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ABSTRACT

Background. Partial hip arthroplasty is the treatment of choice for displaced proximal femoral fractures in the
elderly. The bipolar prosthesis was developed to lessen the acetabular erosion encountered with the unipolar
prosthesis. However, bipolar prostheses lose their motion between the inner or outer articulation (interprosthetic
joint motion) after three months, rendering them biomechanically like unipolar prostheses. Meanwhile, other
literature has shown that the interprosthetic joint is mobile radiographically up to one year after the surgery.

Objective. This study evaluated and quantified the interprosthetic joint motion (motion between the outer and
inner articulations) of bipolar prostheses one year after partial hip arthroplasty for proximal femoral fractures in a
tertiary hospital. We also investigated the effect of adding the hip measurement in adduction.

Methodology. This retrospective cohort study measured the motion of the outer and inner articulations of locally
available bipolar prostheses and the interprosthetic joint movement using one-year postoperative radiographs of
patients who underwent bipolar partial hip arthroplasty for femoral fractures in a tertiary hospital from 2019 to
2021. Immediate and one-year post-operative AP radiographs in neutral, maximum hip abduction, and maximum
hip adduction were measured and compared. The interprosthetic joint motion was calculated from the difference
in pelvic-head angles and pelvic-shaft angles.

Results. Twelve patients were included in the study. The interprosthetic joint in bipolar prosthesis was still mobile
even after one year in 75% of patients (p = 0.0001). Adding hip adduction measurements resulted in a significantly
higher mean of 74.69 degrees as compared to only 34.67 degrees (p = 0.0006).

Conclusion. Most patients retained a mobile interprosthetic joint at one year post-op. Hip adduction radiographs
gave additional information on the total interprosthetic joint motion. At both time points studied, the inner head
articulation contributed more to the interprosthetic joint motion. All five locally available implant systems used
showed good motion after one year.
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Partial hip arthroplasty is the treatment of choice for
completely displaced femoral neck fractures and special cases of
intertrochanteric fractures in elderly patients. James Bateman
developed a bipolar prosthesis in 1974 to solve issues that
arose with the unipolar prosthesis." The bipolar prosthesis is
a modular system with two articulations and a moveable

intermediate shell between the head of the femoral prosthesis Corresponding author: Noreen Joyce L. Yeo, MD. DPBO

and the acetabulum. This allows motion to occur between
the articulations, lessening shear stresses between the metal
shell on the acetabulum, decreasing erosion, and avoiding
protrusion.”* This has been demonstrated radiographically
by Bochner et al. and others.>¢
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Interprosthetic Joint Motion in Bipolar Partial Hip Arthroplasty

Randomized control studies and observational studies
showed conflicting outcomes between the two prostheses.””
The bipolar prosthesis has been reported to either result in
fewer dislocations, better hip range of motion, and improved
2,10-16

quality of life, or have no significant effect, in addition to
yielding similar pain scores, functional hip scores, acetabular
erosion incidence, and reoperation rate.”” The bipolar
prosthesis has been reported to lose motion at either the inner
or outer articulation, behaving like a unipolar prosthesis by
three months postoperatively.®* This may selectively occur
depending on the size of the outer femoral head and the

duration of follow-up.”
OBJECTIVE

This study aimed to radiographically evaluate the motion of
the outer and inner articulations of the locally available bipolar
prosthesis and quantify the interprosthetic joint movement
using radiographs over a one-year follow-up period in patients
who underwent partial hip arthroplasty for proximal femoral
fractures in a tertiary hospital. This study included a new
measurement: maximum hip adduction.

METHODOLOGY
Research design

This retrospective cohort study monitored the motion of the
outer and inner articulations of the locally available bipolar
prosthesis and the interprosthetic joint movement using
radiographs over a one-year follow-up period in patients
who underwent bipolar partial hip arthroplasty for proximal
femoral fractures in a tertiary hospital from 2019 to 2021.

