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ARTICLE INFO ABSTRACT
Keywords: Background: Supercapsular Percutaneously Assisted total hip arthroplasty (SuperPATH approach) is a relatively
Total hip replacement new minimal invasive approach which has been associated with encouraging postoperative outcomes. The aim of

Total hip arthroplasty
Minimal invasive surgery

SuperPATH approach )
Hardinge approach postoperative data.
Muscle damage Material and methods: Forty eight (48) consecutive patients undergone primary total hip arthroplasty (THA) by

Serum markers the same surgeon (GD), were enrolled in our study. From this study population, the modified Hardinge approach
was performed in 23 patients and the SuperPATH approach was performed in 25 patients. Soft tissue impairment
was studied based on three representative markers, C-reactive-protein (CRP) and two enzymes, creatine kinase
(CK) and lactate dehydrogenase (LDH). We measured these markers 10 min after surgery, on 1st and 2nd
postoperative day. The levels of the perceived pain were evaluated according to the Visual Analog Scale/Nu-
merical Rating Scale (VAS/NRS) score which was registered 6 h, 12 h, 1 day and 2 days postoperatively. The
functional and clinical evaluation of the patients was achieved with Harris Hip Score (HHS), Charnley’s Hip
score, EuroQol (EQ-5D)-(EQ-100), Patient Health Questionnaire (PHQ-9) and neuropathic pain questionnaire
(DN-4) 6 months and 1 year postoperatively. The rest of the collected data included patient’s age, gender, body
mass index (BMI), other comorbitities, the American Society of Anesthiologists score (ASA), Charlson Index
score, the pre-operative diagnosis, implant positioning through radiographic evaluation, the type of anesthesia,
the days of hospitalization, the operating time, incision length, blood loss and blood transfusion requirements
and complication rates.

Results: SuperPATH approach was related with statistically considerable lower levels of CRP at 10 min (p =
0,001) and at 24 h (p = 0,047) postoperatively, as well as lower LDH levels in all time points postoperatively. It
was also associated with shorter incision length (p < 0.001), longer operating time (p < 0.001), higher mean cup
inclination p < 0.001, decreased postoperative pain levels the first 6 and 12 h (p < 0.001) and relatively better
clinical and functional results 6 months after surgery, but not at 12 months.

Conclusion: Our study revealed some advantages in favor of the SuperPATH approach comparing with the
standard modified Hardinge approach, mainly in terms of less muscle damage and less perceived pain post-
operatively. More research is required in order to further elucidate its efficacy.

this study is to compare the minimal invasive (MIS) SuperPATHapproach with the standard modified Hardinge
approach at the base of muscle damage due to serum markers, functional results and other perioperative and
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1. Introduction

Total Hip Replacement has become one of the most successful or-
thopaedic procedures, optimizing patients’ life quality and post-
operative mobility.'»

Ac THA has evolved, approaches according to Minimally Invasive
Surgery (MIS) have been applied. These approaches have been initiated
as alteration of traditional approaches or they were established as MIS
approaches from inception. There are several points worth considering
in favor of MIS approaches, such as the small incision and the confine-
ment of soft tissue impairment.>* Furthermore, they aim at the reduc-
tion of postoperative pain and of blood loss as well as the enhanced
postoperative functional results.”” All these advances are regarded as
very contributory factors for the acceleration of patients’ recuperation
and the final success of THA.®

Nevertheless, opponents of MIS approaches argue that they are
related with eventual wrong implementation of femoral stem and
acetabular cup, longer operative time, higher blood loss and higher rates
of postoperative complications.’ '*

SuperPATH is a relatively new MIS approach consisted by the com-
bination of Superior Capsulotomy described initially by Murphy in
2004'° and the percutaneously assisted total hip arthroplasty (PATH)
described by Penenberg et al., in 2008.'*!° (Fig. 1).

The lateral approach was initially described by McFarland and
Osborne'® modified by Bauer'” and Hardinge.'®

The measurement of serum and inflammatory markers consists an
objective method regarding the evaluation of muscle and soft tissue
damage after THA and several humeral mediators have been
proposed. '’

The aim of this study was to compare SuperPATH and Hardinge
approaches in THR patients in terms of muscle damage according to
serum markers, clinical, functional and radiological results.

