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Abstract: Due to the high heterogeneity in outcome measures after total hip arthroplasty (THA), the
prospective observational study investigated the relationships between symmetry-based (SBMs),
performance-based (PBMs), and functional outcome measures in THA patients to determine nec-
essary or redundant categories of tests. The study material consisted of 24 patients with end-stage
hip osteoarthritis scheduled for THA. The patients were examined one day before surgery and
consecutively on the 4th day, 9th day, and 10th week postoperatively using the SBMs (weight-bearing
chair-rising test, measurements of the maximal isometric torque of the quadriceps muscle); the PBMs
(10-m walk, timed up-and-go, and stair-climbing tests); and the functional outcome measure (Harris
Hip Score). The results obtained in a given category of tests at different time points were compared,
and the correlations between the tests were determined. The reliability of the outcome measures
was determined. The results of tests in the studied categories statistically significantly (p < 0.05)
improved at the 10th week postoperatively compared to preoperative results. No strong correlations
were revealed between the three studied types of outcome measures in THA patients. Therefore,
none of them can be considered redundant. It also means that the relevance of symmetry for a core
measurement set to describe the domain function in THA patients must be further clarified.

Keywords: biomedical monitoring; hip replacement; measurement set; outcome set; reliability;
performance-based measures

1. Introduction

There is a need to improve reporting standards in orthopedics [1]. Currently, there are
very heterogeneous statements on outcome measures for patients with total knee (TKA)
or total hip (THA) arthroplasties [2,3]. Diverse outcomes, like balance aspects or muscle
strength measured under isokinetic conditions, are used to describe the recovery and
performance of patients after the THA [4,5]. Also, different outcome assessment scores are
largely used to assess functional capacity in patients after THA or TKA [6-8]. Whether the
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function of the hip joint can be comprehensively evaluated with the help of questionnaires
remains debatable. One of the most commonly used questionnaires for THA patients is the
Harris Hip Score (HHS) [9].

Often, there is inconstancy concerning the follow-up time points, the measurement
tools, and the whole idea of how ‘function’ should be defined. Reliable and valid test instru-
ments specifically for postoperative THA treatment are needed to assess therapy success
objectively. In recent years, there have been intensive efforts to close these gaps. For this
purpose, the Initiative for Method, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) and the Outcome Measures in Rheumatology (OMERACT) try to determine
core outcome set (COS) and core measurement sets to help choose assessments for the
domain physical function after THA. Their tasks include refining physical function mea-
surements, including an evaluation with PROMs and performance-related measures [10].
According to Singh et al. (2015), there is, for now, no single measurement tool to evaluate
surgical outcomes after THA or TKA. The heterogeneous different examination tools make
it challenging to compare postoperative results [11].

Performance-based measures (PBMs), such as sit-to-stand transfer, timed up-and-
go test, or stair-climbing test, are practical assessments for the objective representation
of the domain functions of the lower extremity [12-14]. The role of symmetry and the
redundance of established functional assessment tools and PBMs against each other must
be discussed. Therefore, the present study investigates the relationships between symmetry-
based, performance-based, and functional outcome measures in THA patients to determine
necessary or redundant categories of tests. It was hypothesized that the symmetry-based,
performance-based, and functional outcome measures do not correspond with each other
among this group of patients.

2. Materials and Methods

The prospective, observational cohort study was conducted in a highly specialized
hospital for arthroplasty. It was reviewed and approved by the local medical chamber
under the number S3(a)/2017. Informed consent was obtained from all subjects involved
in the study. The study had a repeated-measures design.

The studied material consisted of patients with end-stage osteoarthritis (OA) of the hip
joint who were scheduled for THA. There were the first 24 patients who met all inclusion
criteria: being scheduled for primary THA; end-stage hip OA; age > 60 years; ability to walk
more than 25 m before THA; not living in a nursing home. Exclusion criteria were present
and/or previous musculoskeletal disorders other than hip OA; current injuries of the
lower extremities or trunk; cardio-pulmonary diseases with reported influence on limiting
performance; or any diseases affecting balance like vestibular or brain-affecting diseases.

All patients were operated on by a senior main surgeon from a certified arthroplasty
center. The operation was performed via a minimally invasive anterolateral approach. All
endoprostheses were implanted uncemented. There were no intraoperative or postopera-
tive complications during the observation period. The postoperative radiological control of
the position of the prosthesis did not reveal any abnormalities.

The following categories of tests were used to assess the physical function of the hip
joint: (1) symmetry-based measures, including weight-bearing chair-rising tests (CRT) and
measurements of the maximal isometric torque (IT) of the quadriceps muscle;
(2) performance-based measures: 10-m walk test (10 MWT), timed up-and-go test (TUG),
stair-climbing test (5CT); (3) functional outcome measures: HHS.

2.1. Symmetry-Based Measures
2.1.1. Weight-Bearing Chair-Rising Test

The weight-bearing CRT was carried out with simultaneous measurement of ground re-
action forces using two force plates separately for involved and uninvolved limbs (Leonardo
Mechanograph®GRFP STD and Leonardo Mechanography v. 4.4 Software, Novotec Medi-
cal GmbH, Pforzheim, Germany). The examined patient was instructed to stand up from
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the bench, take a complete stance, and sit down again. There were two repetitions of the test.
The measured parameter was the between-limbs difference, expressed in kilonewtons (kIN).