Data collection methods

Routine immediate and one-year post-operative hip
radiographs were taken in supine anteroposterior (AP) views
in neutral, maximum hip abduction, and maximum hip
adduction. True neutral AP views were taken with both legs
15 degrees internally rotated. Maximum hip abduction views
were taken with the maximum tolerated abduction done by
the patient. Maximum hip adduction views, not included
in Bochner’s original study, were taken with the maximum
tolerated adduction done by the patient. All radiographic
images used a computerized radiography system and were
stored digitally in the Picture Archiving and Communication
System (PACS). Consent was secured from the chairman of
the Department of Radiology of the involved tertiary hospital
and the chairman of the orthopaedic specialty clinic before
accessing the images digitally.

Data was encoded using Microsoft Excel on a password-
encrypted computer accessed only by the primary investigator.
All measurements and encoding was done by the primary
investigator.
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Outcome

Interprosthetic joint motion in bipolar partial hip arthroplasty
was assessed radiologically as originally described by Bochner.®
Measurements were taken from hip AP radiographic views
in neutral, maximum hip abduction, and maximum hip
adduction.

The pelvic-head angle was the angle formed between the pelvic
line and a line drawn along the center of the long axis of the
femoral stem. The pelvic-shaft angle was the angle formed
between the pelvic line (drawn tangential to the inferior margin
of the ischial tuberosities) and a line drawn tangential to the
inferior margin of the outer head. Angle A was the difference
in the pelvic-head angle between the hip AP neutral (A1) and
maximum hip abduction (A2) radiographs. Angle B was the
difference in the pelvic-shaft angle between the hip AP neutral
(B1) and maximum hip abduction (B2) radiographs. Angle C
was the difference in the pelvic-head angle between the hip AP
neutral and maximum hip adduction (B1) radiographs. Angle
D was the difference in the pelvic-shaft angle between the hip
AP neutral and maximum hip adduction (B3) radiographs
(Figures 1,2 & 3).

Interprosthetic motion in abduction (X) was calculated as the
difference between Angle A and B. Interprosthetic motion
in adduction (Y) was calculated as the difference between
Angles C and D. The total interprosthetic joint motion (W)
was the sum of X and Y.%

Angles A & C (AC) pertained to the total motion contributed
by the outer head articulating with the acetabulum. Angles B &
D (BD) pertained to the total motion of the prosthesis relative
to the acetabulum (Figures 1, 2 & 3). The % interprosthetic
motion (W%) was calculated as W + Angle BD, representing
the contribution of the inner head articulating with the outer
shell to total prosthetic motion.

Measurement | Calculation Interpretation

Angle A A1-A2 outer shell motion in abduction

Angle B B1-B2 shaft motion in abduction

Angle C A1-A3 outer shell motion in adduction

Angle D B1-B3 shaft motion in adduction

X B-A interprosthetic motion in abduction

Y C-D interprosthetic motion in adduction

w X+Y total interprosthetic motion

Angle AC A+C total outer shell motion relative to

the pelvis
Angle BD B+D total shaft and prosthetic motion
relative to the pelvis

W% W + Angle BD the proportion of interprosthetic

motion of total prosthetic motion
or % interprosthetic motion
Sample size

The study included 12 patients. At a 95% confidence level
and an 80% test power, the minimum detectable difference at
one year was set at 30%.
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B1=95.3° Al1=47.4°

DONE AT OR

Figure 1. Hip neutral AP xray.

Figure 3. Hip maximum adduction AP xray.

Statistical analysis

Data were encoded in Microsoft Excel, and then edited and
analyzed using STATA1S5. Categorical data were presented
in frequencies and percentages, and compared using Paired
Student’s T-testand Mcnemar’s Test. The rate of interprosthetic
joint motion was presented using means and standard
deviations. A z-test was used to compare the proportion of
patients with bipolar motion to those with unipolar motion
at one year post-operatively.

