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Abstract

Background: Arthoplasty is a surgical procedure consisting in replacing a natu‑
ral joint altered by the disease process with an artificial joint. This surgery allows 
you to restore the lost function of the hip joint. Comprehensive rehabilitation 
plays an essential role after surgery.

Objectives: The aim of the study was to assess the impact of rehabilitation on 
patients on the 1st and 14th day of rehabilitation after cementless hip arthroplasty 
on the load on the operated limb and to assess the function of the hip joint.

Material and methods: The studies were performed on a group of 44 patients 
with post‑surgery rehabilitation.The studies were performed twice: on the 1st and 
14th day of rehabilitation. The standardized questionnaires was used: Harris Hip 
Score and WOMAC. The reaction of ground forces was assessed using the Alpha 
stabilometric platform.

Results: The average point value indicated on the Harris Scale significantly in‑
creased in the measurement on the 14th day of rehabilitation by 8.57 ± 6.56 points 
(p  <  0.001). On the other hand, the WOMAC Scale showed a  decrease in point 
values in the second measurement by 9.67 ± 6.76 points (p < 0.001). A significant 
increase in the average load on the operated lower limb by 3.68 ± 3.18% was in‑
dicated as measured on the 14th day of rehabilitation (p < 0.001). The difference 
between the average load of the right and left limbs in the measurement on the 
first day of rehabilitation was an average of 9.77%, while on the fourteenth day of 
rehabilitation the difference between the average load of the right and left limbs 
decreased to an average of 3.5%.

Conclusions: Postsurgery rehabilitation allows to obtain physiological load 
ranges of the lower limbs, striving for a 50% share in the load of each of the lower 
limbs. The effectiveness of the implemented rehabilitation is confirmed on the ba‑
sis of the analysed limb load parameters and the analysis of patients’ subjective 
assessments made using standardized questionnaires.
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Introduction

The hip joint transfers heavy loads thanks to the appropriate structure of 
bone elements and strong ligaments and muscles. Disorders during move-
ments in the hip joint are often caused by degenerative changes. They lead 
to disorders in the functioning of not only the lower limbs but also the spine 
and, consequently, the whole organism [1].

Osteoarthritis is one of the most common diseases and is a significant so-
cial and economic problem, especially in an ageing society. Functional disor-
ders, including problems with gait, reduce the quality of life and are the main 
cause of a significant reduction in fitness in the elderly population [1, 2, 3].

Population ageing causes the incidence of osteoarthritis to increase. 
Among people over 75 years of age, over 80% of the population suffers from 
it [1]. This has become the reason for naming it a  civilization disease. The 
changes it causes are characterized by a gradual degradation of the cartilage 
and the subchondral bone layer. This process may be accompanied by syn-
ovitis [1].

The etiology of degenerative changes is not fully understood, but the fol-
lowing factors are considered to increase the risk of developing the disease: 
age, sex, overweight, genetic factors, overloads, and injuries [4].

As the disease progresses, the patient struggles with increasing pain, 
stiffness, and limitation of joint mobility. Pain is usually felt in the front part 
of the thigh, groin, and the knee joint. Initially, it occurs only with movement, 
but as the disease progresses, it also increases at rest and at night. Secondar-
ily, as a result of the disease, muscle atrophy and contractures, relative short-
ening of the limb and inflammation of the surrounding soft tissues occur as 
well [3, 5].

Mobility problems, chronic pain, side effects of long‑term pharmaco-
logical treatment, and difficulties in performing activities of daily living are 
often the critical reasons for which a patient decides to withdraw from con-
servative treatment and undergo surgery. Hip arthroplasty is the last step in 
the treatment of coxarthrosis, which reduces pain, improves biomechanical 
conditions of the joint and gait, and enables physical activity, thus having 
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a positive effect on the quality of life of patients [5, 6, 7, 8]. This surgery con-
sists in replacing the natural joint damaged in the disease process with an 
artificial joint, i.e., the so‑called endoprosthesis [9].

Hip arthroplasty is one of the most common surgical procedures in Eu-
rope. In addition, it is a solution for most patients with hip disorders causing 
chronic discomfort or dysfunction of the hip joint [10, 11].  In Poland, since 
2005, the implementation of hip arthroplasty reimbursed from the Nation-
al Health Fund (NFZ) is reported in CBE (Central Database of Endoprosthe-
soplasty). According to the CBE data, the implementation of the procedure 
more than doubled between 2005 and 2019, and hip replacements are per-
formed more often than knee replacements and account for 64% of all ar-
throplasty [12]. A  different tendency is observed, for example, in the USA, 
where knee arthroplasty prevails [13].

The hip arthroplasty procedure is aimed at improving the quality of 
life of patients [2, 3, 14, 15] and due to its irreversibility, it is the last stage 
of coxarthrosis treatment and is considered a treatment of advanced stages 
of osteoarthritis [5, 9]. In addition, due to the effectiveness of reducing pain 
and improving the functioning of patients, it is one of the most frequently 
performed surgical procedures. Due to the ageing of the population and in-
creasing obesity rates, an even greater need for joint arthroplasty should be 
expected in the coming years [10, 16, 17].

