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Abstract---Osteointegration is a direct structural relationship between
the bone and the implant surface, a properly osseointegration implant
can function without mobility. We aim to evaluate this process using
serial radiological examinations, where characteristics such as bone
sclerosis and cortical-periosteal thickening will be investigated. A
retrospective analytic-observational study was conducted on 96
patients after cementless bipolar hemiarthroplasty operation from
January 2012 to January 2021, examined for standing pelvic or hip
anterior-posterior radiographs after six weeks, six months, and a year
post-procedure at Surabaya Orthopaedic and Traumatology Hospital.
Two musculoskeletal radiology consultants blindly evaluated for bone
sclerosis, femoral stem positioning or stem angulation, cortical-
periosteal thickening, and leg length discrepancy. The study was
conducted on 24 male subjects (25%) and 72 female subjects (75%).
Bone sclerosis significantly appeared in the six-month evaluation.
There was no difference in femoral stem positioning. Cortical-periosteal
thickening was found on the medial side according to the valgus
position of the stem and began to appear in the 6-month evaluation
and became more prominent after one year. No significant leg length
discrepancy was found. Optimal osteointegration is the critical factor
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in predicting the result of cementless bipolar hemiarthroplasty, in
which serial radiography supports the analysis of this process in a
non-invasive manner.

Keywords---bipolar hemiarthroplasty cementless, osteointegration,
bone pedestal, stem subsidence, pelvic or hip radiography.

Introduction

A femoral neck fracture is a global health problem which mainly occurs among
the elderly, with an annual incidence of 0.2 to 3.8 to 1000 individuals worldwide
(Cheng et al., 2011). This number is constantly growing as the population ageing,
exaggerated by deteriorating reflex and vision (Johansson et al., 2011), and most
importantly, a high prevalence of osteoporosis in older people (Mak et al., 2010).
The fracture of the femoral neck entails severe haemorrhage, excruciating pain,
risk of thromboembolism, avascular necrosis, and nonunion (Sauvé et al., 2007),
with one-year-death after the occurrence of 8% in women and 18% in men.

Hip hemiarthroplasty is a popular modality in treating femoral neck fractures
nowadays. Compared to total hip arthroplasty, hemiarthroplasty is faster and
easier with minor bleeding, yielding early mobilisation and weight-bearing ability
(Smektala et al., 2008). In this approach, the acetabulum is preserved while
replacing the head and neck of the femur, indicated in cases in which the
acetabulum is unaffected. Unipolar hemiarthroplasty comprises the femoral shaft
with a fixed head articulating with the natural acetabulum, as opposed to the
bipolar hemiarthroplasty in which the femoral shaft with polyethene-coated metal
head and cup supports the motion between the artificial cup and head and the
original cup and acetabulum (Vanrusselt et al., 2015).

The role of radiology imaging in evaluating the post-procedure of hip
hemiarthroplasty is mandatory (Mulcahy & Chew, 2012b). The prosthetic
component must be appropriately placed consistent with the expected anatomical
site. It is recommended that the pelvic radiograph in an erect position is
conducted after the patient is able to stand. Serial radiograph offers timely
prosthetic assessment; consequently, detection of minor changes will be feasible
(Mushtaq et al., 2019).

Osteointegration refers to the structural binding between the bone and the
implant surface; hence, a proper osteointegration of an implant will provide stable
and functional anatomy, which a series of radiographs may analyses, such as
bone sclerosis/spot welding and cortical-periosteal thickening (Vanrusselt et al.,
2015). Usually osteointegration is achieved in early 4-12 weeks on patient with
walking exercise with early partial weight bearing (A et al., 2021). Based on the
references, we seek to investigate the effectiveness of serial radiograph
examination for detecting osteointegration after hip hemiarthroplasty surgery in a
statistical manner, utility historical data, to impart the possible changes that may
take place.
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Material and Methods

This project was a retrospective study using an analytic-observational design from
January 2012 to January 2021, involving patients who underwent cementless
bipolar hemiarthroplasty and had been evaluated for pelvic and hip radiography
six weeks, six months, and a year post-procedure at Orthopedic and
Traumatology Hospital in Surabaya. All samples met the inclusion and exclusion
criteria. The radiographs were blindly assessed for bone sclerosis, femoral shaft
position/stem angulation, cortical-periosteal thickening, and leg length
discrepancies by two musculoskeletal radiologists. Data analysis was done using
MS Excel and SPSS software version 25.0 and illustrated in tables.

