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Background: This article mainly analyzed the influence of obesity constitution on the failure of cemented total hip replacement.
Methods: By collecting body mass index (BMI) data of patients with hip joint and bone mineral density (BMD) of femur, the age,
gender and number of patients were statistically analyzed, and the influence of body weight on postoperative implant force was

analyzed by finite element method modeling analysis.

Results: Studies have found that obesity and BMI reaching overweight or obesity standards will aggravate the symptoms of hip
patients, and the effects will be different between different genders. The effects of body weight on hip replacement, fracture of
bone cement stem, sinking of prosthesis stem and loosening of bone cement-stem interface were analyzed in detail.

Conclusions: It was proved that BMI had a great correlation with postoperative failure. In addition, the effect of weight loss
drugs on postoperative rehabilitation immune system was discussed.
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Introduction

Since hip prostheses replacement has been applied in
clinic, a large number of studies have analyzed the main
reasons for the failure of implanted prostheses. Many fac-
tors were interrelated and influenced each other, forming a
complex organic whole. After research, obesity was one of
the main factors affecting the replacement failure of patients

[1].

Existing studies have shown that the factors affecting
the increase of dislocation rate, liner fracture and wear in
hip prosthesis replacement include body mass index (BMI),
age and gender. Surgical factors affecting these risks in-
clude operator experience, prosthesis components, acetab-
ular cup fixation method and direction, etc., [1]. Among
them, obese patients were more prone to dislocation, leg
length discrepancy, fracture, implant loosening, infection
and pulmonary embolism. Compared with other patients,
the revision rate of obese patients was significantly higher,
and obesity had become an independent risk factor leading
to early revision [2]. The complications caused by obesity,
such as diabetes, congestive heart failure, chronic obstruc-
tive pulmonary disease (COPD), etc., have brought great
limitations to researches [3]. In addition, the risk of pros-
thetic joint infection among obese smokers was also on the

rise [4], untreated anemia or poor blood sugar control will
also become risk factors [5], and BMI also interacted with
age and gender [6].

To sum up, the main factors of hip revision were un-
clear, and the main objective factors leading to the changes
of these factors were not clear. Through clinical practice,
the author found that besides the failure of surgical replace-
ment, the results of loosening failure after several years the
successful initial replacement for patients were mainly re-
lated to themselves. Through analysis, it was found that
the above factors could be classified as the patient’s weight
bearing (body weight/obesity). At present, the methods of
artificial hip replacement mainly include biological type
and bone cement type, among which biological type is
mainly aimed at young and middle-aged patients with good
physique. However, most patients were sick due to bone
tissue loss in clinic, and their ages were mostly between
50 and 60 years old, and there were more female patients.
Therefore, in practice, most of these patients use bone ce-
ment hip replacement.

In this study, patients were classified in terms of age
and gender, and so as to adjust according to the initial oper-
ation time, aiming at studying the root cause of obesity on
the failure of bone cemented hip joint. This study is helpful
to improve the service life of hip replacement and reduce
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the probability of multiple operations, which has high sci-
entific research significance and research value.

Methods and Design

Design

BMI, muscle/fat ratio, femoral neck anteversion
(FNA) and bone mineral density measurements results of
patients with effective hip joints were collected and statis-
tically analyzed. In the experiment, a large number of data
were treated by linear regression and the method of the min-
imum squares. According to the theory of mathematical
statistics, the correlation coefficients were calculated and
tested by Student method. The statistical analysis software
SPSS.7.0 (IBM Corp., Armonk, NY, USA) and ANOVA
were used to analyze the significance, and the significance
difference was set as p < 0.05.

Participants

In this paper, 478 surgical patients admitted to The
Hospital from 2016 to 2021 were collected. There were 413
joint replacement patients (about 86.5%), including 149 pa-
tients with artificial hip joint, 83 patients with knee joint, 59
patients with spine, 75 patients with ankle joint and 49 pa-
tients with shoulder joint. Among them, hip replacement
accounted for 36%, which was the most common joint re-
placement surgery. The proportion of each class is shown
in Fig. 1.

