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Purpose: Accurate component placement and restoration of patient anatomy are criticd in total hip arthroplasty
(THA) surgery. Although intraoperative radiographs are sometimes utilized, it is unclear whether this practice
can improve accuracy.

Materials and Methods: This study evaluated acetabular cup abduction, anteversion, leg length, and offset
among 100 posterior approach THAS performed without imaging (No X-ray group) and compared them to a
subsequent series of 100 THAS where an intraoperative radiograph was taken with the trial componentsin place
(X-ray group). THASs were performed using a posterior approach by a single, experienced surgeon whose goa
was to place the cup a 45° of abduction and 30° of anteversion. Supine anteroposterior pelvic digital radi-
ographstaken at the first (hnomina 4-week) postoperative visit were used for measurements.

Results: Slight differencesin cup abduction (47 =6° vs44° £6°, respectively, P=0.003) and anteversion angle
(35" £6° vs31’ £6°, respectively, P<0.001) were observed between the X-ray and No X-ray groups, however, a
similar proportion of cupswithin 10° of the target angles was observed (76% vs 83%, respectively, P=0.22). No
difference in offset measurements (1.1+=6.6 mm vs 0.3+6.9 mm, respectively, P=0.42) or leg lengths (0.3+3.8
mm vs 0.3:4.8 mm, respectively, P=0.94) was observed between the X-ray and No X-ray groups, however, the
X-ray group showed less leg length variation (P=0.05).

Conclusion: In this study, the routine use of intraoperative radiographs was not associated with improved
implant positioning for uncomplicated primary THA.

Key Wor ds: Arthroplasty, Replacement, Hip, X-rays

INTRODUCTION
Submitted: December 16, 2020 1st revision: January 18, 2021 ) o
Final acceptance: January 26, 2021 Optimal component placement, equaization of leg lengths,
ﬁ‘_’d;elss rlslp';”t req ‘;:;t to and recreation of offset areimportant surgical objectives dur-
ichotas M. brown, . . . .

(https://orcid.org/0000-0003-1142-5306) ing total hip arthroplasty (THA). Although theideal cup posi-
Department of Orthopaedic Surgery, Loyola University Medical tion has not been established and may depend on intraop-
Center, 2160 S. 1st Ave, Maywood, IL 60153, USA i iderati all atient ific fact
TEL: +1-708-216-3834 FAX: +1-708-216-3834 erdlive consideralions as well as patient-Speciiic factors,
E-mail: nicholas.brown002@lumc.edu most surgeons have adesired cup orientation™*. Historically,

) i i ] many surgeons have aimed for the Lewinnek “ safe zone”,
This is an Open Access article distributed under the terms of the Creative K . X R R . R .
Commons Attribution Non-Commercial License (http://creativecommons which is defined as 30°-50° of abduction and 5°-25° of
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, dis- anteversion®. However, recent literature has quesionaj the
tribution, and reproduction in any medium, provided the original work is . . ' “ 2
oroperly cited clinical efficacy of this “safe zone” and some surgeons

128 Copyright © 2021 by Korean Hip Society



Hip & Pelvis

Nicholas M. Brown et a. The Utility of Intraoperative Radiographs for Routine Total Hip Arthroplasty

using the posterior approach aim for more anteversion**°,
Methods for optimizing cup position include anatomic land-
marks, room landmarks, acetabular cup coverage, and ischid
or pubis papation™®. Intraoperative estimation of leg lengths
can be performed by gross measurement with the legs held
side by side, calibrating the neck cut to a predetermined
leve, or using intraoperative measurements such as anchor-
ing apinin theilium and measuring to afixed point on the
femur. Accurate preoperative templating can be helpful in
these processes. Computer navigation and robotics are addi-
tiona options®?,

Interest in intraoperative imaging using radiographs or
fluoroscopy to assist with component positioning has shown
arecent increase®*®, For anterior approach THA, avariety
of intraoperative measurements can be made by supine
positioning of patients, which facilitates obtaining an antero-
posterior (AP) pelvic view. The use of afracture table makes
it challenging to directly assess stability based on intraoper-
ative range of motion testing; therefore, these measurements
are particularly important. To assist the surgeon, there are
anumber of techniques and software products for measure-
ment of intraoperative radiographs. Some of these techniques
have been adapted for use with the posterior approach while
the patient isin the lateral decubitus position®. The purpose
of this study was to determine whether the use of anintra
operétive radiograph improved the postoperative acetab-
ular cup abduction and anteversion angles, leg length, and
offset for posterior approach THAS performed by asingle,
experienced surgeon.