2.1.2. Measurement of the Maximal Isometric Strength of the Quadriceps Muscle

The measurement of the maximal isometric strength of the quadriceps muscle was
performed using a hand-held dynamometer (MicroFet 2, Hogan Health Industries, Inc.,
West Jordan, UT, USA). The torque was measured bilaterally, starting from the uninvolved
limb. The measurements were carried out in a seated position with the examined limb
flexed to 90 degrees. The hand-held dynamometer was held by the examiner proximally to
the ankle joint. The examined patient was instructed to perform maximal-effort contraction
of the quadriceps muscle against resistance applied by the examiner. The resistance had
to be large enough to make extending the knee on the examined side impossible. The
measured parameter was a peak expressed in Newtons (N).

2.2. Performance-Based Measures
2.2.1. Ten-Meter Walk Test (10 MWT)

The 10 MWT assessed the time a patient walked a distance of 10 m. To ensure that
possible starting and stopping distances did not influence the measurement results, the
patient started and ended 2 m before and after the actual test distance of 10 m. If necessary,
the patient could use a walking aid during the 10 MWT, but this had to be noted in the
documentation. Verbal commands were used. The measurement was carried out using
a photoelectric sensor and stopwatch. The measured parameter was time, expressed in
seconds (s).

2.2.2. Timed Up-and-Go Test (TUG)

The TUG test assessed the time required for a patient to rise from a standardized chair
with a seat height of 46 cm, walk three meters at a comfortable pace to a mark placed on
the floor, turn around at the three meters mark, walk back to the starting point, and finally,
return to sitting in the chair. During the TUG test, the patient could use a walking aid, if
necessary, although it had to be recorded in the documentation. Verbal commands were
used. The measurement was carried out using a stopwatch. The measured parameter was
time, expressed in seconds (s).

2.2.3. Stair-Climbing Test (SCT)

The SCT evaluates whether and in how much time the patient can walk up and down
a given number of stairs. As the 9-step SCT was found to be very sensitive to initial
deterioration and improvement in the early phase of THA, a 14-step stair-climbing test was
selected [15]. Preoperatively, the test was carried out with no walking aids. Postoperatively,
walking support and the stair railing were used. When going up the stairs, the patient
placed the uninvolved limb first. When going down the stairs, the patient placed the
involved limb first. The measurement was carried out using a stopwatch. The measured
parameter was time, expressed in seconds (s).

2.3. Functional Outcome Measures
Harris Hip Score

The HHS was collected in the German version of Fortbildungen fiir Orthopadische
Medizin und Manuelle Therapie (FOMT). The HHS assesses patients in terms of pain (one
item, 0—44 points), function (seven items, 0-47 points), absence of deformity (one item,
4 points), and range of motion (two items, 5 points), giving a total score out of 100 [9].
The so-called function domain consists of daily activities, including stair use, using public
transportation, sitting and managing shoes and socks, and gait, including limp, support
needed, and walking distance.
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Patients were assessed at four defined time points, as presented in Table 1, pre-
cisely TO, one day before surgery; T1, on the 4th postoperative day (3.96 £ 0.95 days);
T2 on the 9th postoperative day (8.62 £ 0.77 days); T3, at the 10th (9.29 + 1.71 weeks)
week postoperatively.

Table 1. The scheme of measures that were performed at four defined time points.

Category Measure TO T1 T2 T3
Weight-bearing chair-risi

Symmetybased | VegCbeitgchaivasing
measures Isometric torque (IT) X X X X

Perf based Ten-meter walk test (10 MWT) X X X X
ertormance-base Timed up-and-go test (TUG) X X X X
measures Stair-climbing test (SCT) X X X
Functional outcome Harris Hip Score (HHS) x - - x

measures

TO, one day before surgery; T1, on the 4th postoperative day (3.96 & 0.95 days); T2 on the 9th postoperative day
(8.62 £ 0.77 days); T3, at the 10th (9.29 £ 1.71 weeks) week postoperatively.

2.4. Reliability of the Outcome Measures

The reliability of all symmetry-based and performance-based measures was estab-
lished at every time point, namely TO, T1, T2, and T3. All patients in the studied group
performed the given tests twice on the same day. According to the methodology described
in Sections 2.1 and 2.2 of the present paper, The tests were administered by the same
examiner. The reliability and validity of HHS in THA patients have already been proven;
therefore, it was not included in the present study [16,17].

2.5. Statistical Analysis

Due to missing pilot values, the sample-size calculation was carried out power-based,
and following a similar study on TKA [18], with the help of G-Power 3.1.9.2, assuming
mean effects of 0.5, p 0.05, and a power of 80%, 24 patients were required for sufficient
correlation analysis.

The anonymized raw data, which were received in the form of data protocols and
completed questionnaires, were transferred to an Excel spreadsheet and then imported into
“R” and evaluated with the statistics programs “R (Version 3.4.4)” and “R-Studio (Version
1.1.442)”. The study assumed a comparison of the results obtained in a given category of
tests at different time points and correlations between the tests at different time points.

The arithmetic mean (x) and standard deviation (+£) of the studied parameters were cal-
culated for the studied group of patients. The normal distribution of the studied parameters
was determined using the Shapiro-Wilk test.

The assessment results with the use of HHS, a total score of fewer than 70 points,
was considered a poor result; 70-80 points a fair result; 80-90 points a good result, and
90-100 points an excellent result [19].

According to the results of the Shapiro-Wilk test, the results of the performed measures
involved in three different categories obtained at TO were compared to results reported at T3
using parametric or nonparametric t-tests for dependent samples. The level of significance
was defined as p < 0.05.

