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Abstract

Objectives: The principal aim of our study is to investigate risk factors for lateral trochanteric pain (LTP)
after direct anterior approach (DAA) primary total hip arthroplasty (THA).

Methods: A retrospective case control study was developed from 542 patients who underwent primary THA over a
9-year period to form two patient cohorts. Two hundred and seventy-one patients diagnosed with LTP were matched
with 271 controls. Chart review revealed patient demographics, surgical approach, and femoral components utilized.
Change in limb length and offset were assessed through preoperative and postoperative radiographic
measurements.

Results: There was a higher proportion of current or former smokers in the LTP group (34.5% vs 21.74%, p=0.003).
There was no significant difference in use of high offset stems vs. standard offset stems between groups (15.9% vs.
18.5%, p=0.494). However, the LTP group had significantly higher increase in both femoral offset (+3.55mm vs
+1.79mm, p<0.001) and total offset (+0.16mm vs -1.16mm, p=0.031) in comparison to controls.

Conclusion: An increase in total offset, femoral offset, and smoking history are factors associated with LTP after

DAA primary THA.

Level of evidence: |
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Introduction

I otal hip arthroplasty (THA) is one of the most
successful orthopaedic surgeries and its demand is

on the rise.l2 The goal of performing a THA is to
eliminate pain and improve function, however THA
surgery is not without risk and some patients have
debilitating post-operative complaints.> One of the most
common complaints following THA is lateral trochanteric
pain (LTP), with incidence ranging from 1.2 to 23.3%.%°
LTP can worsen postoperative outcomes, and can be
severe enough to cause patients to regress to an overall
disability similar their pre-arthroplasty state.8-10
It is believed that LTP pain is initiated from repetitive
microtrauma to the soft tissue overlying the greater
trochanter and tearing and atrophy of the abductor muscles
and tendons.!12 LTP can be successfully treated with
conservative measures such as rest, physical therapy, heat,
ultrasound, non-steroidal anti-inflammatories, and
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corticosteroid injections.®1314 In their large retrospective
review, Skibicki et al found a greater than 95% success rate
in patients with LTP treated with physical therapy and oral
medications and found an almost 90% success rate with
three or less corticosteroid injections.®

Previous studies had identified several risk factors for the
development of LTP. Specifically, multiple studies have
indicated that female gender is a risk factor for LTP.6815
Other potential risk factors such as surgical approach and
offset are not agreed upon.681314 Initially described by
Charnley, femoral offset is critical for a stable and functional
THA and plays an important role in THA longevity. The
abductors of the hip must counteract the force of body
weight during the stance phase of gait. Increasing offset
optimizes the lever arm and provides a mechanical
advantage of the abductors, therefore, decreasing joint
reactive forces and polyethylene wear.16-18 Some authors
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suggest that increased femoral offset and alteration in hip
biomechanics lead to LTP after THA.71920 Others found no
correlation between high offset components® or femoral
offset?122and the development of LTP.

In spite of the speculation of the relationship between
offset and LTP, there is a paucity of data in the
orthopaedic literature. We hypothesize that increasing
total offset will lead to an increase in LTP following THA.
The principal aim of our study is to investigate risk factors
for LTP after direct anterior approach (DAA) primary
THA.

Materials and Methods
Study Design

After approval by the Institutional Review Board, we
performed a retrospective review of all primary hip
replacements performed at our academic institution
between October 31, 2010 and October 31, 2019. Further
screening was performed for the diagnosis of ipsilateral
trochanteric bursitis using an ICD-10 diagnosis code
(International Classification of Diseases, 10th Revision [ICD-
10] M70.60, ICD-10 M70.61, ICD-10 M70.62). The clinical
diagnosis of LTP was defined as any patient with an ICD-10
diagnosis code for ipsilateral trochanteric bursitis plus
subjective complaints of lateral hip pain as well as objective
tenderness to palpation over the greater trochanter.

All patients over the age of 18 who underwent primary
THA and were diagnosed with LTP were identified (N=573).
The overall incidence of LTP following primary THA in our
study population was 1.7% (573/33,761). In order to limit
confounding variables, inclusion criteria consisted of
surgery performed through the direct anterior approach by
1 of 4 high-volume adult reconstruction surgeons. Patients
were excluded if they were less than 18 years old, had
surgery performed through the direct lateral or posterior
approach, had a history of ipsilateral revision THA,
periprosthetic fracture, infection, previous diagnosis of LTP,
or dislocation prior to LTP diagnosis. Furthermore, patients
were excluded if insufficient radiographs were available or if
the operative report was incomplete. A control group was
matched in a one-to-one ratio by age, sex, and body mass
index (BMI). The final cohort was divided into two groups:
LTP group (N=271) and the control group (N=271).

Stem choice was determined by surgeon preference. A sub-
analysis was performed to compare high offset stems
(N=93) vs. standard stems (N=449). The primary outcome
of our study was to identify potential risk factors for LTP
after primary THA.

