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A B S T R A C T

Background: Hip osteoarthritis is one of the major causes of disability worldwide, and although total hip ar-
throplasty is considered effective in the management of this condition, its effects on postural balance remain
unclear.
Research Question: What are the effects of total hip arthroplasty for primary hip osteoarthritis on the postural
balance compared to preoperative status and/or to healthy controls?.
Method: A systematic review was conducted, and the Embase, Latin American and Caribbean Health Sciences
(LILACS), PubMed, Scopus, The Cochrane Library, and Web of Science databases were searched. Randomized
and non-randomized studies were considered eligible for inclusion. The risk of bias of included studies was
assessed using the Joanna Briggs Institute critical appraisal tools.
Results: Among the 41 potentially eligible studies, 13 studies were included for qualitative synthesis—8 studies
had low risk of bias and 5 had moderate risk of bias. Ten studies compared the effects of total hip arthroplasty on
the postural balance in healthy controls. Meanwhile, the remaining 3 studies compared such effects to the
preoperative status only. Comparable results on the postural balance between the intervention and control
groups were observed in 5 studies, whereas 3 studies showed better scores among healthy controls. The other 2
studies reported that postural balance could still be impaired at 6 months to 3 years postoperatively. All 3 studies
with no healthy controls reported an improvement in the postural balance compared to the preoperative status.
Conclusions: Major post-surgical improvements were consistently observed compared to preoperative status,
although postural balance impairment was still noted compared to healthy controls.
Significance: The results of this study might be a useful guide for clinicians on the extent of the therapeutic
effects of hip arthroplasty on postural balance. Furthermore, the standardization of balance assessment tools
could strengthen the certainty of cumulative evidence in future studies.

1. Introduction

Hip osteoarthritis (OA) is a chronic disease with a multifactorial
etiology, and it is generally characterized by cartilage loss, stiffness,
and pain, which might often lead to disability [1]. According to the
Global Burden of Disease Study 2010, which aimed to estimate the
epidemiological levels of 291 diseases across 187 countries, hip and
knee OA was ranked as the 11th highest contributor to global disability

[2]. Problems with balance and postural stability are likely to occur in
patients with hip OA due to several reasons. Firstly, damage to joint
capsule receptors that control posture might occur in an arthritic con-
dition [3]. In addition, since degenerative disorders are usually uni-
lateral in most patients, the position of the pelvis and spine might be
affected in individuals with hip OA, resulting in asymmetric loading of
the lower limbs [4]. Moreover, individuals with hip OA often present
muscular strength loss in the affected limb, which may lead to
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impairments in balance-related outcomes [5].
Balance is a complex function that can be assessed by different tools,

which could be divided into 3 domains including functional, physio-
logical, and quantitative assessments (e.g., static or dynamic posturo-
graphy) [6]. Furthermore, some parameters could be used to precisely
evaluate the components of postural function, such as center of mass
(COM), center of pressure (COP), and postural stances [7]. Hence, these
variables provide a detailed information on the postural balance of
healthy individuals and individuals with hip OA.

The current treatment of choice for advanced and disabling hip OA
is total hip arthroplasty (THA), which is one of the most effective in-
terventions for hip function restoration, pain reduction, and improve-
ment in the patients’ quality of life [8–10]. Notwithstanding the widely
accepted benefits of THA, there is a lack of consensus in the literature
demonstrating the effects of THA on postural balance, since there are
several reports of persistent postural balance impairment compared to
healthy individuals [3]. Consequently, the purpose of this systematic
review (SR) was to answer the following focused question: "Among
adults, what are the effects of total hip arthroplasty on postural balance
compared to preoperative status and/or to healthy individuals?"

2. Methods

2.1. Protocol and registration

A review protocol based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols [11] was elaborated
and registered in the Prospective Register of Systematic Reviews
(PROSPERO) [12] and made publicly available under the registration
number CRD42018094106. In addition, the reporting of this study was
based on the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Checklist [13].

2.2. Eligibility criteria

Studies investigating the effects of THA on postural balance were
considered. All validated measures to assess balance and all balance
components such as functional stability limits, reactive control, control
of balance during an active task, and standing balance will be accepted.
No publication time and language restrictions were applied.

The following exclusion criteria were applied: 1) Samples that in-
cluded children and adolescents; 2) Samples that included participants
treated with hip arthroplasty for secondary hip OA (e.g., hip dysplasia,
rheumatoid arthritis, ankylosing spondylitis, osteonecrosis, infection,
and trauma); 3) Samples that included participants with conditions
affecting postural balance (e.g., neuromuscular disorders and
Parkinson's disease); 4) Studies wherein participants were treated with
partial hip and surface replacement arthroplasty or with previous hip
surgery; 5) Studies that did not compare balance-related outcomes to
preoperative status or to healthy controls; 6) Studies that evaluated
participants with knee arthroplasty (if data were not provided sepa-
rately for hip arthroplasty); 7) Studies in which the primary objective
was to evaluate different physiotherapy protocols; 8) Studies that did
not evaluate postural balance through validated tools; 9) Studies with
less than 1 month of follow-up; 10) Abstracts, reviews, case reports,
case series, protocols, personal opinions, letters, posters, and laboratory
research; and 11) Full-text not available.

