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ABSTRACT

Introduction: Early femoral stem subsidence has been a
concern as a predictor of the beginning of implant loosening,
especially on cementless hip arthroplasty implants. This
study aimed to determine the factors that affect femoral stem
subsidence and outcome following hemiarthroplasty in the
geriatric population.

Materials and Methods: This is a retrospective study of 179
patients who underwent cementless bipolar hemiarthroplasty
during the 2011-2019 period at an orthopaedic and
traumatology hospital. Data on the patient's demography,
pre-operative American Society Anaesthesiologist (ASA)
score, body mass index (BMI), canal flare index (CFI), Dorr
classification, and stem alignment were obtained. The
primary outcomes were post-operative femoral stem
subsidence, post-operative pain, and functional outcome
using Harris Hip Score (HHS). Statistical analysis was
conducted to identify risk factors associated with the primary
outcome.

Results: The mean femoral stem subsidence was 2.16 +3.4
mm. The mean post-operative Visual Analog Score (VAS) on
follow-up was 1.38 £ 1. Mean HHS on follow-up was
85.28+10.3. American Society Anaesthesiologist score 3 (p =
0.011, OR = 2.77) and varus alignment (p=0.039, OR =
6.963) were related to worse stem subsidence. Otherwise,
neutral alignment (p = 0.045 and OR = 0.405) gave
protection against femoral stem subsidence. The female
gender (p = 0.014, OR 2.53) was associated with post-
operative pain onset. Neutral alignment had significant
relationship with functional outcomes (p = 0.01; OR 0.33).
Conclusion: A higher ASA score and varus stem alignment
were related to a higher risk of femoral stem subsidence.
Meanwhile, neutral stem alignment had a protective effect on
the femoral stem subsidence and outcome.

Keywords:
harris hip score, hemiarthroplasty, post-operative pain, stem
subsidence

INTRODUCTION

Low bone density in geriatric patients with osteoporosis can
cause fractures, even with minimal energy'. The prevalence
of femoral neck fractures had increased, owing to the rapidly
developing geriatric population and longer life expectancy. It
was estimated that by 2030 there would be 300,000 hip
fractures cases annually in the USA’. A study conducted by
Irianto et al’ showed that femoral neck fractures were the
second most common geriatric fracture, which occurs
approximately 24%, followed by fractures in the vertebra
(25%). The mortality rate in patients with femoral neck
fractures per year is 25-30%".

The femoral neck fracture healing process in the geriatric
population is slower**. The anatomy of the femoral neck and
intracapsular fracture make it difficult for proper bone
healing. Hip hemiarthroplasty is one of the most common
surgery performed for femoral neck fracture other than total
hip arthroplasty. Compared to total hip arthroplasty, the
procedure is relatively faster, with less bleeding and earlier
weight-bearing mobilisation®’. There are no significant
differences between the advanteges of cementless and
cemented stem, however a comparison study reported that
there are more respiratory or cardiovascular complications
and longer duration of surgery in cemented stem?®.

A study by lamthanaporn et al’ found the most common
etiology for hemiarthroplasty revision were aseptic
loosening (49,6%) followed by infection (22,6%) and
acetabular erosion (15%). Early stem migration is a
predictive factor for aseptic loosening in the first and second
years after hip arthroplasty surgery. Femoral stem subsidence
is the distalisation of the stem relative to the major
trochanter.

Two previous studies about cementless hemiarthroplasty in
femoral neck patients found different results. Kabelitz et a/*
found 12% intra-operative fractures and a low subsidence

Corresponding Author: Komang Agung lIrianto, Department of Orthopaedic and Traumatology, Fakultas Kedokteran, Universitas
Airlangga, Kampus A UNAIR - JI. Mayjen Prof. Dr. Moestopo 47, Surabaya — 60131, Indonesia

Email: komang168@yahoo.com
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rate (5%). Furthermore, a study by Choi et al found no
subsidence®. These conflicting results also support the notion
of how studies of femoral stem subsidence in
hemiarthroplasty are still limited, especially in developing
countries’. This study aimed to determine clinical and
radiographic risk factors affecting stem subsidence
manifestation, post-operative pain, and functional outcome
in geriatric patients with femoral neck fractures treated with
cementless bipolar hemiarthroplasty.