The linear Pearson’s correlation coefficient (r) for normally distributed data and
Spearman’s correlation coefficient for not normally distributed data were calculated to
measure any relationships between the results of the tests belonging to three different
categories at all time points. The magnitudes of all of the bivariate associations were
classified as negligible (0.00-0.30), low (0.31-0.50), moderate (0.51-0.70), high (0.71-0.90),
and very high (0.91-1.00) [20]. Additionally, the coefficient of determination, the r-squared
(), was calculated to give a proportion of the variance of one variable that is predictable
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from the other variable. In other words, r? represents the percentage of data points closest
to the line of best fit.

The relative reliability assessment of each test was based on the intraclass correlation
coefficient (ICC) calculation according to the guidelines described by Shrout and Fleiss
(1979) [21]. As the intra-rater test reliability was determined, a two-way mixed-effects
model, single measurement type, and absolute agreement definition were used [22]. Values
less than 0.50 indicated poor reliability; values between 0.50 and 0.75 demonstrated moder-
ate reliability; values between 0.75 and 0.90 were determined to have good reliability; and
values greater than 0.90 indicated excellent reliability [22].

3. Results

The final sample of 24 patients included 18 males and six females. The mean age of
the patients was 63.5 £ 8.3 years (males 64.6 £ 7.6 years; females 60.0 £ 10.0 years), and
a mean body mass exceeded 89.2 & 15.97 kg. The mean Body Mass Index amounted to
30.0 4 4.3 kg/m? (men 30.1 + 4.6 kg/m?; women 30.0 + 3.90 kg/m?).

3.1. Symmetry-Based Measures

The postoperative result of the weight-bearing CRT with simultaneous measurement
of ground reaction forces statistically significantly improved (p < 0.05) compared to the
preoperative result, as presented in Figure 1. The between-limbs difference at T3 that
exceeded x = —5.47 £ 4.01 kN was reduced compared to the between-limbs difference
noted at TO, amounting to x = —7.13 £ 8.42 kN.

Weight-bearing chair-rising test

Female

Male

Mean Female
Mean all
Mean Male

O/@

tedtd

T T2 T3

Defined time points of assessment

Figure 1. Comparison of the weight-bearing chair raising test with simultaneous measurement of
ground reaction forces results obtained at the four defined time points, namely T0, one day before
surgery; T1, on the 4th postoperative day; T2, on the 9th postoperative day; T3, at the 10th week
postoperatively.

Also, the between-limb symmetry regarding maximal IT of the quadriceps muscle
improved postoperatively compared to preoperative results, as presented in Figure 2.
The between-limbs difference at T3, which amounted to x = —16.71 + 44.34 N, was
reduced when compared to the between-limbs difference noted at T0O, amounting to
x = —42.18 £ 11.52 kN.
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Figure 2. Comparison of the results of the measurement of the maximal isometric strength of the
quadriceps muscle obtained at the four defined time points, namely TO, one day before surgery; T1,
on the 4th postoperative day; T2, on the 9th postoperative day; T3, at the 10th week postoperatively.

3.2. Performance-Based Measures

The results of the 10 MWT statistically significantly (p < 0.05) improved at T3
(x =7.67 £ 1.30 s) when compared to TO (x = 9.24 £ 2.38 s), as shown in Figure 3.

Ten-meter walk test

T0

woman

men

mean woman
mean all
mean men

bidts

T1 T2 T3

Defined time points of assessment

Figure 3. Comparison of the ten-meter walk test results obtained at the four defined time points,
namely TO, one day before surgery; T1, on the 4th postoperative day; T2, on the 9th postoperative
day; T3, at the 10th week postoperatively.

A statistically significant improvement (p < 0.05) was also reported for the TUG results.
The time to perform the test decreased at T3, amounting to x = 8.74 £+ 1.72 s, from TO0,
amounting to x = 11.22 & 3.11 s. The results are presented in Figure 4.
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Figure 4. Comparison of the timed up-and-go test results obtained at the four defined time points,
namely T0, one day before surgery; T1, on the 4th postoperative day; T2, on the 9th postoperative
day; T3, at the 10th week postoperatively.

Comparable to the two above performance-based measures, the SCT results were also
statistically significant (p < 0.05) better postoperatively than preoperatively, as presented in
Figure 5. The time to perform the test noted at T3 exceeded x = 15.51 & 3.72 s was decreased
when compared to TO when it amounted to x =21.00 £ 8.36 s.

Stair-climbing test

woman

men

mean woman
mean all
mean men

piits

T2 T3

Defined time points of assessment

Figure 5. Comparison of the stair-climbing test results obtained at the three defined time
points, namely TO, one day before surgery; T2, on the 9th postoperative day; T3, at the
10th week postoperatively.

3.3. Functional Outcome Measures

The total HHS statistically significantly (p < 0.05) improved from a poor result
(x = 48.25 £ 12.04 points) at TO to a good result (x = 87.54 £ 11.91 points), reported at T3.
The pain domain statistically significantly (p < 0.05) improved from x = 12.92 + 4.64 points
at TO to x = 39.83 &= 7.87 points at T3. A statistically significant (p < 0.05) improvement was
also reported for the daily activities domain, which increased from x = 7.79 & 3.19 points
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at TO to x = 12.25 & 1.82 points at T3. Also, the domain of gait statistically significantly
(p < 0.05) improved from x = 21.12 £ 5.97 points at TO to x = 27.12 + 4.40 points at T3.
A minor improvement was reported regarding the absence of deformity as the results
obtained at TO and T3 amounted to x = 3.21 + 1.10 points and x = 3.92 + 0.41 points,
respectively. The domain of range of motion statistically significantly (p < 0.05) improved
from x = 3.21 £ 0.83 points at TO to x = 4.33 £ 0.64 points at T3.

