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Abstract: Background: The aim of this study was to investigate differences in functional recovery
eight years after total hip arthroplasty in patients who underwent hip joint surgery using two different
approaches: the classic lateral approach and the anterolateral minimally invasive surgical approach.
Methods: Eight years after the hip replacement, 68 subjects, 32 in the classic and 36 in the minimally
invasive group, underwent follow-up measurements involving the Harris Hip Score (HHS), range of
motion, strength of the abductor muscles, 50-m walk time, body mass index (BMI), physical activity
questionnaire, and visual analogue scale (VAS) pain during general activities. Results: Higher HHS
(p < 0.001), hip abduction (p < 0.001), and hip flexion (p = 0.018) range of motion values were obtained
in the minimally invasive approach group. A correlation between physical activity (PA) and the hip
abduction muscle strength in the classic group (r = 0.43; p = 0.011) and a correlation between PA
and the HHS in the minimally invasive group (r = 0.34, p = 0.041) was found. BMI was correlated
with the 50-m walk time in both groups (classical: r = 0.39; p = 0.027; minimally invasive r = 0.35;
p = 0.030); meanwhile, in the minimally invasive group, BMI was negatively correlated with hip
flexion (r = −0.37; p = 0.020). Conclusions: Eight years after total hip arthroplasty, performed using
either an anterolateral minimally invasive or lateral approach, there was no difference in the patients’
functional outcome in relation to BMI. The minimally invasive approach benefits patients by granting
them better functional abilities. A clinical difference was found in the HHS, in favour of the minimally
invasive group.

Keywords: arthroplasty; replacement; hip; functional status; minimally invasive surgical procedures;
treatment outcome

1. Introduction

Types of arthroplasty and surgical techniques are constantly evolving and there are
conflicting opinions regarding which surgical approach is preferable for hip replacement.
The development of surgical techniques with appropriate physiotherapeutic interventions
should improve patients’ functional outcomes in the long term. Minimally invasive surgery
(MIS) is interpreted and described very differently in the literature; therefore, the results
of scientific research also vary. For some, it is only a small surgical incision, while other
authors spare the surrounding muscles and make a small surgical incision. Tudor et al.
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outlined the importance of sparing the abductor muscles of the hip joint during surgery
and recommended that this be used to define MIS [1]. Despite various studies, the scientific
community is divided regarding the superiority of the MIS compared to the classical lateral
surgical approach (i.e., classical surgery—CS) [2–5]. The advantages of MIS are that it is
associated with less blood loss during surgery, less postoperative pain, a shorter hospital
stay, a shorter recovery time, and a smaller surgical incision [6,7]. On the other hand,
other authors report a greater number of complications in MIS, with an increased risk of
neurovascular damage and a higher prevalence of dislocations [5,8].

The surgeon’s typical recommendations, based on experience and the longevity of
the artificial joint, include physical exercise and low-intensity activities such as swim-
ming, riding a stationary bike, dancing, bowling, and walking [9]. A large number of
studies associate a high body mass index (BMI) (>30) with poorer early and mid-operative
outcomes, including longer hospital stays, the prolonged use of analgesics in the early
phase, the extended use of assistive devices [10–12], an increased risk of bleeding, infection,
dislocation [13–15], and a higher mortality rate [16]. There are also studies claiming the
opposite [17,18], but only a few studies have investigated the long-term effects of BMI on
the functional outcomes of the patient [1,19,20].

The early postoperative outcomes of both MIS and CS have been extensively stud-
ied [21–23], but there is a significant lack of more extensive clinical, prospective, and
longitudinal studies; we therefore felt the need to determine whether the superiority of a
particular approach persists after many years. In addition, there are conflicting opinions
about the level of physical activity (PA) that can be undertaken after total hip arthroplasty
(THA) and about the relationship between BMI and the outcomes of surgery, which is not
supported by the existing rehabilitation paradigm. To date, it is not clear which surgical
approach is superior, MIS or CS.