MATERIALS AND METHODS

This study was agpproved by the Ethical Committee of the
Inova Mount Vernon Hospital (No. 15-2125). Thiswas a
retrospective radiographic review and therefore informed
consent was waived.

The cohort for this study included 200 primary THAS
comprised of 100 cases performed without an intraoper-
ative radiograph (No X-ray group) and a subsequent series
of 100 cases performed with an intraoperative radiograph
(X-ray group). All 200 THASs were performed using the
posterior approach by a single, experienced, arthroplasty
surgeon at Inova Mount Vernon Hospital. The 100 THAS
performed prior to the use of intraoperative radiographs
were performed between April and December of 2014. The
100 THAs performed using intraoperative radiographs to
assist with positioning of the implant components were
performed between March and December of 2016. During

www. hipandpelvis.or.kr

the period between the two cohorts the surgeon intermit-
tently used intraoperative radiographs while optimizing his
radiographic technique.

The No X-ray group included 82 Summit stems (DePuy,
Warsaw, IN, USA), 16 AML (DePuy), one Accolade |1
(Stryker, Mahwah, NJ, USA), and one Wagner Cone
(Zimmer, Warsaw, IN, USA). The X-ray group included
93 Summit stems, four cemented C-Stems (DePuy), two
AMLs, and one SSROM (DePuy). All cups had a hemispher-
ic geometry with a porous surface for cementless implant
fixation. Pinnacle cups (DePuy) were used in al 100 cases
in the No X-ray group, and there were 98 Pinnacle cups
(DePuy) and two Tritanium (Stryker) cupsin the the X-ray
group. The target cup position was 45° of abduction and
30° of anteversion with equal radiographic leg lengths and
offset in al cases. Determination of cup position was based
on anatomic landmarks prior to the use of an intraoperative
radiograph. Particular attention was paid to the transverse
acetabular ligament, amount of superior and posterior cup
exposed, and the position of the cup with regard to the over-
al orientation of the pelvis. For assessment of leg length,
apinwasinserted in theiliac crest, which was used to estab-
lish areference point on the femur®. With the introduction
of intraoperative imaging, a pin in the iliac crest was no
longer used and a digital radiograph was obtained with the
trial acetabular and femoral components in place while the
patient remained in the lateral decubitus position. Patient
positioning was adjusted with the goal of obtaining an AP
pelvic radiograph with the beam centered on the pubic sym-
physis. Based on this radiograph, the surgeon adjusted the
position of hisfinal components as needed. The antever-
sion or inclination of the cup was changed when the fina
implant was impacted based on the discrepancy of thetrid
position from the desired position. Incorrect leg length or
offsat was adjusted with neck offset, stem position, or head
length to obtain equal radiographic offset and leg length.

Supine AP pelvic digital radiographs taken at the first
(nominal 4-week) postoperative visit were used for mea-
surements of cup abduction, anteversion, leg length differ-
ence, and offset. Measurements of cup abduction and antev-
erson were performed using Martell’s Hip Analysis Suite
software (ver. 8.0.4.1; University of Chicago, Chicago, IL,
USA). The individuas who performed measurements were
not involved with the primary THAs included in the study
population. Leg length measurement was based on the rel-
ative distance from the lesser trochanters to the trans-
ischia line while offset was measured from the pubic sym-
physisto an equivalent point on the lesser trochanters (Fig.
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1). Radiographs were calibrated based on the known size
of the femoral head on the postoperative radiograph. Cases
were excluded if the 4-week radiographs were not adequate
to make a measurement due to poor contrast, symphyss rota-
tion more than 1 cm from the center of the sacrum, pelvic
obliquity more than 10°, or severe preoperative bony defor-
mity. Thirty six patients were excluded from the study pop-
ulation, including five cases where the edges of the acetab-
ular component were not well-defined, 20 cases in which
the pelvic radiograph was overly angulated or rotated, and
11 cases with bony deformity on either the surgical or con-
tralateral hip that made equal leg lengths inappropriate
(including four hips with femora deformity, three post-
traumatic, two with dysplasia, one with head collapse, and
one with a periprosthetic fracture). Among the cohorts, the
number of exclusions was similar, with 19 in the No X-ray
group and 17 in the X-ray group (P=0.76). Accounting for
these exclusions, the 100 hips in the No X-ray group were
derived from a consecutive series of 119 primary THAs and