Data Collection

Qualitative data collected for both groups included
demographics, laterality, medical comorbidities and
smoking history. Operative notes were assessed to record
type of femoral stem implanted (high offset vs. standard
offset).

Radiographic analysis was performed by a fellowship-
trained adult reconstruction surgeon. Radiographs were
interpreted using our institution’s viewing software (Sectra
Workstation IDS7, Sectra, Linkoping, Sweden) under 2x
magnification. Preoperative and postoperative
anteroposterior (AP) pelvic radiographs were available for
all patients included in the study. Each radiograph was
calibrated using a radiopaque sphere of known diameter
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prior to performing measurements.

Figure 1 demonstrates the measurements that were
recorded for each patient preoperatively and
postoperatively [Figure 1]. Leg length was measured by first
drawing a line tangential and parallel to the most inferior
portion of the ischial tuberosity. The most inferior aspect of
the ipsilateral lesser trochanter was marked. The
perpendicular distance between the ischial tuberosity line
and the lesser trochanter line was recorded in millimeters.
These measurements were made on the preoperative films
and compared to the postoperative films to see if any change
in limb length existed, reflecting an overall lengthening or
shortening of the operated limb.2324

When measuring offset on radiographs, we followed the
protocol described by Al-Amiry et al. The total offset was
measured from the femoral axis, through the center of
rotation of the femoral head and ended at the medial aspect
of the tear drop. Total offset was divided into femoral offset
and cup offset. Femoral offset was recorded as the distance
from the femoral axis to the center of rotation of the femoral
head and cup offset was measured from the medial tear drop
to the center of rotation of the femoral head.?> The difference
between postoperative and preoperative measurements
from the ipsilateral hip were recorded to obtain an overall
change in offset.

Figure 1: AP Pelvis Measurements: Femoral offset (A) is the distance
from the femoral axis to the center of rotation of the femoral head (A),
and cup offset (B) is the distance from the medial tear drop to the
center of rotation of the femoral head. Total offset equals femoral offset
(A) plus cup offset (B). Leg length (C) is the perpendicular distance
between the ischial tuberosity line and the lesser trochanter line

Statistical analysis

Statistical analysis was performed using R Studio
Software (version 3.6.3, Vienna, Austria). All continuous
parametric data is presented as mean (standard
deviation) and was analyzed using the Student’s T-tests.
Non-parametric continuous data is presented as median
and was analyzed by performing the Mann-Whitney tests.
All categorical data was compared using the Fisher exact
and chi-square tests. All p-values < 0.05 were deemed
significant.
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Results
Patient Demographics & Surgical Details

In this retrospective case-control study, 542 patients
were identified for analysis; 271 in the LTP case group and
271 in the control group. There was no statistically
significant difference in age, sex, and body mass index
(BMI) between groups, indicating successful matching. The

Table 1. Demographics and Surgical Details
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average time between primary THA surgery and LTP
diagnosis was 1.5 (SD 1.3) years. There was a higher
proportion of current or former smokers in the LTP group
in comparison to the controls (34.5% vs 21.74%, p=0.003,
[Table 1]. The type of stem used (standard offset or high
offset) was not found to be significantly different (15.9% vs
18.5%, p=0.494, [Table 1].

Control
(N=271)
Age (years) 68.2 (9.61)
Sex
Female 190 (70.1%)
Male 81 (29.9%)
Body Mass Index 29.1 (5.62)
Smoking History
Current 15 (5.54%)
Former 44 (16.2%)
Non-Smoker 212 (78.2%)
Laterality
Left 108 (39.9%)
Right 163 (60.1%)
Stem Offset
Standard Offset 221 (81.5%)
High Offset 50 (18.5%)

Case (LTP) P Value
(N=271)
67.9 (9.69) 0.889
0.926
188 (69.4%)
83 (30.6%)
29.5 (5.15) 0.388
0.003
31 (11.5%)
62 (23.0%)
177 (65.6%)
0.662
114 (42.1%)
157 (57.9%)
0.494

228 (84.1%)
43 (15.9%)

Radiographic Measurements

The LTP group had significantly more increase in femoral
offset (average of +3.55mm vs +1.79mm, p=0.004) and total
offset (average of +0.16mm vs -1.16mm, p=0.03) compared

Table 2. Radiographic Measurements

to controls. There was no difference in leg length change
between the LTP group and controls (average of +3.69mm vs
+3.41mm, p=0.694) [Table 2].

Control (N=271) Case (N=271) P Value
Total Offset change (mm) -1.16 (8.68) 0.16 (9.90) 0.031
Cup offset change (mm) -2.90 (5.48) -3.22 (5.71) 0.854
Fem offset change (mm) 1.79 (7.47) 3.55(8.41) 0.004
Leg Length Discrepancy (mm) 3.41 (6.16) 3.69 (7.38) 0.694

Standard vs. High Offset Femoral Stems

Table 3 displays a sub-analysis of high offset stems vs.
standard offset stems. The sub-analysis included 93 high
offset stems, with 43 (46.2%) of those patients having LTP.
The high offset stem did not demonstrate a statistically
significantincrease in femoral offset, total offset, or leg length
[Table 3].