Therefore, the aim of this study was to determine the differences in functional recovery,
eight years after THA, between a group of patients operated on using the classic lateral
approach (CS) and a group operated on using the minimally invasive anterolateral approach
in the hip joint (MIS). We also examined the role of PA and BMI as mediators in this process.

2. Materials and Methods
2.1. Participants

This study was conducted in 2019 at the University Hospital for Orthopaedics and
Traumatology Lovran, School of Medicine, University of Rijeka, Croatia, and lasted from
April to October. This part of the study was transversal, but it was also the third and
final part of a prospective longitudinal study [1] that began in 2011 and whose original
sample comprised 133 respondents divided into two groups (70 in the CS group and
63 respondents in the MIS group) (Figure 1). The subjects in the sample underwent an
elective surgical procedure that involved the insertion of an artificial hip joint in 2011. The
inclusion criterion was primary osteoarthritis of the hip joint, while the exclusion criterion
was hip dysplasia. The stratified randomization method was employed to ensure that there
was balance among the groups regarding age and gender. After identifying and assigning
all the subjects into blocks, simple randomization was applied [1].

Once the data had been processed, 68 patients were included in the study, i.e., 32 in
the CS group and 36 in the MIS group, with an equal response rate in both groups.

A total of 104 patients were contacted, which corresponds to a response rate of 65%
(patients who were > =80 years old in 2011 were not included in the call).

To determine the sample size, we used two methods: I. an a priori analysis esti-
mated that a minimum of 52 subjects were required to perform two repeated measures
in two groups to achieve 80% power with a small-to-medium effect factor (f = 0.20) and
a significance level of alpha 0.05, and II. the number of subjects in similar studies was
estimated [24,25], but a shorter period was used to monitor the outcome.
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2.2. Surgical Technique

The classic lateral approach to total hip arthroplasty is a technique consisting of a
longitudinal incision and the partial dissection of the gluteus medius and gluteus min-
imus muscles (Bauer/Hardinge technique). An anterolateral minimally invasive surgical
approach based on the classic anterolateral approach was then developed (Watson-Jones).
The main feature of this approach is that the hip joint is accessed between the gluteus
medius muscle and the tensor fasciae latae muscle without separating the muscle attach-
ments. All operations were performed by two high-volume surgeons. One operated on
patients using the classic approach, while the other used the minimally invasive approach.
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Standard techniques and instruments were employed for both approaches, depending on
the procedure.

2.3. Study Design

The STROBE Statement checklist [26] was applied in this study. All the measurements
were performed by the same physiotherapist (investigator). This part of the study was
transversal, but it was also the final part of a prospective longitudinal study. Patients came
for regular check-ups at 6 weeks, 3 months, 1 year, and 3 years after the surgical procedure.
All motor skills were recorded. After these follow-ups, patients were no longer invited
for follow-up because we wanted to observe the motor skills in both groups after a longer
period of time. Due to the age of the participants, we decided to invite them for follow-up
again after 8 years. The study consisted of three phases. In the first phase of the study,
the patients were invited for a follow-up examination with an orthopedist and for tests
with a physiotherapist via telephone or e-mail. The patients received the exact date and
time of their appointment. The second and third phases took place on the same day. In
the second phase, the patient underwent a follow-up examination with the orthopedist
who performed the surgery. In the third phase, which followed the examination, the
physiotherapist tested the patients’ motor skills and administered questionnaires. The
questionnaires were completed under the supervision of the researcher to avoid the patients
making any mistakes during the completion process. The physiotherapist also conducted
the tests in the clinic, except for the walking test, which was performed in the corridor.
For this part, the following data were collected: morphological measurements (body mass
and height), from which the BMI was calculated; a detailed medical history of existing
diseases to ensure that other diseases did not influence the results of the study; the patients’
hip range of motion, abductor strength, 50 m walking distance, and pain intensity (during
general activities); the International Physical Activity Questionnaire (IPAQ); and the Harris
Hip Score (HHS) questionnaire.