Fig. 1. The 4-week postoperative radiograph from a left total
hip arthroplasty performed without an intraoperative radi-
ograph (No X-ray group) shows the cup at 44° of abduction
(yellow line) and 30° of anteversion (yellow ellipse). The left
leg is 6.5 mm (8.3-1.8 mm) shorter than the right leg and has
5.9 mm (100.6-94.7 mm) less offset.

Table 1. Summary of Demographic Information for Both Cohorts

the 100 hips in the X-ray group were derived from a con-
secutive series of 117 primary THAS. Patients included in
each group were similar with regard to age, sex, and body
massindex (Table 1).

For statistical analyses, categorical variables are summa:
rized using percentages based on frequencies and continu-
ous variables are reported using means, standard deviations,
medians, and ranges. Comparisons between the groups were
performed using parametric (independent samples t-test)
or nonparametric (Mann—Whitney U) tests based on the
nature of the data under consideration. Differences in vari-
ances among groups were assessed using Levene's homo-
geneity of variance test. Comparisons of binary categorical
data were evaluated using Pearson’s chi-square test. A P-
vaue of 0.05 was defined as the threshold for satistical sig-
nificance. Based on the 100 hips included in each group,
this study had a power of 80% to detect a 15% difference
(75% vs 90%) in cup placement accuracy (defined as cups
within 10 degrees of the target anteversion and inclination
angles) based on atwo-tailed test using a criterion for sig-
nificance (alpha) equal to 0.05. Statistical analyses were
performed using IBM SPSS Statistics (ver. 27.0.1.0; IBM,
Armonk, NY, USA).

RESULTS

The mean cup abduction angle was 44° for the No X-ray
group (Fig. 1) and 47° for the X-ray group (Fig. 2). Inthe
No X-ray group, 90% of cups were within 10° of the 45°
abduction target compared to 93% in the X-ray group
(P=0.45; Table 2). Anteversion angles within 10° of the
30° target were achieved in 93% of cupsin the No X-ray
group and 81% of cups in the X-ray group (P=0.01).
Considering both abduction and anteversion, a similar
distribution of the cases around the target angles was
observed in both study groups. In the No X-ray group
83% of cupsand in the X-ray group 76% of cups had mea-
surements within 10° of the target values (P=0.22; Fig. 3).

Radiographic leg lengths were within 5 mm of the con-

Parameter No X-ray group X-ray group P-value
No. of THAs 100 100 N/A
Age at surgery (yr) 64£10(31-86) 65+10 (37-89) 0.69
Female 48% 54% 0.40
Body mass index (kg/m?) 29.1+5.4(19.4-47.6) 28.5+5.1(18.4-44.1) 0.41

Values are presented as number only, mean=*standard deviation (range), or % only.

THA: total hip arthroplasty, N/A: not applicable.
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tralateral hip for 73% of patients in the No X-ray group
and 82% of patientsin the X-ray group (P=0.13; Table 2).
The mean difference in leg lengths between the operative
and contralateral side was nearly identicd for the No X-ray
and X-ray groups (0.3+4.8 mm vs 0.3+ 3.8 mm, respec-
tively, P=0.94). However, the X-ray group showed less
variation (P=0.05; Fig. 4). No differences with regard to
offset were observed between the No X-ray and X-ray
groups (0.3£6.9 mm vs 1.1£6.6 mm, respectively, P=
0.42; Fig. 5).