MATERIAL AND METHOD

This is a retrospective study of femoral neck fracture in
geriatric  patients undergoing cementless bipolar
hemiarthroplasty at an orthopaedic and traumatology
hospital between 2011-2019. This study had been reviewed
and received ethical clearance from Internal Institutional
Review Board (No0.292/EC/KEPK/FKUA/2019). All
surgeries were performed by the senior author using the
posterior approach. The implant used was standardised
titanium-niobium Quadra-H stem [Medacta International,
Castel San Pietro, Switzerland] with hydroxyapatite coating.
The samples were collected from medical records of geriatric
patients with femoral neck fractures who underwent
cementless bipolar hemiarthroplasty and met the inclusion
and exclusion criteria. The inclusion criteria were (1)
patients with displaced femoral neck fractures with age > 60
years, (2) pre-operative active condition and independently
mobile, and (3) treated with cementless bipolar
hemiarthroplasty surgery. Meanwhile, exclusion criteria
were: (1) incomplete medical record, (2) pre-operative
history of intertrochanter fractures, (3) and the patient had
died during the evaluation. Demographic data including age,
race, sex, body mass index (BMI), radiological findings,
post-operative pain, and functional outcomes were recorded
(Fig. 1). In terms of Body Mass Index (based on Asia-Pacific
Population) classification, patients were classified as
underweight (<18.5), normal (18.5-22.9), overweight (23-
27.49), and obesity (>27.5).

Stem subsidence was evaluated from anteroposterior hip or
pelvis plain radiograph (line A in Fig. 2) by measuring the
difference in distance from the trochanter major's peak to the
stem shoulder perpendicular to the axis of the femur stem at
a certain period”. The anteroposterior pelvic or hip plain
radiograph was taken in supine position, centering on the
symphysis and 120cm distance of the film focus. The
femoral stem subsidence was divided into two groups
following the Al-Najjim study: below and > 3mm'. Stem
alignment was the stem's position against the longitudinal
axis of the femur (Fig. 2). Alignment degree was carried out
by measuring the angle from the axis of the femur stem to the
longitudinal axis of the post-operative femur'>"”. The
alignment was categorised into three groups: neutral, varus,
and valgus.
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The morphology of the proximal femur was described as the
structural quality of the bones divided by three categories
based on the Dorr classification: A (<0.5), B (0.5-0.75), and
C (0.75). The Dorr score was obtained by calculating the
ratio between the medulla canal diameter at a distance of
10cm below the trochanter minor and the medulla canal as
high as the trochanter minor (Dorr = FW / CW) (Fig. 3).
Anatomy of the proximal femur was categorised into three
groups by calculating the Canal Flare Index (CFI). Based on
Nguyen et al 's study", CFI was measured by dividing the
femur canal diameter at 2cm above the midpoint of the minor
trochanter with the femur canal diameter at 10cm below the
trochanter minor (CFI = a / b). This measurement is used to
classify the medullary canal for femoral component selection
in total hip arthroplasty, is also reported to be associated with
bone quality and osteoporosis. CFI was classified as
stovepipe (< 3), normal (3 - 4.7), and champagne-fluted (>
47)“. A femoral stem subsidence evaluation was done
shortly after surgery and at the latest follow-up (at least six
weeks after surgery) (Fig. 4)". CFI and Dorr were measured
pre-operatively. The alignment was measured from the first
post-operative plain radiograph (within one week of
surgery). Radiological measurements on each photo were
calibrated to correct the scale. Radiological measurement
was done blindly by two musculoskeletal consultant
radiologists. Inter-observer reliability based on Cohen’s
kappa value was 0.82 (95% CI= 0.74-0.92; p<0.05).

The American Society of Anaesthesiologists (ASA) score
indicates the patient's pre-operative comorbidity conditions
that are divided into five classes: ASA scores 1 (healthy
patient), 2 (patient with the mild systemic disease), 3 (patient
with the severe systemic disease not incapacitating), 4
(patient with incapacitating systemic disease), and 5 (a
moribund patient)”. Post-operative pain was evaluated using
the Visual Analog Score (VAS), which was divided into two
groups, no pain (VAS 0) and pain (VAS 1-5), due to the
absence of patients who complained of severe pain. In this
study, functional outcome measurement used the Harris Hip
Score (HHS) was used to measure functional outcome.
which was evaluated in patients using four domains: pain,
function, range of motion (ROM), and presence or absence
of deformity after bipolar hemiarthroplasty procedures. HHS
in this study was divided into two groups, namely poor (HHS
<80) and good (HHS 80-100). Post-operative pain and HHS
were measured at the last follow-up.