Inclusion criteria: (1) Patients who underwent joint re-
placement. (2) Informed consent, ability to cooperate with
the investigation and research, and complete follow-up in-
formation. Exclusion criteria: (1) Exclude patients who are
unable to walk and stay in bed for a long time. (2) Exclude
patients with bone tumors, prosthetic site infections, and
autoimmune diseases.

0.45

Incidence Rate

Fig. 1. Joints disease rates.
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Measures

In this paper, the body mass and height of all patients
at admission were calculated. The body mass index (BMI)
was calculated as the ratio of body mass (kg) to height
square (m?). The BMI was calculated using the standard
formula of weight in kilograms divided by 84 height in
meters squared. Due to the differences between Chinese
and European and American, BMI classification is differ-
ent. According to the classification of BMI selected in this
paper, BMI <18.5 kg/m? is low weight. 18.5~22.9 kg/m? is
normal. 23.0~24.9 kg/m? is overweight. BMI >25 kg/m?
is obesity.

In addition, this paper needs to collect bone mineral
density of hip patients. The hospital used dual energy X-
ray absorption measuring instrument (DEXA) to collect
bone mineral density in different were as of the left femur
(femoral neck, wards triangle, greater trochanter and shaft
of femur). From Fig. 1, we can see that hip replacement
cases were the primary diseases, including 2195 cases of
initial replacement and 355 cases of revision surgery.

Patients with hip joint included 205 male patients
(49.8%) and 208 female patients (50.2%). It can be seen
from Fig. 2 that there were gender differences in the propor-
tion of artificial hip replacement at different ages. At ages
10-50, the proportion of male patients with hip replacement
is much higher than that of female patients. At the age of
50 to 60 years, the proportion of joint replacement in fe-
male patients increases, which may be related to the fact that
women are in menopause during this period, the hormone
secretion changes, resulting in bone loss, and the amount
of surgery increases. This situation is most obvious at the
age of 70-80, the number of operations for women is much
higher than that for men, and after the age of 80, the num-
ber of operations for both parties decreases, which may be
affected by the average life expectancy of the population.

Finite Element Mechanical Analysis

The assembled three-dimensional model of femur-
bone cement-prosthetic stem was imported into the finite
element analysis software ABAQUS 6.14. The Boolean op-
eration of each assembly component was performed and the
corresponding interfacial interaction was definite as contact
model. Respectively set the interaction surfaces of the bone
cement with the prosthesis stem and femur as tie contact.
The bone cement, femur and prosthesis were set as contin-
uous, homogeneous and isotropic materials. Each compo-
nent was given corresponding material properties and ele-
ment types. And then the finite element model was gener-
ated. The elastic modulus of cortical bone, prosthesis stem
and bone cement were set to 16 GPa, 110 GPa and 2.08
GPa respectively. Their Poisson’s ratio was set to 0.3 and
C3D10 element type was used to divide the grid cells of
each components.


https://www.biolifesas.org/

99

and Homeostatic Agents

BIOLOGICAL REGULATORS

Journal of

Y 2 (moANING

-35

7
%
.
80-
BMI |

0-80
BMI

oS
%
ol
&
2
%
(XA
0
Age
| Female Primary —l—Male
Female Revision— #—- Fanale

PR AT O e e e e e =]
I R e ORI R LIRS m

S R e e e o e e 0 |
eirteeteteleloteletetetetolatelootedel

T T Y

:
:
»»»»»»»»»»»»» 3 &
&
TR M 2
B 8 R
I g N M
B 8§ 2
L . |
BB 2 3 33 , S
RS e 5 _ S - ﬂ
M.__ H m m M_ M m m m @ o ot
= = = = (=] = = = (M 1
o T T T T T T T T T
- < R - D A -
\a) — - — — - [~ ] [=~] [T 1
3 S ©  onwd vHL Anmng
2 5 .
% = A \m__.,.._
(=]
% g :
2 k: %
=] [= 1 =
[ m m
m = | &
= re)
m « H— = 0_
w2 = [
2 < = =
m 8 e R L
;< .
g g g z 2 K
S 0§ |54+ 2
= g2 = —ta—a——
s L |EEE§ g
= z o
& .m LI S L
M T T T T T T T T T =
o 5 AR RS IANEEE
o = Nd
=