2.4. Outcome Measures
2.4.1. Questionnaires

The International Physical Activity Questionnaire-Short Form (IPAQ-SF) is one of the
most commonly used PA questionnaires. It has been used in different countries around
the world and has shown a high reliability coefficient when measuring the level of PA
in numerous international studies [27–29]. The questionnaire can be used to categorize
subjects according to their PA level into three possible categories: insufficiently physically
active (0–600 MET/min/week), minimally physically active (601–3000 MET/min/week),
and sufficiently physically active (>3001 MET/min/week) [30]. The total level of PA was
calculated by adding the results from the above-mentioned areas.

HHS was developed to assess the success of hip joint surgery, the damage caused to
the joint, and the outcome of the treatment of hip joint disease [31] by a clinician [32]. There
are 10 questions covering four areas: pain, function, the absence of deformity, and the range
of motion. The number of points that can be achieved ranges from 0 to 100, and the higher
the number of points, the better the functional outcome. The results can be interpreted as
follows: <70—poor result; 70–80—fair; 80–90—good; and 90–100—excellent [33].

2.4.2. Motor Function Tests

The range of flexion and abduction movements of the hip joint were measured using
a goniometer. When measuring the flexion and abduction of the hip joint, the subject
lay on their back and the examiner fixed their pelvis to rule out possible compensation
mechanisms.

The strength of the abduction muscles of the hip joint was measured using a hand-held
dynamometer. The patient lay on their back and the tested leg was positioned against
a wall. The dynamometer was attached to the wall and the subject pushed the pad of
the dynamometer with the greatest possible force. Care was taken to ensure that all
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compensatory mechanisms were inhibited during the movement. The measurement was
carried out three times and the average value was given in Newtons (N).

A 50-m walking distance was used to assess general mobility and the function of the
musculoskeletal system under specific walking conditions. The start and end of the 50-m
corridor were marked with coloured tape. A stopwatch was used to measure the time (in
seconds) it took the subject to cross the length of the 50-m corridor.

2.4.3. Pain

Pain during general activities was assessed using a one-dimensional, visual analogue
scale (VAS), which is simple and easy to use. It consists of a solid line numbered from 0 to
10, with 0 (on the left side of the line) indicating the least severe pain and 10 (on the right
side of the line) indicating the most severe pain. It has been shown to be reliable and valid,
provided we know the target population that we are assessing [34].

2.4.4. Statistical Data Processing

Descriptive and analytical methods were used to process the data. All variables
were grouped as categorical and continuous values. The normality of the distribution
was tested using the Kolmogorov–Smirnov test, and an appropriate method of analysis
was implemented in accordance with the results obtained. The non-parametric Mann–
Whitney U test for independent samples was used, and Spearman’s R coefficient was used
to calculate the relationship between PA and motor functions, and between BMI and motor
functions, and to test the relationship between age and motor skills. The chi-square test
was used to analyze the rate of comorbidities between the groups. The power analysis
for the Mann–Whitney test was performed using the online calculator Psychometrica.de
(https://www.psychometrica.de/effect_size.html) [35].

The level of statistical significance in the study was determined at the level of p < 0.05.
The data were processed using the statistical data processing programme STATISTICA
version 13.5.0.17, 1984–2018 TIBCO Software Inc. Santa Clara, US, licenced for the Faculty
of Kinesiology, University of Zagreb.

3. Results
3.1. Demographic Characteristics

The demographic characteristics of the subjects are described in Table 1. A total of
68 subjects participated in the study; of these, 32 were in the group operated on using CS
and 36 were in the group operated on using the MIS procedure. The groups did not differ
in terms of age (p = 0.26), gender (p = 0.17), or body mass index (p = 0.64).

Table 1. The demographic characteristics of the subjects.