Statistical analysis such as Chi square test or Kruskal Wallis
test were used as appropriate based on each variables. The
variables used in the multivariate logistic analysis were
selected from the univariate analysis with p value < 0.25.
Multivariate analysis with logistic regression was performed
to determine the risk factors influencing femoral stem
subsidence the most, post-operative pain, and HHS. A value
of p <0.05 was significant. SPSS 25.0 program was used for
all statistical analysis [SPSS Inc., Chicago, USA]



RESULTS

There were 218 patients who underwent bipolar
hemiarthroplasty surgery, and 179 patients met the inclusion
criteria. The mean follow-up time was 42 months, and the
average age was approximately 74.5 +8.1 years. One
hundred and forty-one (78.8%) patients came on the last
follow-up with post-operative pain, and 38 (21.2%) patients
came with no post-operative pain. The mean of VAS on
follow-up was 1.38 + 1. In terms of HHS classification, 138
(77.1%) patients were in good functional outcome, and 41
(22.9%) patients were in poor functional outcome. The mean
of HHS on follow-up was 85.28+10.3. The mean of femoral
stem subsidence was 2.16 +3.4mm. There was no revision
surgery nor perioperative mortality in this study.

There were significant correlation between patient’s age,
ASA score, stem alignment and HHS with the subsidence in
stem (p = 0.035, p = 0.036, p=0.001 and p = 0.001) (Table
I). Besides, there was no significant relationship between
sex, BMI, CFI, Dorr Score and post-operative pain with stem
subsidence (p = 0.700, p = 0.845, p = 0.142, p = 0.879 and
p= 0.313, respectively). This study showed that female
patients associated with more post-operative pain than male
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patients (p = 0.012) (Table II). There is also significant
relationship between HHS and post-operative pain (p =
0.041). There were no significant differences between post-
operative pain with age, ASA score, BMI, Dorr, CFI, and
alignment (p > 0.05). There were significant relationships
between alignment and femoral stem subsidence with post-
operative functional outcome (p = 0.001 and <0.001,
respectively) (Table II).

The results of multivariate analysis are listed in (Table III).
Alignment and ASA score remained significant risk factors
for the subsidence. Neutral alignment gave protective effects
from the femoral stem subsidence with p = 0.045 and OR
0.405 (CI = 0.16-0.98). Meanwhile, varus alignment
associated with higher femoral stem subsidence with p =
0.039 and OR = 6.96 (CI = 1.09-44.12). ASA score 3 was
associated with higher femoral stem subsidence with p =
0.011 and OR = 2.771 (CI = 1.25-6.10). The female
population was considered to be associated with post-
operative pain with p = 0.014 and OR= 2.53 (CI = 1.21-
5.29). Neutral alignment was correlated with better
functional outcome with p = 0.01 and OR 0.329 (CI= 0.142
-0.764).

Table I: Demographics of patients

Frequency (n)

Percentage (%)

Age

60-74 90

75-90 87

>90 2
Sex

Male 55

Female 124
Race

Malay 28

Chinese 151
ASA Score

ASA score 1 8

ASA score 2 103

ASA score 3 68
BMI

<18.5 (Underweight) 32

18.5-22.9 (Normal) 77

23 -27.49 (Overweight) 35

>27.5 (Obesity) 35
Alignment

Valgus 33

Normal 139

Varus 7
CFI

Stovepipe 27

Normal 125

Champagne fluted 27
DORR

A 149

B 30

C 0

50.27
48.61
1.12

30.7
69.3

15.6
84.4

4.46
57.54
37.98

17.9
43
19.6
19.6

18.4
77.7
3.9

15.1
69.8
15.1

83.24
16.75
0

Abbreviations: BMI = Body Mass Index, CFl = Canal Flare Index, ASA = American Society of Anaesthesiologists
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Table lll: Multivariate analysis results

Variables Subsidence Post-operative pain HHS
Odds (% CI) P value Odds (% CI) P value Odds (% Cl) P value
Sex
Male
Female 2.53 (1.21-5.29) 0.014*
CFI
Stovepipe
Normal 1.344 (0.464-3.890) 0.586
Champagne fluted 0.284 (0.045-1.808) 0.183
Alignment
Valgus 0.405 (0.167-0.980) 0.045* 0.329 (0.142-0.764)  0.01*
Normal 6.963 (1.099-44.122) 0.039* 4.375(0.733-26.116)  0.105
Varus
ASA score
ASA 1 and 2
ASA 3 2.771 (1.258-6.104) 0.011*

Abbreviations: CFl = Canal Flare Index; ASA = American Society of Anesthesiologists

*, statistically significant

Patients with implanted bipolar
hemiarthroplasty (n=218)

Diagnosed intertrochanter

\4

v

Subjects remaining (n=200)

femur fracture (n=18)

Patients couldn’t be contacted

A\ 4

Subjects remaining (n=187)

\4

(n=13)

Patients had died before

v

Patients eligible for analysis (n=179)
subjects remaining (n=187)

Fig. 1: Flowchart of the patient selection process.

