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Abstract 

Introduction 

After total hip arthroplasty (THA), patients continue to have muscular, functional and postural 

deficits. The literature seems to support the use of postoperative rehabilitation, especially 

self-directed programs. However, there is no set protocol for the management of postural 

disorders. Therefore, the purpose of this study was to compare postural parameters of a 

group of patients who underwent posterior THA followed by 2 different types of rehabilitation 

(stabilometric platform (SP) and home-based self-directed protocols) with a control group of 

operated patients who did not undergo rehabilitation and a control group of age-matched 

asymptomatic subjects. 

Hypothesis 
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We hypothesized that rehabilitation would normalize the stabilometric parameters. 

Patients and Methods 

A total of 67 subjects were enrolled in this study (mean age 67.85 ± 1.22 years) and divided 

into 4 groups. Forty-one of these subjects had undergone a posterior THA were randomly 

assigned between D10 and D21 to one of the following 3 groups: no rehabilitation control 

group (THACG = 14), supervised rehabilitation with a stabilometric platform group (RSPG = 

16), and a self-directed home-based rehabilitation group (SDHRG = 11). The 4th group was a 

control group made up of 26 age-matched asymptomatic nonoperated subjects (CG55-80). 

These rehabilitation protocols lasted 3 weeks. At the end of the 3 weeks, the groups 

performed the same stabilometric single leg and double leg stance tests (considering lower 

limb dominance) on an SP. 

Results 

No significant differences were observed between groups in the bipedal stance, except 

between the CG55-80 and the THACG, where a higher energy expenditure was observed in 

the THACG during the static stance with eyes open (EO) and eyes closed (EC): increase in 

the path length (Plength) covered by the center of pressure (COP) (EO: p =.01; EC: p =.03) 

and the average velocity (Vavg) of the COP (EO: p =.01; EC: p =.03). These differences were 

not observed in the SDHRG and RSPG whether they were compared with one another or 

with both control groups. In the unipedal stance, subjects in the RSPG and SDHRG showed 

greater muscle activity in the anterior and posterior chains and hip abductors, and used less 

energy to maintain the stance than those in the CG55-80, regardless of lower limb 

dominance: decrease in the mediolateral range of COP displacement (Xrange) (hip abductor 

muscles) (p =.02) and anteroposterior range of COP displacement (Yrange) (anterior and 

posterior chains) (p = 3.49.10-3), 95% confidence ellipse area (Earea) of COP data (p = 

1.47.10-3), Plength (p =.04) and Vavg (p =.04). The RSPG had a smaller Earea than the SDHRG 
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(p =.04), demonstrating a better postural stability during the unipedal stance performed on 

the dominant operated leg. 

Discussion 

Our results were consistent with the literature on the benefits of rehabilitation after THA, thus 

confirming our hypothesis that rehabilitation normalized stabilometric parameters between 

D31-D45, depending on the subjects. These results provide new information regarding 

rehabilitation techniques to be implemented postoperatively after a THA. A home-based self-

directed rehabilitation program is just as effective as an SP program in managing postural 

disorders. 

Level of Evidence: II; randomized controlled trial with low statistical power. 

Keywords: Total hip arthroplasty; rehabilitation; postural parameters; stabilometric platform; 

self-directed rehabilitation. 

Abbreviations: THA: Total hip arthroplasty / SP: Stabilometric platform / COP: Center of 

pressure 

 

1. Introduction 

THA is also indicated for younger and more active individuals who complain of pain and 

limited range of motion [1]. This phenomenon has led to modifications of the surgical 

techniques and intraoperative care [2–5]. A successful surgical procedure is mainly 

characterized by improved functional scores such as the WOMAC (Western Ontario and 

McMaster Universities Arthritis Index) and Harris Hip Score [6]. However, patients still 

present reduced walking ability, pain, weakness of the periarticular hip muscles [7,8], motor 

deficits [9] and static balance disorders [10–12] after surgery. 
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The literature seems to support postoperative rehabilitation [13–15], and particularly self-

directed protocols, despite the current trend toward earlier home discharges and decreases 

in postoperative rehabilitation prescriptions [3–5,16–18]. Self-directed rehabilitation appears 

to be effective [8,13,15,19-20], even if its impacts on static balance have never been studied. 

These are important to study because, according to Van Driessche et al. [11], there is a 

significant deterioration of postural parameters 45 days after surgery. They reported a 

deterioration of postural parameters after THA that was marked by either an increased 

displacement of the center of pressure (COP) or asymmetry in weight bearing. 

