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Total hip arthroplasty (THA) is a highly effective surgical
procedure that results in excellent pain relief and functional
improvement for most patients.1 Optimizing acetabular and
femoral component placement during THA is important to

enhance hip biomechanics and bearing surface longevity,
decrease prosthetic impingement and instability risk, and
limit patient dissatisfaction associatedwith unintended limb
length inequality.2–7
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Abstract Intraoperative imaging may improve total hip arthroplasty (THA) component place-
ment, but the time and cost associated with this approach have not been well
described. We assessed component placement accuracy, operative time, and operat-
ing room (OR) charges for 270 patients undergoing posterolateral THA (PL-THA) with or
without intraoperative imaging. This study retrospectively compared 135 PL-THA
performed with intraoperative digital radiography (group PLxr) and a contemporary
cohort of 135 PL-THA performed without imaging (group PL). Postoperative radio-
graphs were evaluated to determine outlier rates for acetabular inclination of
55 degrees or higher, anteversion less than 15 or more than 40 degrees, and leg
length or offset differences more than 10mm. Surgical procedure time was extracted
from hospital OR records, and procedural costs were estimated from facility charges
associated with 30-minute OR time blocks and intraoperative imaging. Group PLxr had
significantly fewer outliers for acetabular inclination more than 50 degrees (5.2 vs.
21.5%, p< 0.001), acetabular inclination of 55 degrees or higher (0.7 vs. 8.1%,
p¼0.01), acetabular anteversion less than 15 or more than 40 degrees (14.8 vs.
28.9%, p<0.01), leg length difference more than 10mm (2.2 vs. 10.4%, p¼0.01), and
femoral offset difference more than 10mm (1.5 vs. 9.6%, p<0.01). The difference in
component inclination less than 30 degrees was not significant (0.0 vs. 2.2%, p¼0.24).
Intraoperative component adjustment occurred in 26 cases (21.5%), was associated
with a 19-minute mean increase in operative time (p< 0.001) and $1,504 mean
increase in facility charges compared with nonimaged cases. Imaged cases without
component adjustment increased mean operative time by 9.4minutes (p<0.001) and
mean operative charges by $766. Intraoperative imaging improves component
placement accuracy during PL-THA and significantly reduces component placement
outliers, particularly with respect to acetabular component inclination, femoral length,
and femoral offset.
Level of Evidence Level III, case-control study.
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Experienced surgeons have traditionally used freehand
positioning and cross-referencing with internal and external
anatomic landmarks. While some surgeons have associated
this approach with a high degree of success, others have
demonstrated a relatively high rate of acetabular component
placement inaccuracy during THA performed using conven-
tional approaches without imaging.8–11 Internal landmark
assessment may be compromised by preoperative structural
deformity (e.g., dysplasia), osteoarthritic disease altering
normal anatomy (e.g., bone loss, osteophyte formation),
patient obesity, or smaller surgical incisions.8 External land-
mark assessment may be adversely affected by variable
pelvic alignment during lateral decubitus positioning.12

While intraoperative fluoroscopy and digital imaging have
demonstrated improved component placement accuracy
during lateral decubitus THA in single cohort studies, obser-
vations have been confined to procedural accuracy without
consideration of potential time or cost increase.13–15 Ham-
bright et al noted improved component placement accuracy
with limited operative time increase for 50 posterolateral
THA (PL-THA) performed with intraoperative imaging com-
pared with a historical 50 PL-THA cohort performed by the
same surgeon without imaging.16

We performed this study to assess acetabular and femoral
component placement accuracy and operative time for PL-
THA procedures performed with intraoperative digital radi-
ography compared with a contemporary nonimaged PL-THA
cohort. We hypothesized that the use of imaging would
improve component placement accuracy without a substan-
tial increase in operative time or operating room cost.