Providing care for a patient undergoing hip arthroplasty requires the in-
volvement of the entire therapeutic team, going beyond the surgery itself. 
Comprehensive actions are taken to ensure the patient’s safety and quick re-
covery, as well as improvement of the quality of life [10, 18].

Physical rehabilitation is an extremely important element of therapy. The 
mobilization of the patient both before the surgery and the continuation of 
physiotherapeutic procedures after the surgery, also at home, significantly 
affect the pace of recovery and improvement of the quality of life [10, 19]. 
The physiotherapeutic procedure after hip arthroplasty is very diverse. The 
rehabilitation program may be individualized depending on the indications 
for surgery, the surgical technique, the type of implant, the presence of co-
morbidities, as well as the patient’s general health, age, and activity level [19].
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Radical surgery should not be delayed and should be performed when 
the pain is increasing (with no chance of reversing it). Advanced arthrosis al-
ways makes it difficult to save the patient’s ligament‑capsular structures that 
are responsible for passive stability and proprioception. The fixed pathologi-
cal stereotype of gait, muscle atrophy, reduced fitness and exercise capacity 
are the reasons for the extension of the rehabilitation period. These changes 
most often argue for early intervention. The surgery relieves pain and helps 
to regain the lost function of the joint. This is possible only through con-
scientious and regular rehabilitation and preparation of an exercise program 
selected individually for each patient. It should be supported with physical 
therapy [5, 20, 21].

The complexity of the problems that affect patients with degenerative 
changes in the hip joint is a significant challenge for health protection and 
the medical personnel who take care of the patient. The joint work of the 
members of the rehabilitation team allows for the creation, implementation, 
and monitoring of an individual rehabilitation program for each patient, con-
sidering his/her needs and possibilities [22]. Actions must be aimed at com-
bating pain, as well as at adaptation to the progressive nature of the disease, 
in order to maintain physical, social, and professional fitness as long as pos-
sible [23].

Properly implemented pre- and post‑surgery rehabilitation have a very 
important role. They have an impact on the improvement of efficiency in the 
performance of basic activities of daily living, better well‑being, and higher 
quality of life [23, 24].

The object of the study was the impact of cementless hip arthroplasty on 
the functions of the joint under surgery.

Purpose of the study

The aim of the study was to assess the impact of rehabilitation on patients 
on the 1st and 14th day of rehabilitation after cementless hip arthroplas-
ty on the load on the operated limb and to assess the function of the hip 
joint.
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Materials and methods

Study group

The study was performed on a group of 44 patients staying at the Rehabil-
itation Department of the Holy Family High Speciality Hospital in Rudna 
Mala, Poland, including 25 women (56.8%) and 19 men (43.2%). The aver-
age age of the subjects was 69.18  ±  9.81 years old. The average BMI was 
27.62  ±  3.99  kg/m2. In the case of 23% of the subjects, this indicator was 
within the normal range, 57% of the subjects were overweight, and 20% 
were obese. Due to the number of surgeries, all patients are distinguished by 
a primary prosthesis put on for the first time, without complications (Table 1)

Table 1. General characteristics of the study group of the respondents

Characteristic n %
Place of residence (n – 44)
•	 village / city 25 / 19 56.8 / 43.2

Education (n – 44)
•	 primary / vocational / secondary / higher 4 / 13 / 22 / 5 9.1 / 29.5 / 50.0 / 11.4

Employment status (n – 44)
•	 works / white collar / retirement /  

does not work 4 / 5 / 32 / 3 9.1 / 11.4 / 72.7 / 4.5

BMI
•	 normal (18.5–24.99) / overweight  

(25.0–29.99) / obese (>30.0)
10 / 25 / 9 22.7 / 56.8 / 20.5

Reason for endoprosthesis implantation 
(n – 44)
•	 Osteoarthritis / Joint injury / Birth defects

39 / 3 / 2 88.6 / 6.8 / 4.5

Dominant limb (n – 44)
•	 Right / left 29 / 15 65.9 / 34.1

Limb in which the prosthesis is located
•	 Right / left / right and left 24 / 12 / 8 54.5 / 27.3 / 18.2

Variable Me Q1
Age (n – 44) [years] 71.50 64.50
BMI (n – 44) [kg/m2] 26.79 25.17

N – number of observation; % – percent; M – average; SD – standard deviation; Me – median; 

Reference – minimum to maximum; Q1 – lower quartile; Q3 – upper quartile



319Assessment of Hip Joint Function and Limb Load in Patients after Cementless Hip Arthroplasty…

The patients were subjected to the rehabilitation process in the period 
from 3 to 24 months from the implantation of the joint endoprosthesis. The 
time that elapsed from the endoprosthesis procedure to the day of the study 
was, on average, 5.38 ± 3.11 months for patients operated on the right side 
and 6.06 ± 2.86 months for patients operated on the left side.