2. Material and Methods

This is a comparative prospective study including 48 patients un-
derwent primary THR by the same surgeon (GD). The SuperPATH
approach was applied in 25 patients and the lateral (modified Hardinge)
approach in 23 patients.

The study was approved by the Ethics Committee of the University
General Hospital of Alexandroupolis (approval number:839/September
13, 2017). Written informed consent was obtained from all patients.

Data collected prospectively and included (a) patients’ demographic
concerning age, gender, body mass index (BMI), (b) comorbidities,
Charlson Index score,”” the American Society of Anesthiologists score
(ASA),%! diagnosis, (c) peri-operative data concerning the type of

Fig. 1. The SuperPATH approach. A: the Superior Capsulotomy approach, and
B: the PATH part.
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anesthesia, operating time, incision length, and (d) post-operative data
including length of hospital stay (LOS), blood loss>>*® and blood
transfusion requirements. Postoperative complications were categorized
as major or minor, local or systemic complications.”

2.1. Functional and other scores

Functional and clinical condition of the patients was assessed with
Harris hip Score (HHS),* and Charnley’s Hip score, general health was
assessed with EuroQol (EQ-SD)-(EQ-IOO),26 Patient Health Question-
naire (PHQ-9) which depicts the patients’ depression status and neuro-
pathic pain questionnaire (DN-4). The levels of the perceived pain were
specifically evaluated according to the Visual Analog Scale/Numerical
Rating Scale (VAS/NRS) score.”’

The above mentioned scores and scales were collected pre-
operatively, at 6 and 12 months postoperatively. Pain was also regis-
tered at 6 h, 12 h, 1 day and 2 days postoperatively.

2.2. Radiographic evaluation

Standard pelvis anteroposterior and lateral radiographs post-
operative and at 12 months were studied using the “IMPAX 6.March 5,
3009 software. The cup inclination, the cup anteversion, the stem
alignment and the leg length discrepancy were evaluated. Anteversion
was estimated as it was described by Gross et al*®° An ellipse shape was
matched to the border of the cup. The proportion between the minor and
major axes determined the extent of the cup anteversion. Cup inclination
was designated using the angle between the longitudinal axis of the body
and the acetabular axis.’>>° Leg length discrepancy was calculated as
the difference between the intervals from the teardrop line to the center
of the lesser trochanter of each femur.>">> The stem alignment was
assessed using the angle between the axis of the femoral stem and the
axis of the femoral shaft.>>>

2.3. Serum and inflammatory markers

In our study, the extent of muscle and soft tissue damage was eval-
uated with the measurement of three common serum and inflammatory
markers.

The first, the C-reactive-protein (CRP) is an acute-phase plasma
protein which is primarily produced by liver. Its levels increase in
trauma, inflammation or infection.> The elevation of its levels consists a
contributory factor in the host’s immune defense system.”> CRP has a
short half-time and its serum concentration depends on the intensity of
the stimulus reflecting the rate of synthesis.>® Recently, CRP has been
widely used in order to determine the invasiveness of different ap-
proaches in THA.’

The second serum marker, the creatinekinase (CK), regulates the
cellularATP concentration, because it catalyzses the ATP-dependent
phosphorylation of creatine.’”>*® Intensive exercise and inherent mus-
cle dysfunction could lead to the increase of CK levels.®” CK has also
been used as a serum marker in several studies, investigating soft tissue
injury in THA."”

Lastly, lactate dehydrogenase (LDH) is an enzyme that catalyzes the
anaerobic alteration of pyruvate to lactate.?”>>® Other studies used LDH
to determine the invasiveness of the approaches in THA.'® Yet, both CK
and LDH have been used extensively as humeral mediators to detect soft
tissue damage.>’

The serum markers were obtained on routine vein blood samples
once preoperatively as a baseline. Thereafter, they were recorded 10
min after surgery, at 1st and 2nd postoperative day.

2.4. Implants

In both approaches the same implants were implanted; uncemented
femoral stem Profemur® TL classic femoral stem (Microport, 5677
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Airline Road/Arlington, TN 38002), ELEC® ceramic 32 mm diameter
femoral head and cementless acetabulum component (OHST Medi-
zinetechnik AG, 14712 Rathenow, Germany)(Fig. 2).

