocol. Exclusion criteria were (I) subluxated and
dislocated hips (the medial beak of the femoral metaphy-
sis lay outside of the lower, inner quadrant formed by
the junction of Perkin and Hilgenreiner lines); (II) previ-
ous pelvic osteotomy; (III) children over age 8 years due
to difficulties in defining Hilgengreiner’s line accurately.
We identified 177 patients who received CT examina-
tions and only 33 children (52 hips) met the criteria. In
total, 8 boys and 25 girls were included. Among them,
19 children (38 hips) in the out-patient department re-
ceived CTs for a definite diagnosis of hip dysplasia, one
boy (1 hip) received CT for closed reduction and 13 pa-
tients (13 hips ) for preparation before innominate oste-
otomy surgeries.

According to CT protocol, children were placed su-
pine on the scan table after sedation. Each child was
carefully placed with body parallel to the longitudinal
axis of the table. Legs were extended and aligned in neu-
tral so that both patellae faced the ceiling. The scanning
area was from the anterior superior iliac spine to the
upper 1/3 of the femur. Each case was scanned by the
use of dual-source CT (Siemens, Somatom Definition).
Other fixed scanning parameters included slice thickness
(0.75 mm), increment (0.5 mm), pitch (0.625 mm), tube
voltage (120 kv), and current (33~190 mA). In the post-
processing workstation, a virtual pelvic model was re-
constructed by using the multiple planar reconstruction
(MPR) and volume rendering technique (VRT). After be-
ing placed in a standard neutral position, the model was
virtually rotated and tilted around its corresponding
axes. At the workstation, DRRs were generated at every
3.0° increment. Standard neutral position was defined
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when both obturator foramina were symmetrical and the
anterior pelvic plane (formed by a triangle of pubic sym-
physis and bilateral anterior superior iliac spines) was
parallel to the coronal plane. The tilt axis was defined as
a transverse line connecting the center of the left and
right triradiate cartilages (Fig. 2a). The rotation axis was
defined as a longitudinal line passing through the mid-
point of the projected pubic symphysis and sacrococcy-
geal joint (Fig. 2b).

The acetabular index, the horizontal diameter (Dh),
and vertical diameter (Dv) of both obturator foramina,
and the vertical distance (h) between the upper border
of pubic symphysis and Hilgenreiner’s line were mea-
sured on each DRR using our institution’s PACS system
(Fig. 3). Rotation index (Rr = right Dh/left Dh) and tilt
index (Rt = h/Dv) were then also calculated. These pa-
rameters were evaluated by two independent observers
(A, B). Observer A evaluated radiographs blind to previ-
ous measurements 3 times with a time interval of more
than 2 weeks. The intra-observer error was determined
by the difference between the readings of observer A
from the mean of those readings. The inter-observer
error was determined by the difference between the
readings of observer B from the mean readings of obser-
ver A. Al variance was defined as the difference between
the readings measured at other pelvic position from the
readings at standard neutral position taken by observer
A. A positive Al variance meant an increase of Al value
and a negative one meant a decrease. Errors and Al vari-
ance were expressed as mean + SD and the average
value of Dh, Dv, and h were used to calculate Rt and Rr.
We used SPSS 19.0 software to derive statistics. For con-
tinuous variables, the differences between groups were
assessed by using an independent sample ¢ test. The re-
lationships between different variables were assessed by
Pearson correlation analysis. The significance level was
set at 5%.

Results

In the subject group of 33 children (52 hips), the average
age was 2.9 + 1.4 (1.4~6.0) years. Among these, 26 hips
were normal and the other 26 hips were dysplastic.

In total, 120 tilt and 120 rotation DRRs were generated
for each case. Interestingly, when pelvis tilted and ro-
tated extended beyond 12.0° from neutral, the superolat-
eral edge of the acetabulum became blurry and hard to
be identified. Additionally, we could rarely accept an ex-
tremely displaced pelvis in clinical practice for decision-
making. Thus, our study focused on images of pelvic tilt
and rotation within this range (Fig. 4).

