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Leg-Length Discrepancy After Total Hip  
Arthroplasty: Comparison of Robot-Assisted 
Posterior, Fluoroscopy-Guided Anterior, and 
Conventional Posterior Approaches
Youssef F. El Bitar, MD, Jennifer C. Stone, MA, Timothy J. Jackson, MD, Dror Lindner, MD,  
Christine E. Stake, MA, and Benjamin G. Domb, MD

Total hip arthroplasty (THA) effectively provides ad-
equate pain relief and favorable outcomes in patients 
with hip osteoarthritis (OA). However, leg-length 

discrepancy (LLD) is still a significant cause of morbidity,1 
including nerve damage,2,3 low back pain,2,4,5 and abnormal 
gait.2,6,7 Although most of the LLD values reported in the lit-
erature fall under the acceptable threshold of 10 mm,8 some 
patients report dissatisfaction,9 leading to litigation against 
orthopedic surgeons.2 However, lower extremity lengthening 
is sometimes needed to achieve adequate hip joint stability and 
prevent dislocations.2,10 

Several methods have been developed to help surgeons es-
timate the change in leg length during surgery in an attempt 
to improve clinical outcomes. Use of guide pins as a reference 
on the pelvis decreased LLD and improved outcomes in some 
published studies.11,12 Preoperative templating of implant size, 

cup position, and level of femoral neck cut is very important 
in helping minimize clinically significant LLD after THA.2,13,14 
Computer-assisted THA has also been introduced to try to 
improve component positioning, restoration of hip center of 
rotation, and minimizing of LLD.15-17 However, cost and in-
creased operative time have prevented widespread adoption 
of computer-assisted surgery in THA.

Proponents of different surgical approaches have argued 
about the superiority of one approach over another. The pos-
terior approach is the gold standard in THA because it is safe, 
easy to perform, and, if needed, extensile.11 However, exact 
determination of the intraoperative 3-dimensional (3-D) ori-
entation of the pelvis, and subsequently of LLD, is challeng-
ing when the patient lies in the lateral position. The anterior 
approach has gained in popularity because of its advantages 
in accelerating postoperative rehabilitation and decreasing hos-
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Total hip arthroplasty (THA) effectively provides adequate 
pain relief and good long-term outcomes in patients with 
hip osteoarthritis. However, leg-length discrepancy (LLD) 
remains the most common cause of patient dissatisfaction 
and malpractice litigation in hip arthroplasty.

We conducted a study to compare LLD in patients who 
underwent THA performed with a robot-assisted posterior 
approach (RTHA), a fluoroscopy-guided anterior approach 
(ATHA), or a conventional posterior approach (PTHA). We 
reviewed all RTHA, ATHA, and PTHA cases performed by 
Dr. Domb between September 2008 and December 2012. 
Patients included in the study had a primary diagnosis of 
hip osteoarthritis and proper postoperative anteroposte-
rior pelvis radiographs available. Two blinded observers 
calibrated and measured all radiographs twice.

After exclusions, 67 RTHA, 29 ATHA, and 59 PTHA cases 
remained in the study. There were strong interobserver and 
intraobserver correlations for all LLD measurements (r > 0.9; 
P < .001). Mean (SD) LLD was 2.7 (1.8) mm (95% CI, 2.3-3.2) 
in the RTHA group, 1.8 (1.6) mm (95% CI, 1.2-2.4) in the ATHA 
group, and 1.9 (1.6) mm (95% CI, 1.5-2.4) in the PTHA group 
(P = .01). When LLD of more than 3 mm was set as an outlier, 
percentage of outliers was 37.3% (RTHA), 17.2% (ATHA), 
and 22% (PTHA) (P = .06-.78). When LLD of more than 
5 mm was set as an outlier, percentage of outliers was 10.4% 
(RTHA), 6.9% (ATHA), and 8.5% (PTHA) (P = .72 to >.99). 
No patient in any group had LLD of 10 mm or more.

RTHA, ATHA, and PTHA did not differ in obtaining 
minimal LLD. All 3 techniques are effective in achieving 
accuracy in LLD.
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pital length of stay.18 Placing the patient supine is advantageous 
because it allows leveling of the pelvis and estimation of LLD 
(by comparing the positions of the lower extremities).19 The 
anterior approach also allows for radiographic measurements 
on the operating table.19,20 However, this approach has a high 
learning curve21 and is not extensile.21 To date, no study has 
shown superiority of the anterior approach over either the 
conventional posterior approach or the robot-assisted posterior 
approach in minimizing LLD after THA.