3.4. Correlations between the Categories of Tests

Despite an enormous number of possibilities between all the studied variables at all
time points, no high nor very high correlations were noted (r < 0.70). In Figure 6, there
were correlations at the last time point.

HHS_Pain
HHS_ADL
HHS_Walk
HHS_D
HHS_M
HHS_Total

TUG . O 08

CRT . 06
scT . O 0.4

0.2

O

o
HHS_ADL . O ® -

O

-0.4

Figure 6. Correlations between the results of the tests performed at the 10th week postoperatively
representing three different categories of measurements, namely symmetry-based measures: CRT,
weight-bearing chair raising test with simultaneous measurement of ground reaction forces; IT, mea-
surements of the maximal isometric torque of the quadriceps muscle; performance-based measures:
10 MWT, 10-m walk test; TUG, timed up-and-go test; SCT, stair-climbing test; functional outcome
measures: HHS, Harris Hip Score, including pain (HHS_Pain), activities of daily living (HHS_ADL),
gait (HHS_Walk), absence of deformity (HHS_D), and range of motion (HHS_M).

A moderate negative correlation was noted between the HHS gait domain at TO and
10 MTW at T3 and (r = —0.60). The better score in the HHS gait domain preoperatively, the
shorter time to cover the 10 MWT at the 10th week postoperatively. The 36% of the total
variation in time to cover the 10 MWT at the 10th week postoperatively can be explained
by the negative relationship between the 10 MWT at T3 and obtained HHS gait domain
score at TO (2 = 0.36). The other 64% of the total variation remains unexplained.

Also, a moderately negative correlation was recorded for the SCT at TO and HHS
activities of a daily living domain at T3 (r = —0.65). The SCT at TO was also moderately
negatively correlated with the HHS gait domain at T3 (¥ = —0.61). The shorter the time
to cover the SCT preoperatively, the better the score in HHS activities of daily living and
the HHS gait domain at the 10th week postoperatively. The 42% of the total variation in
HHS activities of a daily living domain at T3 can be explained by the negative relationship
between the SCT at TO and HHS activities of a daily living domain at T3 (+? = 0.42). Similarly,
37% of the total variation in the HHS gait domain at T3 can be explained by the negative
relationship between the SCT at T0O and the HHS gait domain at T3 (r* = 0.37). The other
58% and 63% consecutively remain unexplained.
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Next, the SCT at T3 was moderately negatively associated with the HHS gait domain
at T3 (r = —0.60). In the 10th week postoperatively, the shorter time to cover SCT, the better
score in the HHS gait domain. The 36% of the total variation in time to cover the SCT can be
explained by the negative relationship between the SCT and HHS gait domain (1 = 0.36).
The other 64% of the total variation remains unexplained.

A moderately negative correlation was noted between the difference in maximal IT
of the quadriceps muscle in the involved and uninvolved limbs at TO and the HHS gait
domain at T3. The r? ranged from 0.36 to 0.42. From 36% to 42% of the total variation in
the HHS gait domain at the 10th week postoperatively can be explained by the negative
relationship between the difference in maximal IT of the quadriceps muscle in the involved
and uninvolved limbs at TO and the HHS gait domain at T3. The other 64% and 58%
consecutively remain unexplained.

The rest of the correlations were lower than moderate.

3.5. Reliability of the Outcome Measures

As presented in Table 2, the symmetry-based measures were characterized by excellent
reliability, with the ICC ranging from 0.962 to 0.989.

Table 2. The test-retest reliability results of the symmetry-based measures at the four defined
time points.

Symmetry-Based Measures

Measure Studied Limb TO T1 T2 T3
Weight-bearing Involved 0.964 0.962 0.938 0.970
chair-rising test Uninvolved 0.980 0.976 0.970 0.970

Isometrclgg)l;) ue (IT) Involved 0.981 0.989 0.986 0.986
! Uninvolved 0.986 0.973 0.978 0.988

The values are expressed as the intraclass correlation coefficient. TO, one day before surgery; T1, on the 4th
postoperative day; T2, on the 9th postoperative day; T3, at the 10th week postoperatively.

The values of the ICC for the performance-based measures ranged from 0.902 to 0.995,
indicating excellent reliability, as presented in Table 3.

Table 3. The test-retest reliability results of the performance-based measures at the four defined
time points.

Performance-Based Measures

Measure TO T1 T2 T3
Ten-meter walk test (10 MWT) 0.962 0.951 0.967 0.929
Timed up-and-go test (TUG) 0.964 0.981 0.973 0.961
Stair-climbing test (SCT) 0.995 - 0.902 0.966

The values are expressed as the intraclass correlation coefficient. TO, one day before surgery; T1, on the 4th
postoperative day; T2, on the 9th postoperative day; T3, at the 10th week postoperatively.

4. Discussion

The present study investigated the relationships between symmetry-based, performance-
based, and functional outcome measures in THA patients. There was no strong relationship
between the three studied categories of tests. Therefore, it was proven that the symmetry-
based, performance-based, and functional outcome measures do not correspond with
each other among this group of patients. Because of that, no categories of tests were
considered redundant.