Variables CS
M (SD) or n (%)

MIS
M (SD) or n (%)

Age 68.25 (8.06) 69.94 (7.3)

Gender n (%) n (%)
Female 24 (75) 26 (72)
Male 8 (25) 10 (28)

Body mass index M (SD) M (SD)
Female 27.16 (4.38) 29.11 (4.95)
Male 28 (4.69) 28.9 (3.44)

Clinical status n (%) n (%)
Healthy 12 (37.5) 9 (25)

Cardiovascular diseases 7 (22) 10 (27.77)
Musculoskeletal disease 1 (3.1) 0

Endocrine, nutritional, and metabolic diseases 2 (6.25) 1 (2.77)
Diseases of the respiratory system 1 (3.1) 1 (2.77)

https://www.psychometrica.de/effect_size.html
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Table 1. Cont.

Variables CS
M (SD) or n (%)

MIS
M (SD) or n (%)

Diseases of the genital and urinary system 1 (3.1) 0
Neoplasms 1 (3.1) 1 (2.77)

Eye diseases 0 1 (2.77)
Diseases of the digestive system 0 1 (2.77)

Two comorbidities 6 (18.75) 11 (30.55)
Three comorbidities 1 (3.1) 1 (2.77)

Operated side n (%) n (%)
Left side 17 (53) 17 (47)

Right side 15 (47) 19 (53)
Legend: CS—classical surgery; MIS—minimally invasive surgery; M—mean;n—number; SD—standard deviation.

The subjects did not suffer from diseases that could influence the functional results of
the monitored variables. Of the non-communicable chronic diseases, the most prevalent
(Table 1) were those of the cardiovascular system, which are also the main cause of mortality
worldwide. The chi-square test did not show a statistically significant difference in the rate
of comorbidities between the groups (p = 0.748).

3.2. Harris Hip Score and Motor Function Tests

The motor function and functional ability tests measured using HHS were compared
between the CS and MIS groups (Table 2).

Table 2. Differences in the motor function and Harris Hip Score between the groups.

Variables
CS

C (25–75 Percentile)
N = 32

MIS
C (25–75 Percentile)

N = 36

U
p *

Effect Size
η2

d

Abductor muscle
strength 7.0 (3.0–9.0) 8.0 (5.0–9.0) 475.00

0.210
0.02
0.30

Harris Hip Score 86.3 (72.1–91.5) 92.9 (90.05–95.75) 264.00
<0.001 *

0.22
1.05

ROM-hip abduction 10.0 (10.0–15.0) 15.0 (10.0–20.0) 318.00
<0.001

0.15
0.83

ROM-hip flexion 90.0 (75.0–100.0) 95.0 (90.0–101.0) 384.00
0.018 *

0.08
0.60

Walk for 50 m 26.8 (23–32.6) 23 (20.7–31.6) 435.00
0.080

0.04
0.43

IPAQ 1389.0
(905.5–2006.0)

1265.0
(672.0–1977.0)

547.50
0.730

0.002
0.008

Legend: CS—classical surgery; MIS—minimally invasive surgery; C—median; N—number; p—level of statisti-
cal significance; ROM—range of movement; IPAQ—International Physical Activity Questionnaire; U—Mann–
Whitney U, * statistical significance; η2—eta squared, d Cohen’s d.

It was found that there was a statistically significant difference between the groups
in terms of the functional outcome of the surgery, as measured by HHS (p < 0.001) and
the range of motion in terms of hip abduction (p < 0.001) and hip flexion (p = 0.018); these
results were in favour of the MIS group, with a moderate-to-strong effect size (d). The
effect size for HHS was 105 (Table 2), which is a strong effect. If we take a closer look at the
median of the tested variables, we can see that the values are better for all the variables
tested, except for the 50 m walk and the IPAQ.
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3.3. Relationship Between the Level of Physical Activity and Motor Functions

The relationship between the overall level of physical activity and strength in the CS
and MIS groups is presented in Table 3. No difference was found between IPAQ and motor
functions, except that there appears to be a statistically significant relationship between a
better overall HHS and physical activity.

Table 3. Correlation between physical activity (IPAQ) and motor functions.

