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Abstract This article comprises a variety of comparisons between the several
approaches employed for total hip arthroplasty (THA), highlighting both the
strengths and weaknesses attributed to each approach. Moreover, it provides addi-
tional information regarding staged and simultaneous bilateral THA, as well as the
most suitable methods for the treatment of femoral fractures in the elderly. Most of
the comparisons included in this work provide details that juxtapose one of the most
utilized surgical approaches, the DAA, with other conventional approaches and
novel technique of supercapsular percutaneously assisted approach (SuperPATH).
Additionally, we provide information on comparisons of the relative outcomes of
conventional approaches and robotic THA, as well as an examination of the capsu-
lectomy and capsulotomy techniques.

1 Introduction

THA procedure can be performed via a variety of approaches, each presenting specific
strengths, as well as weaknesses, mainly correlated to the methodology used to access
the hip joint in order to ultimately implant the prosthetic components. The most com-
monly used approach is the direct anterior approach, and its growing popularity is
attributed to the muscle-sparing technique that characterizes it, which allows for supe-
rior cosmetic appearance, as well as inferior intraoperative blood loss, shorter hospital
stay, and decreased pain perceived by the patient in the initial stages following the
surgical procedure [1]. Because of the aforementioned positive outcomes correlated to
the DAA, this particular approach has been repeatedly analyzed and compared to other
conventional approaches (CAs), some of which are summarized throughout this work.
Some of the other analyzed approaches include the SuperPATH, robotic THA, hemi-
arthroplasty, capsular repair, capsulectomy, and proximal femoral nail antirotation.

In patients presenting bilateral arthritis, the THA procedure can be performed in
either one or two stages, thus a brief but comprehensive summary of the relative
advantages and downsides correlated to the performance of staged bilateral or
simultaneous bilateral THA has been included.
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2 Comparison of Minimum 2-Year Outcomes Following
DAA and PA in Primary THA

The data gathered in [2] were retrospectively collected and reviewed and included
patients that had undergone primary total hip replacement surgery with the senior
surgeon (BGD) and had a minimum 2-year patient-recorded outcomes (PROs), in
the period ranging from 2008 to 2016. The PROs employed during the follow-up
process consisted of a variety of tests including the Harris Hip Score (HHS), the
Forgotten Joint Score-12 (FJS-12), the visual analogue scale (VAS), and patient
satisfaction. Additionally, the Veterans RAND 12-Item Health Survey (VR-12
Physical and VR-12 Mental) and Heath Survey Short (SF-12 Physical and SF-12
Mental) were used to analyze both the physical and mental state of the patients.

All the patients included in the study underwent THA through either DAA or
PA. For DAA hip arthroplasties—in which acetabular reaming and cup component
positioning was performed with the use of fluoroscopic guidance—a traction table
was utilized to allow for the capsule to be opened in a “T” shape fashion and closed
with absorbable sutures with the patient positioned in the supine position [2]. For
THAs performed through posterior approach (PA), the patient was placed in the
lateral position to enable the identification of external rotators and their subsequent
removal for exposure while simultaneously preserving the piriformis tendon when
practicable. The capsule was subsequently identified and incised in an inverted “L”
shape fashion and preserved during the surgical procedure to achieve transosseous
repair, which was then performed with non-absorbable sutures [3, 4] to reattach the
external rotators.

All patients followed a precise postoperative rehabilitation protocol, which con-
sisted of physical therapy and at-home care for 1-2 weeks. An additional 6—8-week
long rehabilitation program was then planned to improve patients’ strength and
range of motion, alongside postoperative follow-up appointments consisting of
radiographic evaluation at the 2-week, 3-month, and annual time points [2]. A total
of 707 THAs were conducted during the length of the study, among which 470
underwent THA through the DAA and 237 through the posterior approach. Of all
cases, 415 out of the 470 cases reported for DAA met the minimum 2-year follow-
up, while a greater percentage was recorded for the PA, 215 out of the initial 237. A
total of 16 complications were observed in the DAA group, among which 9 patients
with superficial infections, 5 resolved with oral antibiotics, and the remaining 4 with
irrigation and debridement. Moreover, 1 case of transient femoral nerve palsy and 2
cases of intraoperative femur fractures were observed and resolved over time. Only
3 out of the 16 previously mentioned complications led to revisions, 2 of which
were relative to loosening and 1 to periprosthetic femur fracture. Regarding the PA
group, a total of ten complications were recorded, among which three ulterior cases
of superficial infections, all resolved with oral antibiotics, and a deep infection that
required revision surgery. Furthermore, two patients experienced dislocations,
which did not require an ensuing surgery following reduction under anesthesia, one
patient was diagnosed with deep vein thrombosis, whereas two had sciatic nerve



3 Direct Anterior Approach and Other Conventional THA Approach Comparisons 47

injury. Only one patient required revision surgery due to the loosening of the
implant. According to the data gathered throughout the study, the DAA group
reported remarkably better results regarding VR-12 Mental, VR-12 Physical, SF-12
Mental, and SF-12 Physical in addition to higher scores of patient satisfaction. The
worse outcomes for the PA group might have been due to the potential decrease in
THA stability postoperatively since, using this approach, external rotators are inevi-
tably severed while the abductor muscles are preserved. Despite the numerous limi-
tations of this study—among which the lesser length of the follow-up period for the
PA group and the non-randomized, retrospective design chosen—it is possible to
report favorable outcomes for both groups at a minimum 2-year follow-up, and
achievement of superior quality of life accomplishments for the DAA group when
compared with the scores registered for the same parameters in the PA group [2].