In the study group, eight people had endoprostheses implanted in 
both hip joints. The time that elapsed from the implantation of the primary 
(placed for the first time without complications) endoprosthesis to the day 
of the study was on average 32.33 months ± 25.44 months in the case of pa-
tients operated on the right side and 15 months ± 4.24 months in the case of 
patients operated on the left side.

The performed study showed that none of the patients benefited from 
pre‑surgery rehabilitation, while all respondents declared that after leaving the 
hospital, they followed the recommendations provided by the physiotherapist.

Model of rehabilitation

The patients’ rehabilitation treatment included five procedures:
1.	 Rail – Continuous Passive Motion (CPM).
2.	 Isometric exercises of the lower limb muscles.
3.	 Learning to walk (usually on a treadmill) with step length analysis.
4.	 Kinesiotherapy – guided or other exercises depending on the period.
5.	 Cryotherapy.
The rehabilitation program was conducted for 1 hour, 5 times a week.
The inclusion criteria were: age of respondents over 18 years, cementless 

arthroplasty in the period from 3 to 24 months, no postoperative compli-
cations, no other contraindications to rehabilitation, ability to maintain an 
upright position without any aid or physical assistance, and absence of de-
mentia or other cognitive impairments.

The basis for the patient’s inclusion in the therapeutic process was the 
medical qualification. The entire rehabilitation process was an element of 
comprehensive rehabilitation of patients undergoing hip arthroplasty, stay-
ing at the rehabilitation ward.
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Standardized questionnaire: WOMAC – HIP, Harris Hip and ALFA platform

The data were collected using an original questionnaire supplemented 
with standardized tools to assess the quality of life of patients after al-
loplastic surgery: the WOMAC‑HIP questionnaire used to monitor the pro-
gress of rehabilitation treatment and the Harris Hip Score (HHS) for the 
functional assessment of the hip joint. The  HHS consists of 4 subscales: 
pain (44 points), function (47 points), no deformity (4 points), and range 
of motion (5 points). In the case of the Harris Hip Score, 0–100 points can 
be obtained, where obtaining the total sum of points above 90 means very 
good functionality of the hip joint, 80–89 – good, 70–79 – sufficient, while 
values < 70 indicate poor functionality [25]. The WOMAC (Western Ontario 
and McMaster Osteoarthritis Index) is a  multidimensional assessment tool 
and self‑assessment of disability of patients with the degenerative disease, 
especially of the knee and hip joints. The questionnaire uses 24 parameters: 
discomfort while walking/lying/sitting/getting up, stiffness in the morning 
and during the day, difficulty in walking/sitting/bending/climbing stairs/
putting on socks, etc. These are divided into three groups: pain, stiffness, 
and function. Each of the 24 questions has a 5‑point response scale (from 0 
to 4 points), depending on the degree of problems with performing a given 
task activities. The results are obtained for each of the three components: 
pain – 0–20 points, stiffness – 0–8 points, function – 0–68 points that to-
gether yield the global score 0–96 points. The lower the number of points 
the patient scores, the better his/her functional condition is. The more 
points, the greater the symptoms and the poorer the functioning [26]. In 
addition, lower limb loading was assessed with the use of the ALFA stabilo-
metric platform in all subjects.

The ALFA platform allows assessing as well as carrying out balance train-
ing for orthopedic and neurological patients. It assesses static and dynamic 
parameters related to maintaining balance in conditions of a stable ground. 
The platform measures 550 x 550 x 80  mm and weighs 27  kg. The plat-
form works with the software, allowing for the assessment of rehabilitation 
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progress, it also enables the generation of reports for a given patient. The 
sampling rate was set to 120Hz [27].

Methodology of the study

The platform was placed on a stable surface and calibrated in accordance 
with the manufacturer’s recommendations. Before the start of the tests, the 
patients remained in a sitting position for 5 minutes.

In order to verify the effectiveness of rehabilitation in a given patient, each 
patient was tested twice on the ALFA platform: on the 1st and 14th day of the 
rehabilitation process. Before the first trial, the outline of each participant’s 
feet was recorded to ensure consistent foot position between trials The test 
involved standing with both feet without shoes on the ALFA platform. The 
test duration was 30 seconds. Before the test, the subject was instructed in 
detail about the course and proper performance of the test: free standing, 
without moving the head and upper limbs, looking straight ahead. During the 
study, tests were performed using the ALFA platform, only the subject and the 
person performing the study were present in the room. In addition, to limit 
the influence of external factors, the room was relatively quiet. Each time be-
fore the start of the test, the platform was calibrated. These conditions allow 
for proper measurement, which is also characteristic of other studies [28, 29].

In the study using the ALFA platform, the load [%] of the right and left 
limbs on the 1st and 14th day of the rehabilitation process and the time of the 
dominant load [%] on the right and left limbs on the 1st and 14th day of the 
rehabilitation process were assessed.