Results and Analysis
as shown in Fig. 3a. There was significant difference
in BMI between 23.0 to 24.9 kg/m? and above in OR (p <
0.05). After operations of correlation between postopera-

In this paper, the body weight changes of hip patients
tive complications and BMI index, there were 24 patients

were followed up and counted, as shown in Table 1. Af-

E

ter 40 years old, joint replacement occurred and weight in-
creased significantly. In the same BMI, the odds rate ratio

of male OR is higher than that of female, so the increase
of male BMI is closer with hip replacement than that of fe-

Effect of Body Weight on Hip Replacement

male
with different degrees of complications, and the complica-

tion rate was 16.13%.

Age
The collected data were analyzed using SPSS 22.0

Fig. 3. Body mass index (BMI)-THA statistics diagram. (a) Comparison between THA patients and normal; (b) BMI-THA relation-
software (IBM Corporation, USA). Continuous variables

were expressed as mean + standard deviation and range,
categorical variables as proportions. The normality of con-

ANOVA for measurements. A p-value < 0.05 was consid-

test for independent data, analysis of variance by using the
ered significant for all groups.

ables were compared between groups using the Student ¢-

tinuous variables was evaluated and normalization was ap-
plied for those not normally distributed. Continuous vari-

Statistical Analysis

ship.
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Ages Male Female

(Year) Normal preoperative Normal preoperative
15-19  21.97 £ 3.41* — 20.45 +£2.47 —
20-29  22.14 £+ 3.06* — 20.57 £2.87 —
30-39 2397 +£2.78% — 2193 +£2.42 —
4049 2588 +£2.74* 3193 +£2.92 2347+297 29.75 £2.98
50-59 2493 £2.85*% 3098 £3.02 23.95+3.31 31.23 £3.28
60—-69 25.08 +3.46* 31.13+295 24.68+3.92 31.64 +£3.13
>70 24.15 £3.97% 30.21 £3.65 24.76 +£3.36 31.83 £2.84
Total 24.02 +£3.18% 31.06 +3.14 22.83 £3.04 31.11 + 3.06

* means p < 0.05, with significant difference between groups.

Initial and Revision Rates of Total Hip Arthroplasty
(THA) Patients at Different Ages and BMI Values of
Different Genders were Counted

For THA initial replacement patients (Fig. 3b), the rate
of female patients before 60 years old is higher, the inci-
dence rate of male patients aged 60 to 89 is slightly higher
than that of female patients, and the initial replacement rate
of female patients over 90 years old is higher than that of
male patients. The revision rate of male is generally higher
than that of female, and it rises first and then falls at the
age of 50. In the early stage, the BMI growth rate of male
patients was higher than that of female patients. At the age
of 40, the BMI of female patients increased slightly, en-
tered the peak of BMI index at the age of 40 to 50, and then
gradually decreased and stabilized, which was consistent
with that of male patients. The correlation results of BMI-
THA incidence rate showed that the correlation coefficient
of BMI-THA incidence rate in male was 0.524 (p = 0.034
< 0.05), while that in female was 0.691 (p = 0.009 < 0.05),
which was less significant and more correlated (Table 2),
and the correlation of female was greater than that of male.

Effect of Body Weight on Fracture of Bone Cement
Stem

The results of cemented revision were screened and
counted. The results showed that there were 11 males of
fracture of bone cement stem with an average age of 72.8
years, 7 & 1.2 years after initial replacement, and 6 females
with an average age of 74.6 years, 5 & 1.5 years after initial
replacement. The fracture rate of male prosthesis accounted
for 5.3% of revision, while that of female prosthesis was
3.2%. About 70% of the textured surface of the proximal
end was covered with bone cement, while less than 20%
of the smooth stem was covered with bone cement. The
results showed that the average thickness of bone cement
layer at the proximal end of the revised failed bone cement
stem was about 1.2 &= 0.5 mm, which was much lower than
that of the average normal bone cement thickness of 2.8 +
0.8 mm at the proximal end and 3.5 &= 1.2 mm at the distal
end. Most of the bone cement in the proximal end of canal
was broken or fragmented.

