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Abstract There are a variety of conditions that lead to the requirement of total hip
arthroplasty (THA), which is performed to ultimately achieve the reduction of the
perceived pain and the subsequent improvement of the range of motion of the
affected individuals. The following article analyzes some of the aforementioned
conditions, giving a thorough examination of each disease from a biological per-
spective, and providing data regarding the outcomes of the surgical procedures on
the patients. The analyzed conditions we cover throughout this work include sickle
cell disease, hereditary multiple exostosis (HME), lumbar spinal disorders, develop-
mental hip dysplasia (DDH), renal transplant and hemodialysis, osteoarthritis (OA),
and human immunodeficiency virus (HIV).

1 Introduction

Total hip arthroplasty constitutes a suitable solution for the treatment of conditions
that include but are not limited to osteoarthritis of the hip joint. In fact, there are a
wide variety of conditions that would significantly benefit from the performance of
the orthopedic procedure, particularly in terms of pain relief, and increased func-
tionality. In this article, we review the literature to cover some of the aforemen-
tioned conditions, providing a thorough examination of the causes leading to the
development of each disease, and some of the reasons for the performance of THA
to be beneficial for the affected individuals. Such conditions include sickle cell dis-
ease, hereditary multiple exostosis, lumbar spinal disorder, developmental hip dys-
plasia, end-stage renal failure leading to renal transplant and hemodialysis, and
human immunodeficiency virus.
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2 Sickle Cell Disease

Sickle cell disease is a recessive disorder derived from the inheritance of hemoglo-
bin S and caused by a point mutation on the 17th nucleotide (in which adenine
replaced the thymine present in healthy individuals) on the f-globulin gene located
on exon I of both homologs of chromosome 11. It results in the production of red
blood cells presenting a sickle shape that eventually causes the blockage of blood
vessels, ultimately leading to conditions such as ischemia or breach of the compro-
mised tissue which substantially decrease life expectancy [2].

Avascular necrosis is one of the most common impairments caused by the dis-
ease, mainly due to the effects that the blockage of the normal blood flow has on the
bone connective tissue.

The head of the femur is the most common site affected by avascular necrosis in
patients diagnosed with sickle cell disease, thus impacting operational capacity and
leading to osteoarthritis of the hip joint, already presenting previous abnormalities
in the morphology of the metaphysis of the femur (characterized by unusually thin
trabeculae and cortices) alongside low bone mineral density, which could poten-
tially lead to discrepancies between the joint surfaces of the hip and subsequent
collapse of the femoral canal [3]. Therefore, total hip replacement constitutes the
most effective and safe procedure to ultimately restore the functional ability of the
affected patients, as well as decrease the unbearable pain experienced by the latter
[4,5]. Figure 1 shows the magnification of the red blood cells in patients affected by
sickle cell disease. The “sickle”-shaped cells are indicated by the arrows [62].

2.1 Total Hip Replacement Surgery in Patients with Avascular
Necrosis Suffering from Sickle Cell Disease

The objective of the study undertaken in [1] was to analyze the operational out-
comes in patients affected by sickle cell disease presenting avascular necrosis, either
with or without congruency of the hip.
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Fig. 1 Red blood cells of individuals with sickle cell disease
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Throughout the study, the participants were divided into two groups. Group A
consisted of 19 patients with optimal congruency of the hip but presenting an infarct
area of over 30%, whereas group B comprised 17 patients presenting joint incon-
gruency with arthritic changes. The entirety of the participants was subjected to
THR through a lateral approach, performed after reaching a concentration of hemo-
globin of a minimum of 10 g/dl and a hemoglobin S concentration below 30% (in
order to avoid the incidence of sickle cell crisis postoperatively). The procedure was
performed via an incision realized approximately 5 cm proximal to the extremity of
the greater trochanter and extending for 8 cm down the femoral bone, which split
the tensor fascia lata to expose the tendon of the gluteus medius [1].

After a comparison of the Harris Hip Score results, it was possible to determine
that both groups showed substantial progress in their functionality, particularly
group B, which presented a superior improvement throughout the first year follow-
ing the surgery, potentially attributed to the more severe pain experienced before the
THR procedure. The rate of survival 5 years postoperatively corresponded to
94.29%, and the observed deaths were caused by factors unrelated to THR. The
incidence of superficial infections amounted to 14.2%, successfully treated with
administration of antibiotics, whereas it was significantly lower for deep infections,
2.8%. Moreover, only 2.8% of the analyzed cases experienced aseptic loosening of
the stem of the femur, whereas no dislocations were observed [1].