Fig. 2. The 4-week postoperative radiograph from a right
total hip arthroplasty performed using an intraoperative
radiograph (X-ray group) shows the cup at 47° of abduction
(yellow line) and 35° of anteversion (yellow ellipse]. The
right leg is 6.6 mm (25.8-19.2 mm) longer than the left leg
and has 1.5 mm (116.7-115.2 mm) more offset.

Table 2. Outcome Data

DISCUSSION

This retrospective review of 200 routine THAS performed
by an experienced arthroplasty surgeon using a posterior
approach showed similar results for component placement
with regard to cup abduction, leg length, anteversion, and
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Fig. 3. Cup orientation data for total hip arthroplasties (THAs)
performed with (X-ray group) and without an intraoperative
radiograph (No X-ray group) illustrate similar percentages
within 10° (green dashed box] of the 45° abduction and 30°
anteversion target angles. However, cases performed with-
out an intraoperative radiograph tended to be closer to the
30° anteversion target.

Parameter No X-ray group X-ray group P-value
No. of THAs 100 100 N/A
Cup abduction angle (°) 44,16 (33-60) 47+6(33-68) 0.003
Cup abduction angle within 90% 93% 0.45
10° of 45° target

Cup anteversion angle (°) 31£6(19-44) 35+6 (14-48) <0.001
Cup anteversion angle within 93% 81% 0.01
10° of 30° target

Abduction and anteversion 83% 76% 0.22
angles both within 10° of target

Leg length difference (mm) 0.3+4.8 (-15.4t0 16.1) 0.3+3.8 (-9.4 t0 10.0) 0.94
Leg length difference within 5 mm 73% 82% 0.13
Offset difference (mm) 0.3+6.9 (-14t0 17) 1.1+6.6 (-15t0 17) 0.42
Offset difference within 5 mm 48% 56% 0.26

Values are presented as number only, mean=standard deviation (range), or % only. Leg length and offset differences are
calculated as the study hip measurement minus the contralateral side measurement.

THA: total hip arthroplasty, N/A: not applicable.
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Fig. 4. A box and whiskers plot of the leg length differences
shows similar mean values, but the cases performed with an
intraoperative radiograph show less variation (P=0.05).

offset regardless of whether an intraoperative radiograph
was used to assst with component positioning. While prior
studies have examined the use of intraoperative imaging
and other techniques for various aspects of component
positioning (Table 3)*222) this study provides a compre-
hensive assessment of component positioning by reporting
cup abduction, anteversion, leg length, and offset for pri-
mary THAs performed using the posterior approach.
Similar to our results, Domb et a.??, who compared free-
hand placement using an alignment guide to the use of an
intraoperative radiograph, found no improvementsin com-
ponent position for the posterior approach. In addition,
Bingham et a.*» found no clinical or gatistically-significant
difference in cup positioning or leg length discrepancy in
a comparison of THAs performed using intraoperative flu-
oroscopy to those performed without imaging among 298
patients undergoing supine anterior approach THA per-
formed by two experienced surgeons. They concluded that
equivalent radiographic results and leg length differences
are achievable without the use of intraoperative imaging.
In contrast, prior studies have reported the utility of intra-
operative radiographs based on the frequency of intraoper-
ative component repositioning. Penenberg et a.® reported
that among 369 consecutive patients undergoing THA via
the posterior approach, 28% of cups were repositioned on
the basis of intraoperative radiographic measurements, and
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Fig. 5. A box and whiskers plot of the offset differences

illustrates similar values for the cases done with and with-
out an intraoperative radiograph.

abduction angles within 30°-50° and anteversion within
15°-35" was achieved for over 97% of cases. Ezzet and
McCauley*?, who also examined the use of intraoperative
radiographs using the posterior approach found that 50%
of the component positions were changed based on the
imaging, with acceptable cup abduction angles achieved in
86% of cases. Although these studies demonstrate excellent
final component position, they lack a comparison to a con-
trol group where intraoperative radiographs were not used.