3 Direct Anterior Approach and Other Conventional THA
Approach Comparisons

Total hip replacement is performed through six CAs, namely, the anterior, anterolat-
eral, lateral transtrochanteric, lateral transgluteal, posterior, and posterolateral.
Additionally, such approaches have been slightly altered for minimal invasiveness
and utilization of shorter incisions to achieve complete visibility of the anatomical
landmarks while sparing the underlying muscle tissues to ultimately obtain enhanced
patient-reported results in terms of decreased pain, prompter rehabilitation process,
and satisfaction regarding the cosmetic appearance of the site of surgery. However,
not every patient undergoing THA is a good candidate for a minimally invasive
procedure. In fact, patients presenting a body mass index over 30, muscular thighs,
or grave deformities could not be subjected to an 8 cm incision, but the procedure
could potentially be performed through a slightly reduced incision compared to the
traditional one, ranging from 20 to 25 cm [6—18].

Among the several approaches previously listed, the direct anterior approach
(DAA) has been described as beneficial, due to the axis followed during the inci-
sion, which dissects the internervous and intermuscular planes, therefore sparing
both the sartorius and the tensor fasciae latae and leading to a decreased tissue
trauma [19-21]. However, the advantages of this technique compared to other CAs
are still uncertain, thus increasing the need for a more meticulous analysis of the
immediate outcomes following THA performed via DAA compared to other con-
ventional approaches to ultimately treat disorders affecting the hip, as well as
fractures.

Data gathered throughout the analysis performed in [5] reported a 15.1-min lon-
ger procedure and higher values for intraoperative blood loss—amounting to
51.5 ml—in THA through DAA compared to other conventional approaches.
Nonetheless, the visual analogue scale for pain was inferior by 0.8 points 1 day
postoperatively, and the values obtained for Harris Hip Score were higher by 2.8
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points 3 months following the procedure performed via direct anterior approach,
presumably correlated to the incision length, which was 2.9 cm shorter compared to
other approaches. Finally, radiological outcomes reported a 4.3° lower anteversion
angle, as well as a 1.6° lower inclination angle of the acetabular cup for the DAA
compared to other conventional approaches [5], therefore indicating a higher pro-
pensity in reaching an excessively flat inclination angle with respect to the optimal
values indicated for the inclination of the acetabular cup and for anteversion, which
range from 40° to 50° and from 10° to 25°, respectively [22].

Based on the overall results gathered throughout the study, it is possible to assess
that the THA performed through direct anterior approach displayed superior short-
term results compared to other conventional approaches, specifically regarding
reduced postoperative pain, shorter incision, and increased results in terms of per-
formance up to 3 months following the procedure.

4 Direct Anterior and Posterolateral THA
Approaches’ Comparison

The incidence of dislocation after performing THA through the DAA has been dem-
onstrated to be particularly low; moreover, this approach is associated with a faster
recovery in the early period following the procedure [24-27]. However, advocates
of the posterolateral approach (PLA) primarily focus on the higher incidence of
complications and early revision occurring following THA through the DAA [28-
30]. Therefore, the study conducted in [23] ultimately aims at establishing the influ-
ence of each of the two aforementioned approaches for THA on the perioperative
outcomes and the early results regarding the functionality of the patients. To do so,
nine publications including a total of 22,698 patients were analyzed. The DAA
cohort comprised 2947 patients, while the population size included in the PLA
group consisted of 19,751 individuals.

The mean difference (MD) indicated for the Harris Hip Score (HHS) within
6 months after the surgical procedure was 3.82 for the DAA group, and it was sub-
stantially higher than the one indicated for the PLA cohort, showing a statistically
significant difference between the two groups. In contrast, the MD indicated for the
HHS after 6 months was — 0.17 for the DAA cohort, and no significant difference
was recorded between the two analyzed cohorts. The MD reported for the length of
hospital stay of the DAA group was — 0.5, significantly lower than the one indicated
for the PLA cohort. The MD calculated for length of procedure and loss of blood for
the DAA cohort were 19.73 ml and 125.19 ml, respectively, higher compared to the
ones recorded for the PLA group and displaying significant differences between the
two groups.

The incidence of complications was recorded in seven studies, including a total
of 566 patients and revealing a greater rate in the DAA during the follow-up inter-
val. The radiographic results regarding the position of the femoral component after
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the surgical procedure were analyzed in two studies, involving a total of 133 patients,
and displaying an analogous proportion of neutral placement between the two
groups. Five studies included, instead, information concerning the inclination angle
of the acetabular cup component, which was not statistically significant between the
two cohorts and indicated a MD of 0.75 for the DAA group. Furthermore, two stud-
ies included data regarding the anteversion angle of the acetabular component,
which was significantly inferior for the DAA (with a MD of — 4.30) compared to the
PLA group.

In summary, the DAA cohort displayed earlier recovery of their functions com-
pared to the PLA group, despite exhibiting a greater incidence of early complica-
tions and a longer intraoperative time (increased by a mean of 19.73 min), alongside
a greater volume of intraoperative blood loss, by a mean of 125.19 ml. Finally, the
position of the femoral component was analogous between the two groups; how-
ever, the anteversion angle displayed in the DAA group was decreased by a mean of
4.3°[23].