3 Hereditary Multiple Exostosis

Hereditary multiple exostosis (HME), also called denominated hereditary multiple
osteochondromas, is a rare congenital disease caused by loss-of-function mutations
occurring at the EXT1 and EXT?2 genes, which are linked to the synthesis of heparan
sulfate and result, according to several studies, in alterations at the molecular and
cellular levels [6]. The disease induces the thickening and subsequent distortion of
the bone during development, ultimately causing the formation of osteomata —
benign formation of new bone connective tissue — around areas characterized by
active osteogenesis. The bones implicated in this detrimental process are usually less
developed in terms of length, thus causing deformities in the skeletal structure of the
majority of the affected individuals, such as structural asymmetry in the os coxae
and pectoral girdle, abnormal growth of the ulnar and radial bones leading to the
subluxation of the glenohumeral articulation, and distortion of the knee caused by
similar abnormalities regarding the tibia and the fibula [8]. In particular, about 25%
of HME patients present an anomalous increase in the surface area of the metaphysis
and valgus hip caused by deformities occurring at the neck of the femur or in the area
between the trochanters, ultimately resulting in a decreased space between the lesser
trochanter and the ischial tuberosity, which increases the incidence of femoroacetab-
ular impingement and early arthritis of the joint up to 62% [9, 10]. The population
affected by this disease usually presents various clinical manifestations, among
which chronic pain syndrome, limited range of motion, deformities — especially
regarding the limbs — and alterations of the neurovascular system [6].
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Fig. 2 Radiograph of an individual with HME

No medical treatment has been currently identified for HME [6]; therefore, THA
has been indicated as the most favorable alternative for patients affected by this
condition and by acute osteoarthritis, to ultimately restore the range of motion and
provide relief from pain. Figure 2 depicts the radiograph of a patient affected by
hereditary multiple exostosis, in which acetabular dysplasia is visible in both
hips [63].

3.1 Total Hip Arthroplasty in Patients Affected by Hereditary
Multiple Exostosis

The retrospective review performed in [7] included seven patients affected by HME,
three of which suffered from bilateral arthritis of the os coxa and femur, therefore
requiring bilateral THA. The surgery was performed through the direct lateral
approach in eight instances, whereas only two were performed using the posterior
approach; moreover, the patients suffering from bilateral exostosis of the hip under-
went two surgeries, with the second one performed 12 months after the first proce-
dure. The components of the acetabulum were successfully press-fitted into the
acetabulum for all cases, including five requiring ulterior fixation obtained through
the use of two screws. The femoral components were categorized using the Mont
group classification: four stems were categorized as type 1, a design called single-
wedge stem, characterized by flat anterior and posterior surfaces and a widened
mediolateral surface with a narrower shape in the distal part [11]. Five stems were
instead categorized as type 3b, therefore presenting a conical design with splines
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along the longitudinal axis to aid in fixation into the compact bone of the femur, and
one as type 6, presenting a posterior arch to attain optimal contact when inserted
into the proximal femur [11]. The mean follow-up period for evaluation of patients
was 5 years, during which the Harris Hip Score was used to estimate the operational
outcomes of the procedures — which improved from a preoperative mean of 34 to an
86 postoperatively — alongside a meticulous examination of the results to determine
the incidence of joint infections following implantation of the prosthesis, fractures
of the femur, and loosening or dislocation of the prosthesis, none of which were
ultimately reported [7].

Analysis of the results indicates that the choice of the cup does not constitute a
crucial issue, as the structure of the acetabulum is generally maintained. However,
accurate placement and stable fixation are achieved when using press-fit cups with
a hemispheric design that allows for the insertion of screws. With regard to the
femoral components, type 1 and 3b designs are used for femurs presenting exostosis
around the circumference of the neck, valgus neck-shaft angle, and wider neck
diameter, mainly because of the straight prosthetic structure that allows for optimal
meta-diaphyseal fixation. Instead, type 6 designs are more used for cases of pedi-
cled exostosis, in which distortions are not as severe and the head and neck of the
femur are not altered [7].

