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a b s t r a c t

Background: Achieving appropriate leg length after surgery remains a concern for surgeons performing
total hip arthroplasty (THA). The focus of surgeons trying to equalize leg length has been primarily on
positioning of the femoral implant. This study evaluates the impact of acetabular height on leg length and
its impact on femoral component choices during THA.
Methods: We reviewed standing pelvic radiographs of 100 patients who underwent staged bilateral THA
by a single surgeon from 2016 to 2019. Leg length discrepancies and acetabular heights were determined
from preoperative and postoperative radiographs. The difference between the first and second operative
hips was compared at each stage of the procedures. Results were analyzed using paired t-tests.
Results: There is a significant increase in mean leg length and acetabular height after both the first and
second stages of the procedure. Although there was a small change in average acetabular height for each
procedure, height increased or decreased by greater than 5 mm in 44 of 200 cases. Comparing left to
right hips after the second surgery disclosed no statistically significant differences in acetabular height or
leg length.
Conclusion: Acetabular height and leg length changes with each stage of the procedure in sequential
bilateral THA. In almost 25% of cases, the acetabular height changed by more than 5 mm. This has sig-
nificant implications and needs to be considered during preoperative planning as well as operative
decision-making. To account for these differences, a THA may require intraoperative acetabular assess-
ment and changes in femoral positioning and sizing to achieve the optimal leg length.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).

Introduction

Total hip arthroplasty (THA) is a revolutionary procedure that
was introduced in the 1960s for the management of patients with
arthritis, and it continues to be one of the most successful and cost-
effective procedures showing exceptional long-term outcomes
[1,2]. Although arthroplasty techniques have evolved significantly
over the years, achieving equal and satisfactory leg lengths can
sometimes be elusive [3]. In most series, the operative limb is
lengthened which, although desirable in a shortened arthritic ex-
tremity, can lead to difficulties in cases where there is a persisting

inequality [4,5]. Even with substantial pain relief, patients with leg
length discrepancy (LLD) report dissatisfaction with surgery [5-14].

Surgeons commonly use a variety of techniques to measure and
adjust leg length during THA. This includes advanced techniques
such as robotics, navigation, and fluoroscopic guidance, where the
actual limb length can be directly measured [15-20]. However,
many surgeons still rely on manual techniques and preoperative
templating. The focus in the literature has been to adjust the
location of the femoral neck cut along with choice and size of
femoral implant to optimize the length of the extremity [21].
However, positioning of the acetabulum can significantly influence
length as well [22-24]. Previous authors have reported on LLD
outcomes associated with unilateral replacements. Staged bilateral
hip replacements provide a unique opportunity to study the effects
of surgery on acetabular position and LLD with the potential to
magnify its impact through two separate surgical procedures.* Corresponding author. 125 S 9th St. Ste 1000, Philadelphia, PA 19107, USA. Tel.:

þ1 267 339 7813.
E-mail address: qingwu.kong@gmail.com
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The purpose of this study is to evaluate the change in position
that occurs in the acetabulum during sequential bilateral hip
replacement to illustrate the effects that these changes have on
femoral prosthesis placement and ultimate leg length. The hy-
pothesis is that acetabular position can significantly change during
THA and needs to be accounted for during THA to maintain
appropriate leg length.

Material and methods

After obtaininig institutional review board approval, we retro-
spectively reviewed postoperative standing radiographs of all pa-
tients who had undergone staged bilateral primary THA by a single
surgeon from 2016 to 2019. THAs were performed by the direct
anterior approach on a fracture table (HANA, Mizuho OSI, Union
City, CA) using radiographic guidance. Only patients who had
staged bilateral THAs with preoperative and postoperative radio-
graphs were included in the study. Patients who underwent
simultaneous bilateral THA were excluded from the study.

Using preoperative and postoperative standing pelvic AP radio-
graphs, the LLD and acetabular height were measured on the pre-
operative and postoperative limbs at each stage of the sequential
bilateral THAusing a PACS system (Sectra IDS7, Link€oping , Sweden).
The LLD was measured by using the vertical distance from the most
prominent points of the lesser trochanters bilaterally to the inter-
teardrop line (Fig. 1). The difference between the 2 distances was
recorded as the LLD. The acetabular height differencewasmeasured
from the center of rotation to the interteardrop line (Fig. 2). All
measurements were made by one orthopedic surgery resident
physician. We did not adjust for magnification. Results were
analyzed using paired t-tests.