We conducted a study to compare LLD in patients who 
underwent THA performed with a robot-assisted posterior 
approach (RTHA), a fluoroscopy-guided anterior approach 
(ATHA), or a conventional posterior approach (PTHA). We 
hypothesized that, compared with PTHA, both RTHA and 
ATHA would result in reduced LLD.

Materials and Methods
We reviewed all RTHAs, ATHAs, and PTHAs performed by Dr. 
Domb between September 2008 and December 2012. Study 
inclusion criteria were a diagnosis of hip OA and the availabil-
ity of postoperative supine anteroposterior pelvis radiographs. 
Exclusion criteria were a diagnosis other than hip OA, miss-
ing or improper postoperative radiographs (radiographs with 
rotated or tilted pelvis),22 and radiographs on which at least 
one of the lesser trochanters was difficult to define. Of the  
155 cases included in the study, 67 were RTHAs, 29 were 
ATHAs, and 59 were PTHAs.

All patients scheduled for THA underwent preoperative 
planning; plain radiographs were used to determine compo-
nent size and position, level of neck cut, and amount of leg 
lengthening or shortening needed. In all RTHA cases, com-
puted tomography of the involved hip was performed before 
surgery. The MAKO system (MAKO Surgical Corporation, Da-
vie, Florida) was used to develop a patient-specific 3-D model 
of the pelvis and proximal femur, and this model was used 
to guide THA execution. The system was then used to detect 
patient-specific landmarks during surgery, to register the fe-
mur and the acetabulum, and to help determine the position 
of the pelvis and proximal femur during surgery. This system, 
which uses a haptic robotic arm that guides acetabular reaming 
and cup placement, provides feedback regarding cup place-
ment, stem version, leg length, and global offset. Pelvic tilt 
and rotation were accounted for by the MAKO software, and 

all provided measurements were made on the coronal (func-
tional) plane of the body, as described by Murray.23 ATHA was 
performed with the patient in the supine position on a Hana 
table (Mizuho OSI, Union City, California) with fluoroscopic 
guidance. PTHA was performed in the conventional way, with 
the patient in the lateral position.

Radiographic measurements of LLD were made with Trau-
maCad software (Build 2.2.535.0; Voyant Health, Petah-Tikva, 
Israel). The accuracy of this software has been studied and re-
ported in the literature.24-26 Radiographs were calibrated using 
the known size of each femoral head as a marker. The refer-
ence on the pelvis was the interobturator line (line tangent to 
inferior border of obturator foramina), and the reference on 
the femurs was the most superior and medial aspect of each 
lesser trochanter. Two lines were drawn, each perpendicular 
to the interobturator line, starting from the previously defined 
reference point on each lesser trochanter. The difference in 
length between these 2 lines was recorded as the LLD. Values 
were recorded relative to the operative extremity. For example, 
if the operative extremity was longer than the nonoperative 
extremity, the LLD was given a positive value.

To eliminate bias and increase measurement accuracy, 
the study had each of 2 observers collect the LLD data twice,  
2 months apart. These observers were blinded to each other’s 
results and to the type of surgery performed. (Neither observer 
was Dr. Domb, the senior surgeon.) IBM SPSS Statistics software 
(Version 20; IBM, Armonk, New York) was used for statistical 
analysis. Each patient’s 4 measurements were averaged into a 
single number for LLD, and the absolute LLD values were used 
in all statistical analyses. Means, standard deviations (SDs), 
and 95% confidence intervals (CIs) were calculated for LLD 
in each of the 3 groups. Pearson correlation coefficient was 
used to determine interobserver and intraobserver reliability. 
One-way analysis of variance (ANOVA) was used to compare 
group means for age, body mass index (BMI), and LLD. In each 
group, number of outliers was determined with outliers set at 
LLDs of more than 3 mm and more than 5 mm. Fischer exact 
test was used to compare number of outliers in each group.  
P < .05 was considered statistically significant.