With a prevalence of 10% in people over 55 years of age, OA is the most common joint
disease, causing significant pain and disability [23]. THA is undertaken to relieve pain and
improve function in patients with advanced hip OA whose symptoms are impossible to
manage with conservative treatment. The procedure is one of the most successful in ortho-
pedics, although it is also one of the most cost-effective. The number of THAs performed is
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increasing every year [24]. The evaluation of THA patients after the intervention is critical.
The hip joint is one of the most stable but, at the same time, mobile joints of the lower limbs.
The function of the hip joint is based primarily on the muscular contribution to support
during weight-bearing movements that result in significant loads and stress on cartilage
and soft tissues [25].

Of course, it is worth keeping in mind that the outcome measures might be considered
an artificial construct as the life and well-being of the patients are influenced by many other
factors than a specific illness or treatment. Patients after THA should be regularly put
through different measures to monitor their clinical and functional outcomes, evaluate their
progress, and introduce eventual changes in postoperative physiotherapeutic procedures.
The follow-ups also define the THA's final clinical and functional effects. Moreover, constant
outcome measures remain reliable for detecting early signs of failure. It is vital in light of
early intervention, as the extensive bone damage makes revision surgery more difficult and
significantly increases treatment costs [26].

The results of the individual tests taken together always constitute a large amount of
data. Therefore, for another group of examined patients, the authors proposed a strategy
that decreased the number of data points to be analyzed without reducing the number of
tests performed, like composite scores [27,28]. However, considering the demographics of
THA patients, it seems more rational to identify the measures of the highest importance.

The study did not reveal any strong relationships between the studied outcome
measures. Some correlations were noted on a moderate level; however, they should be
analyzed cautiously. It must be highlighted that only 36% to 42% of the total variation can
be explained by those correlations (> = 0.36-0.42). That means the other 58-64% of the
total variation remains unexplained.

The study has also determined the reliability of the utilized symmetry-based and
performance-based measures. Reliability refers to the extent to which results of a given
measure for patients whose status has not changed are reproducible. The reliability can
be assessed under several conditions. Presented in the given study, test-retest represents
testing over time. Retesting can be performed by different raters on the same occasion
(inter-rater reliability) or by the same rater on different occasions (intra-rater reliability) [29].
It’s crucial in orthopedics and physiotherapy that the outcome measures must be eval-
uated regarding their reliability, validity, and responsiveness [30-33]. For the present
study purposes, the reliability of the symmetry-based and performance-based measures
was determined separately for each defined point of assessment. It was determined that
symmetry-based measures (weight-bearing chair raising test with simultaneous measure-
ment of ground reaction forces, measurement of the maximal isometric strength of the
quadriceps muscle), as well as performance-based measures (ten-meter walk test, timed
up-and-go test, stair-climbing test), are characterized by excellent reliability. The reliability
of the HHS was not assessed as it had already been done by other authors [16,17].

One of the limitations of the study was the unequal number of male and female patients
in the study group. It has been highlighted in the literature that the relationship between
sex and gender-related factors and postoperative outcome and satisfaction in patients
undergoing THA is unclear, and more studies on this issue are needed [34]. Therefore, it
is hard to judge how the inequality of men and women in the studied group could affect
the results.

It also needs to be emphasized that in the final decision on which performance- or
time-based measurement to include, a larger sample with subgroups in terms of gender,
activity level, and severity of symptoms prior to surgery might be necessary. The authors
support the idea of stratification in terms of those confounders for interventional studies.
For the observational character of this study in terms of outcome progress, neither the
exclusion of all potential confounders nor the exact power analysis seems crucial. Still, the
authors agree that the low power of the study, due to a small sample size, constitutes a
significant limitation.
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Another limitation might be the usage of only HHS regarding functional outcomes,
as it is a clinician-based questionnaire designed to be administered by a healthcare pro-
fessional. In the future, it would be good to include patient-reported outcome measures,
as clinician-based tools may not accurately reflect the perception of the patient following
the intervention [35]. Therefore, patient-reported outcome measures constitute a gold
standard in evaluating patients with musculoskeletal disorders, whose perspective and
health-related quality of life are important [9]. Next to the HHS that was utilized in the
present study, the most commonly used functional outcome measures primarily developed
for patients after THA include the Merle d’Aubigné and Postel Hip Score [36]. However,
the score is also a clinician-based one. The patient-based questionnaires also have an
added value: they don’t need to be administered by a trained healthcare specialist [37].
Other functional outcome measures dedicated to the hip joint are the Hip Disability and
Osteoarthritis Outcome Score (HOOS) and the Oxford Hip Score (OHS) [9]. Additionally,
sometimes the general status of health is assessed, commonly with the use of Short Form
36 (SF-36) [38]. However, the undoubted value of using HHS is that it is widely used in
the orthopedic literature; therefore, comparing the obtained results with other studies is
more manageable.

5. Conclusions

The study revealed no strong relationships between body symmetry-based, performance-
based, and patient-reported outcome measures in THA patients. Therefore, none of the
studied categories of tests can be considered redundant. It also means that the relevance of
symmetry for a core measurement set to describe the domain ‘function” in THA patients
must be further clarified.