4 Lumbar Spinal Disorders

Osteoarthritis (OA) of the hip and pain in the spinal region frequently coexist. The
alterations to which the lumbar region of the spinal cord is subjected frequently lead
to severe chronic pain, which could potentially spread to the lower limbs. Therefore,
when OA and lumbar spinal disorders (LSDs) occur concomitantly, it becomes
more complex to establish the main source of pain in the patients [13]. However,
THA has shown positive outcomes in terms of improvement of the pain in the lum-
bar region in patients already affected by hip osteoarthritis.

Prior to the procedure, the incidence of lower back pain (LBP) ranges from
21.2% to 60.4% [14-16], improving in about 60% of the cases in the postoperative
period [15-18]. Nonetheless, relatively worse results have been indicated when
THA was performed on patients with coexisting OA of the hip and LSD — compared
to the ones not presenting any spinal disorders [13, 19] — and in patients that did not
experience any improvements in the perceived pain in their lumbar region [17, 18].

4.1 Low Back Pain Improvement Using Preoperative
Techniques After Performing THA: Research in Japan

The goal of the study conducted in [12] was to identify the percentage of patients
experiencing improvements in their LBP after undergoing THA and to determine
the preoperative spinal factors leading to such improvements.
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A total of 318 primary procedures were evaluated, and the LBP was determined
preoperatively via the visual analogue scale (VAS), with a score ranging from O,
indicating no pain, to 10, indicating maximum pain. In addition, the patients were
asked to complete the Harris Hip Score (HHS), Oxford Hip Score (OHS), and
University of California, Los Angeles (UCLA) activity scores within 1 month prior
and 1 year following the surgery.

The study under analysis only included patients who received a score of 2 or
higher in the preoperative VAS — ultimately involving 151 patients — which indi-
cated the minimal clinically important difference (MCID) for lower back pain and
allowed for the subsequent division of the included patients into two groups. The
LBP-improved cohort was characterized by patients presenting an improvement
higher than 2 points in the VAS score collected | year after the surgical procedure
or improving from a preoperative score of 2 to a score of 0. The LBP-continued
group was instead composed of patients characterized by an improvement in the
VAS score of 2 or lower.

Radiographs of the spine were also analyzed with the patients standing in a
relaxed position and looking in the forward direction. The parameters regarding the
spine were evaluated prior to the surgical procedure. Additionally, the coronal
parameters were also examined, including the Cobb angle, obliquity of the pelvis —
hence the angle formed between the line joining the superior bilateral portion of the
ilium and the horizontal line — and the distance separating the C7 plumb line, and
the vertical line located in the central sacral area. Sagittal parameters were analyzed,
including the anterior pelvic plane (APP) angle — defined as the angle between the
vertical line and the plane passing through the bilateral anterior superior iliac spines
and the pubic symphysis, which yielded a positive value in case the APP was rotated
more forward than the vertical line — the pelvic incidence (PI), the pelvic tilt (PT),
the sacral slope (SS), thoracic kyphosis, sagittal vertical axis (SVA), and lumbar
lordosis (LL), alongside leg length discrepancy (LLD) [12].

The surgeries were performed via the transgluteal approach, with or without the
mini-trochanteric osteotomy of the anterior section of the insertion of the gluteus
medius muscle. This technique provided comprehensive visibility of the acetabu-
lum, thus allowing for more precise positioning and orientation of the prosthetic
implant, as well as increased stability for the prevention of dislocation events; how-
ever, it has been associated with increased incidence of temporary gait disablement
because of the degradation of the abductor mechanism of the hip joint [20].

A total of 119 hybrid, 1 cemented, 26 cementless, 1 reverse hybrid, and 4 aug-
mented plate and cemented implants were used throughout the procedures. Instead,
the bearing surfaces employed were metal femoral head on cross-linked polyethyl-
ene in 101 instances, and ceramic head on cross-linked polyethylene in 50 cases.

The analysis of the data gathered postoperatively indicated the 62.9% of patients’
categorization in the LBP-improved cohort later on had a significantly lower mean
value of 4.4 for the Cobb angle when compared to the LBP-continued cohort that
had a mean value of 7.2. Additionally, the LBP-continued cohort demonstrated sig-
nificant sagittal spinal imbalances postoperatively, especially regarding the APP
angle, which corresponded to —6.0 = 10.3, compared to the lower one indicated for
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the LBP-improved group, —1.8 + 8.1, thus indicating an increased anterior rotation
of the pelvis in the latter [12].