Discussion

LTP is a common complaint following THA that can lead to
low patient satisfaction and the potential for outcomes
similar to patients with end stage osteoarthritis of the hip.810
There are many published studies that aim to determine the

risk factors and cause of LTP, however, there is no consensus
in the literature.”819 [n addition, prior studies are limited by
assessment of multiple difference approaches and small
sample sizes. The primary aim of this study is to more
thoroughly evaluate the risk factors for LTP, notably femoral
and total offset, in patients who underwent THA through one
uniform approach.

Increasing femoral offset has many biomechanical benefits
in THA.2226-3%Although increased offset maximizes strength
and range of motion, there are potential risks from increased
tension on lateral tissues which can cause lateral
trochanteric pain as demonstrated by Leibs et al.3> We
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hypothesized that increased offset would be associated with
LTP. To our knowledge, no prior high-volume study has
examined the relationship between change in femoral offset
after DAA THA and the presence of LTP. We found that an
increase in femoral offset (average +3.55mm vs +1.79mm,
p=0.004) from preoperative measurements to be associated
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with LTP. We also found increased total offset (average
+0.16mm vs -1.16mm, p=0.031) to be associated with LTP.
While the clinical difference in average total offset change
was small, though statistically significant, it represents an
increase in offset for patients with LTP compared to an offset
decrease for patients without LTP.

Table 3. Comparison of Standard vs. High Offset Femoral Stems

Standard Offset (N=449)

Control vs Case (LTP)

Control 221 (49.2%)

Case (LTP) 228 (50.8%)

Total Offset change (mm) -0.53 (9.60)

Cup offset change (mm) -2.86 (5.46)

Fem offset change (mm) 2.46 (8.13)

Leg Length Discrepancy (mm) 3.47 (6.68)

High Offset (N=93) P Value
0.494
50 (53.8%)
43 (46.2%)
-0.36 (7.93) 0.636
-4.04 (6.12) 0.067
3.69 (7.27) 0.144
3.91(7.34) 0.831

A retrospective cohort study by lorio et al found that
femoral offset and LLD did not correlate with postoperative
LTP. Furthermore, they included patients with both the
direct lateral and posterior approach, making it difficult to
compare to our current study.® Abdulkarim et al. and Sayed-
Noor etal. echoed these findings by demonstrating that there
was no relation between femoral offset and LTP. They used
the direct lateral and posterior approach, respectively and
did not include any patients with the direct anterior
approach in their analysis.#” Wolicek et al. utilized CT scans
to examined leg length and offset and its relation to LTP
following THA through the anterolateral approach. They also
found no significant relationship between leg length and
offsetand LTP.? The volume of patients with LTP available for
analysis was low in these prior studies, ranging from twenty-
one to twenty-nine patients. Our much larger study included
271 patients with LTP and demonstrated that patients with
LTP had significantly greater change in femoral and total
offset. We provided a high volume of patients utilizing the
direct anterior approach to eliminate an approach bias.

Our study demonstrated that a history of smoking was
associated with LTP. Shemesh et al. also found that former
smokers were more likely to have LTP in their large
retrospective cohort study.!* Bishop el al. found that smoking
is directly related to rotator cuff tears, which may represent
a similar pathology seen in the current study. In a review of
the negative effects smoking has on the musculoskeletal
system, Lee et al. concluded that smoking is detrimental to
the soft tissues and may have a large impact on tendon injury
and tendon healing.3¢ our findings are consistent with this
hypothesis.

Potential study limitations include its retrospective design
and the use of plain radiographs for the measurement of the
femoral offset and LLD. It is recognized that plain
radiographs are inferior to CT scans for measurement of
femoral offset.3” we mitigated this limitation by calibrating all
radiographs to maintain consistent measurements and
optimize accuracy and including preoperative and

postoperative measurements from the ipsilateral hip, giving
our measurements a true representation of the actual change
in total offset. Additionally, plain radiographs do not
differentiate confounding generators of lateral trochanteric
pain (ie: abductor tears or subgluteal pathologies). Given the
retrospective nature of the study, advanced imaging is not
available for our review. We did not specifically screen all
THA patients for LTP but instead relied on patients who
presented with complaints of LTP. However, it is important
to note that our study is the largest to date analyzing the
relationship between offset and LTP. Furthermore, our
cohort of LTP patients was matched in a one-to-one ratio
with a control group to minimize confounding variables.

Conclusion

An increase in total offset, femoral offset, and smoking
history are factors associated with LTP after DAA primary
THA. Orthopaedic surgeons should aim to restore hip
biomechanics while avoiding excessive offset if possible.
Patients should be educated on the potential for
postoperative LTP.
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