2.5. Perioperative patient’s management

All patients followed the same fast-track regime.

Pre-operatively Hb was checked at 4 week pre-operatively and pa-
tients with anemia were excluded from this study. Patients were
instructed and commenced the exercises program preoperatively and in
continuity.

Intra-operatively transamine 2 gr diluted in 100 ml normal saline
was used topically in all patients and local infiltration of Ropivacaine 1%
(maximum dose 3 mg/kgr). Regarding postoperative antibiotic pro-
phylaxis, cefoxitine 2 gr was administered every 6 h for 24 h. No drains
were used.

Peri-operative multimodal analgesia included pregabaline 75 mg
every 12 h starting the night before the operation and continued post-
operatively, paracetamol 1 gr every 6 h and parecoxib 40 mg when the
patients perceived the increase of the pain levels. Opioids were used as
rescue analgesia.

Patients were mobilized out of bed next morning continuing the
exercise program that they were instructed preoperatively under the
supervision of a physiotherapist. They were discharged home as soon as
they fulfilled the same discharged criteria.

2.6. SuperPATH description

A skin incision approximately 9 cm was performed, starting from
great trochanter and extended proximally (Fig. 3.1). The superior part of
hip joint capsule was exposed. A capsulotomy parallel to the skin inci-
sion was performed between the base of the greater trochanter and the
acetabular edge (Fig. 3.2).

The entry point was the anterior side of the piriformis fossa. A reamer
was used to create the initial canal (Fig. 3.3). A canal feeler was placed in
the bone lumen in order to determine the direction of the canal
(Fig. 3.4). A cylindrical osteotome was used to form the canal (Fig. 3.5).

Fig. 2. Bilateral THA using SuperPATH approach on the right side and Har-
dinge approach on the left hip.
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Successive rasps were inserted into the bone until the final configuration
of the femur cavity according to the size of the suitable femoral stem
(Fig. 3.6). A femoral neck osteotomy was performed in line with the
superior aspect of the final rasp-trial stem (Fig. 3.7). The femoral head
was extracted after careful manipulations with the assistance of two
Schanz pins and the acetabulum came into view (Fig. 3.8).

An entryway setting guide was utilized in order to designate the
entry point of the reaming tube narrowly to the posterior border of the
great trochanter (Fig. 4.1). Consecutive acetabular reamers were located
until the suitable formation of the acetabular cavity (Fig. 4.2). The
acetabular reamers were conjoined with the reamer guide shaft through
the tube. Therefore, the external rotators of the femur remained intact.
The final acetabular cup and the polyethylene liner were implanted
(Fig. 4.3). A trial head and neck were located and the reduction of the
hip joint was accomplished (Fig. 4.4). The patient was undergone X-rays
intra-operatively in order to make certain the correct implementation of
the components (Fig. 4.5). The final femoral stem and femoral head
were inserted and the final reduction of the hip joint was performed
(Fig. 4.6-4.9).

Supplementary video related to this article can be found at htt
ps://doi.org/10.1016/j.jor.2020.08.003.

2.7. Statistical analysis

Initially, Kolmogorov-Smirnov test was applied in order to determine
the normality of the distribution of continuous data. Normally distrib-
uted continuous variables are expressed as mean + standard deviation
while non-normally distributed variables as median and range of Q1 -
Q3 quartiles. Categorical variables are shown as absolute and relative
(percentage) frequencies. Differences in continuously and normally
distributed variables between the two approaches were compared using
Student’s t-test, while in non-normally distributed variables were
compared with the Mann-Whitney test. Chi-square test and Fisher’s
exact test were used to compare differences between categorical vari-
ables. Pearson or Spearman correlation coefficients tests were used to
identify correlations between continuous variables.

For all tests performed, statistical significance was established at
two-sided p value <0.050. Statistical analysis was carried out with the
SPSS version 21.0 statistical software package for Windows (IBM — SPSS
Inc., USA).

3. Results
3.1. Patients’ characteristics

All the preoperative demographic features of the patients are shown
in (Table 1). The two cohorts are well matched in terms of age (p =
0,462), gender (p = 0,703), ASA (p = 0,094), the presence of other
comorbitities (p = 0.664) and the preoperative levels of hemoglobin (p
=0,116).