DISCUSSION

In this study, we found that among 179 patients, more than
60% of them are female patients. This is in line with the
study by Iglesias et al’, showing that women suffer more
fractures of the femoral neck. This could be related to
menopause causing decline in bone density. Decreasing bone
density could influence neck-shaft angle and hip axis length
resulting in a higher risk of a femoral neck fracture'. A study
conducted by Novicoff and Saleh showed that women also
had worse hip degeneration and cartilage loss than men"".

Moreover, a recent study showed that female patients were
significantly associated with post-operative pain. This is in
line with the Mannion et al" research that women had a
higher Western Ontario and McMaster Universities

follow-up (n=8)

Osteoarthritis Index (WOMAC) post-operative pain than
men, although it was not significant. Women also had lower
pain thresholds, making them more sensitive to pain
compared to men. Thus, there could be excess pain and
poorer functional outcome in women after surgery'’.

Most of the patients in this study experienced <3mm
subsidence in stem (78.2%). The mean of subsidence was
2.16mm (SD 3.4), which was lower than what was found in
the previous study of 2.9mm (SD 2.7)" and 3.9mm (SD 2)*.
This result could be affected by the greater cortical thickness
and higher volumetric bone mineral density (BMD) in Asia
patients than white patients®”. This study showed association
between patient age and stem subsidence. Furthermore, the
number of geriatric patients in the age 75-90 years with
femoral stem subsidence >3mm (14.5%) was greater than
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Fig. 2: Anteroposterior post-operative radiograph of a right hip
showing determination of femoral stem subsidence and
alignment of the femoral stem.

Gema A, et al

Fig. 3: Anteroposterior pre-operative radiograph of a right hip
showing determination CFl and Dorr score.

Fig. 4: (a) Example of measured femoral stem subsidence in a female, 79 years old. Pre-operative radiograph. (b) Implants that was used
in this study. (c) Post-operative radiograph. (d) Radiograph taken during follow-up (three months).

patients with the group of age 60-74 years (7.3%). A study by
Song et al” showed similar results where age showed a
significant effect on stem subsidence. Large stem subsidence
(7.15-19.38mm) was found at 62-89 years. Bone stock could
influence femoral stem subsidence. Nazari-Farsani et al*
found that older women with low bone mineral density were
at risk of developing femoral stem subsidence (OR=6.7).

Anatomy and the proximal femur morphology may affect
femoral stem subsidence in patients who have undergone
arthroplasty surgery. A suitable match of a femoral stem with
bone will optimise initial torque stability, thereby improve
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bone growth and reduce fibrous growth". Dorr type C was
associated with a lower T-score than type A, implying that
bone density in Dorr C was lower than type A*'. Other studies
said that the Dorr type C was correlated with lower cortical
indices, femoral stem subsidence, and higher risk intra-
operative fractures'*”. However, this study showed no
significant relationship between Dorr type and CFI with
femoral stem subsidence in patients.

The comorbidity assessment using ASA scores showed a
correlation to various factors, including the length of stay,
the severity of complications, and the treatment's total cost.



A higher ASA score was associated with a higher risk of
post-operative complications and mortality rates*. This
study showed a significant relationship between ASA score 3
with the stem subsidence (p=0.011, OR =2.77). Kinjo et al*
found a similar result in their cohort study that pre-operative
pain, pre-operative opioids, higher ASA scores, and female
patients were associated with higher post-operative pain. The
patient's pre-operative comorbidity could be cardiac disease,
respiratory disease, obesity, liver disease, or other systemic
diseases. A recent study found that among 68 patients with
ASA score 3, 60.3% had comorbid hypertension, 20.5% had
diabetes mellitus, 14.7% had obesity, and 14.7% had chronic
renal disease. Bone condition changes associated with
hyperglycemia or chronic renal disease could affect bone
quality, delaying bone-ingrowth fixation at the bone-implant
interface, the bone healing process, vascularisation, and
subsequent mechanical stability*. In their study, Chen et al*
found that a higher ASA score was associated with older
patients that had low bone density (79.39 +7.85 years old).
Those results might explain our finding that the ASA score
affected femoral stem subsidence.