5 Postoperative Complication Comparison of the Direct
Anterior and the Lateral THA Approaches

Total hip arthroplasty is one of the most commonly performed surgical procedures
to treat conditions including osteoarthrosis (OA), osteonecrosis of the femoral head
(ONFH), and femoral neck fractures (FNFs), ultimately yielding excellent results in
terms of relief from the pain and improvement of the functionality of the patients.
The lateral approach (LA) also includes the anterolateral approach, also called
Watson-Jones [33], and the direct lateral approach, or Hardinge [33], and has been
developed to optimize intraoperative visualizations of both the proximal femur and
acetabulum while simultaneously preserving the soft tissue surrounding the poste-
rior surface of the hip joint, thus resulting in a lower incidence of dislocation, rang-
ing between 0.43% and 0.70% [34]. However, such approach has been associated
with greater early postoperative pain, heterotopic ossification, and damage to the
superior gluteal nerve, alongside longer hospitalization and rehabilitation
period [32].

The direct anterior approach (DAA) is considered a variation of the Smith-
Peterson anterior approach and is commonly correlated to decreased postoperative
pain and shorter hospitalization and rehabilitation process; however, it is associated
with severe complications including femoral fractures occurring intraoperatively,
lesions of the lateral femoral cutaneous nerve, and early revision [35, 36].

As a consequence, the choice regarding the appropriate surgical approach used
to perform the THA procedure remains controversial; therefore, the study con-
ducted in [31] performed a review of the applications of the DAA and LA while also
focusing on the assessment of the related complications occurring postoperatively.
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Thirteen articles were ultimately included in the study, analyzing a total of 24,853
hips, 9575 of which were subjected to DAA, and 15,278 to LA.

The incidence of surgical infection was reported in six studies, two of which [38,
39] indicated superficial infections, one [37] disclosed deep infections, and three
[40—42] reported superficial, as well as deep infections. Overall, no statistically
significant difference was indicated between the DAA (1966 hips) and LA groups
(1356 hips), as the incidence of surgical site infections was 2.59% and 2.14%,
respectively [31].

The postoperative dislocation rate was analyzed in six studies [37-39, 41, 43, 44]
including a total of 23,028 hips, showing an incidence of 0.77% for the DAA group,
and 0.18% for the LA group, thus indicating a substantially higher incidence for the
DAA cohort. Four studies [37, 38, 41, 52, 53] analyzed the rate of malposition of the
prosthetic component, comprising a total of 210 hips in the DAA group and 371 in
the LA cohort. The obtained results indicated a significantly lower incidence for the
DAA group, corresponding to 36.19%, compared to the LA cohort, 54.86%.

The rate of periprosthetic fractures was evaluated in five studies [40, 41, 44—46],
which included 6953 hips in the DAA group and 9173 in the LA cohort, and reported
an incidence of 1.05% and 0.41%, respectively, thus suggesting a greater rate for the
DAA group.

Four articles [37, 39, 41, 44] examined the rate of prosthesis loosening for both
the DAA cohort, comprising 7019 hips, and the LA group, composed of 9237. The
reported results indicated a higher rate for the DAA group, 0.61%, compared to the
0.37% observed in the LA cohort.

The rate of nerve damages was analyzed in four studies [38, 40, 41, 47] and
indicated a substantially higher rate for the DAA group (1478 hips), 0.95%, com-
pared to the LA cohort (468 hips), 0%.

Only two studies [39, 41] evaluated the rate of heterotopic ossification for the
DAA group, composed of 74 hips, and the LA one, composed of 102, showing no
statistically significant difference between the two cohorts, mainly attributed to the
small size of the analyzed sample.

The discrepancy in leg length was examined in four publications [39, 41, 42, 48],
including 1661 hips in the DAA cohort and 1055 in the LA one, ultimately showing
a significantly lower rate for the DAA cohort (1.87%) compared to the LA group
(2.37%). The rate of Trendelenburg gait was analyzed in three articles [39, 40, 42],
including a total of 416 hips in the DAA group, and 712 in the LA one, exhibiting
an incidence of 1.68% and 4.78%, respectively, thus suggesting a significantly
higher trend in the LA group.

The rate of reintervention was examined in six studies [39—44], ultimately dis-
playing no significant difference as the evaluated incidence was 2.70% for the DAA
group, composed of 3596 hips, and 2.11% for the LA cohort, composed of 6028.

Infections occurring at the wound site during the DAA have been associated with
a variety of factors that increase its incidence, including a higher body mass index
for the patients (BMI >35 kg/m?) [49-51]. However, the study didn’t indicate any
significant differences compared to the LA approach, thus suggesting that the BMI
of the included population was inferior to 35 kg/m?>.
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In general, the incidence of dislocation observed in the DAA group was signifi-
cantly higher compared to the LA; however, malposition of the prosthetic compo-
nent was significantly lower in the DAA group, thus suggesting that the higher
dislocation rates observed after the DAA are not correlated to malposition, rather to
the release of the tendon and capsule surrounding the hip. The rate of fractures
occurring after implantation of the prosthesis and loosening of the latter was sub-
stantially higher in the DAA group compared to the LA one, presumably due to the
complexity of achieving optimal exposure for the preparation of the femur and sub-
sequent implantation of the prosthesis. The DAA group also demonstrated a higher
incidence of nerve damages compared to the LA group, whereas a lower rate of leg
discrepancy was indicated for the DAA group showing that the supine position of
the patient during such approach led to more precise placement of the implant and
consequent control of the length of the limb. Similarly, the DAA procedure impacted
the gait mechanics to a lesser extent compared to the LA, mainly because of its
muscle-sparing nature that allowed for the preservation of the hip musculature, thus
leading to a lower incidence of Trendelenburg gait. As per the rate of heterotopic
ossification and reinterventions, no significant differences were observed between
the two groups [31].