Before starting the study, each of the patients gave written, voluntary 
consent to participate in the study, was informed about the purpose of the 
study, the use of the results for scientific purposes, and the possibility of re-
signing from participation in the study at any stage of its duration. The study 
did not bear any risk for the study participant. The study was performed in 
accordance with the Helsinki Declaration (WMA Declaration of Helsinki Ethi-
cal Principles for Medical Research Involving Human Subjects).
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Statistical analysis

Variables

The study assessed qualitative variables such as: place of residence, level of 
education, employment status, BMI as a qualitative variable, dominant limb, 
and limb after hip arthroplasty. Qualitative variables were presented using 
numbers and percentages.

Quantitative variables included in the analysis were age and BMI, as 
well as the number of points from the Harris Hip Score and WOMAC – HIP 
scales. The data analyzed from the Alfa platform measurements were: load 
on the right [%] and left limb [%] and load time [%] and symmetry index 
[%] compared between the 1st and 14th day of rehabilitation. The distribu-
tion of quantitative variables was presented using number, mean, median, 
minimum and maximum value, upper and lower quartile, and standard de-
viation.

Statistical inference

Statistical analysis of the collected material was carried out in the Statistica 
13.1 program. The parametric and non‑parametric tests were used to ana-
lyze the variables. The choice of the non‑parametric test was conditioned 
by meeting its basic assumptions, i.e., the compliance of the distributions 
of the  studied variables with the normal distribution, which was verified 
with the Shapiro‑Wilk test. To assess the differences in the average level of 
the numerical variable in more than two populations, the Anova Kruskal
‑Wallis test was used. In the presence of statistically significant dependen-
cies, the analysis was continued with the post‑hoc test, which in this case 
was the multiple comparisons test. The Wilcoxon test was used for tw de-
pendent variables. The main goal of the statistical analysis is to compare 
dependent  ariables: parameters on the 1st and 14th day of rehabilitation. The 
level of statistical significance was p < 0.05.
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Results

In the group of patients, a functional assessment of the hip joint was performed 
using a standardized tool – Harris Hip Score. The functional assessment of 
the hip joints of the studied patients was carried out on the 1st and 14th day of 
rehabilitation. The change in the functional status of the studied patients in 
the next two measurements, by an average of 8.57 points ± 6.56 points, was 
statistically significant (p < 0.001) (Table 2).

Table 2. Functional assessment of the hip joint according to the Harris Hip Score on the 1st and 

14th day of rehabilitation performed in the study group of patients

Harris Hip 
Score [0–100 

points]

Values

n M Me Min. Max. Q1 Q3 SD

1st day of 
rehabilitation 44 64.51 63.69 33.30 91.00 51.30 74.39 14.95

14th day of 
rehabilitation 44 73.07 72.84 45.00 91.30 64.06 84.65 12.57

Differences 44 8.57 7.79 -0.30 23.75 2.64 14.40 6.56

p p < 0.001

N – number of observation; M – average; Me – median; Min – minimum; Max – maximum; 

Q1 – lower quartile; Q3 – upper quartile; SD – standard deviation; p – level of significance of 

differences

The functional assessment of the studied patients was also performed 
by presenting the results of the Harris Hip Score in a qualitative scale. In the 
measurement on the 1st day of rehabilitation, the functionality of the hip joint 
was assessed as poor by most patients (N = 27; 61.4%). After fourteen days 
of rehabilitation, the number of patients with poor assessment decreased 
to 16 (36.4%). Whereas, the number of patients whose functionality was as-
sessed as satisfactory (from 20.5% to 31.8%) and good (from 11.4% to 25.0%) 
increased. These changes were statistically significant (p < 0.001) (Figure 1).
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Figure 1. Functional assessment of the mentioned hip joint in the studied patients according 

to the Harris scale on the 1st and 14th day of rehabilitation presented in a qualitative form

Statistical analysis showed that the final functional assessment of the 
hip joint according to the Harris Hip Score significantly differed among the 
studied patients depending on the time that had passed since the surgery 
(p  =  0.031). The mean time since surgery was compared in four groups of 
patients, based on their scores in the final Harris Hip Score.

There was a statistically significant difference between the time elapsed 
since the surgery in the case of people rated very good and bad on the func-
tional scale (p = 0.029). In the case of people with a poor assessment, the time 
from the alloplastic procedure to the study was the shortest (approximately 
4.63 months), and in the case of those with a very well rating, it was the long-
est (approximately 10.67 months) (Table 3).
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Table 3. Assessment of the relationship between the final score of the studied patients on the 

Harris Hip Score scale and the time elapsed since the last surgery

Hip function 
assessment 
according 

to the Harris 
Hip Score

Values

n M Me Min. Max. Q1 Q3 SD

Very good 3 10.67 11.00 9.00 12.00 9.00 12.00 1.53

Good 11 6.00 5.00 3.00 12.00 5.00 6.00 2.49

Sufficient 14 5.50 4.50 3.00 12.00 4.00 7.00 2.59

Bad 16 4.63 4.00 1.00 11.00 3.00 7.00 3.03

p 0.031
Qualitative assessment of the functionality 

of the mentioned hip joint
post-hoc Very good Good Sufficient Bad

Very good 0.447 0.151 0.029

Good 0.447 1.000 0.713

Sufficient 0.151 1.000 1.000

Bad 0.029 0.713 1.000

N – number of observation; M – average; Me – median; Min – minimum; Max – maximum; 