Results and Discussion

We gathered 96 samples using a consecutive sampling fashion.

Table 1
Agreement test result (Kappa coefficient) of two observers
Observed variables n Period p-Kappa r-Kappa
87 6 weeks 0,003 0,787
Bone Sclerosis 59 6 months 0,011 0,82
37 12 months 0,001 0,745
87 6 weeks 0,000 0,781
Stem angulation 59 6 months 0,000 0,932
37 12 months 0,000 1
Cortical-periosteal 87 6 weeks 0,000 0,77
thickening 59 6 months 0,000 0,892
37 12 months 0,000 0,735
Leg Length 24 6 weeks 0,000 0,909
Discrepancy 18 6 months 0,000 1
8 12 months 0,005 1

For consistent and valid results, the researcher recruited comparing observers,
each dependently reviewed the follow-up radiograph and clinical progression at
three timestamps, six weeks, six months, and twelve months. The interobserver
reliability test among two reviewers was done using kappa agreement analysis in
every observed variable.

The calculated mean p-kappa value was 0.001 (<0.05), meaning there was an
agreement between the observers. We determined the r-kappa to discover the
strength of reliability, which yielded a mean of 0.841, signifying an excellent
agreement between the reviewers. Furthermore, we compared the significance of
progression in each parameter of observation periods (six weeks, six months, and
twelve months). Kolmogorov-Smirnov test was used to assess the normality of
data distribution for qualitative parameters, for instance, cortical-periosteal
thickening and leg length discrepancy, which resulted in a p-value of <0.05 in
most parameters, denoting the data were not normally distributed. Only the leg
length discrepancy in the sixth and twelfth months provided normally distributed
data, with p-values of 0.135 and 0.153, respectively. We did not do the normality
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test on categorical data, such as bone sclerosis and cortical-periosteal thickening;
instead, the binominal distribution justification method was applied. All normality
test results of three parameters are shown in the table below.

Table 2
Normality test results of three parameters
p-value

Tested parameters §) 6 12
week month month
Cortlc.al—peljlosteal 0,025 0,006 0,038

thickening

Leg Length Discrepancy 0,048 0,134 0,153

After the normality test produced the pattern of our data distribution, we decided
on the statistical analysis method to investigate the significance of clinical
changes and improvement following the surgery, which results are given in Table
3, together with their p-values.

Table 3
The significance test result of each parameter and timestamp

6 week vs 6 6 week vs 12 6 month vs 12

PR month month month
Bone sclerosis 0,000 0,000 0,000
Stem angulation 0,125 1,000 1,000
Co'rtlcal.—perlosteal 0,170 0,001 0,002
thickening

Leg Length 0,925 - -
Discrepancy - 0,116 0,142

For the quantitative data, including cortical-periosteal thickening and leg length
discrepancy, the analysis was done using Wilcoxon Signed Ranks Test and T-test
for the skewed and normally distributed data, respectively. The significance of
development was found in comparing the cortical thickening of six weeks versus
twelve months and six months versus twelve months, which yielded all p-values
of <0.05. Aside from the mentioned variables, we did not find any significant
difference in the compared data.

Our samples in this project involved the patients with femoral neck fractures
undergoing cementless bipolar hemiarthroplasty in Orthopedic and Traumatology
Hospital in Surabaya from January 2012 until January 2021. We applied the
inclusion and exclusion criteria and gathered 96 samples, comprising 72 female
(75%) and 24 male (25%). The predominating age group of the samples was
between 71 and 80 years old, with a mean age of 71.6 years old. Dunn et al.
conducted a project on hip hemiarthroplasty entailing 62 females and 59 males
with a mean age of 62.5. Moreover, a study by Longo et al. included 50 samples of
27 males and 23 females, averaging 73.2 years old (Dunn et al., 2020),(Longo et
al., 2021).



453

Our post-cementless bipolar hemiarthroplasty patient showed 14.9% distal bone
sclerosis characteristics at the sixth-week follow-up, 71.2% distal bone sclerosis
at the sixth month, and 62.2% bone sclerosis at the twelfth month. The
mineralisation process of osteoblasts usually takes three to six months, secreting
matrix vesicles that generate favourable surroundings for the mineralisation by
increasing the calcium and phosphor ion concentrations. During the process,
several osteoblasts are trapped and converted to osteocytes, or in other words,
new bone formation (Mulcahy & Chew, 2012a). The well-fixed ingrowth
component bone extend to femoral stem, depicted as bone sclerosis in the plain
radiograph (Miller, 2012). There is usually some cortical or endosteal sclerosis of
the distal femoral stem due to normal transfer of load stressing along the femoral
stem (Agathangelidis et al., n.d.). Inward bony growths can also be seen, most
commonly along the medial and lateral femoral shaft as depicted by a thin linear
lucencies, less than 2 mm wide (Kaplan et al., 1988).