Correlation of
IPAQ with

CS (n = 32)
rs
p

MIS (n = 36)
rs
p

Abductor muscle strength 0.43
0.011 *

0.23
0.170

Walk for 50 m −0.16
0.368

−0.33
0.052

Harris Hip Score 0.27
0.128

0.34
0.041 *

ROM-hip abduction 0.05
0.762

0.03
0.878

ROM-hip flexion 0.31
0.082

0.13
0.439

Legend: CS—classical surgery; MIS—minimally invasive surgery; rs—Spearman’s correlation coefficient; p—level
of statistical significance; ROM—range of movement; IPAQ—International Physical Activity Questionnaire; *
statistical significance.

3.4. Correlation Between Body Mass Index and Motor Skills

BMI was positively correlated with the time taken to complete the 50 m walking test in
both groups (Table 4). In patients with a higher BMI, the walk time was longer; meanwhile,
in the MIS group, BMI was negatively correlated with hip flexion, so that a higher BMI
impairs the hip flexion range of motion.

Table 4. Correlation of BMI and motor skills between groups.

Correlation of
BMI with

CS (n = 32)
rs
p *

MIS (n = 36)
rs
p *

Walk for 50 m 0.39
0.027 *

0.35
0.03 *

ROM-hip flexion −0.21
0.257

−0.37
0.020 *

ROM-hip abduction −0.09
0.623

−0.23
0.170

Abductor muscle strength −0.15
0.422

−0.24
0.151

IPAQ −0.09
0.604

−0.27
0.111

Harris Hip Score −0.06
0.733

−0.26
0.121

Legend: BMI—body mass index; CS—classical surgery; MIS—minimally invasive approach; rs—Spearman’s
correlation coefficient; p—level of statistical significance; * statistical significance; ROM—range of movement;
IPAQ—International Physical Activity Questionnaire.

3.5. The Relationship Between Age and Motor Skills

In the MIS group, a correlation was found between age and the Harris Hip Score,
walking 50 m, and the abductor muscle strength (Table 5). No correlation was found
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between age and the patients’ range of motion in terms of hip flexion, hip abduction, and
level of physical activity. In the CS group, there was no correlation in any area.

Table 5. Correlation between age and motor skills between groups.

Correlation of
Age with

CS (n = 32)
rs
p

MIS (n = 36)
rs
p

Harris Hip Score −0.13
0.495

−0.36
0.032 *

Walk for 50 m 0.24
0.190

0.51
0.001 *

Abductor muscle strength −0.14
0.451

−0.44
0.007 *

Legend: CS—classical surgery; MIS—minimally invasive surgery; rs—Spearman’s correlation coefficient; p—level
of statistical significance; * statistical significance.

4. Discussion

The main results of this study show that eight years after the surgery, there was a
significant difference between the groups with regard to the Harris Hip Score, hip abduction,
and hip flexion range of motion; these results were in favour of the MIS group. A significant
correlation between physical activity and the hip abductor strength in the CS group and a
positive correlation between physical activity and the Harris Hip Score in the MIS group
were also found. BMI was positively correlated with the 50-m walk in both groups. There
was a correlation between age and motor skills in the Harris Hip Score and hip abductor
strength and the 50-m walk in the MIS group.

The association between gender and osteoarthritis (OA) in this study, regardless of the
group, is consistent with epidemiological studies and the available scientific literature [36];
there are more women than men. One of the strongest predictors of hip OA is age [37,38].
This study is consistent with the literature stating that THA is most commonly performed
between the ages of 60 and 80 [39].

4.1. Difference Between Groups in Motor Function Tests and Harris Hip Score

A difference was found between groups with regard to the patient’s range of motion
in hip abduction (p < 0.001), hip flexion (p = 0.018) and Harris Hip Score (p < 0.001); these
results were in favour of patients operated on using the MIS approach. HHS combines
several functional abilities, namely, hip ROM, pain, function, and the absence of deformity.
A statistically significant difference was found between the groups in HHS, with a large
effect size and a clinically important difference in favour of the MIS group (excellent score)
compared to the CS group (good score).