Results

A total of 129 consecutive patients were identified. Twenty-
seven patients were eliminated because they did not have preop-
erative films, and 2 patients did not have radiographs obtained after
the second THA. Therefore, a total of 100 patients were included for
the analysis for a total of 200 THA procedures. Average agewas 65.2
years. Sixty-three patients were female, and 37 were male.

Preoperatively, there was no significant difference in the
average acetabular height between the two extremities (P ¼ .08).
This is despite a statistically significant difference in preoperative
leg length (P ¼ .003). Measurement of acetabular height after the
first procedure showed a significant mean increase of 1.22 mm
(�10 toþ16; P¼ .003). Similarly, the second operative hip showed a
significant increase in acetabular height comparing preoperative
values to postoperative ones with a mean of 1.44 mm (�16 to þ26;
P ¼ .018). The mean acetabular height of both extremities statisti-
cally significantly increased irrespective of whether it was the first
or second procedure. After the first THA, the acetabular heights for
the two sides differed significantly (P < .001). This difference dis-
appeared after both extremities had undergone THAs (P ¼ .50).
Average measurements and comparisons of acetabular height are
depicted in Tables 1 and 2, respectively. The changes are illustrated
in the scatterplots showing the changes for each patient (Figs. 3-6).

Similar to increases in acetabular height, the leg length also
increased after each stage of THA. Preoperatively, the first operative
limb was significantly shorter by an average of 1.74 mm (�20
toþ18; P¼ .003). There was a significant increase in leg length after
the first procedure (P < .001), resulting in the operative limb being
significantly longer by an average of 2.70 mm (�14 to þ32; P <
.001). There was a similar significant increase in leg length during
the second operative limb after THA as well (P ¼ .001). The LLD
preoperatively significantly improved after bilateral THA, from 1.74
mm to 0.38 mm (P¼ .01). The LLD after bilateral THAwas negligible
(P ¼ .334). Average measurements and comparisons of LLD are
depicted in Tables 3 and 4, respectively.

The study design offered an opportunity to evaluate internal
consistency of themeasurement technique. Each hip was measured
twice without an intervention. For the first hip, this comprised the
postoperative measurement of acetabular height, which was

Figure 1. The leg lengths are measured from the interteardrop line to the most
prominent aspect of the lesser trochanter. In this patient, the postoperative right lower
extremity is longer than the left lower extremity.

Figure 2. The acetabular height is measured from the interteardrop line to the
acetabular center of rotation. In this patient, the acetabular height for the right hip is
13 mm, while the acetabular height for the left hip is 12 mm.

Table 1
Mean acetabular height.

Stage Operative hip Mean acetabular
height (mm)

Preoperative First operative hip 15.500
Second operative hip 14.700

After first THA First operative hip (postop) 16.722
Second operative hip (preop) 14.000

After second THA First operative hip 16.510
Second operative hip 16.140

Q. Kong et al. / Arthroplasty Today 14 (2022) 100e104 101



measured before and after the second procedure (16.72 mm and
16.51 mm, respectively, P ¼ .16). For the second hip, this included
the measurement of acetabular height, which should have shown
no change before and after the first procedure (14.70mm and 14.00
mm, respectively, P¼ .40). In all cases, the outcomes did not change
between the sets of presumed equal measurements (Table 2).

Discussion

The results of this study indicate that the position of the ace-
tabulum has the potential to significantly change during each stage
of the procedure with implications for leg length and femoral
implant choice. Reviewing sequential bilateral total hip re-
placements provided a unique opportunity to study the changes
that can occur in acetabular position. Moreover, although the mean
was statistically significant, the range of changes (as much as 42
mm) after each procedure is even more dramatic, emphasizing that
these changes need to be considered during preoperative planning
and operative execution. In this series of patients whose leg length
was measured with fluoroscopic guidance, these changes were
accounted for during the second procedure resulting in an
improved LLD after the second procedure.

The goals of THA are to not only relieve pain but also restore
normal leg length to optimize gait and function. LLD is a common

complication of THA and is perceived by 6% [25] to 32% [26] of
patients, especially when shortening and lengthening exceeds 10
mm and 6mm, respectively [27]. LLD of more than 20mm has been
reported to cause social problems [5]. Even with pain relief and
good range of motion in the hip after the surgery, LLD after THA is a
major concern and has been associated with low back pain [6,11],
abnormal gait [7,12], peroneal and sciatic nerve palsies [28,29],
dislocation [9], and early component loosening [8], which can lead
to patient dissatisfaction and possible revision surgery [22]. Patient
dissatisfaction with LLD is the most common reason for litigation
after THA [10,13].