In this paper, the extract of a male patient with revi-
sion due to stem fracture was selected for analysis, as shown
in Fig. 4. During the revision operation, it was found that
the proximal bone cement in the proximal end of canal was
broken or fragmented and easy to be removed, while the dis-
tal prosthesis was firmly fixed and could not be taken out
from the proximal end of canal. Moreover, the fracture part
of the femoral bone marrow cavity prosthesis stem was re-
peatedly rubbed and stimulated, and the femoral cortex was
often bulged.

Weight, Prosthesis Selection and Fracture of Cemented
Femoral Prosthesis

Vincent et al. [7] found that the fracture time of bone
cement stem is related to the patient’s body weight, and the
greater the body weight, the earlier the fracture time. Fa-
tigue fracture of femoral bone cement stem occurred in 12
patients 19 to 78 months after operation, and the fracture
sites were all located in the middle and distal end of 1/3
of femoral prosthesis. The fracture time of 5 cases was
3 to 7 years, which indicated that the large body weight
and the small choice of prosthesis were directly related to
the fracture of prosthesis, suggesting that the use of small
stem cement prosthesis in joint replacement of obese pa-
tients should be avoided as much as possible.

Bone Cement Installation Technique and Femoral
Prosthesis Fracture

This study found that bone cement has less protection
to bone at the proximal end, and the proximal end of canal is
also affected by stress concentration effect from stalk after
operation. Therefore, the bone around the proximal pros-
thesis stem will be adaptively absorbed, which will lead to
the decrease of bone rigidity of bone mineral density and
bone cortical thickness of proximal bone, so as to the grad-
ual weakening of load force transfer mechanism and the sig-
nificant increase of stress on the proximal prosthesis stem,
and finally leading to the fracture of proximal end or neck.
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Table 2. Correlation of different factors and THA.

. BMI Muscle/Fat FRA-BMD Neck-BMD Wards-BMD
Variables
M F M F M F M F M F
THA Correlation 0.42%* 0.69 0.53* 091 0.04* 024 0.36* 0.13 0.22* 0.62
Significance  0.34* 0.09 0.23* 0.00 0.94* 0.60 0.44* 0.78 0.64* 0.14
Pri Correlation 0.46* 0.04 0.31* 093 0.07* 0.02 0.42* 0.83 0.09* 0.72
rimaj
Y Significance  0.31%* 0.93 0.50* 0.00 0.88* 097 0.35*% 0.02 0.85* 0.07
Revisi Correlation 0.46* 0.04 0.31* 093 0.07* 0.02 0.42* 0.83 0.09* 0.72
evision
Significance  0.31%* 0.93 0.50* 0.00 0.88* 097 0.35*% 0.02 0.85* 0.07
. Trochanter-BMD Shaft-BMD Femur-BMD
Variables
M F M F M F
THA Correlation 0.11* 0.58 0.35* 0.09 046* 028
Significance  0.81%* 0.18 0.44* 0.86 0.29* 0.54
. Correlation 0.03* 0.22 0.33* 0.65 0.42* 0.69
Primary L
Significance  0.96* 0.64 0.47* 0.11 0.35* 0.09
. Correlation 0.03* 0.22 0.33*  0.65 0.42* 0.69
Revision L
Significance  0.96* 0.64 0.47* 0.11 0.35*% 0.01

Note: M, Male; F, Female; BMI, body mass index; BMD, bone mineral density; FRA-BMD, Femoral front rake an-
gle bone density; Neck-BMD, Femoral neck bone mineral density; Wards-BMD, bone mineral density; Trochanter-
BMD, Trochanter bone density; Shaft-BMD, Femoral bone density; Femur-BMD, Total femoral bone density; Sta-

tistically significant (p < 0.05). * means p < 0.05, with significant difference between groups.
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Fig. 4. Cemented stem fracture.