The results obtained for the VAS administered postoperatively, as well as the
HHS, OHS, and UCLA scores, showed significantly worse outcomes for the LBP-
continued group. In fact, the average score indicated for the VAS was 5.5, compared
to the 0 obtained in the LBP-improved cohort. The average result from the HHS was
7.7 points higher in the LBP-improved group, which also displayed a higher aver-
age — by 5 points —in the OHS. The UCLA activity scores yielded similar outcomes,
ranging from 5 to 6 in the LBP-improved group and from 3 to 6 in the LBP-continued
one [12].

The factors that could have led to an improvement in the lower back pain experi-
enced by the patients 1 year after the THA procedure were a low Cobb angle, as
well as a high APP angle obtained preoperatively. Instead, factors such as a higher
Cobb angle and sagittal spinal imbalances were correlated to constant LBP [12].

5 Developmental Hip Dysplasia

Reconstructive surgeons face many challenges when presented with the demanding
procedure of hip joint reconstruction in patients affected with developmental hip
dysplasia (DDH) [23]. This developmental condition is caused by mutations occur-
ring at the WISP3 gene [21] and comprises a spectrum of progressive modifications
to the femur and acetabulum, which consist in the complete distortion of the bone
morphology compared to the normal rapport between femoral head and acetabulum
and results in fractures, dislocation, neurovascular injuries, loosening of implants,
infections, and impaired functional outcomes. THA surgeries in these patients’
results are extremely challenging and characterized by high complication rates
compared to cases relative to primary osteoarthrosis, primarily because of the young
age, degree of activity performed, and lack of pronounced degenerative alterations
of the hips of the patients [23]. The pattern of abnormalities in dysplastic hips is
characterized by a shallow acetabulum on the pelvic side, and by a small femoral
head with an excessively anteverted neck on the femoral side, which lead to a
reduced region of contact between the two articulating bones and therefore resulting
in the transmission of a significant stress onto a reduced surface area, ultimately
causing articular modifications [23]. Figure 3 depicts various radiographs that illus-
trate the detrimental effect of DDH on the hip of the individuals affected by this
condition. Figure 3a shows the hip of a 13-year-old patient when the disease was
first diagnosed. Figure 3b depicts the conditions of severe osteoarthritis of the hip of
the same patient at 32 years old, which necessitated surgical intervention (THA) 2
years later, as shown in Fig. 3c. Figure 3d depicts signs of aseptic loosening of the
acetabular cup after the primary THA procedure, thus requiring revision surgery.
Finally, Fig. 3e illustrates the conditions of the newly implanted prosthesis after
revision THA [64].
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Fig. 3 (a) Initial diagnosis of DDH, (b) advancement to a severe state of osteoarthritis, (¢) THA
surgery, (d) evidence of aseptic loosening of the cup after primary THA, (e) implant conditions
after revision surgery

5.1 Developmental Hip Dysplasia Requiring Total
Hip Replacement

The data gathered in [22] shows that the most suitable acetabular components for
this complicated THA surgery are uncemented — either with or without augmenta-
tion of the surface area of the bone — which are now extensively used in moderately
dysplastic hips as they present significantly low revision rates in both mid- and
long-term follow-ups. Instead, cemented acetabular components seem to have a
greater percentage of revision rates due to socket loosening or graft collapse, along-
side decreased survival rates [24, 25]. In contrast, the use of cemented stems gener-
ated better results on the femoral side, whereas the use of proximally fit uncemented
component appears to be particularly complicated in DDH patients due to deformi-
ties, which often require the addition of modular elements or the execution of oste-
otomy in an attempt to achieve the ideal fit [30].

Good results were also observed in DDH patients when the hip joint center was
restored successfully — via radiographs performed before the procedure and intraop-
erative image intensifier — even through the use of a small cup characterized by a
slender polyethylene liner [26]. However, problems with this specific approach have
been encountered in severe cases of dislocation during the restoration of the center
of rotation in THA, as the positioning of the anatomical socket might increase the
difficulty of hip reduction and further increase the risk of nerve-related injuries
[27-30].