The purpose of this study was to compare, from D45 onwards, the postural parameters of 

patients who had undergone a posterior THA followed by 2 different types of rehabilitation 

(stabilometric platform (SP) and home-based self-directed protocols) with a control group of 

operated patients who did not undergo rehabilitation and a control group of age-matched 

asymptomatic subjects. By comparing the stabilometric parameters of the 2 rehabilitation 

groups with both control groups, we hypothesized that both study protocols would normalize 

postural parameters compared to the group of age-matched asymptomatic subjects. 

 

1. Patients and methods 

2.1 Patients 

Data were collected between April 2014 and April 2015. A total of 67 volunteers were divided 

into 4 groups (Table 1). There were 2 control groups: a group of asymptomatic subjects 

between the ages of 55 and 80 (CG55-80, n = 26) with no hip pain or functional limitations 

(recruited through an advertisement posted at the Clinique Montargis) and a group of 

patients who had undergone a posterior THA with no rehabilitation (THACG, n = 14) 

(Figure 1). 
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All operated patients in the study groups were randomly assigned to either the THACG, the 

rehabilitation with an SP Group (RSPG, n = 16) or the self-directed home-based 

rehabilitation group (SDHRG, n = 11) (Figure 1). 

All patients who underwent a THA were operated at the Clinique Montargis by the same 

experienced surgeon (SVD) who only performs this type of procedure through a minimally 

invasive posterior approach and has performed at least 2,000 posterior THAs. All operated 

subjects were assessed preoperatively with a WOMAC questionnaire [21] (Table 1). 

 

2.2 Methods 

The inclusion criteria for operated subjects were the completion of a simple randomization 

(using a random number table) performed between D10 and D21 after surgery and the 

indication of THA for primary coxarthrosis, which was diagnosed by radiologic and clinical 

examinations. The inclusion criteria for asymptomatic control subjects were an age between 

55 and 80 years old, a body mass index (BMI) <35 kg/m² and the ability to stand on one leg 

without assistance. 

The exclusion criteria for operated subjects were: revision THA, congenital hip dislocation or 

episodes of hip dislocation after the procedure, THA on the contralateral side performed less 

than 5 years ago, knee arthroplasty regardless of the side, and infectious or thromboembolic 

complications following the THA. We also excluded patients with musculoskeletal disorders 

of less than 6 months, visual disturbances, neurologic, vestibular, cardiovascular, respiratory, 

cognitive and psychiatric disorders, and alcohol or drug use within the last 24 hours 

(exclusion criteria also shared by the CG55-80). 

The following prosthetic materials were used in all operated subjects: cementless, Corail®-

like, quadrangular stems with standard or lateralized offset and 2 types of acetabular 
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component (standard or dual mobility cup). All stems were combined with either a 28, 32 or 

36 mm diameter alumina head (Table 1). 

The moment arms of the hip stabilization muscles were restored (Δ ≤5 mm, compared to 

preoperative measurements taken with OrthoView™, Materialise™, Belgium) in all 3 groups. 

The piriformis muscle was spared during exposure, the capsule was sutured, and the 

released short lateral rotators (obturator internus and externus) were left unsutured. 

The same postoperative care protocol was put in place: medical treatments, nursing care 

several times daily, no orthoses, patients allowed to stand up on D1 or D2 postoperatively 

with full-weight bearing using either 2 forearm crutches or a walker, and immediate 

resumption of walking. The average hospital stay was 3 days (between 1 and 5 days). 

The rehabilitation protocol followed by the RSPG was performed on an AccuGait™ 50 Hz SP 

(AMTI™, Watertown, MA, USA) with Balance Trainer™ (version 1.4.1) software (AMTI™, 

Watertown, MA, USA). This 3-week protocol, which was performed under the supervision of 

a physiotherapist, was started between D10 and D21 postoperatively. The exercise regimen 

of 30-minute sessions 3 times per week (Appendix 1) increased in difficulty and included 

static holds, mediolateral and anteroposterior movements and multidirectional target tracking 

tasks. All these exercises were performed with visual biofeedback. Each patient had a 

tailored rest period between each exercise. 

The SDHRG started their 3-week self-directed rehabilitation protocol between D10 and D21 

postoperatively with 30-minute sessions 6 days a week (Appendix 2). The first session was 

supervised by a physiotherapist who made sure that patients understood the instructions and 

distributed individual exercise booklets, which included exercise progression and regimen. 

Patients were also encouraged to walk 30 minutes a day and asked to keep a record of other 

physical activities. A telephone follow-up with a questionnaire (Appendix 1) was carried out 

twice a week to assess program compliance. The only instruction given to the THACG was to 

walk as often as possible. 
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2.3 Assessment methods 

The AccuGait™ SP was used with Balance Clinic™ (version 1.4.2) software (AMTI™, 

Watertown, MA, USA). 