6 Direct Anterior Approach Comparison to Conventional
THA Approaches Using Radiological Analysis

End-stage hip osteoarthritis (OA) is treated through THA, which is considered the
most efficacious treatment and can be performed via a variety of approaches. The
approach selected to perform the surgery dictates which tissues will be sectioned to
reach the joint, the structures that should be avoided, and the difficulties that the
surgeon will face when attempting to correctly position the implant [55, 56].

During the DAA procedure, the sartorius, rectus femoris, and iliopsoas are held
in position through the use of retractors, while the tensor fasciae latae is mobilized
on the opposite side, allowing for optimal exposure of the acetabulum following
incision. During the PA, the gluteus maximus is split and the external rotators are
detached to ultimately access the acetabulum. When performing THA through LA,
the pelvis of the patient is elevated in correspondence to the anterior superior iliac
spine to generate enough surface to displace the femur during exposure of the ace-
tabular cavity [55, 63].

Among the conventional approaches previously listed, the DAA is achieving
popularity [57], and its recognition is attributable to the conjecture regarding pros-
thesis stability and satisfaction of patients—ranging from 89% to 95%—alongside
a more rapid rehabilitation period and reduced pain following surgery [58-60, 63].

The achievement of appropriate positioning of the femoral stem and acetabular
cup—which will substantially minimize their component’s wear—constitutes one
of the major challenges during the THA procedure, as positive clinical outcomes
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can be achieved by the positioning of the rotation center of the hip at an inclination
of 40° and an anteversion of 20° [61, 62]. Correct positioning of the prosthesis
could be potentially accomplished via the use of robotic-assisted surgery or intraop-
erative fluoroscopy [54].

7 Variation in Short-Term Outcomes Based on the Surgical
THA Approach

Surgical variations of THA are performed to improve the functionality and reduce
the pain experienced by the patients in the early postoperative period [65].

The primary goal of the systematic review performed in [64] was to compare the
short-term outcomes following the most frequently used THA approaches, namely,
the DAA, PA, DL, and AL, up to the 12th week following the surgical procedure,
further considering the minimally important clinical difference (MCID) to ulti-
mately establish whether the observed differences were clinically important, set to
1.9 for the visual analogue scale (VAS) [66]—characterized by a score ranging from
0 to 10—and to 7-10 for the Harris Hip Score (HHS) [67], which ranged from O to
100. The postoperative data used for the comparison included the functionality of
the patients at 6 and 12 weeks and the pain scores—calculated using the VAS and
the HHS—gathered at day 1 (POD 1) and 2 (POD 2), as well as 2 and 6 weeks. The
overall consumption of opioids after the procedure was also registered when avail-
able. Moreover, the incidence of complications postoperatively was recorded,
including data regarding reinterventions, the occurrence of fractures during the pro-
cedure, aggravation of the wound, deep infections, as well as dislocations [64].

The DAA showed superior outcomes calculated via the HHS during the follow-
up performed at the sixth week postoperatively compared to the DL and the PA;
nonetheless, the results didn’t reach the set range of 7—10 identified to achieve the
MCID. Moreover, no statistical difference was indicated in the HSS during the fol-
low-up procedure at the 12th week following the various surgical approaches when
compared to the DAA [64].

In terms of postoperative pain, the VAS scores recorded on day 2 and after
2 weeks showed inferior results in the DAA cohort compared to DL; however, the
calculated differences—corresponding to 0.9 and 1.3—didn’t reach the set value of
1.7 established to achieve the MCID. The data recorded for length of hospitalization
indicated a shorter timeframe following the AL approach when compared to the
DAA, whereas no significant differences were observed when comparing the DL
and PA to the DAA [64].

Five studies reported the overall opioid consumption of the patients, while one
examined the same parameters during the follow-up performed at the second week.
No significant differences were observed in the study performed by Barrel et al. [74]
regarding the opioid consumption in the DAA and PA groups on the first and second
day following the procedure; instead, the study performed by Taunton [68]
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documented a higher consumption in the PA when compared to the DAA. Similarly,
a higher opioid consumption during the second-week follow-up was observed by
Cheng et al. [69] in the PA compared to DAA. Lower overall consumption of opi-
oids was additionally demonstrated in the study performed by Brismar [70] and
Nistor [71] for the DAA when compared to the DL. Furthermore, Mjaaland [72]
observed a lower consumption on the day of the surgical procedure for the DAA
compared to the DL; however, no other differences were recorded in the data gath-
ered for the corresponding analyses. Finally, no differences were observed in the
overall postoperative consumption when comparing the AL and the DL approaches
in the study performed by Martin et al. [73]. The complication rates were recorded
in 19 out of the 25 analyzed studies, reporting a total of 20 reinterventions, 21
aggravations at the wound site, 24 fractures occurred during the procedure, 12 dis-
locations, and 8 deep infections, ultimately indicating no significant differences
between the various analyzed approaches.

In summary, the analyzed data indicated no relevant differences in the early
period following THA among the various approaches, as well as differences in the
complication rates and pain scores; however, the data recorded for opioid consump-
tion indicated a lower trend following the DAA [64].

