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Abstract

Background Intraoperative fluoroscopy is commonly

used to both guide the osteotomy and judge correction of

the acetabular fragment in periacetabular osteotomy

(PAO). Prior studies that have compared intraoperative

fluoroscopic correction with postoperative radiographic

correction were small studies that did not report intra- or

interreader reliability.

Questions/purposes (1) What is the correlation between

intraoperative fluoroscopic correction in PAO compared

with the correction seen on postoperative radiographs? (2)

What is the reliability of radiographic measures of cor-

rection in PAO?

Methods We performed a retrospective study of 121

patients (141 hips) who underwent PAO for symptomatic hip

dysplasia at a tertiary referral center. Patients were included in

the study if they had preoperative radiographs, intraoperative

fluoroscopy, andminimum6-week postoperative radiographs.

Of the 272 PAO procedures performed in this time period, 61

patients who underwent PAO for retroversion and five patients

with a history of Perthes disease were excluded as a result of

the inability for these radiographicmeasures to judge fragment

correction in PAOs for retroversion and the difficulty in

measurement in post-Perthes deformity. Of the 206 PAOs

performed for symptomatic acetabular dysplasia, 65 (32%)

could not be analyzed because they lacked appropriate pre-

operative films, leaving 141 PAOs in 121 patients for analysis.

The patients lacking appropriate preoperative films had them

performed at an outside facility or had plain films that have

since been destroyed. The lateral center-edge angle (LCEA)

and acetabular index (AI) on the fluoroscopic views and

postoperative radiographs weremeasured by two authors. The

concordance between the amount of correction on intraoper-

ative fluoroscopy and minimum 6-week postoperative

measurements was analyzed using the concordance correla-

tion coefficient (rc) and a Bland–Altman analysis. Intra- and

interrater reliability was calculated between measurements.

Results The amount of intraoperative correction of LCEA

as measured on fluoroscopic images demonstrated sub-

stantial agreement with postoperative radiographs (rc =

0.79; 95% confidence interval [CI], 0.73–0.85; p\ 0.001)

as did the AI (rc = 0.77; 95% CI, 0.70–0.84; p\ 0.001).

The mean difference between intraoperative correction was

only �0.38� (SD 3.6�) for LCEA and �0.84� (SD 3.4�) for
AI. Interrater reliability for both LCEA and AI also

demonstrated substantial agreement (all, rc = 0.70–0.90) for

preoperative, operative, and postoperative imaging. Fur-

thermore, intrarater reliability for both LCEA and AI

demonstrated almost perfect agreement for all measures

(all, rc[ 0.81).

Conclusions Intraoperative fluoroscopy is an accurate

and reliable measure of correction of lateral coverage of

the acetabular fragment during PAO. Further studies on

measures of anterior coverage and acetabular version are
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needed to validate intraoperative fluoroscopic correction in

these planes.

Level of Evidence Level III, diagnostic study.

Introduction

Periacetabular osteotomy (PAO) is frequently the surgical

treatment of choice for symptomatic hip dysplasia in

skeletally mature patients [5]. PAO strives to increase the

anterior and lateral coverage of the femoral head with the

goal of improved pain and function by normalizing the

mechanics of the hip after acetabular reorientation [17].

Intraoperatively, fluoroscopy is often used to guide the

osteotomy and judge correction of the acetabular fragment.

Some have advocated for plain radiographs to be per-

formed in the operating room as a result of the belief that

these would more accurately judge fragment reorientation

[7].

However, there has been limited investigation on the

agreement between the correction seen on intraoperative

fluoroscopic images compared with postoperative radio-

graphs. Kühnel et al. [8] reviewed 22 PAOs and found no

difference between measurements made on intraoperative

radiography and fluoroscopy with the small numbers

available; given that fluoroscopy was associated with lower

radiation doses, they recommended its use. Lehmann et al.

[10] reviewed 50 PAOs and reported the correlation

between intraoperative fluoroscopic images and postoper-

ative radiographs. They found that the lateral center-edge

angle (LCEA), anterior center-edge angle (ACEA), and the

acetabular index (AI) showed the greatest correlation.