The stabilometric measurements taken for all the study subjects (after the 3-week protocol 

for SDHRG and RSPG and carried out between D45 and D60 postoperatively for all 

operated subjects) consisted of 4 tests: 2 × 50-second bipedal static stance tests with eyes 

open (EO) then eyes closed (EC), followed by a 15-second, right and left unipedal stance 

test in the EO condition. 

Subjects were asked to stand quietly barefoot on the SP, with knees extended and arms at 

their sides, while looking at a visual reference point (red cross) placed on the wall at eye 

level 2 m away (Figure 2). The lighting (2,000 lux) and sound environments were controlled. 

The subjects did not undergo any training before the data was recorded. The test was 

repeated if there was a loss of balance or a special request (rest or sound and visual 

disturbances). Three attempts were allowed per test. The following measurement parameters 

were selected (Figure 3): 

- Xrange: range of COP displacement along the mediolateral axis (cm), reflecting the 

strength of the hip abductor muscles. 

- Yrange: range of COP displacement along the anteroposterior axis (cm), reflecting the 

activity of the anterior and posterior chains. 

- Plength: distance covered by the COP during the recording (cm), estimating the energy 

expenditure needed to control the orthostatic posture. 

- Vavg: average velocity of the COP (cm/sec). The higher these values are, the more 

energy is required to hold the posture. 



8 

 

- Earea: area of the 95% confidence ellipse (cm²) of COP data during the recording and 

representing the COP displacement during the task. The larger the Earea, the less 

stable the subject. 

Lower limb dominance was also established for each subject with a functional performance 

test (first foot instinctively put forward to keep balance) to determine: 

- Preferred and nonpreferred hip for the CG55-80 

- Preferred and nonpreferred operated hip for THACG, RSPG and SDHRG 

This classification enabled us to compare lower limbs without the stabilometric variations 

associated with lower limb dominance. 

2.4 Statistical analysis 

Statistics were expressed as means and standard deviations: ranges for the quantitative 

variables and frequencies for the categorical variables. Nonparametric statistics were used to 

compare the different groups, because normal distribution of variables could not be 

guaranteed. Overall comparisons were performed for each variable and for each test on the 

stabilometric platform with a Kruskal-Wallis H test, while paired comparisons were obtained 

using a Mann-Whitney U test with a Monte Carlo permutation procedure [22]. The statistical 

significance was set at .05. A power threshold of 80% was used for this study, which 

required, according to the sample size calculation, 12 subjects per group. All statistical 

analyses were performed using R (version 2.14) software (Bell Laboratories, Murray Hill, NJ, 

USA). 

 

3. Results 

3.1 Group characteristics 
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Pairwise comparisons of groups for each of these characteristics did not reveal any 

significant statistical differences between them (Table 1: Δ; Ω; #; †; ‡; ◊), except for the BMI 

(p =.005) and weight (p =.04) when comparing CG55-80 with THACG (Table 1). Two patients 

in the THACG group had a higher weight than the rest of the sample, thus increasing the 

mean of their group and impacting the BMI. A significant difference was also observed in the 

WOMAC results (p =.005) between RSPG and SDHRG. This was because 1 of the patients 

in the RSPG group had a low WOMAC score (58), which decreased the mean of their group. 

Finally, the operated groups were homogeneous in terms of the prosthetic materials 

implanted: no differences were found regarding the distribution of the types of stem (standard 

or lateralized offset), types of cup (standard or dual mobility), cup size and head diameter. 

3.2 Protocol compliance 

All of the 11 patients in the SDHRG completed more than 50% of the exercises, i.e. 5 out of 

9 of the exercises programmed for each week of the protocol (assessed with the protocol’s 

weekly telephone follow-up questionnaire, Appendix 2). Fourteen of the 16 RSPG patients 

completed the protocol. The 2 patients who could not complete the program (1 no longer had 

any means of transportation and 1 was in pain) were excluded from the study. 