Methods

After obtaining institutional review board approval, we
performed a retrospective radiographic analysis of 270 pri-
mary total hip replacements performed with a PL surgical
approach by two experienced arthroplasty surgeons at a
single, tertiary care, teaching institution between Decem-
ber 1, 2016, and July 31, 2018. One surgeon has performed all
PL-THA cases without intraoperative imaging (group PL),
while the other surgeon has performed all PL-THA with
intraoperative digital radiography (group PLxr) since 2014.
Both surgeons had completed the same total joint arthro-
plasty fellowship more than 10 years prior to the surgical
procedures and have exclusively used posterior hip
approaches during their THA procedures since fellowship
training. Surgical procedures were performed in a nonsimul-

taneous, overlapping dual room workflow with a similar
team construct consisting of a senior level resident or adult
reconstruction fellow and the surgeon’s nurse clinician. An a
priori power analysis determined that a minimum of 132
patients would be required to confirm a 2-degree difference
in acetabular placement accuracy with a standard deviation
of 5 degrees and power of 0.9. Study inclusion criterion was
primary THA performed for a diagnosis of osteoarthritis or
osteonecrosis, with high-quality anteroposterior (AP) and
cross-table lateral radiographs available from both before
surgery and at the patients’ 6-week postoperative follow-up
appointment. Exclusion criteria included primary THA per-
formed for another diagnosis (i.e., fracture, posttraumatic
arthritis, inflammatory arthritis, infection), THA performed
with concurrent additional procedures (e.g., hardware re-
moval, femoral deformity correction), or if acceptable quality
preoperative or postoperative radiographs were not avail-
able. A total of 135 patients were consecutively enrolled into
each treatment group from an institutional operating room
database containing surgical case data (procedure, approach,
surgical time, total operating room time) after the exclusion
of 18 patients in group PL (12 with inadequate radiographs
and 6 with additional procedures) and 15 patients in group
PLxr (12 with inadequate radiographs and 3 with additional
procedures). For the 270 included patients, a detailed elec-
tronic medical record review was performed to identify
patient demographic features including age, gender, and
body mass index (BMI). Mean patient age was younger in
group PL reflecting that surgeon’s hip preservation practice
(56.4 vs. 62.2 years, p<0.001), but other demographic
characteristics were similar (►Table 1). Surgical time and
total operating room time were obtained from hospital
operating room records. Operating room costs were estimat-
ed from surgical suite charges generated from 30-minute
time block increments. An additional radiology service
charge of $280 was added for intraoperative digital
radiography.

Surgical Technique
Preoperative surgical templating was performed for all
patients using a digital software system (TraumaCAD, Brain-
Lab, Munich, Germany). PL-THA procedures were performed
with patients positioned in a lateral position with the pelvis
secured into a peg board positioning system. Acetabular
components were placed using manual instrumentation
with visual cross-referencing against anatomic landmarks.
Femoral reconstructions were based on a manually

Table 1 Comparison of patient demographics by surgical approach

Demographic variable Group PL (n¼135) Group PLxr (n¼135) p-Value

Age (y) 56.4 (� 13.8) 62.2 (� 11.7) < 0.01

Male gender (%) 54 (40.0%) 48 (35.6%) 0.53

Body mass index (kg/m2) 32.2 (� 6.6) 32.5 (� 6.4) 0.43

Morbid obesity (%) 25 (18.5%) 21 (15.6%) 0.63

Abbreviations: BMI, body mass index; PL, posterolateral; PLxr, posterolateral with intraoperative X-ray.
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measured femoral neck resection based on preoperative
templating. In group PL (nonimaged THA), the decision to
accept a reconstructionwas based in the attending surgeon’s
clinical judgment on whether the reconstruction had rea-
sonably recreated the templated operative plan for hip
length and offset, appropriate combined acetabular-femoral
anteversion, and acceptable intraoperative stability assess-
ment. In group PLxr, intraoperative digital radiography was
performed after acetabular component impaction, trial fem-
oral component placement, and the attending surgeon’s
clinical assessment of hip length and offset, combined ace-
tabular-femoral anteversion, and intraoperative stability
assessment. Acetabular and femoral component adjustments
were made if intraoperative radiographs indicated that
acetabular component position and/or femoral length and
offset relationships were not adequately established.