On the other hand, the BMI was significantly higher (p = 0,012), as
well as the Charlson Index Score (p = 0,048) in the conventional group.

Finally, there was observed significant difference in the preoperative
diagnosis between the two groups (p = 0,015). Specifically, in the
SuperPATH group the majority of the impaired hip joints (80%) were
diagnosed with osteoarthritis and only (20%) with dysplasia. On the
contrary, in the Hardinge group, the majority of the patients were
diagnosed with dysplasia (47,8%). Nine patients (39,1%) had hip oste-
oarthritis, 1 patient (4,3%) was diagnosed with protrusio and two pa-
tients (8,6%) had osteonecrosis of the head of the femur.

3.2. Perioperative data
Comparison of the perioperative patients’ data indicated that the

MIS SuperPATH approach was related with significantly longer opera-
tive time (p < 0,001) and shorter incision length (p < 0,001).
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Fig. 3. Supercapsular approach: 1. Skin incision 2. Superior part of hip joint capsule - capsulotomy 3. A reamer was used to create the initial canal 4. A canal feeler
was placed in the bone lumen in order to determine the direction of the canal 5. A cylindrical osteotome was used to form the canal 6. Successive rasps were inserted
into the femur 7. Femoral neck osteotomy 8. The acetabular cavity came into view.

Conversely, both cohorts revealed similar rates in terms of the amount of
blood loss, postoperative transfusions and the duration of hospitaliza-
tion. (Table 2, Fig. 5).

Additionally, patients receiving the MIS approach reported consid-
erably lower levels of perceived pain in the first 24 h (Table 3, Fig. 6).

One patient of each cohort was diagnosed with deep vein thrombosis
(DVT) soon after surgery. Both patients received the appropriate treat-
ment. No cases of deep wound infections or other indications for re-
visions were recorded.

3.3. Serum and inflammation markers

As stated above, one of our basic goals was the assessment of muscle
damage in terms of three specific markers between the two approaches.

SuperPATH approach was related with statistically considerable
lower levels of CRP at 10 min (p = 0,001) and at 24 h (p = 0,047)
postoperatively. Similarly, patients who underwent the conventional
Hardinge approach had significantly increased levels of LDH all times
postoperatively than the SuperPATH approach. Conversely, there were
recorded no notable discrepancies in terms of CPK levels all times
postoperatively between the two approaches (Table 4, Fig. 7).

3.4. Radiological results

Radiographic assessment revealed statistically significant smaller

409

average cup inclination in the Hardinge group (43,7°) than in the
SuperPATH group (51,2°, p < 0,001). Furthermore, the SuperPATH
approach was related with smaller mean cup anteversion (20,5 + 9,8)
compared with Hardinge approach (25 + 7,9) but without statistically
significance (p = 0,086).

For the SuperPATH group, the mean leg length discrepancy was (4,6
=+ 3,5) and for the Hardinge group was (3,1 + 2,5, p = 0,108). The mean
stem alignment variance was within accepted limits for both group with
similar results (p = 0,986). However, in MIS group the majority of stems
were located in varus position (68,2%), as opposed to the conventional
group where most of the stems were positioned in valgus site (71,4%).
(Table 5, Fig. 8).

3.5. Functional and other scores

The mean HHS at the baseline was higher (51,2 + 16,5) in the MIS
cohort compared with the conventional group (44,2 + 15,6, p < 0,001).
Concerning EQ-5D score, patients in the Hardinge group mentioned
considerably worse condition at the categories of self care (p = 0,011)
and pain/discomfort (p = 0,013). On the other hand, no significant
discrepancies in Chanley’s score, EQ-100, DN-4, PHQ-9 were recorded
preoperatively between the two groups.

At 6-month follow-up clinical evaluation, distinct better outcomes
were registered in Charnley’s hip score at the category of walking (p =
0,047) and in EQ-5D at the category of self care (p = 0,03) on behalf of
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Fig. 4. Percutaneously Assisted Total Hip Arthroplasty (PATH). Technique- Instruments. 1. Entryway setting guide for the acetabular reaming tube 2. Acetabular
reaming 3. The final acetabular cup 4. A trial head and neck were located for the reduction of the hip joint 5. Intra-operative radiographic evaluation 6-8. The
implementation of the final femoral stem 9. The insertion of the femoral head and the final reduction of the hip joint.