3.3 Results of the rehabilitation protocols on the bipedal parameters 

All subjects successfully passed the 2 bipedal stance tests. These results are summarized in 

Table 2. The pairwise comparisons between groups (Table 3) showed that there were no 

significant differences between the groups of operated patients (THACG, SDHRG and 

RSPG) no matter the parameter studied or the EO or EC condition. The comparison between 

CG55-80 and THACG showed that the stabilometric parameters deteriorated in the THACG 

when subjects performed the tasks with EO: significant increase in Plength (p =.01), with 73.71 

± 9.99 cm (min: 69.44 cm – max: 97.02 cm) for CG55-80 vs 90.57 ± 20.00 cm (min: 88.00 cm 

– max: 110.34 cm) for THACG, and Vavg (p =.01) with 1.47 ± 0.19 cm/sec (min: 1.03 cm/sec – 

max: 2.24 cm/sec) for CG55-80 vs 1.81 ± 0.40 cm/sec (min: 1.34 cm/sec – max: 
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1.99 cm/sec). The same results were found in the EO condition for Plength (p =.03), with 99.43 

± 37.29 cm (min: 80.67 cm – max: 104.23 cm) for CG55-80 vs 121.48 ± 36.71 cm (min: 

102.34 cm – max: 115.67 cm) for THACG, and Vavg (p =.03) with 1.98 ± 0.74 cm/sec (min: 

1.45 cm/sec – max: 3.07 cm/sec) for CG55-80 vs 2.42 ± 0.73 cm/sec (min: 1.31 cm/sec – 

max: 2.69 cm/sec). These results demonstrated that more energy was required to maintain a 

static erect posture in both conditions. These significant differences were not observed in 

SDHRG or RSPG with EO and EC when compared with CG55-80. 

3.4 Results of the rehabilitation protocols on the unipedal parameters 

To assess the impact of the preferred hip, we classified them as “preferred operated hip” and 

“nonpreferred operated hip.” SDHRG and RSPG subjects were compared with those in the 

THACG and CG55-80, and then compared with one another according to the rehabilitation 

modalities (Table 4). The SDHRG had significantly better results for 3 parameters when the 

nonpreferred hip was operated: Plength (60.37 ± 2.41 cm, min: 54.57 cm – max: 67.69 cm (p 

=.04)), Earea (7.14 ± 0.06 cm², min: 5.24 cm²– max: 6.01 cm² (p = 3.10-4)), and Vavg (6.04 ± 

0.24 cm/sec, min: 5.56 cm/sec – max: 6.18 cm/sec (p =.04)) were significantly lower than the 

CG55-80 (Table 4). Moreover, these findings also meant that subjects in the SDHRG used 

less energy to hold the unipedal stance and had better unipedal postural stability. The RSPG 

had better results for 3 parameters when the preferred hip was operated: Xrange (2.57 ± 

0.66 cm, min: 2.00 cm – max: 3.21 cm (p =.02)), Yrange (2.86 ± 0.88 cm, min: 1.88 cm – max: 

4.34 cm (p = 3.49.10-3)), and Earea (6.44 ± 3.39 cm², min: 4.09 cm² – max: 6.02 cm² (p = 

1.47.10-3)) were significantly lower than the THACG (Table 4). There were no significant 

differences between SDHRG, RSPG, and THACG when the preferred hip was operated. The 

SDHRG had better results than the THACG when the nonpreferred hip was operated: Plength 

(60.37 ± 2.41 cm, min: 54.57 cm – max: 67.69 cm (p =.03)) and the Vavg (6.04 ± 0.24 cm/sec, 

min: 5.56 cm/sec – max: 6.18 cm/sec (p =.03)) were significantly lower than the THACG. 

This difference was not observed in the RSPG (Table 4). There were no differences between 

the SDHRG and the RSPG when the preferred hip was operated, except for better RSPG 
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results for the Earea (p =.04): 10.45 ± 3.58 cm² (min: 7.23 cm² – max: 14.03 cm²) for the 

SDHRG vs 6.44 ± 3.39 cm² (min: 4.09 cm² – max: 6.02 cm²) for the RSPG, which meant they 

had better unipedal postural stability. No significant differences were found between SDHRG 

and RSPG when the nonpreferred hip was operated (Table 4). 

 

4. Discussion 

Postural parameters deteriorate after THA [11]. Despite a literature largely in favor of 

rehabilitation, there is no consensus on what rehabilitation protocol is best to manage 

postural disorders [19,20,23,24]. Therefore, the purpose of this study was to compare the 

stabilometric parameters of patients who underwent a posterior THA followed by 2 different 

types of rehabilitation protocols (SDHRG and RSPG) with a control group of operated 

subjects who did not undergo rehabilitation and a control group of age-matched 

asymptomatic participants. Our hypothesis that the 2 types of rehabilitation protocols would 

normalize the stabilometric parameters between D45 and D60 postoperatively was 

confirmed. The patients who completed the 2 different rehabilitation programs had the same 

stabilometric parameters in the bipedal stance than the CG55-80. Therefore, both these 

protocols restored the stabilometric parameters in the bipedal stance, while the THACG 

showed deficits compared to the CG55-80 (Table 3). However, these results should be 

interpreted with caution because they are only found in the EO condition. According to Van 

Driessche et al. [11], patients who underwent a posterior THA with no rehabilitation showed a 

deterioration in bipedal parameters on D45 compared to the asymptomatic subjects. Our 

study confirmed this trend. 