Ethical considerations

The study adhered to the ethical considerations and principles
set out in relevant guidelines, including the Declaration of
Helsinki, WHO guidelines, International Conference on
Harmonization-Good Clinical Practice, and National Ethics
Guidelines for Health Research.

Interprosthetic Joint Motion in Bipolar Partial Hip Arthroplasty

Figure 2. Hip maximum abduction AP xray.

In Figure 1, the Pelvic-head angle (A1) is 474°and the Pelvic-
shaft angle (B1) is 95.3° In Figure 2, the Pelvic-head angle
(A2) is 481° and the Pelvic-shaft angle (B2) is 59.9° In
Figure 3, the Pelvic-head angle (A3) is 49.7° and the Pelvic-
shaft angle (B3) is 112°. Angle A = 0.7°, difference between
Al and A2. Angle B = 354°, difference between B1 and B2.
Angle C = 2.3°, difference between Al and A3. Angle D =
16.7°, difference between B1 and B3. Angle BD is 52.1°. The
interprosthetic joint motion in abduction (X) is 34.7°. The
interprosthetic joint motion in adduction (Y) is 144° The
total interprosthetic joint motion (W) is 49.1° which is 94% of
62.1°. These radiographs were taken from actual patients
of the co-author; this specific patient was not included in
the study.

This study was reviewed and approved by the Makati Medical
Center Institutional Review Board (IRB). The IRB also
stated that no informed consent from patients were needed
since the radiographs were routinely done even before the
study was started. However, we asked for consent from the
chairmen of the Department of Radiology of the involved
tertiary hospital and the orthopaedic specialty clinic for access
to the imaging.

RESULTS

From 2019 to 2021, 48 patients underwent bipolar partial hip
arthroplasty in the selected tertiary hospital. Thirty-six patients
were excluded from the study: nine patients had concomitant
injuries, one patient had a peri-implant femoral fracture,
two patients expired due to medical reasons, and 24 patients
were lost to follow-up (went home to their provinces, refused
follow-up during the COVID-19 lockdown, etc.). Only 12
patients met the criteria and were included in our study.
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Most were females (91.67%). Ages ranged from 67 to 95
years old, with a mean age of 77.4 * 7.8 years old. All patients
included in the study had femoral neck fractures (Table 2).

There were significant differences (p <0.05) between immediate
and one-year post-operative values of pelvic-shaft angle in hip
abduction (B2; p = 0.0020), pelvic-head angle in hip adduction
(A3; p = 0.0437), Al and A2 (angle A; p = 0.0189), B1 and
B2 (angle B; p = 0.0037), interprosthetic joint motion in
abduction (X; p = 0.0029), total interprosthetic joint motion
(W; p = 0.0066), and percentage of total interprosthetic joint
motion (Z%; p = 0.0055).

A functioning bipolar joint must demonstrate % interprosthetic
joint motion (W%) of 25% or more, demonstrating a mobile
inner shell relative to the outer shell. Nine (75%) of our patients

Table 1. Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

* 60 years old and above * Younger than

* Male and female 60 years old

* Femoral neck and intertrochanteric » Episode of hip
fractures dislocation

* All patients of the department who had postoperatively
bipolar partial hip arthroplasty from * Mental disability
2019-2021 (multi-surgeon) » Osteoarthritis

* With records of radiographic images at » Other hip injuries
a tertiary hospital Picture Archiving and besides femoral neck
Communication System (PACS) and/ and intertrochanteric
or Philippine Orthopaedic Institute (POI) fractures
Radiology Department * Lost to follow-up

*  Previous community ambulator

Table 2. Patient characteristics

Variables n Mean * SD; Frequency %

Total number of patients 12

Male 1 8.33%

Female n 91.67%
Type of fracture

Femoral neck 12 100%

Intertrochanteric 0 0
Age 774 + 7.8 years (Range 67-95)
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demonstrated this at one-year post-op, significantly more
than the number of patients with W% <25% (z = 259.79, p =
0.0001). No significant difference was seen when comparing
the two time points (immediate vs. one-year post-op, p =
0.3173) (Table 4). When comparing our new measurement
(measuring both abduction and adduction) with the original
measurement (abduction only), we found a significant increase
in the mobility recorded (p = 0.0006) (Table 5).