Our samples demonstrated the stem angulation characters of 90.7% in the valgus
position and 9.3% in the varus position in the sixth-week evaluation, 86.7% and
13.3% in the valgus and varus position, respectively in the sixth month, and
finally, in the twelfth-month follow-up, 86.8% in the valgus position and 13.2% in
the varus position. One per cent showed the conversion from the valgus to varus
formation. Stem angulation > 3 degrees was significant with both Full Weight
Bearing (FWB) and Partial Weight Bearing (PWB) therapy and no significant
change in position was found in subsequent evaluations (Leiss et al., 2021). In
this study sample, all patients underwent medical rehabilitation therapy with
PWB, none were treated with FWB, but none of the samples showed stem
angulation > 3 degrees, with a mean of 0.49 degrees valgus. In the AP projection,
the femoral shaft should appear in line with the longitudinal axis and the tip
should be centered. Many studies have shown that failure of the hip arthroplasty,
is associated with malposition of the varus that with the tip against the lateral
cortex (Mulcahy & Chew, 2012a), (Mushtaq et al., 2019). Aseptic loosening can
affect the migration of the femoral stem causing the tip of the stem to be laterally
(Raut et al., 1995).

The mean of the periosteal thickening value at the sixth week was 0.50 mm (SD *
0,067), 0.49 mm (SD * 0,062) at the sixth month, and 0.48 mm (SD * 0,058) at
the twelfth month. Periosteal thickening tends to occur at the medial side
according to its valgus stem angulation and lateral with varus angulation.
Cortical thickening and periosteal reaction emerge as a result of tension changes
at the femoral shaft at the distal site, representing the success of the shaft
fixation and osteointegration process, which will usually be visible in the second-
month post-procedure (Mulcahy & Chew, 2012a). This study was in accordance
with this concept due to the development of the periosteal thickening at the distal
of the prosthetic shaft, which was visible in the twelfth month, with an incidence
of 6.2%. Younger patients with a higher canal flare index have a greater incidence
of cortical-periosteal thickening. Nevertheless, periosteal thickening does not
influence clinical results or femoral shaft stability (Agathangelidis et al., n.d.). In
other research say that periosteal thickening indicating abnormal transfer of load
stresses and lucency, that evaluation with multiplanar reconstructions shows
radiolucent thickness more than 2 mm (Blum et al., 2016), but this study none of
the sample showed periosteal thickening with radiolucent around stem femoris.
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The leg length discrepancy's mean value was 4.45 mm (SD * 4,89) in the sixth
week, 4.69 mm (SD * 6,37) in the sixth month, and 7.70 mm (SD * 9,05) in the
twelfth month. There was a 4.1% difference in leg length discrepancy in this
study. This discrepancy typically happens after the hip hemiarthroplasty
procedure, with a tolerable variance up to 10 mm (Morsi et al., 2016). Moderate
leg length discrepancy usually may be corrected using orthosis boots (Vanrusselt
et al., 2015). Nonetheless, we discovered more than 10 mm leg length discrepancy
without any history of orthosis boot therapy in the medical records. Some
research known that leg length discrepancy is assessed if there is a difference of 5
mm thought non clinical effect (Di Schino et al., 2009). Apparent leg length
discrepancy must be measured, any pelvic obliquity and any scoliosis must be
identified (Pietrzak et al., 2018). On clinical evaluation before pelvis radiograph,
important to evaluate the level of pain, because it is possible can affect the tilt of
the pelvis (Pietrzak et al., 2018). This is retrospective study, so we assume that
the samples is in good condition for pelvic radiograph.

Conclusion

Serial plain radiographs in the sixth-week, sixth-month, and twelfth-month
follow-ups were able to depict the progression of osteointegration in the patients
after the bipolar hemiarthroplasty procedure, which is the key parameter in
predicting the satisfying results of the surgery. The main component of
osteointegration consists of bone sclerosis, femoral stem angulation, cortical-
periosteal thickening, and leg length discrepancy. We recommend that future
research in this field use a prospective approach with larger samples.
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