MIS group.

At 1 year follow-up examination the postoperative results were
essentially improved accordingly regarding both cohorts. Finally, no
statistically noteworthy discrepancies were found concerning all clinical
scores. (Table 6).

4. Discussion

One of the main features which characterizes each approach is the
muscle and soft tissue impairment which can cause, as it is expressed by
serum markers. In several studies, MIS approaches are correlated with
lower levels of inflammation markers comparing with standard
approaches.’**? Yet, the interaction of muscle damage and other
postoperative results is still debatable.

SuperPATH approach is considered a muscle-sparing approach,
because except of a small incision of gluteus maximus, it takes advantage
of the interval between gluteus medius and the piriformis to reach the
superior hip joint capsule.*®

In light of recent literature, the advantages of SuperPATH approach
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were depicted, as it allows staving off any possible complications after
primary THA. Specifically, it is related with low levels of postoperative
perceived pain, reduced levels of blood loss, faster rehabilitation and
less hospitalization.*>*”

Hardinge approach is deemed an established, traditional approach
with efficient postoperative results.”® However, the gluteal deficit,
higher rate of generated Trendelenburg sign and inferior postoperative
functional outcomes at the early-postoperative period have been
recorded as possible drawbacks of this approach.’* !

4.1. Muscle damage

In our study, we found a definite difference concerning the increase
of CRP levels between the two groups. SuperPATH approach was asso-
ciated with statistically considerable lower levels 10 min and 24 h
postoperatively. Similarly, at 48 h postoperatively, we recorded lower
levels of CRP in patients who underwent the MIS approach, but the
discrepancy was not statistically significant. Respectively, we recorded
significantly lower levels of LDH at all times postoperatively regarding
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Table 1

Pre-operative patients’ demographic characteristics in SuperPath and Hardinge
groups. The values are given as the mean with the standard deviation + and the
percentage rate in parentheses.

SuperPath group N Hardinge group N P value
(%) (%)
No. of patients 25 23
Diagnosis 0.025
Osteoarthritis 20 (80.0) 9 (39.1)
Dysplasia 5 (20.0) 11 (47.8)
Protruzio 0(0.0) 1(4.3)
Osteonecrosis 0 (0.0) 2(8.7)
Age (years) 70 £ 7 68 +8 0.462
Gender (female) 20 (80.0) 20 (87.0) 0.703
BMI (kg/mz) 29.38 + 4.22 32.86 + 5.00 0.012
ASA grade
I 6 (24.0) 1(4.3) 0.155
I 18 (72.0) 21 (91.3)
il 1(4.0) 1(4.3)
Charlson Comorbidity Index
1 21 (84.0) 23 (100.0) 0.134
2 3(12.0) 0 (0.0)
3 1 (4.0) 0 (0.0)
Pain score 3.0£15 7.0+1.8 < 0.001
Comorbidities 0.664
Upto3 20 (90.9) 18 (81.8)
4or5 2(9.1) 4(18.2)
Hemoglobin (g/ 13.45 + 1.2 14.0 £ 1.3 0.116
dL)
Hematocrit 40.6 + 3.8 425+ 3.5 0.089
Table 2
Peri-operative patients’ data. NA: Non-available.
SuperPath Hardinge P value
group group
Operation time (min) 108 + 25 80 +13 <
0.001
Incision length (cm) 9.44 +£1.01 12.63 +£ 1.39 <
0.001
Blood loss (ml) 1.0 (0.7-3.1) 0.9 (0.7-1.6) 0.765
Blood Volume change (ml + sd) 1.010 £+ 0.17 1.030 £+ 0.21 0.803
Length of stay(days) * 3+1 3+1 0.852
Anesthesia 0.027
Spinal 14 (56.0) 20 (87.0)
General 11 (44.0) 3(13.0)
Transfusion rate " 1 (4.0) 0 (0.0) NA
Complications (yes) " 1 (4.0) 1(4.3) 1.000
Deep Venous Thrombosis 1 1

@ The values are given as the mean with the standard deviation +.
b The values are given as the mean with the standard deviation the percentage
rate in parentheses.

