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Abstract

Background: Spinal stiffness has been shown to increase risk of dislocation due to
impingement and instability. Increasing anteversion of the acetabular component has
been suggested to prevent dislocation, but little has been discussed in terms of femoral
or global offset restoration. The purpose of this study is to quantify dislocation rates
after primary THA using standard versus high offset femoral components and to
determine how differences in offset affect impingement-free range of motion in a stiff
spine cohort using a novel impingement model. Methods: 12,365 patients undergoing
THA from 2016-2018 were retrospectively reviewed to determine dislocation rates and
utilization of standard versus high offset stems. For 50 consecutive patients with spinal
stiffness, a CT-based computer software impingement modeling system assessed bony
or prosthetic impingement during simulated range of motion. The model was run 5
times for each patient with varying offsets. Range of motion was simulated in each
scenario to determine the degree at which impingement occurred. Results: There were
51 dislocations for a 0.41% dislocation rate. Total utilization of high offset stems in the
entire cohort was 49%. Of those patients who sustained a dislocation, 49 (96%) utilized
a standard offset stem. The impingement modeling demonstrated 5 degrees of added
range of motion until impingement for every 1mm offset increase. Conclusion: In the
impingement model, high offset stems facilitated greater ROM before bony
impingement and resulted in lower dislocation rates. In the setting of high-risk THA
due to spinal stiffness, surgeons should consider the use of high-offset stems and pay
attention to offset restoration.

1 Introduction

A stiff spine or spinal fusion has been shown to increase risk of dislocation due to decreased
pelvic rollback when transitioning from a standing to a seated position resulting in impingement and
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instability (Figure 1). Increasing anteversion of the acetabular component has been suggested to
prevent dislocation, but little has been discussed in terms of femoral or global offset restoration.

Figure 1: Standing and seated lateral radiographs of the spine and pelvis illustrating the sacral slope (red line
over superior plate of S1) and anterior pelvic plane (yellow line from the two anterior superior iliac spines
and pubic symphysis). There is no change in the sacral slope (red line) between the two positions. This
indicates failure of pelvic rollback and biological opening of the acetabulum during the transition from
standing to sitting due to spinal stiffness and leads to increased risk of impingement.

Matsushita et al. and McGrory et al. both reported that the use of high offset femoral components
resulted in improved ROM and decreased bony impingement'. A protective mechanism to avoid
instability in a stiff spine cohort of patients is to increase the offset of the femoral stem to move the
trochanter away from the pelvis to prevent bony impingement.

The purpose of this study is two-fold: first, to determine the clinical impact of using high offset
femoral components on dislocation rates after primary THA, and second, using a novel CT-based
computer-generated impingement model, to determine how differences in offset affect rates of
impingement-free range of motion in a high-risk stiff spine cohort.
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2 Materials and Methods

A series of 12,365 consecutive patients undergoing THA from 2016-2018 at a single institution
were retrospectively reviewed to determine rates of dislocation. THAs were all performed via the
posterior approach with posterior soft tissue capsular repair. All THAs were performed with
meticulous removal of anterosuperior and posteroinferior osteophytes, and careful attention to
restoring leg-length. Postoperatively, the only hip precautions maintained were no crossing of the legs
past the midline for a period of six weeks. Implant information was evaluated for the utilization of
high versus standard offset stems, and rates of subsequent dislocations recorded for each cohort.

For 50 consecutive patients with a stiff lumbar spine, a CT-based computer software impingement
modeling system was used to assess bony or prosthetic impingement during simulated range of
motion. The model was run 5 times for each patient with varying offsets, creating five impingement
model conditions. Range of motion (flexion internal rotation, extension external rotation) was
simulated in each scenario to determine the degree at which anterior and posterior impingement
occurred.

3 Results

There were 12,365 THAs performed via the posterior approach from 2016-2018. Of these, there
were 51 dislocations for a 0.41% dislocation rate. Total utilization of high offset stems in the entire
cohort was 49%. Of those patients who sustained a dislocation, 49 (96%) received a standard offset
stem.

The impingement modeling demonstrated 5 degrees of added range of motion until impingement
for every 1mm offset increase.

Impingement Acetabular Cup Stem Type Range of Motion Until

Model Condition Position Impingement
Condition 1 Medialized to Standard offset Flexion: 26¢ of internal
teardrop rotation (range 10-40°)

Extension: 10- of external
rotation (range 5-35¢)

Condition 2 Medialized to High offset Flexion: 62 of internal
teardrop rotation (range 40-79°)

Extension: 25¢ of external
rotation (range 15-63°)

Table 1. Conditions 1 and 2 were compared to each other to assess effects on anterior and
posterior impingement during simulated range of motion, with the only change being the use of
standard versus high offset stems, respectively.
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Impingement Component Global Offset Range of Motion Until
Model Choice Change Impingement
Condition
Condition 3 Patient-dependent; No change Flexion: 42- of internal
recreated rotation (range 22-54c)

preoperative offset

Extension: 24- of external
rotation (range 12-34c)

Condition 4 -4mm global offset Flexion: 22 of internal
from preop rotation (range 8-33-)

Extension: 8- of external
rotation (range 3-16¢)

Condition 5 +4mm global Flexion: 62¢ of internal
offset from preop rotation (range 47-79¢)

Extension: 40- of external
rotation (range 25-50¢)

Table 2. Conditions 3, 4, and 5 were compared to one another to assess effects on anterior and
posterior impingement during simulated range of motion. Condition 3 was the basis for the designs of
Conditions 4 and 5, for which the global offset was decreased and increased, respectively.

4 Discussion

In this study, we aimed to evaluate the difference in rate of dislocation between standard and high
offset stems, and the degrees within the extension-flexion cycle at which impingement occurs. Our
retrospective analysis of the dislocation rates after primary THA determined that 96% of patients that
suffered a THA dislocation had a standard offset component. Only 2 of the 51 dislocations had a high
offset stem, while 49% of the entire cohort of THAs utilized high offset stems. Additionally, a novel
computer software program was utilized to model ROM associated with standard versus high offset
stems. Our analysis revealed that high offset stems facilitated greater ROM before bony impingement
relative to standard offset stems. For flexion, each 1mm of offset gain/loss equated to a 5mm
increase/decrease in internal rotation until impingement. For extension, each 1mm of offset gain/loss
equated to 4mm of external rotation gain/loss.

Increasing femoral offset has been shown to increase ROM, restore hip biomechanics, and reduce
occurrence of impingement and implant failure by increasing the strength of the abductor muscles and
decreasing the polyethylene wear rate* “®. Thus, increasing offset increases ROM and presumably
helps mitigate the risk of instability and dislocation.

Our retrospective review of 12,365 patients shows that patients who receive high offset stems have
a lower rate of dislocation than those with standard offset stems. The results of our impingement
model, which simulated patients with a high risk for instability, suggest that the use of high offset
stems is protective of dislocation®. In the setting of high-risk THA due to a stiff spine or spinal fusion,
surgeons should consider the use of high-offset stems and pay careful attention to offset restoration.
Further study of this issue is clearly needed to define parameters for the use of high offset stems in a
population at high risk for dislocation after THA.
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