Although these studies suggest intraoperative fluoroscopy

is a useful tool to judge correction in PAO, both studies had

a small number of subjects and neither reported the intra-

or interrater reliability of these measures.

The purpose of this study therefore was to determine the

agreement between intraoperative fluoroscopic correction

during PAO and the correction seen on postoperative

radiographs after PAO. To assess this, we asked two

questions: (1) What is the correlation between intraopera-

tive fluoroscopic correction in PAO compared with the

correction seen on postoperative radiographs? (2) What is

the reliability of fluoroscopic and radiographic measures of

correction in PAO?

Patients and Methods

After receiving a waiver from the institutional review

board, we performed a retrospective study of all patients

who underwent PAO from November 1, 2001, to June 21,

2015, at a single tertiary referral center. All procedures

were performed by a single surgeon (CLP) for symptomatic

acetabular dysplasia. Patients were included in the study if

they had preoperative radiographs including a standing AP

of the pelvis, intraoperative fluoroscopy with an AP image

of the hip, and a minimum of 6-week postoperative AP

radiograph of the pelvis in our digital imaging system. Of

the 272 PAO procedures performed in this time period, 61

patients who underwent PAO for retroversion and five

patients with a history of Perthes disease were excluded as

a result of the inability for these radiographic measures to

judge fragment correction in PAOs for retroversion and the

difficulty in measurement in post-Perthes deformity.

Of the 206 PAOs performed for symptomatic acetabular

dysplasia, 65 (32%) could not be analyzed because they

lacked appropriate preoperative films, leaving 141 PAOs in

121 patients for analysis. The patients lacking appropriate

preoperative films had these performed at an outside

facility or had plain films that have since been destroyed.

The mean age was 27 years (range, 14–47 years). The

majority of patients were female (79% [112 of 141]) and

the mean body mass index was 24.6 kg/m2 (range, 17–39

kg/m2).

Radiographic and Fluoroscopic Measures

Radiographs were obtained with weightbearing using

standardized protocols at both the preoperative and post-

operative visits [4]. Intraoperative fluoroscopy images were

obtained by first centering the fluoroscope over the pubic

symphysis. The fluoroscope was just above the patient so

that the obturator foramen and the pelvic ring were visu-

alized. Pelvic tilt and rotation were adjusted to recreate the

image of the obturator foramen and pelvic ring seen on the

patient’s preoperative standing radiograph before taking

each image of the hip. The image was considered adequate

if the obturator foramina were symmetric and the coccyx

was in line with the pubic symphysis. The fluoroscope was

then moved over the operative hip, given that the hip was

not fully visualized when the beam was centered over the

symphysis, and an AP image of the hip was obtained. This

allowed evaluation of most of the hemipelvis including the

proximal femur.

Each patient included in the study had the LCEA and

AI measured on the AP view of preoperative radiographs,

posteroanterior view of intraoperative fluoroscopic ima-

ges, and AP view of postoperative radiographs by two

authors who were not involved in the surgical care of

these patients (JDW, JAR). One reader was a chief resi-

dent with special training in radiographic measures of the

hip (JDW), and the other reader was an adult recon-

struction fellow who was similarly trained (JAR). All

measurements were made digitally in our picture
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archiving and communications (PACS) electronic imag-

ing system. The LCEA was measured as the angle made

by a vertical line through the center of the femoral head

and a line drawn from the center of the femoral head

through the lateral aspect of the acetabular roof (sourcil)

[19]. The AI or Tönnis angle was measured as the angle

between a line horizontal to the pelvis and a line con-

necting the medial and lateral aspects of the acetabular

roof or sourcil [18]. On all radiographic imaging, a line

intersecting the same bony landmark on either side of the

pelvis (ie, the inferior aspect of the acetabular teardrop or

the inferior aspect of the ischium) was used to orient the

measures to the bony pelvis. On the fluoroscopic images,

the pelvis was assumed to be horizontal to the fluoro-

scopic image that was obtained resulting from the

standard acquisition protocol explained previously. One

month after his initial review of the images, one reader

(JAR) reread all images included in the study to determine

intraobserver reliability. Radiographic measurements

were averaged between the first reads of both observers to

determine the correction in patients.