Radiographic Assessment
Preoperative radiographs were assessed to confirm appro-
priate preoperative diagnosis, and to evaluate relationships
between the surgical and contralateral hip to determine
appropriate leg length and offset restoration relationships.
The 6-week postoperative radiographs were assessed using
the digital ruler and goniometer available on a web-based
digital imaging platform (McKesson Corp, San Francisco, CA).
Acetabular inclination, leg length symmetry, and femoral
offset symmetry were measured from AP pelvis radiographs
(►Fig. 1). Acetabular anteversion was measured from cross-
lateral radiographs using the angle measured by the opening
of the cup in relation to the axis of a vertical plane to the
radiographic image (►Fig. 2). Outlier cases were identified
for cases with acetabular inclination less than 30, more than
50, or 55 degrees or greater, acetabular anteversion less than
15 ormore than 40degrees, leg length asymmetrymore than
10mm, or femoral offset asymmetry more than 10mm.
These parameters were selected based on the participating

surgeons’ component placement targets as supported by
previously published reports.17–19

Comparisonswere performed using a two-sided Student’s
t-test for continuous variables (i.e., age, BMI, inclination
angle, anteversion angle, leg length, femoral offset, operating
room time, surgical procedure time). Proportional outlier
rates and categorical demographic variables (gender, age,
morbidly obese percentages) were compared using a two-
sided Fisher’s exact test.We accepted a p-value less than 0.05
to designate statistical significance.

Results

Acetabular component placement accuracy was improved
with the use of intraoperative imaging (►Fig. 3). The outlier
rate with intraoperative imaging (group PLxr) was signifi-
cantly lower than nonimaged THAs (►Table 2). This included
fewer hips with acetabular inclination more than 50degrees
(5.2 vs. 21.5%, p<0.001), acetabular inclination of 55degrees
or greater (0.7 vs. 8.1%, p¼0.01), acetabular anteversion less
than 15 ormore than 40degrees (14.8 vs. 28.9%, p<0.01), leg

Fig. 1 Angle measured B, acetabular inclination on anteroposterior
radiograph.

Fig. 3 (A) Scatterplot of acetabular anteversion and inclination data
for group posterolateral. (B) Scatterplot of acetabular anteversion and
inclination data for group posterolateral with radiology.

Fig. 2 Angle measured A, acetabular anteversion on cross-table
lateral radiograph.

Journal of Hip Surgery Vol. 6 No. 3/2022 © 2022. Thieme. All rights reserved.

Imaging Improves THA Accuracy and Cost Ralston et al. 93

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



length difference more than 10mm (2.2 vs. 10.4%, p¼0.01),
and femoral offset difference more than 10mm (1.5 vs. 9.6%,
p<0.01). The difference in component inclination less than
30 degrees was not significant (0.0 vs. 2.2%, p¼0.24).

Intraoperative imaging was associated with a significant-
ly longer mean surgical procedure time (99.8�19.5
minutes vs. 88.4�16.3minutes, p<0.001) and longer
mean operating room time (149.6�22.9minutes vs.
138.6�19.8minutes, p<0.001). However, there was no
difference in the in-room time for anesthesia, patient
positioning, dressing placement, and recovery room trans-
fer (49.6�10.4minutes vs. 50.5�11.1minutes, p¼0.49).
Intraoperative imaging resulted in acetabular component
repositioning in 29 imaged cases (21.5%) with 6 residual
outliers. This included one patient with an increased incli-
nation angle (54 degrees), one patient with an increased
femoral offset (13mm), and four patients with an antever-
sion angle between 40 and 45degrees. The mean surgical
time in these cases (107.4�20.2minutes) was 19.0minutes
longer than for 135 THAs performed without imaging
(p<0.001) and 9.6minutes longer than for 106 THA per-
formed with imaging when the acetabular component
position was not changed (97.8�18.9minutes, p¼0.02).
Operating room charges were related to the increased time
associated with surgical procedures that used digital imag-
ing. Mean operating room charges were $1,200 greater for
group PLxr patients compared with group PL patients
overall. The difference in mean operating room charges
was more substantial for the 29 cases with a component
position change ($1,504) than for the 106 cases without a
component adjustment ($766).