8 SuperPATH

The supercapsular percutaneously assisted approach (SuperPATH) is a modification
of the anterior and posterior approaches [75]. This minimally invasive procedure
has been initially outlined by Stephen Murphy in 2004 and has been correlated with
a variety of advantages compared to other conventional approaches. In fact, the
SuperPATH approach utilizes a reduced superficial incision and doesn’t foresee the
dislocation of the femoral head, thus preserving the muscles and tendons, as well as
the capsule, and only applying a minimal amount of stretch to the aforementioned
structures. This approach only involves the release of the piriformis tendon, which
is—unlike what experienced for the anterior approach, during which the piriformis
tendon inevitably retracts posteriorly—then repaired in its natural position, a tech-
nique that ulteriorly decreases the dislocation rates to a 0.2—0.3% range. Figure la
depicts the approach to the hip capsule. The incision is started at the extremity of the
greater trochanter and continued proximally. The subcutaneous fat is then incised
and electrocauterized, to prevent excessive bleeding, followed by incision of the
gluteus maximus. The bursa of the posterior segment of the gluteus medius is
incised, and the latter is then retracted anteriorly to allow the visualization of the
piriformis tendon, followed by additional incision and retraction of the gluteus min-
imus anteriorly. Exposure of the capsule is achieved via the use of several retractors.
Figure 1b shows the preparation of the capsule, which is incised in line with the
superficial incision [143].
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Fig. 1 (a) Left image shows the approach to the capsule via the SuperPATH, (b) right image
depicts the preparation of the capsule

8.1 Short-Term Effect Comparison of Direct Anterior
Approach and SuperPATH in THA

Among the various CAs, two have been outlined as minimally invasive, DAA and
SuperPATH. The increasing demand regarding the performance of minimally inva-
sive procedures originated from the dissatisfaction of previously operated patients
with the cosmetic appearance of the site where surgery was executed, alongside the
goal of a prompter rehabilitation process and decreased costs [77]. The results gath-
ered in [76] have indicated the superiority in outcomes of THA SuperPATH com-
pared to DAA, as it exhibited better results in terms of decreased operation time,
length of incision, intraoperative loss of blood, and severity of pain in the initial
stage following the procedure. The DAA was characterized, in fact, by a 12.8-min
longer operation time compared to SuperPATH constituting a significant advantage
for the latter as the prolonged time of surgery is correlated to a more elevated rate of
superficial infection—augmenting by about 6% for every 10-min increase in opera-
tional time [78]—as well as perioperative complications including higher readmis-
sion rates, wound dehiscence, and kidney problems [79]. Moreover, the incision
performed during the direct anterior approach was approximately 4.3 cm longer,
and the intraoperative blood loss recorded was 59 ml higher than the one observed
for SuperPATH, attributed to bleedings of branches of the lateral circumflex femoral
artery, exposed during the DAA procedure [76]. Moreover, the DAA registered a 0.8
points higher mean pain VAS 1 day following surgery, which might be attributable
to the innervation of the area subjected to the procedure, as THA through DAA is
performed in an area highly innervated by branches of the cutaneous lateral femoral
nerve, femoral nerve, and obturator nerve, while only branches from Th12 and ilio-
hypogastric nerves are exposed while performing THA through SuperPATH. The
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mean HHS recorded 3 months postoperatively ranged from 85.9 to 94.6 points for
the DAA, and from 72.3 to 89.6 for SuperPATH; however, no differences in HHS
were observed 3, 6, and 12 months after surgery. In conclusion, the comparison of
data indicated superior short-term results for THA performed through SuperPATH,
but both approaches resulted equivalent in acetabular cup position and functional
outcome of the surgical procedure [76].

9 Simultaneous Bilateral THA Outcomes’ Performance:
A Single Surgeon Performance

Patients presenting bilateral arthritis of the hip frequently undergo THA, either in
one or two stages. Previous research has shown that these two procedures shared
similar outcomes in terms of complications, both prior and following the surgery,
and revision rates; however, the transfusion rates were significantly higher in one-
stage procedures, whereas the length of hospital stay was longer, and the intraopera-
tive blood loss and cost of the surgery were considerably higher for bilateral
surgeries performed in two stages [8§1-85]. The previously mentioned data were
obtained from studies characterized by several limitations, including a small num-
ber of participants, absence of reported post-discharge results, and integration of
statistics obtained by different surgeons; therefore, the review conducted in [80]
aimed at analyzing the reported outcomes of simultaneous bilateral THA performed
via direct anterior approach by a single surgeon (WJH).

The patients were divided into two groups, one subjected to simultaneous bilat-
eral THA via DAA and a second one consisting of participants undergoing staged
bilateral THA through the same approach, with a mean time between the procedures
of 31.5 months. The same technique was used throughout all the procedures, involv-
ing the insertion of a cementless tapered femoral stem without the use of fluoros-
copy, and patients were administered with cefazolin—or an analogous antibiotic if
the patient presented severe allergies—intravenously, to prevent the spread of bac-
teria, and with aspirin to preclude the risk of deep vein thrombosis.

Results showed a significantly shorter mean value for length of stay for the group
undergoing simultaneous bilateral THA (1.8 days) compared to the one subjected to
the staged bilateral procedure (2.8 days); however, the rate of transfusion of packed
red blood cells amounted to 3.5% for the simultaneous bilateral cohort. Moreover,
the simultaneous bilateral group displayed a percentage of 0.39% for infections at
the site of surgery or following implantation of the prosthesis and formation of
hematoma, and 0.77% for periprosthetic fractures, subsequent surgery, and read-
missions. The negligible complication rates encountered throughout the previously
analyzed study highlight the safety of the simultaneous bilateral procedure for
younger patients with suitable indications, therefore presenting a lower body mass
index and fewer health conditions [80].
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10 Conventional and Robotic-Assisted THA Outcomes’
Follow-Up Comparisons