However, when the rehabilitation groups were compared with the THACG in the unipedal 

stance, only 2 parameters were significantly better in the SDHRG when the nonpreferred hip 

was operated (Plength (p =.03) and Vavg (p =.03)). The lack of significant results may be due to 

the fact that sorting hips according to limb dominance reduced the sample size and, as a 
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result, the statistical significance of these findings. A larger sample size would address this 

limitation. The RSPG had significantly better Xrange (p =.02), Yrange (p = 3.49.10-3), and Earea (p 

= 1.47.10-3) than the CG55-80 when the preferred hip was operated. The SDHRG showed 

significantly better Plength (p =.04), Earea (p = 3.00.10-4) and Vavg (p =.04) than the CG55-80 

when the nonpreferred hip was operated. In other words, patients who underwent 

rehabilitation performed better than the group of age-matched asymptomatic patients only 45 

days after their surgery. This last result provided an argument for rehabilitation, thereby 

improving postural parameters of patients who underwent THA. For Judge et al. [25], 

maintaining balance in the unipedal [stance] depended on the strength of the gluteal 

muscles. Although the present study did not include force measurements, based on the 

improvements of Xrange, Vavg, Plength and Earea, we can assume that these also improved with 

the 2 rehabilitation protocols. Statistical analyses showed that results were not influenced by 

supervised rehabilitation. There were no significant differences between SDHRG and RSPG 

in the bipedal stance. The same was true for the unipedal stance, where only 1 result was 

significantly better in the RSPG (Table 4). Specific supervised balance rehabilitation on an 

SP was as effective as the home-based self-directed rehabilitation. Offering an SP protocol 

reflected our desire to provide a specific balance rehabilitation. This last point was not 

confirmed. However, it is interesting to note that, based on the significant correlations 

between stabilometric and clinical tests (FIM, TUG, gait speed, hip mobility [2,12,16,26–29] 

and fall risk assessments [30–31]), SP has proven to be a useful clinical tool. 

Home-based self-directed rehabilitation appears to be a viable and effective method if it is 

performed under direct supervision. Indeed, patient compliance plays a significant role in the 

success of a home-based self-rehabilitation protocol. For Sashika et al. [8], it was the most 

important factor. A standardized telephone follow-up of 2 weekly calls was carried out to 

encourage patients to follow the protocol. Moreover, the exercise difficulty level was 

increased each week according to the patients’ progress. In the present study, 100% of 
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patients who completed the protocol reported having performed more than 50% of the 

exercises, which according to the literature is considered good program compliance [10,32]. 

This study had several limitations: 1) The study only assessed improvements with postural 

parameters and did not take into consideration kinematic parameters (i.e. walking). We plan 

to study the effects of rehabilitation on locomotion in a future study. 2) The normalization of 

the observed parameters was only valid for the assessment period from D10–21 to D31–45. 

Since no follow-ups were scheduled at a later date, it is impossible to evaluate the 

sustainability of these results over the long term. 3) The home-based rehabilitation proposed 

in this study is not currently refunded by the French health insurance fund (CPAM) as it is not 

recognized by the French general nomenclature of professional procedures (NGAP) for 

physiotherapists. This limitation does not exist in other countries. Nonetheless, we chose to 

assess rehabilitative modalities that focused on specific objectives. The preliminary results 

were encouraging and highlighted the value of a functional rehabilitation that focuses on the 

management of static balance disorders, whether it be with home-based self-directed 

rehabilitation or supervised rehabilitation with an SP. 4) We chose to report lower limb 

dominance for the unipedal stance tests. However, we did not compare dominant and 

nondominant lower limbs in the CG55-80 or assess the impact of THA on the dominant or 

nondominant side, as this was not in keeping with the purpose of this study. Sorting the lower 

limbs according to their dominance did not consider the impact of lateral preference for the 

unipedal parameters. However, stabilometric results may be different depending on which 

hip is operated (dominant vs nondominant) and a rehabilitation protocol for using an SP 

adapted to this effect needs to be implemented. This will be the subject of a future study. 5) 

Even though different implants were used between the 3 groups and within each of these 

groups, we believe that this did not affect our results, because all the stems were straight, 

quadrangular, and cementless, and the femoral offset was restored. However, different 

acetabular cups (standard and dual mobility) were also implanted, and dual mobility cups 

might improve hip stability. Nonetheless, this did not seem to affect our results, insofar as the 
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rehabilitation group with the most dual mobility cups (RSPG) did not show better results than 

the other groups. 6) Finally, the sample size was small because of the many exclusion 

criteria. However, the statistical power was maintained except for 1 of the groups (SDHRG). 