Statistics

The primary outcomes, agreement between the amount of

correction on intraoperative fluoroscopy (intraoperative–

preoperative) and 6-week postoperative measurements

(postoperative–preoperative), were analyzed using the

concordance correlation coefficient (rc) and a Bland–Alt-

man analysis [1, 11]. Similarly, rc and a Bland–Altman

analysis were used to assess both interrater and intrarater

reliability and agreement. Given the inherent limitations of

the rc, similar to that of the intraclass correlation coeffi-

cient, the Bland–Altman analysis is used to describe the

clinical relevance of the findings [2, 13]. It should be noted

that an rc near one indicates near perfect agreement;

however, for ease of interpretation, the rc was interpreted as

described by the guidelines of Landis and Koch [9]. Fur-

thermore, we stress the importance of the 95% limits of

agreement (LA) as estimates including some sampling

error and should be interpreted as such [2]. Significance

was assessed at the 0.05 level. Statistical analysis was

performed using Stata Version 14.1 (College Station, TX,

USA).

Results

The amount of intraoperative correction of LCEA as mea-

sured on fluoroscopic images demonstrated substantial

agreement with postoperative radiographs (rc = 0.79; 95%

confidence interval [CI], 0.73–0.85; p\0.001) as did the AI

correction (rc = 0.77; 95% CI, 0.70–0.84; p \ 0.001)

(Table 1). Furthermore, the agreement between the mea-

surements demonstrated a mean difference of �0.38� (SD
3.6�) for LCEA (Fig. 1) and�0.84� (SD 3.4�) for AI (Fig. 2)
demonstrating a minimal difference between the two sepa-

rate measurements. Furthermore, the 95% LA are within an

acceptable range clinically between the intraoperative fluo-

roscopy images and the postoperative films for both

measurements, suggesting the use of intraoperative fluoro-

scopic images may be sufficient for assessing acetabular

orientation with these measurements. The mean correction

for LCEA on intraoperative fluoroscopy was 18� (range, 6�–
41�) and the mean correction for LCEA on postoperative

films was 19� (range, 7�–33�; Table 2). The mean correction

for AI on intraoperative fluoroscopy was�17� (range,�33�
to �6�) and the mean correction for AI on postoperative

films was �16� (range, �32� to �5�; Table 2).

Inter- and Intrarater Reliability of Measures of

Acetabular Reorientation

Interrater reliability for both LCEA and AI demonstrated

substantial agreement (all, rc C 0.70) for preoperative,

operative, and postoperative imaging (Table 3). The mean

difference for interrater agreement was also small, being less

than 1.6�, for all measures (Table 3). These mean differ-

ences are within a clinically acceptable range of difference

between measurements of the two observers. The 95% LA

demonstrate that 95% falls within 5� to 10� of the other

observer, varying depending on the measure (Table 3).

Intrarater reliability for both LCEA and AI also demon-

strated almost perfect agreement for all measures.

Additionally, themean differences for preoperative, operative,

and postoperative imaging were rather small with all mean

differences in a clinically acceptable range, falling within 1.5�
of the prior reading (Table 4). The 95%LAwere similar to the

variation between observers with most differences between

the repeated measures being within 5� to 10� (Table 4).

Table 1. Concordance and agreement between intraoperative correction on fluoroscopy and postoperative radiographs

Radiographic measurement rc 95% CI Bland–Altman average difference (SD) 95% limits of agreement Pearson’s r

LCEA correction 0.79 0.73–0.85 �0.38 (3.6) �7.4 to 6.6 0.80

AI correction 0.77 0.70–0.84 �0.84 (3.4) �7.6 to 5.9 0.78

CI = confidence interval; LCEA = lateral center-edge angle; AI = acetabular index (Tönnis angle).
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Table 2. Radiographic measurements

Radiographic

measurement

Preoperative

radiograph

Intraoperative

fluoroscopy

Postoperative

radiograph

Intraoperative

correction

Postoperative

correction

LCEA 9.7� (�17� to 22�) 28� (14�–39�) 29� (15�–40�) 18� (6�–41�) 19� (7�–33�)
Acetabular index 18� (6�–45�) 2� (�7� to 18�) 3� (�7� to 19�) �17� (�33� to 6�) �16� (�32� to 5�)

Mean and range for each measurement; LCEA = lateral center-edge angle.