Despite the growing success of THA, multiple complications—including aseptic
loosening or malpositioning of the prosthetic component—Xkeep on arising [87, 88].
To avoid incurring in any complications, the demand for robotic-assisted THA has
been concomitantly increasing. Two robotic systems have received approval by the
FDA (Food and Drug Administration) for the performance of THA: the ROBODOC,
which assists specifically with installation of the acetabular component following
the input of patient’s information obtained through a computed tomographic scan—
to generate a three-dimensional virtual design of the anatomy of the latter—as well
as preparation of the femoral canal, and the Mako, which uses computed tomo-
graphic (CT)-guided navigation to develop an initial plan regarding the performance
of the surgical procedure, to subsequently aid in the preparation of the acetabulum
and the positioning of the cup, alongside osteotomy of the femoral head and the
replication of the offset and length of the leg [86, 97]. Figure 2 shows the THA
procedure performed with the Mako platform, which is one of the two robotic sys-
tems approved by the FDA [144].

Robotic THA has exhibited superior results in terms of accuracy in the place-
ment of the implant [89, 90]; however, the related costs considerably increase com-
pared to the one indicated for the conventional procedure. Additionally, more
accurate positioning of the implant is not always an indicator of enhanced patient-
reported outcome measures (PROMs). Thus, the goal of the study performed in [86]
was to establish whether robotic-assisted THA generated enhanced patient-reported
outcomes and decreased the incidence of dislocation and complications compared
to manually conducted THA.

Analysis of seven articles including a total of 658 patients with 335 of whom
underwent robotic THA while the remaining 323 were subjected to the manual

Fig. 2 THA performed with the Mako platform
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surgical procedure. Thirteen different PROMs were recorded in the seven articles,
mainly including the HHS [91-94, 95, 96] and the WOMAC scores [91, 92, 96].
Four of the seven studies didn’t show any substantial differences between the manu-
ally performed and the robotic-assisted procedures, whereas three reported enhanced
PROMs in the robotic THA group during one of the evaluations performed postop-
eratively [91, 93, 96]. Robotic-assisted THA resulted in more accurate positioning
of the implant; however, despite this favorable report, a greater incidence of disloca-
tions was found in the robotic-assisted group compared to the one undergoing man-
ual THA [93-95], thus indicating that implant stability depends on a variety of
factors aside from components’ positioning. Moreover, data regarding operative
times for robotic THA were considerably higher—107.1 + 29.1 min—compared to
the manually performed procedure, 82.4 + 23.4 min [93].

In summary, robotic THA is currently evolving, but, according to available data
extrapolated from other articles, the PROMs obtained for robotic THA are analo-
gous to the ones obtained for manual THA, further highlighting the greater effi-
ciency of robotic THA in terms of implant positioning which, however, does not
seem to be an indicator of fewer incidence of complications or revisions [86].

11 Capsular Repair and Capsulectomy

The THA procedure could be performed via capsulectomy, consisting in the exci-
sion of the joint capsule, and then replacing with a pseudocapsule with no active
neurophysiological roles, as no nerve endings are present in the recently operated
area [99-108, 117], or reparation, in the case of capsulotomy, which could poten-
tially result in increased postoperative pain and decreased range of motion (ROM)
due to the reconstruction of the capsule over the previously installed prosthetic
component [101, 103-105, 107-114, 117].

11.1 Comparison of Capsular Repair
and Capsulectomy in THA

Dislocation constitutes one of the main complications following THA [115, 116];
however, the right approach to use to prevent such complications is still uncertain.
Therefore, the systematic review conducted in [98] evaluated the various outcomes
correlated to capsulectomy and capsular repair, especially regarding the incidence
of dislocation, length of the procedure, and blood loss, and the results were further
evaluated based on the approach used during the surgical procedure.

A total of 31 articles were included in the study, comprising 17,272 patients and
17,481 hips. The mean age of the patients at the time of the procedure was 62.6 years,
and the mean follow-up period was 37.7 months. All the patients included in the
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study were subjected to THA, and 209 out of the 17,272 underwent bilateral THA,
which consisted of the same procedure performed via the same approach on both
sides. Capsular repair was performed in 7928 instances (45.4%), whereas capsulec-
tomy took place in the remaining 9553 cases (54.5%).

The difference in blood loss was statistically significant, and the cohort subjected
to capsular repair displayed a lower value, with an average of 465.2 ml, compared
to the value indicated in the capsulectomy procedure, which corresponded to
709.2 ml. However, the procedure was substantially longer in the capsular repair
group, with an average time of 102.5 min, compared to the capsulectomy cohort that
resulted in operational time averaged to 96.08 min. Moreover, 345 dislocations
were reported in the 17,481 THA surgeries analyzed, thus indicating a dislocation
incidence of 1.97%. In particular, the rate of dislocation observed after the capsulec-
tomy procedure corresponded to 3.06%, whereas the one identified for the capsular
repair was significantly lower, corresponding to 0.65%.

The THA surgery was performed via the anterior approach in 2142 hips, 1718 of
which were then subjected to capsular repair, whereas 424 underwent capsulec-
tomy. The overall incidence of dislocation observed after the anterior approach was
1.3% (28 instances). More specifically, a dislocation rate of 3.7% (16/424) was
observed in the capsulectomy group, while a significantly lower rate was deter-
mined for the capsular repair group, corresponding to 0.69% (12/1718).