5. Conclusion 

This study is the first to propose and compare 2 rehabilitation protocols for static balance 

after THA and compare them with a control group of operated patients who did not undergo 

rehabilitation and a control group of age-matched asymptomatic subjects. Both rehabilitation 

protocols in the early postoperative phase of posterior THA normalized stabilometric 

parameters in both the bipedal and unipedal stances. These results confirmed that more 

intensive rehabilitation, than just simply walking, is necessary to counteract postural deficits 

and completely restore postural capacities. We therefore recommend the early 

implementation of either a home-based self-directed rehabilitation program or a rehabilitation 

program with an SP, depending on the patient’s abilities. 
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Figure legends 

Figure 1: Study CONSORT flow diagram. CG55-80: control group 55–80 years old; THACG: 

no rehabilitation control group; SDHRG: self-directed home-based rehabilitation group; 

RSPG: rehabilitation with an SP group. 

Figure 2: Stabilometric assessment system: example of a unipedal balance test. Subjects 

step onto the platform barefoot and stand, quietly, with their knees extended and arms along 

their sides, looking at a visual marker (red cross) placed on the wall 2 m away. 

Figure 3: Representation of the different stabilometric parameters. A: Plength: corresponds to 

the sum of the distances between 2 successive COP positions (black dots). B: Base of 

support with anteroposterior and mediolateral axes. C: 95% ellipse area. 
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Table 1. Characteristics of the 4 groups 

 Control group 55–80 
years old 

MEAN ± SD 
(min–max) 

No rehabilitation control 
group 

MEAN ± SD 
(min–max) 

Rehabilitation on SP 
group 

MEAN ± SD 
(min–max) 

Self-directed home-based 
rehabilitation group  

MEAN ± SD 
(min–max) 

p values 

Number 26 14 16 11  

Age (a) 66.65 ± 5.99 
(57–79) 

69.64 ± 5.77 
(59–80) 

69.33 ± 7.44 
(58–79) 

68.43 ± 11.47 
(55–78) Δ; Ω; #; †; ‡; ◊ 

Sex (M/F) 6 M/20 F 7 M/7 F 5 M/9 F 6 M/5 F Δ; Ω; #; †; ‡; ◊ 

Height (m) 1.66 ± 0.09 
(1.60–1.90) 

1.67 ± 0.11 
(1.52-1.80) 

1.69 ± 0.08 
(1.61–1.89) 

1.64 ± 0.05 
(1.60-1.82) 

Δ; Ω; #; †; ‡; ◊ 

Weight (kg) 68.12 ± 12.52 
(50–100) 

80.79 ± 19.03 
(56–109) 

76.67 ± 12.74 
(63–98) 

73.67 ± 16.77 
(65–93) Ω; #; †; ‡; ◊ 

BMI (kg/m2) 
24.44 ± 2.63 

(19.81–30.86) 
28.86 ± 4.47 

(21.83–33.75) 
27.19 ± 6.13 

(24.89–31.17) 
27.33 ± 4.62 

(25.39–32.60) Ω; #; †; ‡; ◊ 

Operated side (L/R) ø 7 L/7 R 7 L/9 R 8 L/3 R †; ‡; ◊ 

Preoperative WOMAC (/100) [21] ø 61.21 ± 13.35 
(60–67) 

62.5 ± 3.18 
(58–67) 

67.18 ± 3.82 
(60–74) ‡; ◊ 

Femoral stem (type, model, number of patients) ø 

Cementless 
EVOK™: 11 
Targos™: 1 
SAMBA™: 2 

Cementless 
EVOK™: 1 
Meije™: 15 

Cementless 
EVOK™: 3 
Targos™: 2 
Meije™: 6 

 

Lateralized offset stem (number of patients) ø 7 8 5 †; ‡; ◊ 

Standard offset stem (number of patients) ø 7 8 6 †; ‡; ◊  

Standard cup (number of patients) ø 8 6 5  †; ‡; ◊ 

Dual mobility cup (number of patients) ø 6 10 6  †; ‡; ◊ 

Cup size (manufacturer size) ø 46, 48, 50, 52, 54 48, 50, 52 42, 48, 50, 54, 56  †; ‡; ◊  

Alumina head diameter (mm) ø 28, 32, 36. 28, 36 28, 36  †; ‡; ◊  

SD: standard deviation; (min–max): minimum and maximum values in the series; y: year; BMI: body mass index; M/F: male/female; L/R: left/right; ø: no THA; 
mm: millimeters; SP: stabilometric platform; Δ: p >.05 for CG55-80 vs THACG; Ω: p >.05 for CG55-80 vs RSPG; #: p >.05 for CG55-80 vs SDHRG; †: p >.05 
for RSPG vs SDHRG; ‡: p >.05 for THACG vs SDHRG; ◊: p >.05 for THACG vs RSPG.  
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Table 2. Stabilometric data for the 4 groups in the bipedal stance tests with eyes open and eyes closed 

 

 

 

 

 

 

 

 

 

 

SD: standard deviation; (min–max): minimum and maximum values of the series; EO: eyes open; EC: eyes closed; SP: stabilometric platform. 