According to Fig. 5, in general, Al variance tended to
increase with anterior tilt and decrease with posterior
tilt. For rotation, it increased when the pelvis was ro-
tated towards the hip being assessed and decreased on
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Fig. 2 a Axis of tilt. b Axis of rotation
A\

the opposite side. Apparently, this trend cannot be ap-
plied to every angle of pelvic orientation since Al vari-
ance within 6.0° of rotation showed unpredictability. Al
variance changed only slightly and was associated with
minor fluctuations in Al standard deviation (SD). The
SD of Al variance increased with the increasing angle
but it remained less than 2.0° within 6.0° angulation, be-
yond which the Al value varied in a wider range (Fig. 5).

The irregularity of Al variance reflects the influence of
measuring errors. As demonstrated, the intra-observer
error of Al was within + 1.5° and the inter-observer error
+2.5° when pelvis tilted posteriorly. Compared to anter-
ior tilt to 9.0°, the intra-observer and inter-observer

errors were +2.0° and + 3.0° respectively (Table 1). For
rotation within 12.0°, the intra-observer error was deter-
mined to be +2.0° and the inter-observer error +2.5°
(Table 2). Furthermore, we analyzed the difference in
measuring errors between normal and dysplastic hips
using ¢ tests, the intra-observer error in normal hips was
less than that in dysplastic hips. These differences in-
duced by a non-anatomical acetabulum were statistically
significant (Table 3).

During the simulation, h tended to increase while Dv de-
creased along with pelvic tilting from - 12.0° to 12.0° and
Dh of each obturator foramina decreased on the side to-
wards which that pelvis rotated. As expected, using Pearson

Fig. 3 The pelvic DRR of a 1.5-years-old girl and measuring parameters
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Fig. 4 DRRs generated at different pelvic positions (a Posteriorly tilt to 12.0°, b anteriorly tilt t012.0°, ¢ Rotated to right 12.0°, d Rotate to left 12.0°)

J

correlation analysis, we found a strong correlation between < 0.0001). These findings were established using a model of
the mimicked tilt angle and tilt index (Rt; ¥ = 1.12 + 0.04*x,  simple linear regression demonstrated in Fig. 6.
r = 0992, p < 0.000) and between the mimicked rotation In fact, Al variance is determined by real differences in
angle and rotation index (Rr; ¥ = 1.09 + 0.06*x, r = 0.980, p Al measurement induced by pelvic orientation as well as
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Table 1 The intra- and inter-inter-observer error and the effects caused by pelvic tilt

Pelvic tilt/° Intra-observer error* Inter-observer error* Al variance* Total measurement error# Al variance# Effect
=12 -01+09 -01+24 -04+£39 6.2, —6.6 7.2,-80 Yes
-9 -01+09 01+£12 -07+35 43,—-42 6.2,—-75 Yes
-6 -02+09 03+13 -09+23 46,—-43 3.7,-55 No
-3 -03+10 02+16 -07+17 49, -5.1 26, -40 No

0 -01+12 -01+24 .00 6.8, —72 0 -

3 00+18 00+ 26 04+18 88, —-88 39,-31 No

[§ 02+£19 0.1+£23 09+ 24 83,-79 56,—3.7 No

9 01+17 00+ 21 18+ 30 75 =72 76,41 Yes
12 01 +21 -07+33 28 46 100, - 114 11.8,—6.3 Yes

*Expressed as Mean + SD
*Expressed as 95% confidence interval

intra- and inter-observer errors. By definition, if the 95%
confidence interval of Al variance is covered by the 95%
confidence interval of combined intra- and inter-observer
errors, Al variance is most likely to be induced by meas-
urement errors with a probability of 95%. Therefore,
changes in pelvic orientation cause no significant effect on
AI measurement. As shown in Tables 1 and 2, changes in
pelvic orientation did not affect Al measurement within
6.0° of varying pelvic displacement. By using linear regres-
sion equations, we found that when Rt is between 0.9 and
1.4 for children younger than 6.0 years of age, pelvic tilt
has a minimal effect on AL Similarly, if Rr is between 0.7
and 1.5, pelvic rotation also causes minimal effect on AL