The lateral approach was utilized on 6189 hips, 2308 of which underwent capsu-
lar repair, and 3881 of which were subjected to capsulectomy. The overall incidence
of dislocation recorded for the THA procedure performed via the lateral approach
was 2.86% (166 cases). In particular, the dislocation rate observed in the capsulec-
tomy cohort was 3.89% (151/3381), and, similarly to the results observed for the
anterior approach, the dislocation rate recorded for the patients subjected to capsu-
lar repair was substantially lower, corresponding to 0.64%.

The posterior approach was performed on 9150 hips, with a comprehensive inci-
dence of dislocation of 1.65% (151 instances). 3902 hips were subjected to capsular
repair through the same approach, whereas 5248 underwent capsulectomy. Again,
the rate of dislocation was significantly higher in the capsulectomy cohort, with a
percentage of 2.4% (126/5248), compared to the 0.64% (25/3902) found in the cap-
sulotomy group.

In summary, the capsular repair procedure showed a significantly inferior amount
of blood loss during the surgical procedure; however, it was associated with a longer
operational time that could potentially constitute a disadvantage when treating
elderly patients with comorbidities, as every additional minute spent in the operat-
ing room substantially increases the risk of adverse events. Capsular repair was also
associated with inferior dislocation rates for all the analyzed approaches, ranging
from 0.64% to 0.69%, compared to the much higher percentages observed for cap-
sulectomies, corresponding to 3.7% after the procedure performed via the anterior
approach, 3.89% after the lateral approach, and 2.4% after the posterior
approach [98].
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The optimal treatment of extracapsular fractures to the proximal femur is an ongo-
ing effort; however, the use of proximal femoral nail antirotation (PFNA) might
constitute a viable option for the management of such fractures because of the rela-
tively low incidence of complications compared to other techniques [118]. The
PFNA device consists of a small intramedullary nail characterized by a helical blade
design, which results extremely advantageous for the direct fixation of the head of
the femur and the compaction of the trabecular bone, ultimately speeding up the
fracture healing process [119].

Femoral neck fractures are usually treated with internal fixation in young, more
active patients. In contrast, this procedure is not indicated for older patients mainly
because of their slow fracture healing process requiring a longer hospital stay, which
could potentially lead to ulterior complications [122, 123].

In the elderly, the more suitable procedure for the treatment of femoral fractures
is hemiarthroplasty (HA), which foresees the replacement of only half of the
impaired hip joint [120]. Figure 3a depicts the prosthesis used for the HA proce-
dure, whereas Fig. 3b shows the implant used for THA surgery [145].

This procedure has several advantages compared to the THA surgery, including
inferior length of surgery and decreased intraoperative blood loss [121]. During the
HA procedure, the damaged femoral head is replaced with a prosthetic component
that increases the stability of the femur and simultaneously restores the functional-
ity of the hip [4]. The preparation of the femur in HA proceeds similarly to the THA
surgery; in fact, the femoral canal is hollowed out prior to the insertion of the metal
stem; however, in contrast to THA (in which the entire joint is replaced), only the

Fig. 3 (a) Left shows the implant used for HA, (b) right shows the implant used for THA
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femoral head is substituted. HA has been correlated to a variety of complications,
which are analogous to the THA procedure. Such complications include infection,
formation of blood clots, dislocation, and loosening of the femoral stem.

What follows would be additional information on the comparison of hip replace-
ment and PFNA for the treatment of intertrochanteric fractures, and the attempts for
optimal procedure search for the treatment of femoral neck fractures in the elderly.

12.1 Hip Replacement and Proximal Femoral Nail
Antirotation Procedures’ Qutcome Comparisons
Jor Elderly with Intertrochanteric Fractures

Intertrochanteric fractures are particularly common among older people (95%),
mainly because of the higher incidence of osteoporosis, which increases the likeli-
hood of incurring fractures following minor traumatic events [123, 124]. The con-
servative treatment of the latter requires patients to remain in bed for a prolonged
period of time, thus increasing the risk of experiencing serious complications, such
as pneumonia, deep vein thrombosis, and infections of the urinary tract. Therefore,
intertrochanteric fractures are usually treated with surgery [125, 126]—which
accelerates functional recovery and increases the life quality of the patients [127]—
in particular hip replacement (HR) and PFNA. Nonetheless, the choice regarding
the appropriate approach to use is still being debated [128-130].

The technology involved in the performance of HR is particularly advanced,
especially regarding prosthesis stability, which allows for a faster postoperative
motion recovery [131, 132]. However, the procedure is significantly longer and
characterized by a higher blood loss rate and a more extensive surgical incision,
factors that might increase the risk of incidence of comorbidities in the elderly
[133]. An alternative approach, the proximal femoral nail antirotation, was delin-
eated based upon prior ameliorations of technologies relative to internal fixation. It
presents various benefits compared to HR, including a shorter operation time,
potential preservation of the head and neck of the femur, as well as good fixation
effect favoring a better healing process [134]. However, internal fixations are fre-
quently correlated to a greater risk of complications, including metal malfunction
and puncture of the femoral head, alongside higher reported fatality rates (amount-
ing to approximately 21.4%), presumably related to the longer time spent in bed
after surgery, and deferral of activities involving weight load [135]. Based on these
premises, HR exhibits more benefits relative to the treatment of intertrochanteric
fractures in the elderly. In general, the choice of appropriate treatment for intertro-
chanteric fractures in the elderly should be based on a careful analysis of the
patients’ clinical characteristics, alongside a perioperative process of muscle
strengthening to ultimately reduce intraoperative hemorrhage and avoid the inci-
dence of ulterior complications [122].
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12.2 Hemiarthroplasty and THA Procedure Comparisons
for Femoral Neck Fracture Treatment

Femoral neck fractures (FNF) comprise fractures of the head of the femur up until
the base of the femoral neck occurring as a result of exposure to torsion, which
ultimately threatens the blood supply and limits the bone healing process [136,
137]. Such fractures are often categorized using Garden’s classification, ranging
from types I and II—which include stable fractures with no displacement or lesser
degree of displacement—to types III and IV, which integrate unstable fractures
resulting from the shifting of the fracture end, thus causing more severe damages
[137-139]. Figure 4 illustrates the four different stages of Garden’s classification,
which is employed to categorize FNFs based on the degree of displacement [145].