Moreover, the greater flexibility in the rectification of rotational deformities and
the possibility to preserve the abductor mechanism in femoral shortening via proxi-
mal osteotomy and greater trochanter distal advancement is juxtaposed with sub-
stantial complications.

In summary, THA in DDH can be adequately addressed with a uniquely designed
implant, appropriate osteotomy procedures, and bone grafts, alongside precise
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placement of cup that allows for reconstruction of the abductor muscles’ lever arm
and normal hip center, producing better results in terms of biomechanics. Despite
the poorer outcomes reported for THA in DDH patients compared to the same pro-
cedures in patients not displaying any previous conditions, current evidence indi-
cates a tendency of improving outcomes for pain relief, return to daily activities,
functional improvement, and reduction of complication rates [22].

6 Renal Transplant and Hemodialysis

Renal transplant is by far the most widespread solid transplant procedure for patients
with end-stage renal failure (ESRF) [36], and its positive outcomes rely on the
usage of corticosteroids and immunosuppressors to avoid rejection of the newly
implanted organ. However, as a consequence of the low number of donors, the num-
ber of patients receiving hemodialysis is progressively growing, and the conse-
quences arising from this procedure, including amyloid deposition around the
joint — whose major constituent was determined to be f,-microglobulin fibrils — or
renal osteodystrophy, also affect the hip joint in the long run [34, 35], causing com-
plications such as avascular necrosis, especially concerning the head of the femur
[32, 33], ultimately addressed with THA.

Avascular necrosis (AVN) is generally correlated to unusually high lipid levels,
which lead to the formation of microemboli and structural alterations within the
cells of the endothelial layer of the integument causing the loss of proper vein func-
tion of the legs, alongside a more elevated intraosseous strain and osteonecrosis.
The administration of high dosages of immunosuppressants seems to constitute one
of the primary agents in the development of AVN, and it is therefore suggested to
maintain the daily dosage to below 20 mg, as results indicate a risk of avascular
necrosis amounting to less than 3% [36].

6.1 Total Hip Arthroplasty Outcomes on Patients
with Hemodialysis and Previous Renal Transplant

THA procedures on patients with previous renal transplants or hemodialysis have
been analyzed, reporting the data gathered throughout the research [32]. Results
show that the comprehensive revision rate for patients previously subjected to kid-
ney transplant corresponds to 16% at 8 years following the procedure, whereas it is
slightly lower for hemodialysis patients, with a percentage of 15.7% at a mean of 7
years after primary THA [31], data that could be correlated to the migration of f,-
microglobulin into the interface between bone and implant, thus contributing to
early loosening of the latter [32].

Moreover, the use of uncemented implants was reported to have a substantially
lower rate of revision surgeries due to dislocation or aseptic loosening for both the
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renal transplant (RT) group and the hemodialysis (HD) group, but the rate of deep
infection calculated for end-stage renal failure patients subjected to hemodialysis
was significantly higher — 10.8% — than the one obtained for the RT group, 2.1%
[31]. Instead, the risk of aseptic loosening in cemented implants was reported to be
significantly higher (33.3%) [31] due to the interface between bone and cement,
which suppressed the formation of the bone and resulted in resorption [36] — for-
mally described as the destruction of the bone matrix following the release of pro-
teolytic enzymes and hydrochloric acid by osteoclasts.

Overall, THA performed through a cementless technique is considered to be the
most effective alternative for patients who had been subjected to hemodialysis for
an extended period of time, as data indicate a less severe stage of bone atrophy and
the lack of development of stress shielding due to ingrown fixation compared to
cemented THA [32].

7 Osteoarthritis

Osteoarthritis (OA) is the most widespread type of arthritis [37], and it was consid-
ered the 11th agent contributing to disability in 2015 [39]. This condition provokes
severe pain during or after movements, joint stiffness, decreased flexibility and
range of motion, as well as swelling [37], and it mainly affects the joints subjected
to significant mechanical stress — such as the hip and the knee — causing structural
changes in the hyaline articular cartilage, capsule, ultimately leading to destruction
and failure of synovial joint [40]. Some of the risk factors correlated to this condi-
tion include age, female sex, deformities of the bones, and particular metabolic
disorders. Additionally, another factor that increases the likelihood of developing
OA is obesity [37] that is covered in the following paragraph. Figure 4a shows the
radiograph of a hip in the initial stage of osteoarthritis, whereas Fig. 4b depicts the
rapid progression of the disease and the detrimental effects on the hip of the
patient [65].