 

 

 

 

 

 

 

 

 

 

 

 

 Control group 55–80 years old 
MEAN ± SD 
(min–max) 

No rehabilitation control group 
MEAN ± SD 
(min–max) 

Self-directed home rehabilitation group 
MEAN ± SD 
(min–max) 

Rehabilitation on SP group 
MEAN ± SD 
(min–max) 

Test conditions EO EC EO EC EO EC EO EC 

Xrange (cm) 
1.48 ± 0.53 
(0.80–2.37) 

1.63 ± 0.58 
(1.02–2.87) 

1.39 ± 0.45 
(0.89–2.32) 

1.53 ± 0.71 
(1.45–3.21) 

1.44 ± 0.71 
(0.92–2.38) 

1.86 ± 1.69 
(1.01-3.56) 

1.63 ± 0.94 
(1.09–2.47) 

1.36 ± 0.74 
(1.89–2.34) 

Yrange (cm) 
2.60 ± 0.68 
(1.45–4.28) 

3.10 ± 0.93 
(2.56–3.89) 

2.84 ± 0.67 
(1.40–4.42) 

3.23 ± 0.77 
(2.19–4.01) 

2.65 ± 0.75 
(1.56–6.27) 

3.41 ± 1.49 
(2.98-4.54) 

2.82 ± 0.84 
(1.39–4.26) 

2.91 ± 0.99 
(2.00–5.39) 

Plength (cm) 
73.71 ± 9.99 

(69.44–97.02) 
99.43 ± 37.29 

(80.67–104.23) 
90.57 ± 20.00 

(88.00–110.34) 
121.48 ± 36.71 

(102.34–115.67) 
78.48 ± 10.48 
(75.73–99.44) 

107.39 ± 35.5 
(73.40–119.87) 

93.55 ± 39.55 
(77.51–126.10) 

119.68 ± 37.17 
(104.19–134.12) 

Vavg (cm/sec) 
1.47 ± 0.19 
(1.03–2.24) 

1.98 ± 0.74 
(1.45–3.07) 

1.81 ± 0.40 
(1.34–1.99) 

2.42 ± 0.73 
(1.31–2.69) 

1.57 ± 0.21 
(1.26–1.98) 

2.15 ± 0.71 
(1.46–2.39) 

1.87 ± 0.79 
(1.34–1.96) 

2.39 ± 0.74 
(2.28–3.67) 

Earea (cm²) 
2.53 ± 1.55 
(1.87–3.22) 

2.65 ± 1.16 
(2.03–3.53) 

2.29 ± 1.30 
(1.77–3.32) 

2.90 ± 2.49 
(1.78–4.40) 

2.98 ± 2.28 
(1.95–5.33) 

3.87 ± 5.22 
(1.98–3.93) 

2.59 ± 1.75 
(2.07–3.51) 

2.82 ± 2.69 
(2.23–4.89) 
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Table 3. Bipedal stance test with eyes open and eyes closed: pairwise comparisons of the different groups 

 Eyes Open Eyes Closed 

Comparisons 
THACG 

vs  
CG55-80 

SDHRG 
vs 

CG55-80 

RSPG 
vs 

CG55-80 

RSPG 
vs 

SDHRG 

THACG 
vs 

SDHRG 

THACG 
vs 

RSPG 

THACG 
vs 

CG55-80 

SDHRG 
vs  

CG55-80 

RSPG  
vs 

CG55-80 

RSPG  
vs 

SDHRG 

THACG 
vs 

SDHRG 

THACG 
vs  

RSPG 

Xrange (cm) .43 .76 .67 .56 .42 .09 .47 .77 .15 .34 .44 .2 

Yrange (cm) .28 .83 .41 .34 .69 .06 .43 .43 .77 .09 .15 .3 

Plength (cm) .01* .17 .08 .16 .77 .22 .03* .34 .05 .11 .23 .27 

Vavg (cm/sec) .01* .16 .08 .44 .75 .90 .03* .33 .05 .06 .07 .41 

Earea (cm²) .79 .46 .74 .78 .92 .93 .77 .48 .87 .19 .12 .39 

 