Q1 – lower quartile; Q3 – upper quartile; SD – standard deviation; p – level of significance of 

differences

The functional status of the studied patients was assessed using the 
WOMAC scale on the 1st and 14th day of rehabilitation. The result obtained 
by the subjects in the measurement on the 1st day was an average of 
84.59 points ± 10.04 points, and on the 14th day of rehabilitation it decreased 
to an average of 74.92 points  ±  14.03 points. The obtained change in the 
functional status of the studied patients in the next two measurements, by 
an average of 9.67 points ± 6.76 points, was statistically significant (p < 0.001) 
(Table 4).
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Table 4. Assessment of the functional status of the studied patients according to the WOMAC 

scale on the 1st and 14th day of rehabilitation presented in quantitative form

WOMAC
[%]

Values

n M Me Min. Max. Q1 Q3 SD
1st day of 
rehabilitation 44 84.59 88.03 56.25 95.84 79.17 92.71 10.04

14th day of 
rehabilitation 44 74.92 77.61 39.59 93.75 68.43 85.42 14.03

Differences 44 9.67 10.42 16.66 2.09 10.74 7.29 -3.99

p p < 0.001

n – number of observation; M – average; Me – median; Min – minimum; Max – maximum; 

Q1 – lower quartile; Q3 – upper quartile; SD – standard deviation; p – level of significance of 

differences

On the basis of the study on the ALFA platform, the symmetry of the load 
on the lower limbs was assessed in the study group of patients on the 1st and 
14th day of rehabilitation. The results obtained on the 1st day of rehabilitation 
indicated a greater average load on the right side (51.57% ± 5.75%) than on 
the  left side (48.43%  ±  5.75%), as well as a  longer period of dominant load 
on the right side (60.41 ± 44.73%) than the left side (39.59% ± 44.73%). Sub-
sequently, the load symmetry on the lower limbs was assessed in the meas-
urement on the 14th day of rehabilitation. The obtained results also indicat-
ed a slightly higher average load on the right side (50.2% ± 2.81%) as well as 
a longer period of dominant load on the right side (50.34% ± 33.23%) (Table 5).
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Table. 5. Presentation of the test results on the stabilometric platform on the 1st and 14th day 

of rehabilitation

Variables
Values

n M Me Min. Max. Q1 Q3 SD

Measurement on the 1st day

Load P [%] 44 51.57 52.50 41.00 71.00 47.00 55.00 5.75

Load L [%] 44 48.43 47.50 29.00 59.00 45.00 53.00 5.75

Time P [%] 44 60.41 93.00 0.00 100.00 3.00 100.00 44.73

Time L [%] 44 39.59 7.00 0.00 100.00 0.00 97.00 44.73

Measurement on the 14th day

Load P [%] 44 50.20 50.00 43.00 57.00 49.00 51.00 2.81

Load L [%] 44 49.80 50.00 43.00 57.00 49.00 51.00 2.81

Time P [%] 44 50.34 51.00 0.00 100.00 20.50 77.00 33.23

Time L [%] 44 49.66 49.00 0.00 100.00 23.00 79.50 33.23

n – number of observation; M – average; Me – median; Min – minimum; Max – maximum; 

Q1 – lower quartile; Q3 – upper quartile; SD – standard deviation; P – right side; L – left side; 

Time P – time of the dominant load on the right side; Time L – time of the dominant load on 

the left side

The analysis of differences in the study on the stabilometric platform be-
tween the 1st and the 14th day of rehabilitation showed that both the average 
load on the right and left limbs decreased by an average of 1.36% ± 4.7%. 
Changes in the dominant load time of the limbs are similar, which in the case 
of both limbs decreased on average by 10.07% ± 45.68%. Statistical signifi-
cance was not found for neither of the analyzed parameters (Table 6).
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Table 6. Presentation of the results of the test on the platform on the 1st and 14th day of re-

habilitation of the lower limb under recent surgery for the average load on the limb under 

surgery (a). for the average time of dominant load on the limb under surgery (b) and the 

assessment of load symmetry and time symmetry of load on the right and left limbs (c)

Values
p

n M Me Min. Max. Q1 Q3 SD

(a) Load [%]
1st day of 
rehabilitation 44 45.34 46.00 29.00 55.00 44.00 47.50 3.65

<0.00114th day of 
rehabilitation 44 49.02 50.00 43.00 56.00 48.00 50.00 2.64

Differences 44 -3.68 -4.00 -14.00 -1.00 -4.00 -2.50 1.01

(b) Time of dominant load [%]
1st day of 
rehabilitation 44 7.95 1.00 0.00 100.00 0.00 6.50 17.39