7.1 Impact of Weight Loss in Osteoarthritic Patients upon
Total Hip and Knee Replacement

In patients affected by OA, the structural composition of cartilage is subjected to
several alterations, which cause an ongoing depletion of its integrity and conse-
quently increasing its vulnerability to external stresses [38]. In the early stages of
osteoarthritis, only the surface of the articular cartilage is subjected to erosion; how-
ever, this phenomenon rapidly reaches deeper areas of the bone, which then leads to
an increase in the surface of the calcified cartilage zone. Moreover, in an attempt of
contrasting this inevitable erosion process, the chondrocytes present within the car-
tilage increase their synthetic endeavor, ultimately creating products leading to the
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Fig. 4 (a) Initial stage of osteoarthritis, (b) progressive disruption of the hip joint

degradation of the matrix, alongside proinflammatory mediators [40]. At this point
in time, there are no authorized pharmacotherapies that have been proven to suc-
cessfully prevent or cease the advancement of OA; however, several factors have
been correlated to increase risks of developing the disease. Obesity is one of the
main factors that provoke the development of OA [41], as results have indicated an
increase of 4.6% in the probability of developing such condition compared to peo-
ple with a healthy weight [42].

Based on these findings, weight loss constitutes one of the main recommenda-
tions for OA management [43—47]. This conclusion is backed up by studies indicat-
ing that patients experiencing a weight loss of over 7.5% compared to their initial
weight displayed inferior risks of TKR. On the other hand, no significant differ-
ences were found in terms of increased risk of THR for OA patients experiencing
weight loss of >7.5%; however, the risks significantly increased when patients expe-
rienced a weight gain of more than 5% [38]. These differences might be attributable
to the nature of the joints under analysis. The knee is, in fact, a hinge joint, and
changes in mechanical stress on a misaligned knee joint are significantly amplified
due to the reduced surface area they act upon [48]. Instead, the hip joint is a ball-
and-socket joint, and the greater surface area of the latter would explain the lesser
sensitivity to changes in physical force as compared to the knee [38].

8 Human Immunodeficiency Virus

Human immunodeficiency virus (HIV) is a virus that targets the immune system,
and, if not treated, it could culminate in acquired immunodeficiency syndrome
(AIDS) [49]. The cure for this disease is yet to be discovered; however, because of
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the development of techniques aimed at its prevention, detection, and management,
HIV is now considered more of a chronic disorder, thus allowing the affected popu-
lation to carry on with their lives without major complications.

As the disorder targets and impairs the immune system of the affected individu-
als, the latter progressively become immunodeficient, therefore increasing their vul-
nerability against a wide variety of infections, as well as some kinds of cancer that
healthy people are able to fight against [49].

The incidence of hip diseases associated with HIV infection is particularly com-
mon, therefore constituting a major issue particularly in South African countries,
where HIV is exceptionally widespread. HIV-positive patients are more prone to the
development of avascular necrosis of the hip and head of the femur, caused by the
reduced mineral density of their bone connective tissue, which ultimately decreases
the median age of the affected individuals requiring THA. Despite the success
attributed to THA for the treatment of hip diseases, the procedure could potentially
lead to severe complications in patients affected by HIV, including possible infec-
tion of the joint following the implantation of the prosthesis [51-53].

8.1 HIV Infection and Periprosthetic Joint Infection
Correlation in Young Adults upon THA

The main goal of the study conducted in [50] was to gather the outcomes following
THA in HIV-positive and HIV-negative patients, to perform a comparison of the
incidence of periprosthetic joint infection (PJI) in both groups, alongside the pos-
sible correlation between HIV infection and venous thromboembolic events (VTE),
revision surgery, and reintervention.

In total, 290 cases in 213 patients were comprised in the conducted analysis, with
a mean age of 43 years — ranging from 26 to 54 years. The main factors leading to
the performance of THA were avascular necrosis of the hip and femoral head in
78% of the cases, and osteoarthritis in the remaining 22%. The number of HIV-
positive patients included in the study amounted to 180, characterized by a mean
CD4 count — a value that calculates the functionality of the patient’s immune sys-
tem — of 520 cells/mm? [50].