Results
Table 1 lists the demographic data, including age, sex, and 
BMI, and compares the means. There were strong interob-

Table 1. Patient Demographics by Total Hip Arthroplasty (THA) Approach

Demographic

Approach

One-Way
ANOVA, P

RTHA ATHA PTHA

n Mean SD 95% CI n Mean SD 95% CI n Mean SD 95% CI

Age 67 60.2 9.6 57.9-62.6 29 58.0 12.3 53.3-62.7 59 55.3 9.3 52.9-57.7 .025

Body mass index 67 28.7 4.5 27.7-29.8 29 26.7 4.1 25.1-28.2 59 28.8 5.8 27.3-30.4 .011

Sex 67 29 males, 38 females 29 12 males, 17 females 59 23 males, 36 females —

Abbreviations: ANOVA, analysis of variance; ATHA, fluoroscopy-guided anterior approach THA; PTHA, conventional posterior approach THA; RTHA, robot-assisted posterior approach 
THA.
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server and intraobserver correlations for all LLD measure-
ments (r > 0.9; P < .001). Mean (SD) LLD was 2.7 (1.8) mm 
(95% CI, 2.3-3.2) in the RTHA group, 1.8 (1.6) mm (95% CI, 
1.2-2.4) in the ATHA group, and 1.9 (1.6) mm (95% CI, 1.5-
2.4) in the PTHA group (P = .01). When LLD of more than 
3 mm was set as an outlier, percentage of outliers was 37.3% 
(RTHA), 17.2% (ATHA), and 22% (PTHA) (P = .06-.78). When 
LLD of more than 5 mm was set as an outlier, percentage of 
outliers was 10.4% (RTHA), 6.9% (ATHA), and 8.5% (PTHA)  
(P = .72 to >.99). No patient in any group had LLD of 10 mm 
or more (Figure). Table 2 lists percentages of patients’ operated 
extremities that were longer, shorter, or the same size as their 
contralateral extremities. Six (9.0%) of the 67 RTHA patients,  
4 (13.8%) of the 29 ATHA patients, and 3 (5.1%) of the  
59 PTHA patients had a contralateral THA. 

Discussion
Our study results showed that RTHA, ATHA, and PTHA were 
equally effective in minimizing LLD. There was a statistically 
significant difference in mean LLD among the 3 groups stud-
ied. The RTHA group had the largest mean (SD) LLD: 2.7 (1.8) 
mm. However, statistically significant differences do not al-
ways indicate clinical significance.27 Therefore, comparison of 
the 3 groups’ means is not enough for drawing significant con-
clusions. The more important point to consider is the number 
of cases of LLD of 10 mm or more—a discrepancy that would 
be perceptible to patients and thus become a source of dis-
satisfaction with painless THA.28 Patients perceive LLD when 
shortening exceeds 10 mm and lengthening exceeds 6 mm,29 
or when LLD is more than 10 mm.16,19,20 Despite significant 
differences in means, all our cases came in under the 10-mm 
threshold. When the threshold was decreased to 5 mm (and to 
3 mm), there was no statistically significant difference among 
the groups in the number of cases above the threshold.

LLD remains a source of significant post-THA comorbid-
ity and patient dissatisfaction.1-7,19 Despite surgeons’ efforts to 
minimize LLD, some patients can detect even a subtle LLD 
after surgery.1,8,29 Most LLD values reported in the literature 
fall under the 10-mm threshold.16,19,20 In some cases, however, 
postoperative LLD is more than 1 cm, enough to prompt liti-
gation against orthopedic surgeons.2 Surgeons have tried to 
improve LLD with use of multiple techniques, including use of 
intraoperative measuring devices,30 patient positioning 
during surgery,20 use of computer-assisted surgery,19 and 
use of intraoperative fluoroscopy.20

Proponents of computer-assisted THA have argued 
that this technique improves accuracy in placing the 
acetabular cup in the safe zone,31 minimizes LLD, and 
restores femoral offset.32,33 Manzotti and colleagues16 
reported on 48 cases of computer-assisted THA matched 
to 48 cases of conventional THA using the posterior 
approach. Mean (SD) LLD was 5.06 (2.99) mm in the 
computer-assisted group and 7.64 (4.36) mm in the 
conventional group; there was a statistically signifi-
cant difference in favor of the computer-assisted group  
(P = .04). However, 5 patients in the computer-assisted 

group and 13 in the conventional group had LLD of more 
than 10 mm, and the difference was statistically significant.16 
Moreover, the study population was heterogeneous, with  
12 patients in both groups having developmental dysplasia as a 
primary diagnosis.16 All the cases in our study had a diagnosis 
of OA, and no case had LLD of 10 mm or more.