One year post—operatively, seven out of 12 patients
(58.3%) demonstrated more total prosthetic motion than
interprosthetic motion (Table 6). Five differentimplant systems
were documented. While all systems had cases retaining bipolar
interprosthetic motion at one year post-op, the three cases with
unipolar motion were attributed to AK Medical (z = 2, 17%)
and U2 Hip (2 = 1, 8%).

Most (75%) patients still had mobile bipolar interprosthetic
joints even after one year. Half (50%) also retained
interprosthetic movement on abduction and 58.3% retained
movement on adduction. Small amounts of motion, less
than 5 degrees, would have been missed in seven patients if
adduction had not been documented. These results show that
hip adduction radiographs can give additional information on
the total interprosthetic joint motion in bipolar prostheses.

DISCUSSION

Bochner initially determined interprosthetic joint motion
from neutral pelvic AP and maximum hip abduction
radiographs.® But on this study, we included hip adduction.
There was a significant difference in the number of patients
(75%) whose bipolar interprosthetic joints were still mobile
(W% =225%) compared with those whose joints were static
(W% <25%) even after one year (p = 0.0001). This contrasts
with the varying outcomes in the literature. Verberne found
that mobility was already lost at three months (interprosthetic
joint motion was 16.9%)."* Rai reported that interprosthetic
joint motion was 33.74% at three months, 25.66% at 1.5 years,
and was steady at 20% for six years.’

Table 3. Comparison of immediate and one-year post-operative radiographic parameters

Immediate, degrees (mean * SD) One year, degrees (mean * SD) P-value

AP neutral xray A1 (Pelvic-head angle) 375+99 304203 01745
B1 (Pelvic-shaft angle) 92023 922+33 0.8391

Maximum A2 (Pelvic-head angle) 442 £10.9 463+ 268 0.7586
abduction xrays gy (b yic-shaft angle) 666+ 98 752+ 95 0.0020
Maximum A3 (Pelvic-head angle) 33.8 £10.9 228+198 0.0437
adduction xrays gz peyic-shaft angle) 993+ 66 1002 = 4.6 05599
Angle A (AT-A2) 6.7+76 159 £10.6 0.0189

Angle B (B1-B2) 253 +10.6 170 £83 0.0037

Angle C (A1-A3) 52+36 7642 0.1573

Angle D (B1-B3) 76+53 81+28 0.7401

X (neutral-abduction) 18897 6.5+ 6.0 0.0029

Y (neutral-adduction) 48=+49 39+29 0.6320

W (shaft movement) 236+124 104 + 6.0 0.0066

W% (interprosthetic joint motion) 671+ 242 361+19.3 0.0055

* Bold p-values showed a significant difference between the immediate and one-year follow-up.
https://philjorthopaedics.org | Vol. 40 No. 1 March 2025 19
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Table 4. Proportion of interprosthetic joint motion immediately and one year post-operatively
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Interprosthetic Joint Motion in Bipolar Partial Hip Arthroplasty

The proportion of interprosthetic joint motion of
total prosthetic motion one year post-operative

Comparing immediate vs one-year postoperative

Values Z value p-value Immediate Post Op 1Year Post Op p-value
<25% 3(25%) 1(8.3%) 3(25%)
259.79 0.0001 0.3173
225% 9 (75%) 1 (91.7%) 9 (75%)

* Bold p-values showed significant difference between patients with <25% and those with >25%

We recorded more patients with % interprosthetic motion
225% when hip adduction measurements were included
(58.3%) as compared to when excluded (50%, p = 0.0006) (Table
5). This is the first study to include hip adduction. We did this
to measure a bigger plane of motion, to determine if including
adduction makes a significant difference, and to mitigate errors
in radiologic measurement. According to Brady, there isa 3 to
5% rate of error and discrepancies in radiologic measurements,
consisting of both human and system errors.”® This error rate
may mask small values, leading to erroneous measurements
in interprosthetic joint motion.