Before the procedure, all patients were subjected to medical assessments —
regardless of their HIV status — which included standard AP, lateral X-rays, blood
examination, and collection of urine. For the HIV-positive group, the CD4 count
was additionally attained.

The surgical procedure was later performed in all the patients, including the six
presenting a CD4 count inferior to 350 cells/mm?, mainly because of the grave
symptoms displayed, which resulted in serious incapacitation. The prosthesis cho-
sen for the surgeries was an uncemented Corail®/Pinnacle System, and, following
its installation, the patients were administered intravenously with three doses of
prophylactic antibiotics. Subsequently, the therapy aimed at the prevention of
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thrombosis was commenced 12 h after the procedure, and consisted of 40 mg of
enoxaparin supplied daily, which was then substituted with 10 mg of rivaroxaban —
administered daily — 2 days after the procedure, sustained until 14 days
postoperatively.

The obtained results showed a total of six cases of superficial wound infection
after the surgery — only one of which was recorded in an HIV-positive patient — and
three instances of infection of the joint postoperatively, two of which were observed
in HIV-positive patients. One of the patients pertaining to the HIV-positive cohort
perished due to pulmonary embolism; nonetheless, no significant difference regard-
ing the incidence of venous thromboembolic events was observed between the two
analyzed groups, which corresponded to 4% for the HIV-positive group and 6% for
the HIV-negative group. The radiological assessments performed during the follow-
up procedure displayed no evidence of subsidence or loosening of the implant, and
no dislocations were observed during the follow-up period. Additionally, the out-
comes reported by the patients, obtained via the Merle d’Aubigné Hip Score 6
months following the surgery, were analogous for both groups (p = 0.154) [50].

In conclusion, no differences were observed regarding the incidence of PJI, VTE,
aseptic loosening of the implant, and patient-reported outcomes — obtained at 6
months postoperatively — as well as reintervention, mortality, or revision rates
between the two groups at a mean 4-year follow-up [50].

8.2 HIV-Positive Patients’ THA Yielding Positive Functional
Outcomes and Low Infection Rates

The incidence of prosthetic joint infections (PJI) has been constantly increasing
despite the innovations and the improvements made to the techniques used for sur-
gery, thus consequently leading to an increase in the requirement for revision sur-
geries for the treatment of such infections [55]. The HIV status of the patient is
considered a substantial risk factor for PJI, alongside other factors including the
body mass index and diabetic control [56]. The development of highly active anti-
retroviral therapy (HAART) has allowed for a more cautious management of HIV,
which has now become a chronic condition rather than a fatal diagnosis. However,
HIV patients treated with HAART are at increased risk of developing avascular
necrosis (AVN) of the head of the femur, as the reported incidence is greater by a
factor of 45-100 compared to the rest of the population [57, 58], subsequently aug-
menting the demand for THA.

The study performed in [54] aimed at evaluating the short- and medium-term
results of non-hemophiliac HIV-positive patients subjected to THA in a sub-Saharan
hospital, alongside examining patient-reported outcomes and determining the fac-
tors leading to poor outcomes and infections. The review included 87 patients that
had been subjected to THA between 2010 and 2018, with a minimum follow-up
period of 24 months. An examination of the CD4+ count and viral load (VL) was
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performed to ascertain the status of their immune system, and the surgery was initi-
ated in patients presenting a preoperative CD4+ value over 250 cells/mm?® and, if
that threshold was not reached, the procedure was postponed by 6 months. The
Harris Hip Score (HHS) and Oxford Hip Score (OHS) were employed to assess the
preoperative status of the patient and postoperative outcomes related to the surgery,
and the condition affecting the hip was evaluated via standard radiographic tech-
niques, and later subdivided into HIV related — if determined to be generated by
HIV or a detrimental consequence of the HAART — and non-HIV related, in the
case of osteoarthritis, protrusion of the acetabulum, and inflammatory arthritis.

The THA surgeries were performed via an altered anterolateral approach, and
prophylactic antibiotics — consisting of cefazolin or clindamycin in case of allergies
to penicillin — were administered 30 min prior and 24 h after the procedure [54].
Moreover, intravenous tranexamic acid was administered 30—60 minutes prior to
the incision.

After the procedure, symptomatic patients received transfusion if the hemoglo-
bin levels were below 8g/dL or 10g/dL, and, after discharge, low-molecular-weight
heparin was prescribed for a total of 4 weeks to prevent the formation of blood
clots [54].