SuperPATH approach. Conversely, although the CPK levels were lower
at the MIS group 24 h and 48 h postoperatively, this difference was not
important in order to underline noteworthy discrepancy in soft tissue
impairment between the two cohorts. From our results, we maintain that
we can verify our initial assumption and highlight the less invasiveness
of the MIS SuperPATHapproach, as it is expressed by serum and in-
flammatory markers.

Another recent study presented opposite results, because relatively
higher CRP, CK and ESR levels were found postoperatively for Super-
PATH approach comparing with posterolateral approach.®?

Several studies have also recorded muscle and soft tissue damage
using CRP, CPK and LDH as serum and inflammatory markers in
different approaches for THA.'%°* 7 Some studies recorded the efficacy
of MIS approaches, but in some others no differences were registered
between MIS and conventional approaches.
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4.2. Functional results

We found the SuperPATH approach to be associated with consider-
able better results at 6 months postoperatively regarding the category of
walking in Charnley’s hip score and the category of self-care in EQ-5D.
Relatively better outcomes were observed in HHS but without statistical
significance.

One year after surgery the functional outcomes became quite
equivalent for both two cohorts and all patients referred discernible
enhancement of their mobility and their life quality. Accordingly, in
2017, Yan T et al. registered greater results regarding HHS for Super-
PATH approach shortly after the operation until 3 weeks contrasting
with Hardinge approach.®® Furthermore, Jun Xie et al., 2017 observed
superior functional results with SuperPATH approach comparing with
posterior approach 1 month and 3 months postoperatively.*” On the
other hand, Meng W et al., 2020 recorded lower levels of HHS 1 year
postoperatively to patients who underwent SuperPATH approach
comparing with those who underwent posterolateral approach.®”

According to our findings, the functional outcomes seem to have a
relative interaction with the invasiveness of the two approaches and the
soft tissue injury they cause. Therefore, independently to the contra-
dictory results of the recent literature, our study confirmed to some
extent our second hypothesis.

4.3. Perioperative and postoperative data

The mean operative time was significantly higher and the incision
length was noticeable shorter regarding the SuperPATH approach.
Conversely, there were no significant differences in terms of blood loss
and transfusion rates between the two approaches. The operating time
was also higher concerning this MIS approach in other studies.”*>®
Furthermore, MIS approaches were associated with higher levels of
blood loss in several studies.”!%°%58

The perceived pain levels on VAS scorein the SuperPATH cohort
were significantly lower comparing to the Hardinge approach in the first
24 h. Our results are consistent to this particular benefit which has been
registered in other studies too. ">

All patients followed the same physical therapy protocol post-
operatively. The requisite time for hospitalization was equal for both
groups and all patients reached the discharge criteria approximately the
same period after the operation.

Finally, similar complication rates were recorded between the two
groups. In 2015, Gofton et al. and colleagues underlined the efficacy of
the SuperPATH approach because they reported very low complication
rates in terms of dislocation, DVT and periprosthetic fractures and not
even one case of infection. "

4.4. Radiographic measurements

Correct implant positioning during THAplays a major role in the final
success of the operation.””°" One of the challenges we encountered was
the inadequate visibility of the femur and the acetabulum due to the
restricted incision, concerning the MIS approach. Therefore, we
included to our intra-operative technique fluoroscopy assessment to
make certain the right implant location. According to our findings, the
only considerable difference was the higher mean cup inclination
approximately 7,5° was recorded in the MIS cohort.

Conversely, in terms of cup anteversion, leg length discrepancy and
stem alignment, no significant differences were registered between the
two cohorts.

Accordingly, in 2017 by Yan T et al. and colleagues estimated
noteworthy greater anteversion angle and leg length discrepancy in
patients who underwent the SuperPATHapproach contrasting with
those who underwent the standard Hardinge approach.”® Recently,
Meng W et al., 2020 recorded also significantly decreased abduction
angle of the cup component with SuperPATH approach compared with
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Fig. 5. Comparison of perioperative data of both approaches. SuperPATH approach was associated with shorter incision and longer operating time. Similar results

were recorded between the two cohorts.

Table 3

Post-operative levels of perceived pain in patients undergoing Total Hip
Arthroplasty via SuperPath or Hardinge approaches.Numerical Rating Score
(NRS).