Discussion

In 1936, Kleinberg and Lieberman first described acetab-
ular index as a radiographic method in hip dislocation
diagnosis [13] and has since been extensively used in the
radiographical evaluation of DDH [17]. It has been used
as a predictor for pelvic osteotomy as well as a prognos-
tic indicator after treatment. The plain pelvis radiograph

is itself a two-dimensional projection of a three-
dimensional structure. Previous researches have proved
that malposition of the pelvis can lead to misinterpret-
ation of radiographical statistics including the acetabular
index [18, 19]. Reliable quantification of errors caused
by malposition in pediatric hip assessments, however, is
lacking to date. Our study evaluated these errors by use
of DRR images. In addition, we have identified relatively
reliable parameters that could be measured on plain ra-
diographs to estimate pelvic orientation.

Tonnis [20] observed that Al increased with pelvic flexion
(anterior tilt) and decreased with the extension (posterior
tilt), and for rotation that Al decreased on the side towards
which the pelvis rotated. In contrast, Portinaro [21] found
Al decreased with anterior tilt and increased with posterior
tilt. In our study, the results of pelvic tilt were in accord-
ance with those of Tonnis, but not the results of pelvic ro-
tation. Our results suggest that some degree of the
variation seen in Al measurement in this and previous
studies [6-8] is to be expected due to factors other than
malposition. However, in clinical practice, Al value did not

Table 2 The intra- and inter-inter-observer error and the effects caused by pelvic rotation

Pelvic Intra-observer  Inter-observer  Left Al Right Al Total measurement  Left Al Effect Right Al Effect
rotation/° error* error* variance* variance® error# variance# variance#

-12 -01+17 -00+24 05+40 04 +40 78,—80 84,-74 Yes 82, -76 Yes
-9 -00+16 01+16 01+39 01+35 64,-62 76,76 Yes 69 -67 Yes
-6 -01+14 02+17 -01+19 -01+13 6.1,-60 37,-38 No 24,-25 No
-3 0013 01 x21 01x£19 00£11 69, —6.7 37,-36 No 21,-21 No
0 -01£12 -01+24 0.00 0.00 68, -72 0 - 0 -

3 01 £11 03+20 01x14 -04+18 64, —-55 30,-27 No 30,-39 No
6 -01x11 02x17 04x18 -01x17 56,-53 39,-30 No 33,-35 No
e 03+12 01+23 09+37 -03+39 72,-64 8.1,-62 Yes  74,-80 Yes
12 02+15 -01+£20 1.2+36 -04 x40 71,67 82,-59 Yes 75,-83 Yes

*Expressed as Mean £ SD
*Expressed as 95% confidence interval
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Table 3 Intra- and inter-observer error in normal vs. dysplastic

hips
Errors/® t p(<0.05)
Intra-observer Normal 08+02 -2122 0.049
Dysplastic 10402
Inter-observer Normal 14+03 —-0.206 0.840
Dysplastic 14+02

always follow the rules of previous studies while our results
suggest that the difference in AI measurement is limited
and acceptable when pelvic tilt and rotation did not exceed
6.0° since Al variance remains stable and SD of Al variance
is always less than + 2.0° within this window, beyond which
Al variance increase dramatically.