<0.00114th day of 
rehabilitation 44 38.07 38.50 0.00 100.00 8.50 54.00 30.96

Differences 44 -30.12 -37.5 0.00 0.00 -8.50 -47.50 -13.57

(c) Symmetry index [%]

Load in 1 day 44 9.77 9.00 2.00 42.00 6.00 12.00 6.67
p < 0.001Load on the 

14th day 44 3.50 2.00 0.00 14.00 0.00 4.00 4.38

Time in 1 day 44 88.64 98.00 16.00 100.00 89.00 100.00 20.16
p < 0.001Time in day 

14 44 55.23 59.00 0.00 100.00 21.00 90.00 35.99

n – number of observation; M – average; Me – median; Min – minimum; Max – maximum; 

Q1 – lower quartile; Q3 – upper quartile; SD – standard deviation; p – level of significance of 

differences

A statistically significant difference was found between the mean load 
on the lower limb under recent surgery on the 1st day of rehabilitation and 
on the 14th day (p  <  0.001). The mean load on the limb under surgery on 
the 1st day of rehabilitation was 45.34%  ±  3.65%, and after 14 days it was 
49.02% ± 2.64%. The obtained change indicates that the average load on the 
limb under surgery approached the middle value (50.0%) after the applied 
treatment.
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The presence of a statistically significant difference between the mean 
dominant load time of the lower limb under recent surgery on the 1st and 
14th day of rehabilitation was also confirmed (p < 0.001). The mean dominant 
load time on the limb under surgery was 7.95% ± 17.39% on the 1st day of 
rehabilitation, and 38.07% ± 30.93% on the 14th day.

The load symmetry index of the right and left lower limbs was also as-
sessed for each of the subjects separately. The difference between the aver-
age load on the right and left limbs measured on the 1st day of rehabilitation 
was on average 9.77%  ±  6.67% among all the subjects. On the 14th day of 
rehabilitation, the difference between the average load on the right and left 
limbs decreased to an average of 3.5% ± 4.38%. The change was statistically 
significant (p < 0.001).

Similarly, the symmetry index of the dominant loading time of the right 
and left lower limbs was assessed for each of the subjects separately. The dif-
ference between the mean dominating load time of the right and left limbs 
on the 1st day of measurement was on average 88.64% ± 20.16% among all 
the subjects. On the 14th day of rehabilitation, the difference between the 
dominant load time of the right and left limbs decreased to an average of 
55.23% ± 35.99%. The change was statistically significant (p <0.001).

Discussion

Hip arthroplasty is a procedure after which the patient’s recovery depends 
on many factors, such as the gait pattern, and the alleviation or elimination 
of the ailments of the factors. Pre- and post‑surgery rehabilitation has an im-
portant role, which is to aid in regaining the correct range of motion of the 
limbs, increasing muscle strength, reducing pain [5, 30]. The quality of life is 
also important in this aspect, which includes not only the assessment of the 
patient’s physical sphere, but also the mental sphere.

Individually modified physiotherapy program introduced before the sur-
gery and its continuation in the post‑surgery period create optimal condi-
tions for patients to regain their fitness and independence in movement. Ear-
ly activation of the patient, verticalization and re‑education of gait are able to 
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significantly reduce the risk of complications resulting from akinesia, as well 
as the arthroplasty itself [5].

Rehabilitation is a very important element of treatment and should be 
aimed at the rapid return of the patient to fitness in performing everyday 
activities, as well as at the possible undertaking of a selected form of phys-
ical activity in the future [31]. In order for the return to physical activity to 
be safe, the patient should be subjected to comprehensive rehabilitation. As 
explained by Howard‑Wilsher et al. [32], there is a need to develop and dis-
seminate rehabilitation services in order to help the patient recover as soon 
as possible. Well‑organized, structured rehabilitation interventions can lead 
to savings as well as cost reductions in other health care services [33, 34].

It is widely believed that the time of return of patients to activity should 
occur on average after 3–6 months [35], while some researchers believe that 
the joint after the surgery becomes efficient only after a year [20]. Liem [31] 
indicates that people who improved after hip arthroplasty achieve much 
better golf results than those who did not use rehabilitation. Extending the 
time of returning to physical activity allows the patient to improve muscle 
strength, range of motion, balance and coordination, control of the correct 
gait pattern, without increasing the risk of pain, dislocations, loosening of the 
prosthesis, or other complications. If the necessary conditions are met, the 
patient can safely start participating in physical activity. However, the date of 
commencement of physical activity should always be selected individually, 
according to the capabilities and predispositions [20, 35].

In many countries, an important element of comprehensive therapy is 
the inclusion of pre‑surgery rehabilitation [10, 19, 23, 24, 36, 37], the aim of 
which is primarily to shorten the time of convalescence and hospital stay. 
Numerous studies have been conducted to assess the effectiveness of pre
‑surgery exercises among patients awaiting knee or hip arthroplasty surgery. 
Studies have shown that patients with a higher level of performance have 
a  lower rate of post‑surgery complications, show better functional results, 
and recover faster after arthroplasty [10, 34, 36, 38, 39, 40].