Author Contributions: Conceptualization, ] K. and R.P,; methodology, ] K. and R.P; investigation,
J.K.,, HH. and R.S,; data curation, ] K. and O.S.; writing—original draft preparation, ].K., A.K. and
R.P; writing—review and editing, S.M, R.B. and M.D., visualization, R.S.; supervision, S.M. and R.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Brandenburg State Medical Association
(protocol code: S.3(a)/2017; date of approval: 22 February 2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data is available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Prill, R.; Krélikowska, A.; Becker, R.; Karlsson, J. Why there is a need to improve evaluation standards for clinical studies in
orthopedic and sports medicine. Knee Surg. Sport. Traumatol. Arthrosc. 2023, 31, 4-5. [CrossRef]

2. Prill, R; Singh, J.A.; Seeber, G.H.; Nielsen, S.M.; Goodman, S.; Michel, S.; Kopkow, C.; Schulz, R.; Choong, P.; Hommel, H. Patient,
physiotherapist and surgeon endorsement of the core domain set for total hip and total knee replacement in Germany: A study
protocol for an OMERACT initiative. BMJ Open 2020, 10, e035207. [CrossRef]

3. Adriani, M.; Becker, R.; Milano, G.; Lachowski, K.; Prill, R. High variation among clinical studies in the assessment of physical
function after knee replacement: A systematic review. Knee Surg. Sport. Traumatol. Arthrosc. 2023. [CrossRef]

4. Labanca, L.; Ciardulli, E; Bonsanto, F; Sommella, N.; Di Martino, A.; Benedetti, M.G. Balance and proprioception impairment,
assessment tools, and rehabilitation training in patients with total hip arthroplasty: A systematic review. BMC Musculoskelet.
Disord. 2021, 22, 1055. [CrossRef] [PubMed]

5. Cankaya, D.; Inci, F; Karakus, D.; Turker, H.B.; Kahve, Y.; Neyisci, C. Isokinetic performance and function are similar after total
hip arthroplasty applied with a posterior or anterolateral approach: A randomised controlled trial. Hip Int. 2023, 33, 67-72.
[CrossRef] [PubMed]

6.  Austin, M.S; Urbani, B.T,; Fleischman, A.N.; Fernando, N.D.; Purtill, ].].; Hozack, W.J.; Parvizi, ].; Rothman, R.H. Formal Physical

Therapy After Total Hip Arthroplasty Is Not Required: A Randomized Controlled Trial. J. Bone Jt. Surg. Am. Vol. 2017, 99,
648-655. [CrossRef] [PubMed]


https://doi.org/10.1007/s00167-022-07179-w
https://doi.org/10.1136/bmjopen-2019-035207
https://doi.org/10.1007/s00167-023-07375-2
https://doi.org/10.1186/s12891-021-04919-w
https://www.ncbi.nlm.nih.gov/pubmed/34930190
https://doi.org/10.1177/11207000211012989
https://www.ncbi.nlm.nih.gov/pubmed/33896243
https://doi.org/10.2106/JBJS.16.00674
https://www.ncbi.nlm.nih.gov/pubmed/28419032

J. Pers. Med. 2023, 13, 1046 12 0f13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Capone, A.; Bienati, F.; Torchia, S.; Podda, D.; Marongiu, G. Short stem total hip arthroplasty for osteonecrosis of the femoral
head in patients 60 years or younger: A 3- to 10-year follow-up study. BMC Musculoskelet. Disord. 2017, 18, 301. [CrossRef]
Goyal, P; Lau, A.; Naudie, D.D.; Teeter, M.G.; Lanting, B.A.; Howard, J.L. Effect of Acetabular Component Positioning on
Functional Outcomes in Primary Total Hip Arthroplasty. J. Arthroplast. 2017, 32, 843-848. [CrossRef]

Harris, W.H. Traumatic arthritis of the hip after dislocation and acetabular fractures: Treatment by mold arthroplasty: An
end-result study using a new method of result evaluation. J. Bone Jt. Surg. Am. 1969, 51, 737-755. [CrossRef]

Taylor, A.M.; Phillips, K.; Patel, K.V.; Turk, D.C.; Dworkin, R.H.; Beaton, D.; Clauw, D.J.; Gignac, M.A.M.; Markman, ].D;
Williams, D.A.; et al. Assessment of physical function and participation in chronic pain clinical trials: IMMPACT/OMERACT
recommendations. Pain 2016, 157, 1836-1850. [CrossRef]

Singh, J.A.; Dohm, M.; Sprowson, A.P.; Wall, P.D.; Richards, B.L.; Gossec, L.; Hawker, G.A.; Riddle, D.L.; Buchbinder, R. Outcome
Domains and Measures in Total Joint Replacement Clinical Trials: Can We Harmonize Them? An OMERACT Collaborative
Initiative. J. Rheumatol. 2015, 42, 2496-2502. [CrossRef] [PubMed]

Okoro, T.; Whitaker, R.; Gardner, A.; Maddison, P.; Andrew, ].G.; Lemmey, A. Does an early home-based progressive resistance
training program improve function following total hip replacement? Results of a randomized controlled study. BMC Musculoskelet.
Disord. 2016, 17, 173. [CrossRef] [PubMed]

Hendrickx, C.; De Hertogh, W.; Van Daele, U.; Mertens, P.; Stassijns, G. Effect of percutaneous assisted approach on functional
rehabilitation for total hip replacement compared to anterolateral approach: Study protocol for a randomized controlled trial.
Trials 2014, 15, 392. [CrossRef] [PubMed]