Discussion

This study is unique in that it considers improved accuracy
gained by intraoperative imaging as well as time-based
procedural cost associated with this approach.

THA performed with intraoperative digital radiography
results in an improved component placement accuracywhen
compared with a nonimaged traditional PL-THA, including a
sixfold reduction inmajor acetabular inclination and femoral
offset outliers, a nearly fivefold reduction in leg length out-
liers, and a 50% reduction in acetabular component ante-
version outliers. Ideal component positioning is considered

important in improving function, long-term survivorship,
and decreasing complications.

Lewinnek et al initially described a relatively broad “safe
zone” (LSZ) for acetabular placement between 30 to
50 degrees of inclination and between 5 and 25degrees of
anteversion, citing a dislocation rate of approximately 1.5%
when placed within this target compared with a 3.0% dislo-
cation among outlier cases.17 McCollum and Gray suggested
that a higher anteversion angle—between 20 and 40degrees
—provided more predictable hip stability during PL-THA.19

Several contemporary studies have challenged the Lewinnek
safe zone concept.20–25 Abdel et al reported that as many as
50% of PL-THA dislocations occur with acceptably positioned
acetabular components.20 Elkins et al suggested that the
acetabular component safe zone is narrower than the tradi-
tional Lewinnek safe zone based on computer modeling.23

Other studies have advocated for a more individualized
approach accommodating patient-specific variation in
spinopelvic position and mobility.21,22,24,25 While Soterea-
nos et al reported reproducible acetabular component place-
ment using anatomic landmarks among 617 primary THA
procedures, other authorshave suggested increasedvariability
in component positioning with influences of patient physical
size, surgical incision size, and surgeon experience.8,10,11

Callanan et al reported on a large series of 1,823 THAs
performed by adult reconstruction specialists, noting that
only 48% of freehand placed acetabular components were
within the LSZ for both inclination and anteversion.10 Barrack
et al noted that only 38% of THA and hip resurfacing
procedures simultaneousmet narrowed targets for inclination
(30–45degrees) and anteversion (5–25degrees), but 88%
of cases simultaneously met broader targets for inclination
(30–55degrees) and anteversion (5–35degrees).8 Restoration
of limb length and femoral offset are also important consider-
ations following THA. Limb length discrepancies and poor
femoral offset restoration have been associated with hip
pain, low back pain, weakness, gait abnormality, THA instabil-
ity, and polyethylene wear.26–31

The use of intraoperative imaging increased mean opera-
tive time by 11.4minuteswith a $1,200 increase in operating
room charges per procedure. Acetabular component reposi-
tioning occurred in 21.5% of cases assessed with digital
radiography and was associated with a 10-minute increase
in operative time and $738 increase in operating room

Table 2 Comparison of component outliers by surgical approach

Outlier Variable Group PL (n¼135) Group PLxr (n¼ 135) p-Value

Inclination<30 degrees 3 (2.2%) 0 (0.0%) 0.24

Inclination>50 degrees 30 (22.2%) 7 (5.2%) < 0.001

Inclination � 55 degrees 10 (7.4%) 1 (0.7%) 0.01

Acetabular anteversion
< 15 or> 40 degrees

41 (30.4%) 20 (14.8%) < 0.01

Leg length>10mm 14 (10.4%) 3 (2.2%) 0.01

Patients with inclination � 55 or other outlier 56 (41.5%) 23 (17.0%) < 0.001

Abbreviations: PL, posterolateral total hip arthroplasty (THA); PLxr, posterolateral THA performed with intraoperative radiography.
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charges relative to nonadjusted cases.While hospital charges
may not accurately represent the true costs associated with
intraoperative radiography, the process requires an individ-
ual radiology technician to be available in the operative room
—either as a shared resource with other procedures in an
active surgical facility or with other clinical operations.
While this may not contribute to direct costs to patients or
insurers, it may have impact on other aspects of practice
efficiency, surgeon, and patient experience.