We also compared the changes in interprosthetic motion over
time. The inner head articulation was found to contribute
more to overall motion in 91.67% of patients immediately
post-op, and 58.3% one year post-op.

This is also the first study to report on the interprosthetic
joint motion of locally available bipolar implants. Implant
systems were chosen based on surgeon preference. According
to our data, all five systems had cases with good interprosthetic
joint motion at one year post-op. The three cases with W%

Table 5. Value of adding Y (hip adduction measurements)

Mean SD Difference p-value

X only 34.67 33.84
40.03 0.0006

X+Y 74.69 37.06

* Bold p-value shows a significant difference between measurements
using hip abduction measurements only compared to using hip
abduction and adduction measurements

<25% were attributed to two systems. One possible reason
is that hip abduction and adduction radiographs were only
performed as tolerated by the patient.

The proposed advantage of bipolar over unipolar prostheses is
reduced acetabular erosion, attributed to less motion between
the metal shell and the acetabulum.?*!*'2 This is effective as
long as motion is maintained in both articulations during
the patient’s lifetime.

Scope and limitations

Our sample size was small due to the paucity of patients who
met the inclusion criteria. This was due to the unavailability
of radiographs and poor follow-up during the two years of
lockdown related to the COVID-19 pandemic. The length
of follow-up was limited to one year. Long-term outcomes
would be beneficial in assessing the longevity of bipolar
interprosthetic motion.

This study only measured the interprosthetic joint motion
of bipolar hip prostheses. We also recommend assessing other
outcomes and consequences of the amount of joint motion.
Measurements were done on 2D plain radiographs which
may be affected by positioning and radiologist technique.
Radiographs were static and non-weight bearing, which
could also have affected motion and measurements. Only one
investigator performed the measurements and no intraclass
correlation was done.

Table 6. Comparison of inner and outer head articulation immediate post-operative and at least 1 year post-operative

pa.ti.em System Immediate post-op One year post-op

Initials Angle AC Angle BD X% Y% Angle AC Angle BD
AC AK Medical 38 523 24 60’ 43.7" 43.6
AS AK Medical’ 6.8 345 21 84 21" 20.7
SO AK Medical 3 521 48’ 8 50" 311
LA Chunli 6.5 274 72" 40’ 21.5" 135
ES AK Medical 6.6 361 n3 55 244 28.3"
MB U2 Hip 6.9 21 27 78 20" 17
RD AK Medical’ 14.7 377 55 9.2 34.7 371"
HC LCU 16.2 238 83’ 0 9 19"
FA AK Medical 9.8 311 37.5' 83’ n 22"
EM Just Medical 19 19 7 54.5 19 24"
LL U2 Hip’ 55 423 0 62.5 16 21"
MF Chunli 34 185 98.6' 217 12.2 23.7"

* Highlighted in bold are the implant systems with a % interprosthetic joint motion of <25% at one-year post-op.
t Bold values represent interprosthetic joint motion in abduction (X%) and adduction (Y%) 225%.
tt Bold values represent whether total outer shell motion (Angle AC) or total prosthetic motion (Angle BD) was higher for each case.
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CONCLUSION

Most patients retained a mobile interprosthetic joint at one
year post-op. Hip adduction radiographs gave additional
information on the total interprosthetic joint motion. At both
time points studied, the inner head articulation contributed
more to the interprosthetic joint motion.

This is also the first study to report on locally available bipolar
implants. All five implant systems had cases that showed
good motion after one year, despite three cases of <25%
interprosthetic joint motion being attributed to two of these
systems.
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