Multivariate analysis results showed that the neutral
alignment had a protective effect on femoral stem subsidence
and functional outcome. Meanwhile, the varus alignment
group showed a significant effect on stem subsidence. This
result is in line with the study conducted by de Beer and
Zang, where the majority of patients had neutral stem
alignment®. A study by Ries et al* showed no significant
relationship between stem alignment and stem subsidence.
However, Kutzner et al* mentioned that stem valgus
alignment increased the number of stem subsidence but did
not affect clinical outcomes. The alignment that was too
varus increase the offset and increase the lever arm®. This
could escalate strain and stress on the medial side of the
proximal femur and the area at the distal end of the stem, so
that it initiated periprosthetic fracture both during and post-
operatively”. Therefore, we proposed that femoral alignment
should be placed properly intra-operative.

The functional outcomes of most patients in this study after
cementless bipolar hemiarthroplasty showed a good result
(HHS 80-100) at 77,1%. Moreover, there was a significant
relationship between stem subsidence and HHS. Femoral
stem subsidence could lead to a decline in functional
outcomes like dislocation, leg length discrepancy, and pain.
Early stem subsidence was associated with a higher risk of
inadequate secondary integration resulting in micromotion
and fibrous fixation"”. Most osteointegration is achieved in
early 4-12 weeks, and cementless implants are highly
dependent on bone osteointegration with this implant's
surface. During walking exercise, the load was transferred
from the implant to the bone, pushing the bone further and
cause subsidence in the stem through mechanical stability".
According to Al-Najjim et al' and Song et al” stem
subsidence of more than 3mm was associated with poor
outcomes and complications such as loosening and fracture
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of the stem. The radiological signs of loosening or failure in
the implant include stem subsidence, osteolysis, bone
resorption in femoral calcar, osteopenia, and radiolucent
lines around the implant?’.

De Nies and Malcolm's research supports this study result.
They found a significant correlation between HHS and pain
levels as measured by VAS28. This can be explained that
patients with minimum or zero pain can carry out their daily
activities to gain better quality of life. Among the 141
patients who complained of post-operative pain, 33 (23.4%)
experienced subsidence of more than 3mm. Of these 33
patients, 5 (15.1%) had stovepipe morphology, 2 (6.06%)
had champagne-fluted morphology, 12 (36.3%) with a BMI
of >23, and 15 (45.4%) patients had ASA score 3. Early
weight-bearing in patients with poor proximal femur
morphology, bone density, pre-operative conditions,
overweight, and intra-operative factors could trigger early
migration. In addition, the cause of post-operative pain with
implant loosening was considered the presence of
micromotion on the bone and implant interfaces, stress
transfer imbalance, and irritation in endosteum periosteum?.

A previous study by Nishi et al’, reported a lower rate of
revision surgery after cementless hemiarthroplasty. Another
study by Kabelitz et al* supported this suggestion with the
low rate of early subsidence. Despite that, some articles also
reported about higher volume of blood loss after surgery®.
Another concern about cementless hemiarthroplasty is a
higher rate of complications, namely intra-operative
fractures in osteoporotic bone8 which didn’t occur in this
study.

This study has limitations. The design of this study is
retrospective, which subjects to biases and confounding
which can influence the result. The other limitations are
relatively small number of patients, and the duration of the
patient's observation was not long enough. Further studies
are needed to assess the evidence of aseptic loosening; more
comprehensive study follow-up and multiple examination to
see early and late-onset subsidence and its outcome.
Nevertheless, this study highlights the importance of
preventing femoral stem subsidence by achieving good stem
fixation in the femoral diaphysis during the intra-operative
period. Post-operative functional outcomes are closely
related to intra-operative management, post-operative
rehabilitation, and pre-operative comorbid factors.

CONCLUSION

Higher ASA scores and varus alignment of the stem were
associated with a higher risk of femoral stem. Neutral stem
alignment of the femoral stem gave the protective effect of
stem subsidence and better functional outcome. The use of
cementless femoral stem is not recommended in elderly
patients in treating the femur neck fracture.
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