In the elderly, femoral neck fractures are commonly listed as type III or IV in
Garden’s classification and present several downsides, such as venous thromboem-
bolism and falling pneumonia. These fractures could be treated via either THA,
which foresees the replacement of both the femoral head and the acetabulum of the
hip and provides, thus, better functional results, or hemiarthroplasty, which only
replaces the head of the femur, therefore presenting several benefits including
decreased procedural trauma and blood loss, alongside complications such as the
increased risk of elevated pain following the surgery and wear of the cartilage of the
acetabulum [136]. As a result, the appropriate surgical technique to use for the treat-
ment of FNFs is still disputed [140, 141].

As mentioned above, hemiarthroplasty presents many benefits compared to
THA, including reduced trauma, shorter procedure, and inferior intraoperative loss
of blood; however, it is associated with a longer hospital stay and increased risk of
revision surgery, as the acetabulum is not replaced during the procedure, thus poten-
tially leading to a higher incidence of prosthesis dislocation, deterioration of the
cartilage surrounding the acetabulum, and infections derived from the sterility of the
prosthesis. Moreover, hemiarthroplasty presents a significantly higher risk of con-
tracting pneumonia and incurring in renal failure, whereas no differences with THA

Stage |: Incomplete Il: Complete 1Il: Partial displacement IV: Full displacement

Fig. 4 Stages of Garden’s classification; from left to right, the leftmost image is Stage 1 that is
incomplete, while the image next to it is Stage II displaying complete phase. The third image from
left is Stage III displaying partial displacement, while the rightmost image is full displacement
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were identified with regard to the incidence of other complications such as myocar-
dial infarct, venous thromboembolism, and infection [136].

13 Hemiarthroplasty and THA Procedural Differences
of Elderly Orthogeriatric Patients

In order to establish the most suitable method for the treatment of femoral neck
fractures (FNF), surgeons must carefully analyze a wide range of factors, including
the individual necessities of the patients, as well as the presence of comorbidities
and ambulatory capacity, to ultimately determine whether the patients should be
subjected to hemiarthroplasty or THA. Thus, the study performed in [142] aimed to
identify the differences in the results obtained after THA or hemiarthroplasty for the
treatment of FNFs in the elderly, solely subjected to orthogeriatric
co-management.

The 5554 patients elected for the study were further divided into two groups, one
comprising 4662 patients undergoing hemiarthroplasty, with an average age of 85,
and a second one consisting of 892 patients treated with THA, with a mean age of
79. However, some of the patients (54.8%) were excluded from some of the per-
formed analyses because of lack of information; therefore, each examination ulti-
mately displayed the overall number of included patients. The main observed
parameters included ambulatory ability 120 days after the fracture, complications
associated with surgery, as well as fatalities recorded during hospitalization or
within the first 120 days following the procedure, and the quality of life calculated
7 and 120 days after the surgery, measured using the EQ-5D-3L questionnaire.
Moreover, some independent variables that could have potentially impacted the
results of the procedures were included, namely, the American Society of
Anesthesiologists (ASA) classification, with a grade ranging from 1 to 5, the
Identification of Seniors At Risk (ISAR) score, as well as other factors such as sex,
age, length of hospitalization, presence of additional injuries, and anticoagulation.

The patients included in the hemiarthroplasty group observed to be significantly
less healthy compared to the THA cohort, presenting an ASA grade of 3 or higher
in 80% of the cases, whereas the same score was indicated in approximately 58% of
the cases in the THA group. Likewise, 85% of the patients undergoing hemiarthro-
plasty received an ISAR score of 2 or higher at the time of hospital admission,
whereas a lower percentage of the patients undergoing THA, corresponding to 58%,
obtained analogous scores. The incidence of fatalities following the surgical proce-
dure was greater in the hemiarthroplasty cohort (6%) than in the THA group (3%);
moreover, the ambulatory capability was superior in the patients belonging to the
THA group (28%) at the 120-day postoperative follow-up, determined after a care-
ful examination of the EQ-5D-3L questionnaire. Nonetheless, the incidence of com-
plications correlated to the surgical procedure was inferior following hemiarthroplasty
(4%) compared to the 8% indicated after THA, which is further observed to increase
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to 10% postoperatively during 120-day follow-ups. Instead, the rate of readmissions
was determined to be statistically insignificant, with a rate of 5% for the hemiarthro-
plasty cohort and 7% for the THA one; similarly, no substantial differences were
found regarding the ambulatory ability of patients 120 days after the two surgical
procedures and before the injury. Finally, the quality of life at 120 days following
the surgery was substantially higher in the THA group (0.9) compared to the other
analyzed cohort (0.81).

In conclusion, THA is more indicated for patients presentin;g a superior health
status and requiring greater mobility, supported by enhanced ambulatory capacity
and quality of life achieved after the surgery. Instead, hemiarthroplasty is advised
for patients presenting multimorbidity to preclude the necessity of further proce-
dures and the incidence of ulterior complications [142].
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