Effect of Body Weight on Sinking of Prosthesis Stem

No matter after cemented or biological type hip re-
placement, the prosthesis stem will sink. Clinical medicine
prescribes that the stem sinking 2 mm is the obvious feature.
At present, the stem sinking is mainly measured according
to X-ray film and D’ Antonio et al. [8] method. In this pa-
per, 25 male and 18 female revision patients with obvious

stem sinking were screened and X-ray films were extracted.
According to D’Antonio et al. [8] method, the statistics
of prosthesis stem sinking-BMI showed that the larger the
BMI value, the more significant the stem sinking, as shown
in Fig. 5.
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Fig. 5. Prosthesis sinking statistics in different genders pa-
tients.

Effect of Body Weight on Loosening of Bone
Cement-Stem Interface

Interface loosening and stem sinking were associated
with processes. Among them, aseptic loosening accounts
for about 31.2% to 50% of the failure factors of artificial
hip replacement, and weight gain will aggravate the risk of
mechanical loosening. The loosening after cemented total
hip replacement is mainly reflected in three aspects: mi-
crostructure of interface between artificial prosthesis stem
and bone cement, the interface between bone cement and
bone cavity, and interfaces [9], among which the loosen-
ing of the interface between prosthesis handle and cemented
bone is the main failure reason. According to the statistics
of this paper, about 15.3% of overweight and obese patients
in 25.71% of loosening patients have imaging translucent
lines <1 mm in the medial femur, and 8% of them have
speckle imaging translucent areas caused by focal osteol-
ysis in the proximal medial femur (Gruen I area) and the
posterior lateral femur (VII area), as shown in Fig. 6.

Some studies [10] found that the debonding and dis-
connection of the interface between prosthesis stem and
bone cement is mainly due to excessive shearing force or
tensile stress at the interface between prosthesis stem and
bone cement, which leads to interface dislocation or sliding.
The increase of body weight causes the increase of external
load on the prosthesis stem, the increase of medial shearing
force and lateral tensile stress, and the increase of interfa-
cial strain dislocation momentum is more and more obvi-
ous, and the prosthesis fixation enters the loosening stage
earlier. Therefore, it is of great significance to study the
influence of body weight on the initial debonding of bone
cement-stem interface for analyzing the loosening failure of
bone cement hip replacement.

The loosening process of cement-stem interface is
long-term accumulation, which leads to fatigue and loosen-
ing failure of bone cement, while overweight easily accel-
erates the debonding and loosening process of interface and
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damage of bone cement layer. Through finite element gait
mechanics analysis (Table 3), the maximum load of male
(60 kg) foot following the ground was 3637.76 N, and the
maximum load of prosthesis stem at 12 mm from proximal
end was 1055 N. The force line increased first, then de-
clined, and then slightly increased and then decreased dur-
ing the process from apex to tail end, while the anterior and
posterior segments of bone cement showed a peak-valley
shape with high stress at apex and tail end and depression
in the middle. In the femoral canal, the maximum stress is
45 N at 92 mm away from the proximal end, and it drops
sharply from 150 mm to 200 mm, while the stress rises and
then drops at 230 mm, while the latter part rises first and
then drops in twists and turns, which proves that the inter-
facial shearing force is the main reason for failure, as shown
in Fig. 7.

The lower limbs of human body support about 2/3 of
the body weight for activities. After operation, the stress
structure of the cantilever beam of femoral calcar changed,
and the acetabulum center moved up, accompanied by the
sinking of prosthesis stem and the loosening between host
bone and prosthesis, which affected the rehabilitation of
other normal muscles and bones and increased the degree
or frequency of pain [6]. The BMI was found to be over-
weight or obese in 72% of patients, normal in 23% and low
in simply 5%. BMI was associated with hip replacement in
both groups and higher in male than in female. Therefore,
the relationship between BMI increase in male and hip re-
placement is closer than that in female. Obesity can affect
physiological indexes of patients, such as triglyceride and
low and high concentrated fat protein cholesterol, which
can induce complications such as osteoporosis and bone de-
generation [11].