Severa studies have demonstrated improvementsin cup
position using intraoperative imaging with the anterior
approach compared to the posterior approach without intra-
operative imaging™***'9, However, use of different surgical
gpproaches confounds the ability to assessthe utility of intra-
operative imaging. Other options for optimizing intraoper-
ative component positioning include computer navigation
or robot-assisted surgery. Despite the high accuracy report-
ed with use of these techniques (Table 3)°%, they also have
challenges, which may include increased operative time,
additional costs, and not all surgeons have accessto them.

There are severa reasons why intraoperative radiographs
may not have been beneficia in this study. One, obtaining
areliable AP radiograph of the pelvis intraoperatively is
difficult with the patient in the lateral decubitus position
and multiple studies have shown that cup position measure-
ments are influenced by pelvic positioning®®. Second, the
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Offset
(mm)
0.3+6.9

Leg length
difference
(mm)
83 0.3+4.8

93

Cases meeting criteria (%)
Abduction Anteversion Both
90

35°-55°

Criteria for
acceptable
cup placement
Abduction:
Anteversion:

Cup
31+6

abduction anteversion
angle (°)

cases
0

positioning
technique
Freehand

Component

Surgical
approach

Design
Retrospective Posterior

Current
study

Table 3. Continued

Study

www. hipandpelvis.or.kr

20°-40°

1.1+6.6

76 0.3+3.8

81

93

100

X-ray

Values are presented as number only, mean+standard deviation, or % only.

NR: not reported, RCT: randomized controlled trial, CT: computed tomography.

* Global offset, * Femoral offset.

intraoperative radiograph was obtained during trialing, and
therefore it is possible that the final component position
differed from that of the trids. Finally, even if an acceptable
AP radiograph was obtained intraoperatively, the orienta-
tion of the pelvis may differ from the 4-week postoperative
AP supine film despite attempts to obtain similar radi-
ographs.

This study has limitations that should be considered when
interpreting our results. Thefirst is the retrospective nature
of our anadyses. Although the groups were not randomized,
there were no differences in patient demographics and the
surgeon’s practice did not change over the interval used for
this study. The 200 THAs included in this study do not rep-
resent a consecutive series. A gap between the No X-ray
and X-ray groups was intentionaly incorporated to exclude
any potential learning curve as the surgeon optimized his
intraoperative radiographic technique. Within each group,
the 100 THAS are also not a consecutive series. However,
exclusions were made with similar frequenciesin the No
X-ray and X-ray groups (16% vs 14.5%, respectively) and
based on quality of postoperative radiographic images or
patient anatomic deformities with no intention to omit THAS
with poor component placement. While a single implant
design was used for 87.5% (175/200) of the stems and 99%
(198/200) of the cups, possible confounding factors might
be the use of different implants and instrumentation sys-
tems. Although we measured cup abduction, anteversion,
leg length, and offset, we did not quantify femoral antever-
sion, which contributes to combined anteversion and can
influence component stability. In addition, we do not rou-
tinely obtain full length standing films at our institution.
As a consequence, we used the distance from the lesser
trochanter to the trans-ischial line on the 4-week follow-
up radiograph as a proxy for leg length. Although not atrue
leg length, this measurement is commonly employed in the
joint replacement community**#<2, The data used for this
study a so represent the experience of a single surgeon who
has performed more than 4,000 hip replacements over
amost three decades and may not be generalizable to what
could be expected for other surgeons, particularly those with
less experience. Intraoperative measurements performed
during surgery were not recorded. As a consequence, we
cannot evaluate the differences between the trial compo-
nents based on the intraoperative radiograph and the final
components as measured on the 4-week follow-up radi-
ograph. We a so did not record how often the components
were repositioned after the intraoperative radiograph was
evaluated and a radiograph with the final componentsin
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place was not obtained.
CONCLUSION

The use of an intraoperative radiograph was not asso-
ciated with clinically important improvementsin find com-
ponent positioning for an experienced surgeon. While an
intraoperative radiograph could be useful for challenging
cases or altered anatomy, this study did not find utility in
its routine use for posterior approach primary THA.
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