In a standard neutral position, our study has identified
the intra-observer error to be +1.3° and inter-observer
error to be +2.5° but these errors varied at different pelvic
orientation. Spatz [22] calculated the intra-observer error to
be +3.6° and inter-observer error +3.0°. The study of
Broughton [23] showed an intra- and inter-observer error
of £6.1° and +5.5° respectively. However, these studies
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failed to compensate for pelvic malposition. Our calcula-
tions of error in neutral position are lower compared to
theirs mainly because of the correction of pelvic position.
Coincidentally, we discovered that intra-observer error with
posterior pelvic tilt was significantly less than when the pel-
vis shifted in other directions(p < 0.000)(Fig. 1). By observ-
ing the sequential images of DRRs with increasing posterior
pelvic tilt, we found that for most cases, the projection of
the superolateral bony rim of acetabulum shifted from in-
distinct to distinct and then to indistinct again when the
pelvis tilted beyond 12.0°. During the process, the anterior
and posterior rim of acetabulum tended to overlap as well.
We believe that a distinct image of the acetabular supero-
lateral rim in posterior pelvic tilt will reduce errors in Al
measurement. In addition, our results revealed a signifi-
cantly less intra-observer error in the measurement of nor-
mal hips compared to dysplastic hips. This difference was
not seen in the inter-observer error. This phenomenon that
measuring errors could be affected by pelvic orientation
and acetabular morphology was not mentioned in previous
studies by Skaggs [24] and Borniforti [25]. Portinaro [26]
concluded that the error induced by pelvic orientation is
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Rt 1.00
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.50
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.00
a -12 -9 -6 -3
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Fig. 6 a Rt and pelvic tilt. b Rr and pelvic rotation
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only 1.0° if pelvic tilted within 10.0° and rotated within 5.0".
Van der Bom et al. [14] recommended radiographs ac-
quired within +4.0° of pelvic rotation and tilt. In compari-
son to these studies, our experiment revealed that intra-
observer error is under +2.0° and inter-observer error
under + 3.0° within 6.0° of pelvic displacement.

In adults, sacro-femoral-pubic angle and the vertical dis-
tance between the sacrococcygeal joint and the upper rim
of pubic symphysis have been proposed as predictors of
pelvic tilt, and bilateral iliac width and the horizontal dis-
tance between sacrococcygeal joint and the mid-point of
the upper rim of pubic symphysis as predictors of pelvic
rotation [18, 26—-28]. However these parameters cannot be
applied to children since the femoral head, sacrum and
iliac rim are not completely ossified. Van der Bom et al.
[16] used the ratio of vertical distance between sacrococ-
cygeal joint and pubic symphysis to vertical diameter of
obturator formamen to evaluate pelvic tilt. However, their
data were based on only one cadaveric 3-months-old in-
fant. Actually, we have found it difficult to locate the in-
fant sacrococcygeal joint on plain radiographs. Our study
made use of parameters which we consider to be more ob-
jective. Derived tilt index (Rt) and rotation index (Rr)
show strong correlations with pelvic tilt and rotation re-
spectively. According to our results, the mean Rt of an ab-
solute standard anterior-posterior pelvic X-ray should be
around 1.1 for children younger than 6 years. In clinical
practice, after applying the angle of 6.0° to the regression
equations, a plain radiograph can be considered accept-
able if the Rt is approximately between 0.9 and 1.4 and Rr
between 0.7 and 1.5. To some extent, our preliminary re-
sults provide us with a relatively reliable method based on
real patient data. These indices calculated from adopting
easily identified bony landmarks could be used as indica-
tors for assessing the acceptability of anterior-posterior
pelvic radiographs and contribute to accurate and rapid
decision-making in clinical practice.

There are several weaknesses in this study. Acetabular
index is an age-related parameter, decreasing gradually in
early childhood as the hip develops. The state of ossifica-
tion and anatomical deformities of the acetabulum will
affect the accuracy of AI measurements. These factors are
not excluded from the study. We also recognize that pel-
vic malposition is a combined movement in different di-
rections. Our study represents the effects of single-plane
motion, not those of multi-directional movement. Further
investigations involving a larger sample size and normal
hips are needed for confirmation of these findings.

Conclusions

Our study made use of DRR images derived from three-
dimensional reconstructed pelvises and investigated the
correlation between pelvic orientation and Al measurement
of children. Within 6.0° of tilt and rotation, pelvic
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displacement causes no significant effect on Al measure-
ment. In this situation, intra-observer error is below +2.0°
and inter-observer error below + 3.0° meanwhile Rt is ap-
proximately between 0.9 and 1.4 and Rr between 0.7 to 1.5.
For the first time, we have identified parameters derived
from a number of subjects which can be applied to predict
the degree of malposition. The parameters obturator diam-
eters (Dh), obturator height (Dv), and distance (h) between
symphysis and Hilgengreiner’s line can be feasibly mea-
sured on X-ray and calculated Rt and Rr could be employed
to assess acceptability of the pediatric pelvic radiographs
prior to measuring the value of Al and help to minimize
the errors in AI measurement.