Discussion

Artificial hip replacement methods were divided into
biological type and cemented type. Owning to biological
femoral stem can promote regenerated bone tissue embed-
ded in metal surface. Biological replacement was widely
used for young and middle-aged patients who have bone
quality and bone cell activity constitution. For those who
were over 65 years old with osteoporosis, bone defects,
bone growth dysfunction, bone cement technology was
mainly used for them. However, the load bearing of the
hip biomechanical system after surgery has always affected
its reliability [1].

Obesity has been recognized as a risk factor for com-
plications after initial total hip arthroplasty [12]. Some
studies have shown that obese patients were more prone to
dislocation, leg length discrepancy, fracture, implant loos-
ening, infection and pulmonary embolism. The revision
rate of obese group was significantly higher [2,3]. Smith
et al. [6] found that BMI was too high to affect hip revi-
sion. While DeMik et al. [5] confirmed that it would ag-
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Table 3. Joint bearing forces in gait process.

Unit vector

Gait phase Peak stress  Quantity/N

X Y Z
Foot followed phase 4.64 BM 3637.76 -0.36 0.10 0.93
Single-legged standing phase 3.51 BM 2751.84 -035 -0.05 093
Tiptoe off phase 433 BM 3394.72 -0.48  0.10 0.95

BMI, body weight: The vector is positive in the inward, backward and upward direc-

tions through the center of the femoral head.

gravate meniscus injury of knee joint. Wong et al. [11] and
Vincent et al. [7] discovered that long-term obesity can hin-
der the functional rehabilitation of hip joint. Yu et al. [9]
and Johnson et al. [12] observed that obesity increased the
risk of femoral re-fracture after replacement. The other re-
searches have shown that obese patients receiving revised
THA were more likely to have reinfection rate and long-
term stay in hospital than non-obese patients [13,14]. To
improve the impact of obesity on joint replacement, some
patients would be advised to take appropriate medication
to treat obesity. Such as Naltrexone-bupropion (Contrave)
sustained-release tablets and Orlistat and sibutramine. The

former was prone to hypertension, type-II diabetes mellitus
or dyslipidemia and liver damage liver injury and other phe-
nomena [16]. The two latter would reduce cholesterol and
affect the gastrointestinal motility of patients [17]. Xu et
al. [18] witnessed tripterine can activate the leptin receptor-
signal transducer and transcription activator to reduce obe-
sity index. It provided a new treatment for obesity with-
out damaging the immune system. Additionally, this study
through clinical statistical analysis of obese patients in-
creased the risk of revision, finite element simulation anal-
ysis in patients with gait prosthesis stem and bone cement
between the shear stress increases with load increases. In
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particular, overweight obese patients will increase the loos-
ening risk of the femoral-stem-cement components, which
was confirmed by relevant literature [19-23].

By collecting BMI data of hip joint patients and bone
mineral density values of each part of femur, the age, gen-
der and number of diseases of patients were statistically an-
alyzed, and the influence of body weight on the stress of
postoperative implants was analyzed by finite element me-
chanical modeling. This paper mainly analyzes the influ-
ence of obesity on the failure of hip joint replacement with
bone cement. Studies have found that obesity and BMI
reaching the overweight or obese standard will aggravate
the disease of hip joint patients, and the impact of different
genders will also be different, which proves that BMI has
a greater correlation with postoperative failure. It provides
a scientific basis for prolonging the service life of hip joint
and reducing The Times of revision.

Conclusions

In conclusion, this work reported that BMI was sta-
tistically correlated with genders and age and primary and
revision rates in total hip replacement patients. Addition-
ally, it was analyzed that the effects of BMI on femur frac-
ture, stem subsidence and components loosening failure of
cemented hip replacement. Further Finite element analysis

simulation studies have witnessed that the increased body
weight of patients would inevitably lead to the interface
loosening failure of cemented hip replacement joint.
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