Judd, D.L.; Dennis, D.A.; Thomas, A.C.; Wolfe, P; Dayton, M.R.; Stevens-Lapsley, ].E. Muscle strength and functional recovery
during the first year after THA. Clin. Orthop. Relat. Res. 2014, 472, 654—-664. [CrossRef]

Bennell, K.; Dobson, E; Hinman, R. Measures of physical performance assessments: Self-Paced Walk Test (SPWT), Stair Climb
Test (SCT), Six-Minute Walk Test (6MWT), Chair Stand Test (CST), Timed Up & Go (TUG), Sock Test, Lift and Carry Test (LCT),
and Car Task. Arthritis Care Res. 2011, 63 (Suppl. 11), S350-S370. [CrossRef]

Soderman, P.; Malchau, H. Is the Harris hip score system useful to study the outcome of total hip replacement? Clin. Orthop.
Relat. Res. 2001, 384, 189-197. [CrossRef]

Soderman, P.; Malchau, H.; Herberts, P. Outcome of total hip replacement: A comparison of different measurement methods.
Clin. Orthop. Relat. Res. 2001, 390, 163-172. [CrossRef]

Prill, R.; Becker, R.; Schulz, R.; Michel, S.; Hommel, H. No correlation between symmetry-based performance measures and
patient-related outcome prior to and after total knee arthroplasty. Knee Surg. Sport. Traumatol. Arthrosc. 2022, 30, 3155-3161.
[CrossRef]

Nilsdotter, A.; Bremander, A. Measures of hip function and symptoms: Harris Hip Score (HHS), Hip Disability and Osteoarthritis
Outcome Score (HOOS), Oxford Hip Score (OHS), Lequesne Index of Severity for Osteoarthritis of the Hip (LISOH), and American
Academy of Orthopedic Surgeons (AAOS) Hip and Knee Questionnaire. Arthritis Care Res. 2011, 63 (Suppl. 11), S200-5207.
[CrossRef]

Mukaka, M.M. Statistics corner: A guide to appropriate use of correlation coefficient in medical research. Malawi Med. |. 2012, 24,
69-71.

Shrout, P.E.; Fleiss, ].L. Intraclass correlations: Uses in assessing rater reliability. Psychol. Bull. 1979, 86, 420-428. [CrossRef]
[PubMed]

Koo, TK.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155-163. [CrossRef] [PubMed]

Peat, G.; McCarney, R.; Croft, P. Knee pain and osteoarthritis in older adults: A review of community burden and current use of
primary health care. Ann. Rheum. Dis. 2001, 60, 91-97. [CrossRef] [PubMed]

Hegde, V.; Stambough, J.B.; Levine, B.R.; Springer, B.D. Highlights of the 2022 American Joint Replacement Registry Annual
Report. Arthroplast. Today 2023, 21, 101137. [CrossRef]

Torry, M.R.; Decker, M.].; Cowley, ].C.; Keeley, D.; Kernozek, T.W.; Shelburne, K.B. Function of the Normal Hip. In Hip Joint
Restoration: Worldwide Advances in Arthroscopy, Arthroplasty, Osteotomy and Joint Preservation Surgery; McCarthy, J.C., Noble, P.C.,
Villar, R.N., Eds.; Springer: New York, NY, USA, 2017; pp. 77-89.

Duwelius, PJ.; Southgate, R.D.; Crutcher, J.P, Jr.; Rollier, G.M.; Li, H.E; Sypher, K.S.; Tompkins, G.S. Registry Data Show
Complication Rates and Cost in Revision Hip Arthroplasty. J. Arthroplast. 2023, 38, 529-S33. [CrossRef]

Oleksy, L.; Krolikowska, A.; Mika, A.; Kuchciak, M.; Szymczyk, D.; Rzepko, M.; Bril, G.; Prill, R.; Stolarczyk, A.; Reichert, P. A
Compound Hop Index for Assessing Soccer Players” Performance. J. Clin. Med. 2022, 11, 255. [CrossRef]

Oleksy, L.; Mika, A.; Krélikowska, A.; Kuchciak, M.; Stolarczyk, M.; Kielnar, R.; Racheniuk, H.; Szczegielniak, J.; Luszczki, E.;
Stolarczyk, A. Composite Score of Readiness (CSR) as Holistic Profiling of Functional Deficits in Footballers Following ACL
Reconstruction. J. Clin. Med. 2021, 10, 3570. [CrossRef]

Mokkink, L.B.; Terwee, C.B.; Patrick, D.L.; Alonso, J.; Stratford, PW.; Knol, D.L.; Bouter, L.M.; de Vet, H.C. The COSMIN
study reached international consensus on taxonomy, terminology, and definitions of measurement properties for health-related
patient-reported outcomes. J. Clin. Epidemiol. 2010, 63, 737-745. [CrossRef]