Abbreviations

Al: Acetabular index; DDH: Developmental dysplasia of the hip;

Dh: Horizontal diameter of obturator foramina; DRR: Digital reconstructed
radiograph; Dv: Vertical diameter of obturator foramina; MPR: Multiple planar
reconstruction; Rr: Rotation index; Rt: Tilt index; VRT: Volume rendering
technique

Acknowledgements
Not applicable.

Authors’ contributions

LZ is the guarantor of the integrity of the entire study. YY contributed to the
study concepts/design, the data acquisition and/or data analysis/
interpretation, and the drafting and critical revision of the manuscript. DP
contributes to the study design and the approval of the final manuscript,
and the manuscript editing. XZ and YX did the literature research. SXC help
building the model and analyzing images. All authors read and approved
the final manuscript.

Funding
No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this article.

Availability of data and materials
All data generated or analyzed during this study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the institutional review board of the Xinhua
Hospital affiliated to Shanghai Jiaotong University School of Medicine. All
patients gave written informed consent before participating in this study.

Consent for publication
All patients and their families gave their written informed consent for the
publication of their individual data and identifying photographs.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatric Orthopaedics, The Children’s Hospital, Zhejiang
University School of Medicine, National Clinical Research Center for Child
Health, No.3333, Binsheng Road, Hangzhou 310052, China. “Department of
Pediatric Orthopaedics, XinHua Hospital affiliated to Shanghai Jiao Tong
University School of Medicine, No. 1665, Kongjiang Road, Shanghai 200092,
China. *Department of Orthopaedic Surgery, First Hospital of Tsinghua
University, No. 6 JiuxXianQiao No. 2 St, Chaoyang District, Beijing 100016,
China. *Ying-Hua Medical Group of Children’s Bone and Joint Healthcare,
Room 16-3103, Lane 133 Linping Road, Hongkou District, Shanghai 200086,
China. *Department of Radiology, XinHua Hospital affiliated to Shanghai Jiao
Tong University School of Medicine, No. 1665, Kongjiang Road, Shanghai
200092, China.



Yang et al. Journal of Orthopaedic Surgery and Research

Received: 9 August 2019 Accepted: 2 January 2020
Published online: 15 January 2020

References

1.

20.

21.

22.

23.

24.

Swarup |, Penny CL, et al. Developmental dysplasia of the hip: an update on
diagnosis and management from birth to 6 months. Curr Opin Pediatr.
2018;30:84-92.

Feeley IH, Green CJ, Rowan FE, Moore DP. International variance in the
treatment of developmental dysplasia of the hip. J Child Orthop. 2014,8(5):
381-6.

Dezateux C, Rosendahl K. Developmental dysplasia of the hip. Lancet. 2007;
369(9572):1541-52.

Pirpiris M, Payman KR, Otsuka NY. The assessment of acetabular index: is
there still a place for plain radiography? J Pediatr Orthop. 2006;26(3):310-5.
Tennant SJ, et al. Bilateral developmental dysplasia of the hip: does closed
reduction have a role in management? Outcome of Closed and Open
Reduction in 92 Hips. J Pediatr Orthop. 2018;00:000.

Janusz P, Tyrakowski M, Monsef JB, Siemionow K. Influence of lower limbs
discrepancy and pelvic coronal rotation on pelvic incidence, pelvic tilt and
sacral slope. Eur Spine J. 2016;25(11):3622-9.

Golden RD, Kim H, Watson JD, Oliphant BW, Doro C, Hsieh AH, et al. How
much vertical displacement of the symphysis indicates instability after
pelvic injury? J Trauma Acute Care Surg. 2013;74(2):585-9.

Lee YK, Chung CY, Koo KH, Lee KM, Kwon DG, Park MS. Measuring
acetabular dysplasia in plain radiographs. Arch Orthop Trauma Surg. 2011;
131(9):1219-26.

Kim HT, Kim JI, Yoo Cl. Diagnosing childhood acetabular dysplasia using the
lateral margin of the sourcil. J Pediatr Orthop. 2000;20(6):709-17.