Although this series was performed on patients with bilateral
THA, it highlights the difficulty of predicting acetabular height and
position during planning and execution for even unilateral THA.
The ideal situation after any THA is to have symmetrical left and
right limbs after surgery. For surgeons who template preopera-
tively, based upon these data, it is not possible to assume that the
acetabular center of rotation will not change as a result of surgery.
This adds an additional variable which may be difficult to account.
Traditionally, many arthroplasty surgeons focus on the positioning
of the femoral implant when adjusting leg lengths during THA
assuming that the center of rotation remains fixed in most cases.
Femoral templating allows the surgeon to measure the level of
femoral neck resection as well as the size and position of the

Table 2
Comparison of acetabular heights of hips in various stages.

Operativehip Comparison of acetabular height between stages P values

First operative hip Preoperative After first stage (postop)
15.500 mm 16.722 mm .003
Preoperative After second stage (postop)
15.500 mm 16.510 mm .034
After first stage (postop) After second stage (postop)
16.722 mm 16.510 mm .155

Second operative hip Preoperative After first stage (preop)
14.700 mm 14.000 mm .404
Preoperative After second stage (postop)
14.700 mm 16.140 mm .018
After first stage (preop) After second stage (postop)
14.000 mm 16.140 mm .002

Stage Comparison of acetabular height between hips P values

Preoperative First operative hip Second operative hip
15.500 mm 14.700 mm .085

After first stage First operative hip (preop) Second operative hip (postop)
16.722 mm 14.000 mm <.001

After second stage First operative hip (postop) Second operative hip (postop)
16.510 mm 16.140 mm .503

P-values <.05 depicted in bold.

Figure 3. Acetabular height after the first THA. Scatter plot of first operative limb
(postoperative) vs second operative limb (preoperative).

Figure 4. Differences in acetabular height between first operative limb (postoperative)
and second operative limb (preoperative) after the first THA.
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femoral implant, which influence leg length [21]. Femoral neck
resection height is relatively accessible to the surgeon during the
procedure; whereas acetabular position and height are more
difficult to measure intraoperatively without advanced techniques
such as navigation and robotics. Ignoring the impact of unrecog-
nized acetabular position variability on these measurements can
lead to unacceptable outcomes, assuming that this series is
generalizable to other surgeons.

Intraoperative techniques used by surgeons to equalize leg
lengths during THA are variable. Advanced technology such as ro-
botics [16,17,19], navigation [18,20], and fluoroscopic guidance
[15,16] are claimed to have the potential to create a reproducible
result, with the outcomes in this particular series of patients by a
single surgeon potentially supporting this claim. Without a com-
parison group, we are unable to make the claim that the technology
was a critical factor. All patients in our study underwent THA per-
formed via the direct anterior approach with the use of fluoroscopy,
and based on the data, equalizing leg length was achieved with this
technique. Intraoperative imaging can be used to evaluate acetab-
ular position as well as leg lengths and may account for the high
reliability in preventing significant LLD in this study. However, the
use of fluoroscopy has not been shown to decrease LLD by previous
authors [15,16].

Surgeons also use mechanical means including intraoperative
markers as well as preoperative templating to try to equalize leg
lengths during surgery. Intraoperative mechanical methods have
the potential to be more reliable at adjusting leg lengths than
preoperative templating, particularly if they span both compo-
nents [30,31]. Most commonly, a stable reference point is marked
on the pelvis, and a variable reference point is marked on the
greater trochanter [30]. The distance between reference points
may be measured with screws and screwdrivers [32], guidewires

[33], Steinman pins [4,34,35], calipers [36], sutures [37], or rulers
[38]. By including a reference point above both components and a
reference point below, the issue of acetabular height changes is
theoretically eliminated. What is clear from the data presented is
that the position of the acetabulum can change and is a variable
that needs to be considered during planning and execution of THA.
Adjunctive mechanical or advanced technology methods are
attractive to minimize LLD, and this study suggests that the au-
thors were able to achieve excellent leg lengths using fluoroscopy.
However, the role of these techniques remains to be proven in
comparative studies.