Prior to the availability of digital radiography, routine
intraoperative imaging was not a cost-efficient approach for
most primary THA procedures. Substantial time was re-
quired for image acquisition, image development, and image
return to the operating room. The development of digital
imaging technologies has resulted in real-time image avail-
ability at or near the time of image acquisition using portable
imaging machines. Penenberg et al have reported on a series
of 369 consecutive THA patients, noting greater than 97%
acetabular component placement accuracy for both inclina-
tion and anteversion using intraoperative digital imaging.15

Their study reported that acetabular component position
adjustments weremade in 28% of cases, which is comparable
to the 21.5% rate reported in this study. Debbi et al reported
on a cohort of 102 hips, noting intraoperative radiography
successfully reproduced limb length within 5mm (100% of
cases) and restored femoral offset within 5mm in greater
than 97% of cases.14 In these studies, operative time was not
reported, and comparative cohorts were not included. Ham-
bright et al reported a retrospective case–control study of
100 primary THApatients performed bya single surgeon—50
with digital imaging and 50 treatedwithout imaging—noting
that adjustments in femoral length or offset were performed
during 86% of cases performed with intraoperative imaging.
These changes occurred with a limited, 5-minute average
increased in operative time (range: 2–14minutes).16 There is
otherwise limited recent published data evaluating compo-
nent placement accuracy, operative time, and reported hos-
pital charges/costs associated with intraoperative digital
radiography during PL-THA.

There are several noteworthy study limitations. Foremost,
this is a retrospective observational study involving the
practices of two distinct surgeons. It is not possible to
exclusively ascribe differences in technique or operative
time to the addition of intraoperative digital radiography.
However, as the procedures are being performed in an
educational construct with the same residents or fellows
participating in procedures and a nearly identical nonsurgi-
cal room time between the two study groups, it is not
unreasonable to consider that the addition of intraoperative
imaging contributed more substantively to differences in
operative time than other considerations. Second, the study
does not provide a comprehensive assessment of clinical or
functional outcomes for patients. The focus of the study on
radiographic alignment parameters cannot provide an as-
sessment of clinical or functional performance. Third, while
intraoperative changes in acetabular component placement
were well documented in the operative reports, intra-
operative adjustments of either femoral component length

or offset were not routinely included. Fourthly, cross-table
lateral radiographs may not accurately relate true acetabular
component anteversion relative to measurements obtained
with computed tomography, and likely overestimate true
acetabular component anteversion.6,7,12,15,26,32,33 It is also
not possible to assert whether components may have been
intentionally placed outside of the study alignment param-
eters to address acetabular bone deficiency, extra-articular
leg length discrepancy, unresolved hip impingement, or
residual soft tissue imbalance. Finally, estimates of operating
room charges are not necessarily representative of the costs
associated with surgical procedures, and the additional time
required to perform intraoperative imaging has not substan-
tively affected our ability to complete surgical cases during a
typical operative day.

Conclusion

Intraoperative imaging improves component placement ac-
curacy during PL-THA and significantly reduces component
placement outliers, particularly with respect to acetabular
component inclination, femoral length, and femoral offset.
There was a moderate decrease in acetabular anteversion
outliers, with PL-approach surgeons generally accepting a
higher acetabular anteversion position based on the surgical
approach. A moderate increase in both operative time and
surgical charges was associatedwith the use of intraoperative
imaging, particularly among cases where component modifi-
cation and imaging reassessment were performed. However,
these differences did not substantively affect clinicalworkflow
or patient access to arthroplasty care.
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