Akel |, Songur M, Karahan S, Yilmaz G, Demirkiran HG, Tumer Y. Acetabular
index values in healthy Turkish children between 6 months and 8 years of
age: a cross-sectional radiological study. Acta Orthop Traumatol Turc. 2013;
47(1):38-42.

Harris NH. Acetabular growth potential in congenital dislocation of the hip
and some factors upon which it may depend. Clin Orthop Relat Res. 1976;
119:99-106.

Chen IH, Kuo KN, Lubicky JP. Prognosticating factors in acetabular
development following reduction of developmental dysplasia of the hip. J
Pediatr Orthop. 1994;14(1):3-8.

Tannast M, Fritsch S, Zheng G, Siebenrock KA, Steppacher SD. Which
radiographic hip parameters do not have to be corrected for pelvic rotation
and tilt? Clin Orthop Relat Res. 2015;473(4):1255-66.

van der Bom MJ, Groote ME, Vincken KL, Beek FJ, Bartels LW. Pelvic rotation
and tilt can cause misinterpretation of the acetabular index measured on
radiographs. Clin Orthop Relat Res. 2011,469(6):1743-9.

Lemieux L, Jagoe R, Fish DR, Kitchen ND, Thomas DG. A patient-to-
computed-tomography image registration method based on digitally
reconstructed radiographs. Med Phys. 1994,21(11):1749-60.

Markelj P, Tomazevic D, Likar B, Pernus F. A review of 3D/2D
registration methods for image-guided interventions. Med Image Anal.
2012;16(3):642-61.

Roposch A, Protopapa E, Cortina-Borja M. Weighted diagnostic criteria
for developmental dysplasia of the hip. The J Pediatr. 2014;165(6):1236~
40 e1231.

Tannast M, Zheng G, Anderegg C, Burckhardt K, Langlotz F, Ganz R, et al.
Tilt and rotation correction of acetabular version on pelvic radiographs. Clin
Orthopaed Relat Res. 2005;438:182-90.

Henebry A, Gaskill T. The effect of pelvic tilt on radiographic markers of
acetabular coverage. Am J Sports Med. 2013;41(11):2599-603.

Tonnis D. Normal values of the hip joint for the evaluation of X-rays in
children and adults. Clin Orthop Relat Res. 1976;119:39-47.

Portinaro NM, Murray DW, Bhullar TP, Benson MK. Errors in measurement of
acetabular index. J Pediatr Orthop. 1995;15(6):780-4.

Spatz DK, Reiger M, Klaumann M, Miller F, Stanton RP, Lipton GE.
Measurement of acetabular index intraobserver and interobserver variation.
J Pediatr Orthop. 1997;17(2):174-5.

Broughton NS, Brougham DI, Cole WG, Menelaus MB. Reliability of
radiological measurements in the assessment of the child's hip. J Bone Joint
Surg Br. 1989,71(1):6-8.

Skaggs DL, Kaminsky C, Tolo VT, Kay RM, Reynolds RA. Variability in
measurement of acetabular index in normal and dysplastic hips, before and
after reduction. J Pediatr Orthop. 1998;18(6):799-801.

(2020) 15:12

25.

26.

27.

28.

Page 9 of 9

Boniforti FG, Fujii G, Angliss RD, Benson MK. The reliability of measurements
of pelvic radiographs in infants. J Bone Joint Surg Br. 1997,79(4):570-5.
Blondel B, Schwab F, Patel A, Demakakos J, Moal B, Farcy JP, et al. Sacro-
femoral-pubic angle: a coronal parameter to estimate pelvic tilt. Eur Spine J.
2012;21(4):719-24.

Siebenrock KA, Kalbermatten DF, Ganz R. Effect of pelvic tilt on acetabular
retroversion: a study of pelves from cadavers. Clin Orthop Relat Res. 2003;
407:241-8.

Qiu XS, Zhang JJ, Yang SW, Lv F, Wang ZW, Chiew J, et al. Anatomical study
of the pelvis in patients with adolescent idiopathic scoliosis. J Anat. 2012;
220(2):173-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