Several advantages have been proposed for the anterior 
approach. The supine position (with direct comparison of 
leg lengths) and the use of fluoroscopy have been described 
as advantageous in minimizing LLD.20,21 In their study of 
494 primary THAs performed with the anterior approach, 
Matta and colleagues20 reported mean (SD) postoperative LLD 
of 3 (2) mm (range, 0-26 mm) and concluded that the anterior 
approach was effective in restoring leg lengths and ensuring 
proper cup placement while not increasing the dislocation rate. 
However, they did not compare this approach with others or 
with computer-assisted THA with respect to LLD.

In another study, Nam and colleagues19 compared LLD after 
THA performed with 3 different approaches (anterior, conven-
tional posterior, posterior-navigated) and found no statistically 

Leg-Length Discrepancy
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Figure. Percentages of cases with leg-length discrepancy of 
≤3 mm, ≤5 mm, or <10mm in each of the 3 groups of RTHA, 
ATHA, and PTHA. Abbreviations: RTHA, robot-assisted posterior 
approach THA; ATHA, fluoroscopy-guided anterior approach 
THA; PTHA, conventional posterior approach THA. 

Table 2. Percentages of Patients’ Operated Extremities 
Longer, Shorter, or Same Size as Their Contralateral 
Extremities by Total Hip Arthroplasty (THA) Approach

Leg-Length Comparison

Approach

RTHA ATHA PTHA

Operated extremity longer 50.7% 51.7% 67.8%

Operated extremity shorter 49.3% 41.4% 25.4%

Equal 0% 6.9% 6.8%

Abbreviations: ATHA, fluoroscopy-guided anterior approach THA; PTHA, conventional posterior 
approach THA; RTHA, robot-assisted posterior approach THA.
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significant difference in LLD among the groups. However, 
LLD was more than 10 mm in 2.2% of anterior cases, 4.4% of 
conventional posterior cases, and 4.4% of posterior-navigated 
cases. When 5 mm was used as a cutoff, percentage of patients 
who were outliers was 31.1% (anterior), 20% (conventional 
posterior), and 23.3% (navigated-posterior). Our data showed 
superior results in using 5 mm as a cutoff, with percentage 
of outliers of 6.9% with ATHA, 8.5% with PTHA, and 10.4% 
with RTHA. However, Nam and colleagues19 used a larger pa-
tient cohort and different techniques for measuring LLD on 
anteroposterior pelvis radiographs.

The most likely reason that the groups in our study were 
comparable in terms of LLD accuracy and lack of outliers 
over the 10-mm cutoff was Dr. Domb’s high accuracy in 
minimizing LLD using each of the 3 techniques. For ATHA,  
mean (SD) LLD was 1.8 (1.6) mm (no LLD of ≥10 mm), better 
than the 3 (2) mm (0.9% with LLD of >10 mm) reported by 
Matta and colleagues20 and the 3.8 (3.9) mm (2.2% with LLD 
of >10 mm) reported by Nam and colleagues.19 For PTHA, 
mean (SD) LLD was 1.9 (1.6) mm (no LLD of ≥10 mm), com-
parable to some of the best results reported in the literature—
for example, the 1 mm (3% with LLD of >10 mm) reported  
by Woolson and colleagues.34 For RTHA, mean (SD) LLD was 
2.7 (1.8) mm (no LLD of ≥10 mm), superior to the 3.9 (2.7) 
mm (4.4% with LLD of >10 mm) reported by Nam and col-
leagues19 for posterior-navigated THA and the 5.06 (2.99) mm 
(10.4% with LLD of >10 mm) reported by Manzotti and col-
leagues16 for computer-assisted THA.

This study had several notable strengths. All patients had a 
diagnosis of hip OA and were operated on by a single surgeon. 
Radiographs were calibrated using the size of the implanted 
femoral head. Radiographic data were measured using the same 
technique in all cases and were collected twice by 2 observers 
(not the senior surgeon) to decrease bias and determine in-
terobserver and intraobserver reliability. In addition, surgeon 
experience might have played an important role in minimizing 
LLD regardless of technique and approach used for THA.

Study limitations were different number of cases in each 
group, lack of matching, lack of clinical follow-up, and lack of 
long-term assessment of clinical outcomes and complications.

Conclusion
As performed by an experienced surgeon, RTHA, ATHA, and 
PTHA did not differ in obtaining minimal LLD. All 3 groups 
had a low frequency of outliers, using thresholds of 3 mm and 
5 mm, and no patient in any group had LLD of 10 mm or more. 
All 3 techniques are effective in achieving accuracy in LLD.
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