Schliiter, .M.; Prill, R.; Krélikowska, A.; Cruysen, C.; Becker, R. A Pilot Study on the Reliability of Ultrasound-Based Assessment
of Patella Diameter and Sulcus Angle. Diagnostics 2022, 12, 3164. [CrossRef]


https://doi.org/10.1186/s12891-017-1662-6
https://doi.org/10.1016/j.arth.2016.08.024
https://doi.org/10.2106/00004623-196951040-00012
https://doi.org/10.1097/j.pain.0000000000000577
https://doi.org/10.3899/jrheum.141201
https://www.ncbi.nlm.nih.gov/pubmed/25834208
https://doi.org/10.1186/s12891-016-1023-x
https://www.ncbi.nlm.nih.gov/pubmed/27097833
https://doi.org/10.1186/1745-6215-15-392
https://www.ncbi.nlm.nih.gov/pubmed/25298243
https://doi.org/10.1007/s11999-013-3136-y
https://doi.org/10.1002/acr.20538
https://doi.org/10.1097/00003086-200103000-00022
https://doi.org/10.1097/00003086-200109000-00019
https://doi.org/10.1007/s00167-021-06570-3
https://doi.org/10.1002/acr.20549
https://doi.org/10.1037/0033-2909.86.2.420
https://www.ncbi.nlm.nih.gov/pubmed/18839484
https://doi.org/10.1016/j.jcm.2016.02.012
https://www.ncbi.nlm.nih.gov/pubmed/27330520
https://doi.org/10.1136/ard.60.2.91
https://www.ncbi.nlm.nih.gov/pubmed/11156538
https://doi.org/10.1016/j.artd.2023.101137
https://doi.org/10.1016/j.arth.2023.04.050
https://doi.org/10.3390/jcm11010255
https://doi.org/10.3390/jcm10163570
https://doi.org/10.1016/j.jclinepi.2010.02.006
https://doi.org/10.3390/diagnostics12123164

J. Pers. Med. 2023, 13, 1046 13 0f 13

31.

32.

33.

34.

35.

36.

37.

38.

Oleksy, L.; Krolikowska, A.; Mika, A.; Reichert, P; Kentel, M.; Kentel, M.; Poswiata, A.; Roksela, A.; Kozak, D.; Bienias, K.; et al. A
Reliability of Active and Passive Knee Joint Position Sense Assessment Using the Luna EMG Rehabilitation Robot. Int. J. Environ.
Res. Public Health 2022, 19, 15885. [CrossRef]

Krolikowska, A.; Maj, A.; Dejnek, M.; Prill, R.; Skotowska-Machaj, A.; Kotcz, A. Wrist motion assessment using Microsoft Azure
Kinect DK: A reliability study in healthy individuals. Adv. Clin. Exp. Med. 2023, 32, 203-209. [CrossRef] [PubMed]
Krolikowska, A.; Mika, A.; Plaskota, B.; Daszkiewicz, M.; Kentel, M.; Kolcz, A.; Kentel, M.; Prill, R.; Diakowska, D.;
Reichert, P; et al. Reliability and Validity of the Athletic Shoulder (ASH) Test Performed Using Portable Isometric-Based Strength
Training Device. Biology 2022, 11, 577. [CrossRef] [PubMed]

Solarino, G.; Bizzoca, D.; Moretti, A.M.; D’Apolito, R.; Moretti, B.; Zagra, L. Sex and Gender-Related Differences in the Outcome
of Total Hip Arthroplasty: A Current Concepts Review. Medicina 2022, 58, 1702. [CrossRef] [PubMed]

Lieberman, J.R.; Dorey, F.; Shekelle, P.; Schumacher, L.; Thomas, B.J.; Kilgus, D.J.; Finerman, G.A. Differences between patients’
and physicians’ evaluations of outcome after total hip arthroplasty. J. Bone Jt. Surg. Am. 1996, 78, 835-838. [CrossRef]
D’Aubigne, R.M.; Postel, M. Functional results of hip arthroplasty with acrylic prosthesis. J. Bone Jt. Surg. Am. 1954, 36, 451-475.
[CrossRef]

Young, S.W.; Safran, M.R. Outcome Instruments for Assessment of Hip Function. In Hip Joint Restoration: Worldwide Advances in
Arthroscopy, Arthroplasty, Osteotomy and Joint Preservation Surgery; McCarthy, J.C., Noble, P.C., Villar, R.N., Eds.; Springer: New
York, NY, USA, 2017; pp. 91-114.

Soderman, P.; Malchau, H. Validity and reliability of Swedish WOMAC osteoarthritis index: A self-administered disease-specific
questionnaire (WOMAC) versus generic instruments (SF-36 and NHP). Acta Orthop. Scand. 2000, 71, 39—-46. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijerph192315885
https://doi.org/10.17219/acem/152884
https://www.ncbi.nlm.nih.gov/pubmed/36135819
https://doi.org/10.3390/biology11040577
https://www.ncbi.nlm.nih.gov/pubmed/35453777
https://doi.org/10.3390/medicina58121702
https://www.ncbi.nlm.nih.gov/pubmed/36556904
https://doi.org/10.2106/00004623-199606000-00005
https://doi.org/10.2106/00004623-195436030-00001
https://doi.org/10.1080/00016470052943874
https://www.ncbi.nlm.nih.gov/pubmed/10743991

	Introduction 
	Materials and Methods 
	Symmetry-Based Measures 
	Weight-Bearing Chair-Rising Test 
	Measurement of the Maximal Isometric Strength of the Quadriceps Muscle 

	Performance-Based Measures 
	Ten-Meter Walk Test (10 MWT) 
	Timed Up-and-Go Test (TUG) 
	Stair-Climbing Test (SCT) 

	Functional Outcome Measures 
	Reliability of the Outcome Measures 
	Statistical Analysis 

	Results 
	Symmetry-Based Measures 
	Performance-Based Measures 
	Functional Outcome Measures 
	Correlations between the Categories of Tests 
	Reliability of the Outcome Measures 

	Discussion 
	Conclusions 
	References