Vs = versus; CG55-80: control group 55–80 years old; THACG: no rehabilitation control group; SDHRG: self-directed home-based rehabilitation group; RSPG: 
rehabilitation with an SP group, * p values in bold red indicate significant differences. 
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Table 4. Unipedal stance test results and pairwise comparison of different hips  

* 
Xrange (cm) 

MEAN ± SD 
(min–max) 

Yrange (cm) 
MEAN ± SD 
(min–max) 

Plength (cm) 
MEAN ± SD 
(min–max) 

Earea (cm²) 
MEAN ± SD 
(min–max) 

Vavg (cm/sec) 
MEAN ± SD 
(min–max) 

Preferred operated hip in THACG (1) 10.51 ± 10.73 
(8.56–21.06) 

4.66 ± 2.42 
(3.81–6.28) 

65.72 ± 10.11 
(60.12–76.34) 

6.48 ± 3.38 
(4.44–8.29) 

7.39 ± 1.52 
(5.56–8.32) 

Preferred operated hip in SDHRG (2) 3.05 ± 1.02 
(2.89–6.67) 

3.98 ± 1.16 
(3.01–5.20) 

72.38 ± 20.35 
(56.03–80.89) 

10.45 ± 3.58 
(7.23-14.03) 

7.24 ± 2.03 
(5.24–9.12) 

Preferred operated hip in RSPG (3) 2.57 ± 0.66 
(2.00–3.21) 

2.86 ± 0.88 
(1.88–4.34) 

62.43 ± 31.81 
(58.09–91.42) 

6.44 ± 3.39 
(4.09–6.02) 

6.24 ± 3.18 
(4.21–8.34) 

Preferred hips in CG55-80 (4) 3.31 ± 0.91 
(3.02–4.57) 

4.26 ± 1.47 
(3.12–6.65) 

68.46 ± 20.00 
(66.45–84.23) 

12.7 ± 6.41 
(6.20–14.23) 

6.85 ± 2.00 
(5.01–8.97) 

Nonpreferred operated hip in THACG (5) 3.40 ± 0.38 
(2.09–5.26) 

4.96 ± 1.33 
(3.32–5.29) 

77.41 ± 12.32 
(65.23–81.02) 

7.74 ± 1.23 
(4.19–8.02) 

14.21 ± 9.67 
(5.99–15.21) 

Nonpreferred operated hip in SDHRG (6) 2.91 ± 0.3 
(2.34–3.33) 

3.19 ± 0.32 
(2.10–4.71) 

60.37 ± 2.41 
(54.57–67.69) 

7.14 ± 0.06 
(5.24–6.01) 

6.04 ± 0.24 
(5.56–6.18) 

Nonpreferred operated hip in RSPG (7) 2.60 ± 0.92 
(2.45–3.99) 

3.79 ± 1.89 
(2.12–5.01) 

71.72 ± 26.44 
(59.89–91.31) 

11.02 ± 10.14 
(6.48–14.23) 

7.17 ± 2.64 
(5.78–8.36) 

Nonpreferred hips in CG55-80 (8) 3.09 ± 0.51 
(2.89–4.22) 

3.84 ± 0.85 
(2.40–4.19) 

68.74 ± 17.24 
(60.02–87.21) 

10.38 ± 3.91 
(7.12–13.01) 

6.87 ± 1.72 
(4.23–7.62) 

p value (4) vs (1) .21 .73 .79 .24 .51 
p value (4) vs (2) .56 .60 .66 .24 .66 
p value (4) vs (3) .02* 3.49.10-3 * .63 1.47.10-3 * .63 
p value (8) vs (5) .16 .35 .22 .43 .22 
p value (8) vs (6) .55 .13 .04* 3.00.10-4 * .04* 

p value (8) vs (7) .31 .95 .82 .9 .82 
p value (1) vs (2) .20 .58 .59 .22 .88 
p value (1) vs (3) .17 .17 .82 .20 .40 
p value (6) vs (5) .18 .17 .03* .18 .03* 

p value (7) vs (5) .13 .41 .68 .62 .68 
p value (3) vs (2) .31 .06 .48 .04* .48 
p value (6) vs (7) .53 .53 .39 .44 .39 

SD: standard deviation; (min–max): minimum and maximum values of the series; vs = versus; CG55-80: control group 55–80 years old; THACG: no 
rehabilitation control group; SDHRG: self-directed home-based rehabilitation group; RSPG: rehabilitation with an SP group, * p values in bold red indicate 
significant differences 
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