Time SuperPath group Hardinge group P value
Pain 6h 2.1+1.8 45+21 < 0.001
12h 2.4+1.8 47+19 < 0.001
24 h 2.1+0.9 31+17 0.004
48 h 1.4+ 0.9 1.6 £ 1.0 0.348

The values are given as the mean with the standard deviation +

8
7 == SuperPath
6 == Hardinge
5
c
© 4
o
3
2
1
0
Preop 6h 12h 24h 48h
Time (hours)

Fig. 6. Preoperative and postoperative pain levels according to Visual Analog
Scale/Numerical Rating Scale in patients from both cohorts.

posterolateral approach.’” Conversely, Jun Xie et al., 2017 and col-
leagues, found no significant differences in component positioning be-
tween the SuperPATH approach and the conventional posterior
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approach.””

The outcomes of our study should be elucidated carefully taking into
consideration some limitations. Initially, this study is not a randomized
clinical trial. Furthermore, it includes a small number of the two
compared cohorts. Therefore, we cannot be certain about the resem-
blance of complication rates that we found postoperatively. Third, the
follow up examination was performed only at 6 months and 1 year
postoperatively regarding functional outcomes and radiographic eval-
uation. Consequently, according to our study, we cannot support the
possible superiority of SuperPATH approach shortly postoperatively or
in the long term. In addition, we measured only three common and
widely accepted serum markers until the second postoperative day in
order to evaluate muscle damage. According to recent literature, the
answers of which are the most suitable serum markers or which is the
appropriate time to assess them have not been clarified. Therefore, we
cannot strongly maintain that we have depicted sufficiently the efficacy
of the MIS approach regarding less soft tissue impairment.

The results of our study should be carefully interpreted also in light
of the duration of the learning curve of the SuperPATH approach which
could explain the longer operating time regarding this approach.

To the best of our knowledge, this is the first comparative study
between SuperPATH and Hardinge approaches which incorporated data
of muscle damage due to serum markers, clinical and functional post-
operative results, radiographic evaluation and other perioperative and
postoperative data simultaneously.

5. Conclusion

In our comparatives study, we focused on investigating the efficacy
of the MIS SuperPATH approach contrasting with the lateral (modified
Hardinge) approach. SuperPATH approach was related with shorter
incision, longer operating time, higher mean cup inclination, decreased
postoperative pain levels, reduced soft tissue damage as it is expressed
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Table 4
Perioperative levels of serum markers indicating muscle damage.
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CRP CPK

LDH

SuperPath group Hardinge group P value SuperPath group

Hardinge group P value SuperPath group Hardinge group P value

Pre-operative 0.48 £+ 0.32 0.60 + 0.30 0.187 88 + 39 95+71 0.664 201 + 50 235 + 40 0.035
10-min post-op 0.42 £+ 0.30 0.91 £+ 0.49 0.001 180 + 76 173 £ 74 0.776 204 + 58 236 + 46 0.041
24-h post-op 7.20 £+ 3.44 9.08 £+ 2.87 0.047 649 + 464 827 + 538 0.224 193 + 48 263 + 57 < 0.001
48-h post-op 12.00 + 5.42 14.20 + 3.83 0.115 726 + 499 793 + 409 0.613 202 + 35 238 + 65 0.044
The values are given as the mean with the standard deviation +
16.00 Table 5 B ,
1,00 Radiologic assessment of the position of the implants.
12.00 SuperPath Hardinge P value
group group
10.00
X-RAY - cup inclination/degrees  51.2 + 4.8 43.7 £ 4.4 <
g 800 Hardinge 0.001
6.00 X-RAY - cup anteversion (x/y) % 20.5+9.8 25.0+7.9 0.086
4.00 SuperPath X-RAY -Leg length discrepancy/ 4.6 + 3.5 3.1+25 0.108
: mm
2.00 X-RAY - stem degrees 1.3+09 1.3+0.8 0.986
0.00 Stem alignment 0.009
Preop 10min 24h 48h Varus 15 (68.2) 6 (28.6)
Time Valgus 7 (31.8) 15 (71.4)
300 The values are given as the mean with the standard deviation + and the per-
SuperPath centage rate in parentheses.
250 —:/\\\“\ : Hardinge
200
E 150 SuperPath
100 45.0 .
40.0
30 7 35.0 o %
o (¢]
0 E}D 30.0 ®
i (¢}
Preop 10min ) 24h 48h 3 250 A
Time c
S 200 % ¢
900.00 8 0o © 0g0
800.00 P—— = SuperPath 5 ' Oé) Y
700.00 Hardinge £ 100 Qb
600.00 5.0
¥ 500.00 0.0
© 400.00 0.0 20.0 40.0 60.0 80.0
300.00 A _—
200.00 nteversion (%)
100.00
0.00 Hardinge
Preop 10min 24h 48h 45.0
Time ]
40.0 6]
Fig. 7. Serum markers’ fluctuation. CRP levels were statistically significant § 35.0 °
lower at 10 min and 24 h postoperatively in the SuperPATH approach. Simi- Eo 30.0 8 ° 8o 0
larly, LDH was considerably higher all time points perioperatively. CPK levels T 250 .
relatively lower 24 and 48 h postoperatively, but without statistical S 20.0 0 0% o
significance. s . o o ©
£ 15.0 ®
© APy
by serum and inflammatory markers and to some extent better clinical £ 100
results 6 months after surgery. 5.0
The advantages which emerge from our study may depict the efficacy 0.0