The complications occurring after the surgery were categorized as early, if occur-
ring before the fourth week, and late, if occurring after the fourth week, and were
classified using the Clavien-Dindo-Sink Classification, which uses a grading scale
of 5 points depending on the type of treatment needed for a complication [59-61].
The patients were then subjected to systematic follow-ups at 6 weeks, 6 months, 1
year, and then annually, which included the performance of a radiographic examina-
tion. Additionally, CD4+ count and HIV viral load were assessed at 6 weeks and
then annually.

Out of the 87 patients included in the study, 15 were subjected to bilateral staged
THA. The average age was 58.34 years, the average body mass index was 31.56 kg/
m?, the mean value indicated for CD4+ count was 569 cells/mm? (ranging from 51
to 1481), and the average VL was <40 copies/mL. Before the procedure, 82 patients
were subjected to HAART for an average of 4.7 years, whereas the remaining 5
were not subjected to such treatment before or after the surgery and presented a
mean CD4+ value of 658 cells/mm? and of <40 copies/mL for the VL.

Avascular necrosis of the femoral head was one of the main factors leading to the
THA procedure, observed in 71 patients (69.6%), followed by primary osteoarthri-
tis, detected in 16 (15.7%). Other conditions were instead less frequent and included
fractures of the femoral neck (7.8%), inflammatory conditions (2.9%), tuberculosis
of the hip (0.98%), hip ankylosis (0.98%), chondrolysis (0.98%), and protrusion of
the acetabulum (0.98%) [54].

Fifty-seven patients were subjected to the implantation of ceramic-on-ceramic
bearing coupling, 26 to metal-on-metal polyethylene, and 19 to ceramic on polyeth-
ylene, and both uncemented and hybrid THAs were executed with DePuy Synthes
CORAIL Pinnacle prosthetic implants [54].

The average length of stay was 6.4 days, and the mean size of the femur observed
postoperatively was 9. The mean follow-up period was 81.24 months, during which
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two deaths, unrelated to the procedure, were recorded; moreover, six more patients
failed to attend the periodic follow-ups. The mean CD4+ count and VL evaluated
during the last follow-up were 621 cells/mm?* and <40 copies/mL, respectively [54].

In terms of functional outcomes, all patients showed significant improvement in
their HHS and OHS, going from a preoperative mean value of 32 for the HHS and
23.62 for the OHS to an 81.51 and 43.43 recorded after the procedure. Additionally,
the patients also reported a substantial decrease in their pain, based on the mean
improvement of 8.6 on the VAS, and the overall satisfaction rate amounted to
91.4% [54].

After the procedure, the incidence of complications corresponded to 10.78%,
with a total of three medical complications and eight related to the surgery. Out of
these 11 complications, 4 were categorized as early, whereas 7 were classified as
late, and the readmission rates were 3.92% within the first month, and 6.86% from
60 to 90 days postoperatively, whereas no readmissions were recorded in the period
ranging from 30 to 60 days. Six PJIs (5.88%) — including three recently diagnosed
patients that had not begun HAART — were identified and later verified by needle
aspiration, one of which occurred at the site of surgery, whereas five were deep
infections. Additionally, the mean VL for the patients experiencing PJIs was lower-
than-detectable, and the mean CD4+ count was 523 cells/mm? [54].

The THA was required for HIV-related causes in 78.4% of the cases, whereas it
was non-HIV related in the remaining 21.6%; moreover, the incidence of complica-
tions was 7.5% for patients undergoing THA due to HIV-related causes, and 22.72%
when the procedure was required for non-HIV-related motives. No correlation was
found between the preoperative value indicated for CD4+ count and VL and the
complications or results of the surgical procedure, as 8 out of the 11 patients who
experienced complications had a CD4+ count equal or greater than 350 cells/mm?,
and 5 out of the 6 patients that experienced septic complications had a CD4+ count
of >350 cells/mm? [54].

In summary, a substantial risk factor for the development of PJIs is the noncom-
pliance or delayed commencement of HAART, whereas factors such as CD4+ count
and VL are not correlated with worse clinical results or greater incidence of compli-
cations. Additionally, a substantial increase in functional outcomes can be achieved
after THA, which can be safely executed in patients presenting HIV and undergoing
HAART [54].
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