For bilateral staged THA, the chances for acetabular changes to
affect leg length could be potentially increased. This may be even
more significant if each stage of the procedure is performed by a
different surgeon using different techniques. Although the data
showed a consistent increase in the mean acetabular height for
the first and second procedures, more concerning is that the range
included significant positive and negative changes (�16 mm
to þ26 mm), even with the use of fluoroscopy. In our study, THA
performed for severe osteoarthritis and avascular necrosis tended
to have a positive change in acetabular height, whereas THA
performed for severe hip dysplasia tended to have a negative
change in acetabular height. By its nature, the outcome expressed
as a mean of differences (þ1.08 mm) is likely to underrepresent
the variability of the potential outcomes as the negative values
offset the positive. The overall change in mean acetabular height
and leg length for these procedures would seem to be small and
potentially insignificant. However, it is more important to consider
both the positive and negative fluctuations by taking the absolute
values of these differences. When evaluating these differences by
the absolute values, the mean change of acetabular height was
3.97 mm. During the 200 procedures, the acetabular height varied
by more than 5 mm in 44 cases. For the unsuspecting surgeon,
these changes could be additive with one side being potentially
higher and one lower leading to a significant discrepancy if not
accounted for on the femoral side.

In our study, there was a tendency to overlengthen the leg
during the first THA and then equalize the leg lengths during the
second. For a patient where a contralateral hip replacement is
contemplated, some degree of lengthening may be acceptable with
a plan to correct the discrepancy during the subsequent procedure.
Although this change in leg lengths is statistically significant, it may
not be clinically significant to the patient. It is still important to

Figure 5. Scatter plot of acetabular height of first operative limb. Before and after the
first THA (postoperative).

Figure 6. Scatter plot of acetabular height of second operative limb. Before the first
THA (preoperative) and after the second THA (postoperative).

Table 3
LLD at various stages of THA.

LLD at various stages of THA

Stage Mean (mm) P values

Preoperative �1.74 .003
After first THA (preop vs postop) 2.70 <.001
After second THA 0.38 .334

Positive value depicts the first operative extremity is longer. Negative value depicts
the first operative extremity is shorter.
P-values <.05 depicted in bold.

Table 4
Comparison of LLD between various stages of THA.

Comparison of LLD between various stages of THA P values

Before vs after first THA <.001
Before vs after second THA .011
After first THA vs after second THA .001

There is a significant change in LLD in every stage of the procedure.
P-values <.05 depicted in bold.
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counsel the patients that their shorter leg will likely be over-
corrected, making it the longer leg postoperatively, and that their
leg lengths should improve after the second THA.

The major limitations of this study include its retrospective
design and surgery performed by one surgeon using one specific
surgical approach. Conducting a prospective study would further
enhance the level of evidence in evaluating changes in acetabular
height and leg lengths. Moreover, all the procedures were per-
formed with intraoperative fluoroscopic guidance, which is not
universally adopted by surgeons, and a surgeon who uses different
techniques may have different outcomes. Although prior authors
have indicated THA fluoroscopic guidance did not prevent LLD, our
study would seem to indicate the opposite is true. A study with
multiple surgeons or a multicentered study involving THAs with
various approaches or implants would increase the validity of our
findings. Similarly, because our radiographic measurements may
carry some intraobserver variability, having multiple reviewers
takingmeasurements would increase the validity of our results. The
study used standard radiographic measurements for LLD including
the teardrop and lesser trochanter. However, there are many ways
to measure leg length, and there is no way to know which is the
optimum anatomic method. We did not use magnification correc-
tion for this study. Although we do not think magnification would
have affected the results when comparing both hips at the same
stage of the procedure, correcting for magnification could have
increased the validity of our findings when comparing data from
different stages.

Conclusion

Acetabular heights and leg lengths change at each stage in
sequential bilateral THAs. Although surgeons primarily focus on the
femoral neck resection and femoral implant size and positioning to
optimize leg lengths, unanticipated changes in acetabular height
must also be considered before and during the surgery. Overlooking
expected changes in acetabular height in THA can result in signif-
icant LLD leading to patient dissatisfaction. Bilateral staged total hip
replacement has the potential to magnify this effect. Studies are
necessary to evaluate the effects of advanced techniques such as
navigation, robotics, and intraoperative radiography in comparison
to standard mechanical methods.
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