of the SuperPATH approach compared to the conventional lateral
(modified Hardinge) approach in the short-term. The long-term results
of this approach remain to be investigated. In future, well-designed
comparative studies need to be conducted in order to further highlight
the distinct benefits of the SuperPATH approach.

413

0.0 10.0 20.0 30.0 40.0 50.0 60.0

Anteversion (%)

Fig. 8. Scatter plot contrasting the fluctuation of the acetabular components’
positioning in both approaches.
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Table 6
Comparison of the functional patients’ data.
SuperPath group Hardinge group P value
Pre-operative
Harris Hip Score 51.2 +16.5 44.2 + 15.6 < 0.001
Charnley Score
Pain 3(1-5) 3(1-4) 0.575
Activity 4 (1-5) 3(1-5) 0.085
Walking 2 (1-5) 3(1-4) 0.456
EQ-5D-5L
Mobility 2(2-3) 2(2-3) 0.540
Self-care 2(1-3) 2(1-3) 0.011
Usual activities 2(1-3) 2(1-3) 0.068
Pain/discomfort 2(1-3) 3(2-3) 0.013
Anxiety/depression 2(1-3) 2(1-3) 0.611
EQ 100 66 + 10 66 + 15 0.985
DN4 26+21 3.2+2.0 0.311
PHQ9 3.9+38 49+ 3.7 0.326
6-month follow-up
Harris Hip Score 85.6 + 10.4 81.8 £9.3 0.192
Charnley’s Score
Pain 5 (4-6) 5 (4-6) 0.161
Activity 4 (3-6) 4(3-5) 0.189
Walking 5 (4-6) 5(3-6) 0.047
EQ-5D-5L
Mobility 1(1-3) 1(1-3) 0.438
Self-care 1(1-3) 2(1-3) 0.030
Usual activities 1(1-3) 2(1-3) 0.281
Pain/discomfort 2(1-2) 1(1-2) 0.775
Anxiety/depression 2 (1-3) 2(1-3) 0.412
EQ 100 80 (50-100) 80 (60-100) 0.578
DN4 1.6 £1.6 1.5+17 0.800
PHQ9 22+31 2.6 +£22 0.642
1-year follow up
Harris Hip Score 92.1 +£5.5 90 + 4.9 0.238
Charnley Score
Pain 6 (5-6) 5 (5-6) 0.132
Activity 5 (4-6) 5 (4-5) 0.919
Walking 6 (4-6) 5 (4-6) 0.223
EQ-5D-5L
Mobility 1(1-1) 1(1-2) 0.076
Self-care 1(1-2) 1(1-2) 0.129
Usual activities 1(1-2) 1(1-2) 0.841
Pain/discomfort 1(1-2) 1(1-2) 0.352
Anxiety/depression 2(1-3) 2(1-2) 0.378
EQ 100 80 (70-100) 80 (60-90) 0.172
DN4 0.7 +£1.0 1.0+ 1.4 0.634
PHQ9 1.5+22 1.7 +£1.7 0.266

The values are given as the mean with the standard deviation +.

Non-normally distributed variables are expressed as median and range of Q1 -

Q3 quartiles in parenthesis.
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