German scientists conducted analyses of opinions and recommendations 
regarding the therapy of people undergoing alloplasty among rehabilitation 
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specialists in Germany. Most specialists recommended increasing muscle 
strength and equalizing soft tissue tension before and after the surgery [36]. 
The important role of introducing comprehensive physiotherapeutic im-
provement in the early post‑surgery period in patients undergoing hip ar-
throplasty is also emphasized by Yogi et al. By examining muscle strength, 
quality of life of patients several times and testing functionality within one 
year after total alloplasty, it was found that the greatest functional losses oc-
cur in the first month after the surgery [41]. This proves the need to plan and 
undertake rehabilitation activities as soon as possible after the surgery, and 
preferably before its application [10, 19, 24, 36, 37, 41]. Own study showed 
that none of the patients benefited from pre‑surgery rehabilitation, while all 
respondents declared that after leaving the hospital they followed the rec-
ommendations provided by the physiotherapist.

In own study, the group of patients underwent a two‑week rehabilitation 
process, which included: Rail – Continuous Passive Motion (CPM), isometric 
exercises of the lower limb muscles, learning to walk (usually on a treadmill) 
with step length analysis, kinesiotherapy – guided or other exercises depend-
ing on the period and cryotherapy.

The analysis of the obtained results showed that the patients were char-
acterized by an improvement in the functionality of the lower limbs and an 
improvement in the symmetry of limb loading on the last day of the rehabil-
itation.

Similar conclusions were obtained in the studies by Demczyszak et al. 
[21]. Researchers demonstrated the effectiveness of the rehabilitation pro-
gram in patients after cement arthroplasty of the hip joint. The study includ-
ed 30 patients aged 61–80 years. Each patient underwent goniometric meas-
urements of the range of motion in the hip joints before the surgery and after 
rehabilitation. The patients under surgery were included in a rehabilitation 
program, which consisted of anticoagulant prophylaxis, isometric exercises 
of the quadriceps muscle, active slow and relieved exercises, and exercises 
using the CPM splint for 30 minutes a day [21].

Many authors tried to assess the functional status and quality of life of 
patients after hip arthroplasty [2, 3, 5, 6, 8, 15, 21, 23, 42, 43]. In own study, 
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the HHS and WOMAC scales were used to functionally assess patients in the 
early period after hip arthroplasty on the 1st and 14th day of the rehabilitation 
program. These scales allowed to assess the most important aspects of pa-
tients’ functioning in everyday life.

In the studies of Szczepłek et al., conducted at the Clinical Hospital in 
Otwock, patients obtained an average of 37.07 points in the Harris Hip Score, 
which is a poor result in relation to the norm. After the surgery, this result in-
creased to an average level and amounted to 74.93 points. The improvement 
resulting from surgical treatment was statistically significant [43]. However, in 
the studies performed among patients of the Department of Trauma and Or-
thopedic Surgery at the Specialist Hospital in Szczecin‑Zdunów, it was noted 
that patients after hip replacement surgery were characterized by a function-
al state similar to that before the surgery. However, the researchers suggest-
ed that in subsequent days of rehabilitation, a  significant improvement in 
functional status should be expected [5].

The above thesis was confirmed in own study. The change in the func-
tional status of the studied patients in the Harris Hip Score in the next two 
measurements was statistically significant and increased from 64.51 to 
73.07 points, i.e., it improved by an average of 8.57 points. This proves the 
effectiveness of the applied therapeutic treatment and its positive impact 
on the quality of life of patients after hip arthroplasty. In addition, in own 
study, the functionality of the hip joint was assessed poorly by the majority 
of patients (64.4%) when measured before the surgery, while after implan-
tation of the endoprosthesis, the number of patients with poor assessment 
decreased to  36.4%. Whereas, the number of patients whose functionality 
was assessed as satisfactory (from 20.5% to 31.8%) and good (from 11.4% to 
25.0%) increased.

The analysis of the results obtained in own study using the WOMAC 
scale on the 1st and 14th day of rehabilitation showed a  statistically signifi-
cant change in the functional status of the studied patients in the next two 
measurements, on average by 9.67 points. Patients in the first measurement 
scored an average of 84.59 points, and on the 14th day of rehabilitation – an 
average of 74.92 points. In the studies by Szczepłek et al., patients scored 



333Assessment of Hip Joint Function and Limb Load in Patients after Cementless Hip Arthroplasty…

61.7 points on the WOMAC scale before the surgery, while after the surgery 
the WOMAC score statistically improved to an average of 19.78 points. The 
improvement in the condition of patients assessed using the WOMAC scale 
was at an average level of 42.44 points [43].

In the course of own study, high values of the BMI index were recorded, 
persisting above the norm in as many as 77% of the respondents. The body 
weight of the respondents ranged from 55 kg to 105 kg, and the respond-
ents weighed an average of 75.95 kg. Similar results were also obtained by 
other authors [5, 42, 43, 44, 45, 46]. According to some researchers, over-
weight and obesity are one of the factors predisposing to the development 
of osteoarthritis [45, 46]. Studies performed by Harris et al. and Derman et 
al. have shown a correlation between the increase in BMI in the population 
in recent years and the growing number of patients undergoing hip surgery 
[45, 46].