Fig. 1 A Bland–Altman plot

demonstrating the mean differ-

ences between LCEA

measurements and the 95% lim-

its of agreement.

Fig. 2 A Bland–Altman plot

demonstrating the mean differ-

ences between AI

measurements and the 95% lim-

its of agreement.
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Discussion

Although the use of fluoroscopy is common in the oper-

ating room during orthopaedic procedures, there are

relatively few studies reporting the reliability of measures

of correction intraoperatively to those found postopera-

tively on radiographs [3, 10]. Although these studies

suggest intraoperative fluoroscopy is a useful tool to judge

correction in PAO, both had a small number of subjects and

neither reported the intra- or interrater reliability of these

measures. The outcome of PAO is dependent on precise

reorientation of the acetabular fragment; therefore, intra-

operative measures of this reorientation are of paramount

importance [6, 15]. Our study demonstrates that fluo-

roscopy use in the operating room during PAO for

acetabular dysplasia demonstrates substantial agreement

with postoperative radiographic measures of correction on

the AP images and the mean difference between measures

is small (\ 1�, SD 3.6 for LCEA and 3.4 for AI). In

addition, we have shown that LCEA and AI have

substantial to almost perfect agreement for both intra- and

interrater reliability using radiographic and fluoroscopic

images, which further validate these measures of acetabular

correction intraoperatively.

Our study is not without limitations. This was a retro-

spective study of our imaging database and therefore is

limited by availability of electronic imaging studies. Early

in the senior author’s practice of PAO (1996–2000), our

imaging was completed on radiographic films and conse-

quently these patients had to be excluded from our

analysis. In addition, referred patients who did not have

electronic images in our PACS system or those whose

earlier permanent film had been discarded were also

excluded. We also excluded patients with acetabular

retroversion and post-Perthes deformity, so our findings are

not generalizable to patients with these conditions.

Although we believe the included patients are representa-

tive of those undergoing PAO at our institution, we

acknowledge the possibility of selection bias based on

these exclusions. In addition to measures of lateral

Table 3. Interrater reliability and agreement between preoperative and postoperative radiographs and intraoperative fluoroscopy (first reads of

both observers)

Radiographic measurement rc 95% CI Bland–Altman average difference (SD) 95% limits of agreement Pearson’s r

Preoperative

LCEA 0.81 0.75–0.87 1.17 (3.9) �6.5 to 8.9 0.82

AI 0.73 0.66–0.81 �1.38 (5.0) �11.2 to 8.5 0.75

Postoperative

LCEA 0.78 0.71–0.84 �0.72 (3.2) �7.1 to 5.6 0.80

AI 0.71 0.63–0.80 1.6 (3.5) �5.3 to 8.4 0.75

Fluoroscopy

LCEA 0.77 0.70–0.84 �0.57 (3.1) �6.7 to 5.5 0.78

AI 0.70 0.62–0.78 1.4 (3.2) �4.8 to 7.6 0.74

CI = confidence interval; LCEA = lateral center-edge angle; AI = acetabular index (Tönnis angle).

Table 4. Intrarater reliability and agreement between preoperative and postoperative radiographs and intraoperative fluoroscopy (first and

second reads of one observer)

Radiographic measurement rc 95% CI Bland–Altman average

difference (SD)