Research by Rottkay et al. on two groups (patients operated on using the MIS approach
and a healthy population) showed no difference between the groups when evaluating their
activities of daily living and functional abilities using HHS 12 months after surgery [40].
In a complex longitudinal follow-up study of two groups of subjects three years after
THA, Tudor et al. found that most motor outcomes were in favour of the MIS group [1].
Considering that THA is mostly performed in elderly patients, it is important for patients
to maintain their independence and autonomy over a long period of time, as this indirectly
enhances the patients’ quality and length of life.

4.2. Correlation Between the Level of Physical Activity and Motor Skills

There was a correlation between physical activity and the hip abductor strength in the
CS group and a correlation between physical activity and HHS in the MIS group (Table 3).
Considering the surgical technique and the damage caused to the muscles during the
procedure itself, it is important to note that a higher level of physical activity affects the
strength of the hip abductor muscles in the CS group. In the rehabilitation process, it
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is important to insist that a higher level of activity (depending on the clinical picture) is
performed to ensure that the patients’ neuromuscular control returns to normal as soon
as possible. The strength of the hip abductor muscles not only leads to pelvic stability,
but a stable pelvis also contributes to normal gait biomechanics and better mobility in
the hip joint. Rosenlud et al. conducted a similar study to compare lateral and posterior
approaches to hip joint arthroplasty; they found that patients operated on using a lateral
approach were still limping one year after surgery [19]. This is precisely why the results
achieved are important, as they equalize the functional outcomes as quickly as possible
using sustained targeted exercises and enable us to assess the approach for which we expect
major functional deficits. The respondents with a higher level of PA exhibited a better result
in HHS, which is a functional questionnaire and usually combines all the tested variables.

4.3. Correlation Between BMI and Motor Skills

Surprisingly, the correlation coefficients of BMI and the functional recovery variables
were low and not statistically significant in most areas, although the index was elevated in
both groups; therefore, the subjects in both groups belonged to the overweight category
(Table 1). A higher BMI is generally associated with lower mobility, a lower level of
physical activity, and the occurrence of comorbidities and complications associated with
THA [10,14,15]. There are conflicting opinions in the literature as to whether BMI has
an impact on functional outcome after THA. Some authors associate BMI with a poorer
functional outcome [16,17], while others state that BMI has no effect on the outcome of
surgery [20,41]. Studies monitoring the long-term outcomes of surgery in obese patients
found that complications and mortality were more prevalent [20,42]. However, it has been
proven with certainty that patients with a higher BMI also show an improvement in the
functional outcome after surgery, in comparison to the functional outcomes predicted
during preoperative tests [43,44], regardless of the surgical technique employed. A review
study by Courtina et al. on the influence of BMI on the functional outcome after hip and
knee arthroplasty showed that there was no difference in the functional outcome [45]. In
our study, an increased BMI did not influence the functional abilities of the subjects.

Because there are few studies in the literature that observe functional outcomes over
a long period of time (i.e., long-term follow-up), this study provides a sound basis for
future research.

The main limitations of this study are that the respondents could leave the study at
any time and that it was difficult to predict the final number of participants at the beginning
of the study. When a long period of time passes, it is difficult to recruit subjects and
motivate them to take part in the study again. In addition, selection bias may have had an
influence on the results of this study due to the loss of patients to follow-up. Furthermore,
the characteristics of the patients who did not complete follow-up may have differed
significantly from those who did complete the study. Finally, the difference of 4 points in
HHS between groups is statistically significant and with large effect but may not be enough
for a minimal clinical important difference.

5. Conclusions

Eight years after total hip arthroplasty using either an anterolateral minimally invasive
or lateral approach, there was no difference in the patients’ functional outcome in relation
to BMI.

However, the functional outcomes for patients in the MIS and CS groups were statistically
different, and the MIS approach benefits patients by providing improved functional abilities.
A statistical difference was found in HHS, with the MIS group exhibiting an excellent score
and the CS group showing a good score.
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