As surgical techniques progress, alloplastic procedures are performed 
with greater sparing of soft tissues around the operated joint. In addition, 
progress in the field of implant production allows for more and more accu-
rate reconstruction of normal anatomical and biomechanical conditions in 
the hip joint. This translates into improved parameters in the process of main-
taining balance by a person undergoing surgery [47, 48, 49].

Studies performed by Yogi et al. showed that balance exercises added 
to a  typical outpatient physiotherapy program resulted in a  much greater 
improvement in balance in participants after total hip arthroplasty or total 
knee arthroplasty, compared to a typical exercise program alone. Physiother-
apists may consider the use of equivalent exercises to improve balance in 
people in the acute post‑surgery phase after total hip arthroplasty [41]. This 
will prove that the use of a comprehensive improvement process considering 
sensorimotor training and biofeedback has a positive effect on the symmetry 
of limb loading, which was also confirmed by the results of own study. The 
use of various stabilometric platforms to assess the reaction of ground forces 
such as ALPHA or Zebris‑PDM‑L allows for an advanced and objective assess-
ment of all posturographic parameters in various study groups, both among 
sick and healthy people [50].
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On the basis of the study on the ALFA platform, the symmetry of the 
load on the lower limbs was assessed in the study group of patients on the 
1st and 14th day of rehabilitation. The average load on the limb under surgery 
on the 1st day of rehabilitation was 45.34%, and after 14 days the average 
load was 49.02%. The obtained change in the load on the operated limb in-
dicates an improvement in the symmetry of limb loading after the applied 
rehabilitation. In own study, the difference between the load of the right and 
left limbs in the measurement on the 1st day of rehabilitation was on average 
at 9.77%, while on the 14th day of rehabilitation, the difference between the 
average load of the right and left limbs decreased to an average of 3.5%. The 
obtained change also indicates an improvement in the symmetry of limb 
loading.

Skiba et al. performed studies on the process of maintaining balance in 
patients with osteoarthritis of the hip joints in a standing position. The con-
ducted analyses proved that patients with osteoarthritis are characterized by 
higher values of parameters than people after implantation of the endopros-
thesis. These results suggest that maintaining a  stable posture is easier in 
patients after total hip arthroplasty [49].

Properly selected and comprehensive pre- and post‑surgery rehabilita-
tion perform a very important role in the patient’s recovery. For the patient, 
it is extremely important to improve efficiency in performing basic everyday 
activities, improve well‑being, and improve the quality of life.

Limitation

The main aim of the study was to assess how 14‑day rehabilitation after the 
surgery affects the degree of relief of the lower limbs, which is the main goal 
of rehabilitation after hip joint replacement. However, the earlier after sur-
gery, the greater the disproportion in the load on the lower limbs. This caus-
es a large discrepancy in the results and possible limitations in the analyses.

The studies did not analyze the degree of pain experienced or other fac-
tors that may directly or indirectly influence the outcome of rehabilitation, 
such as fear or depression.
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The alpha platform used in the research is a  static platform and tests 
proprioception poorly, especially when it comes to the hip joint, which may 
be a certain limitation when it comes to the comprehensive assessment of 
joint function. The platform allows for the assessment of parameters in static 
conditions, i.e., only when standing on both feet. Rather, it assesses the load 
on the affected limb and the healthy one and assesses the patient’s overall 
balance and the change in these parameters as a result of the rehabilitation. 
Therefore, the main goal of the authors’ research was not to evaluate reha-
bilitation and indicate its validity. The validity of the use of rehabilitation and 
its effectiveness is confirmed by many available scientific studies and this is 
an obvious evidence, which the authors do not intend to question. The in-
troduction of a control group of healthy people is not applicable due to the 
main purpose of the research, which is to compare the 1st and last day of reha-
bilitation in terms of load on the lower limbs. In the group of healthy people, 
the norm is 50% load on the right and left lower limb.

The study and use of the alpha platform allowed us to assess how 
a 14‑day rehabilitation program affects the load on the limbs. Due to the fact 
that one of the main goals of postoperative rehabilitation is to compensate 
for the load disproportion between the operated limb and the healthy limb, 
the main goal of the research was to compare the 1st and 14th day of rehabil-
itation and to verify stabilometric parameters and their changes in the mus-
culoskeletal system during this period of rehabilitation.

Conclusions

1.	 The level of subjective assessment of the functionality of the operat-
ed hip joint in the examined patients increases after two weeks of re-
habilitation, which is confirmed by the results of the Harris scale and 
the WOMAC‑HIP scale.

2.	 The degree of load on the operated limb in the second measurement 
on the 14th day of rehabilitation is almost equal to the healthy limb. 
The 14‑day rehabilitation process yields satisfactory therapeutic ef-
fects in patients after hip arthroplasty.
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