95% limits of agreement Pearson’s r

Preoperative

LCEA 0.85 0.81–0.90 �0.6 (3.7) �7.8 to 6.5 0.86

AI 0.92 0.89–0.94 �0.14 (3.04) �6.1 to 5.8 0.92

Postoperative

LCEA 0.86 0.81–0.90 0.09 (2.6) �5.0 to 5.2 0.87

AI 0.90 0.87–0.93 �0.07 (2.31) �4.6 to 4.5 0.90

Fluoroscopy

LCEA 0.83 0.78–0.88 �0.69 (2.6) �5.8 to 4.4 0.85

AI 0.80 0.74–0.86 0.51 (2.7) �4.7 to 5.7 0.81

CI = confidence interval; LCEA = lateral center-edge angle; AI = acetabular index (Tönnis angle).
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coverage and acetabular inclination, assessment of

acetabular reorientation requires the evaluation of anterior

coverage and acetabular version. Measures of anterior and

posterior coverage are less reliable than the LCEA and AI

in cadaveric evaluation [3]. However, Lehmann et al. [10]

reported that the ACEA is reliable between intraoperative

and postoperative fluoroscopy. We were unable to assess

the reliability of the ACEA as a result of the fact that all

patients did not have fluoroscopic images of their false

profile view saved in the imaging directory. This limited

our ability to evaluate the reliability of fluoroscopically

assessing anterior acetabular coverage. Therefore, further

studies will be needed to determine the reliability of these

measures of acetabular version and anterior coverage.

Intraoperative correction can be judged with either

intraoperative radiographs or fluoroscopy [7]. Intraopera-

tive radiographs give a larger field of view to view the

entire pelvis on one image; however, they require expen-

sive equipment including direct digital capture devices [7].

In addition, the radiation exposure is higher for the surgeon

and patient with intraoperative radiographs [8]. Fluo-

roscopy has lower resolution and a smaller field of view

compared with radiographs but is more conveniently used

in the operating room. Prior studies have validated fluo-

roscopy as an imaging modality to judge correction in PAO

[3, 8, 10]. Büchler et al. [3] compared fluoroscopy with

pelvic radiographs in a cadaver model and found LCEA

and AI to be highly correlated between the two imaging

modalities. The case series reported have been small

studies with a single radiographic reader [8, 10]. Kühnel

et al. [8] reported only moderate correlation between

intraoperative fluoroscopy and intraoperative radiographs

and moderate intrarater reliability, but this may have been

the result of their small series of 22 patients. Our findings

are similar to Lehmann et al. [10]. Given that AP pelvis

radiographs have the x-ray beam centered over the pubic

symphysis and fluoroscopic images have the x-ray beam

centered over the hip, one may expect this to increase the

variation in the AI and LCEA measures between these two

imaging modalities. However, we report a high correlation

between intraoperative fluoroscopic correction and post-

operative radiographic correction with both LCEA and AI

in a larger series of patients with multiple readers com-

pared with prior studies.

Prior studies comparing fluoroscopy with intraoperative

radiographs or postoperative radiographs have had only

single readers and have not reported interrater reliability or

agreement [8, 10]. Multiple prior studies have reported on

the reliability of measuring the LCEA and AI on plain

radiographs. Studies on the interrater reliability of the

LCEA reported intraclass correlation coefficients between

0.73 and 0.95 [12, 14, 16]. Intrarater reliability for these

measures in published studies is between 0.80 and 0.87

[12, 14, 16]. Similarly, moderate to high intra- and inter-

rater reliability is reported for radiographic measures of AI

[12, 14, 16]. Given the potential variability in tilt, rotation,

and orientation to the pelvis that can take place with flu-

oroscopy of the hip in the operating room, the importance

of this reliability cannot be overstated. It is important to use

a standardized protocol to recreate the image of the pelvic

ring seen on preoperative radiography or to an appropriate

nonrotated AP of the pelvic ring before obtaining images of

the hip with the fluoroscope. Lehmann et al. [10] reported

using similar methods in their study, which likely accounts

for the similar findings validating intraoperative fluo-

roscopy in the two studies.

Our work further validates intraoperative fluoroscopy as

an accurate and reliable tool to judge intraoperative cor-

rection of the acetabular fragment during PAO for

symptomatic acetabular dysplasia. Further areas for study

in this regard include applying similar methodology to the

correction of anterior coverage of the acetabulum and

acetabular version with the use of intraoperative fluo-

roscopy. Finally, the use of fluoroscopy in the correction of

acetabular retroversion or acetabular reorientation in the

setting of a post-Perthes deformity also merits further

study.
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