2.3. Information sources

Appropriate truncation and word combinations were elaborated and
adapted for each of the following electronic databases: Embase, LILACS,
PubMed, Scopus, The Cochrane Library, and Web of Science. In addi-
tion, a partial grey literature search was conducted through Google
Scholar, Open Grey, and ProQuest. All electronic database searches
were performed from the starting coverage date through November 05,

2018. Detailed search strategies are provided in Supplementary File 1.
Furthermore, based on the recommendation by Greenhalgh and

Peacock [14], the reference lists of included studies were manually
searched to assess potentially relevant references. Reference manage-
ment and duplicate removal were performed using a software (EndNote
X7, Thomson Reuters).

2.4. Study selection

A two-phase selection process was conducted. In phase 1, using an
online software (Rayyan, Qatar Computing Research Institute), 2 re-
viewers (F. L. and D. F.) independently screened the titles and abstracts
of identified references to assess potentially eligible studies, and dis-
crepancies were resolved by a consensus discussion. If necessary, a third
reviewer was involved (G. M). In phase 2, a full-text reading of the
selected studies was performed by the same reviewers; the third re-
viewer was also involved if disagreements were not solved. Studies
were included for qualitative analysis if they met the inclusion criteria.

2.5. Data collection process and data items

Two independent reviewers (F. L. and D. F.) collected pertinent data
from included studies; information was then cross-checked to warrant
the integrity of the contents. Moreover, the collected data encompassed
the following key features: authors, year of publication, country, study
design, sample size, study groups, mean age, tools to assess balance,
THA characteristics, time of follow-up, main findings, and conclusions.

2.6. Risk of bias in included studies

Risk of bias was assessed by 2 reviewers (F. L. and D. F.) using The
Joanna Briggs Institute critical appraisal tools for quasi-experimental
studies [15]. A computer software (Review Manager 5.3, The Cochrane
Collaboration) was used to generate figures.

2.7. Summary measures

Measures for continuous data such as mean values, mean and
standardized mean differences, and its respective standard deviations,
which measured the absolute difference between baseline and follow-
up evaluations and intervention and control groups, were considered.
The statistical significance was set at α=5%.

2.8. Synthesis of results

A qualitative analysis of the results based on balance improvement
following THA was performed. A statistical pooling of data using a
meta-analysis was planned if studies were considered sufficiently
homogeneous.

2.9. Risk of bias across studies

Heterogeneity across studies was evaluated by comparing the
variability in participants' characteristics (e.g., age), intervention
characteristics (e.g., surgical approaches and type of hip prosthesis),
and study methods (e.g., balance assessment tools, presence of healthy
controls, and appropriate follow-up time).

2.10. Additional analyses

The overall quality of evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)
criteria [16]. A summary of findings table was generated using an on-
line software (GRADEpro GDT; the GRADE Working Group).
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3. Results

Based on the main electronic database search, a total of 1229 studies
were identified after duplicates were removed. No studies from the grey
literature were included because identified references were already in
the other databases. The reviewers examined the titles and abstracts of
identified references; among them, 41 studies were considered eligible
for inclusion. Thereafter, a full-text reading was performed and 13
studies met the inclusion criteria [17–29]. Further information on the
reasons for exclusion after full-text reading is presented in Supple-
mentary File 2. The complete process of identification, inclusion, and
exclusion of studies is provided in Fig. 1.

From the included articles, 10 were non-randomized studies with
healthy control groups [17,19–26,28], 2 were before–after studies (no
healthy controls) [18,27], and 1 was a randomized study (no healthy
controls) [29]. A total of 648 participants were enrolled in the study,
and approximately half of them were women. The included studies
were published between 1989 [29] and 2018 [26] and conducted in
Canada [25], Hungary [19], India [24], Italy [17], Japan [20], Poland
[26], Sweden [27,29], Switzerland [23], the United States of America
[21,22,28], and Taiwan [18]. The minimum follow-up duration was 4
months [17,22], and the maximum follow-up duration was 5 years [21]
postoperatively. Table 1 summarizes the descriptive characteristics of
the included studies.

3.1. Risk of bias within studies

About 8 studies have a low risk of bias [17,19,20,22,23,25–27]

while 5 studies have a moderate risk of bias [18,21,24,28,29]. Most
frequent concerns regarding bias were related to: 1) measurements of
outcomes pre- and post-interventions, 2) participants included in
comparisons receiving similar treatment/care other than the interven-
tion of interest, and 3) absence of healthy controls. Further information
with regards to bias assessment is shown in Fig. 2.

3.2. Results of individual studies

The effects of THA on postural control was assessed by Calò et al.
[17], which reported that normal postural control was observed in THA
participants at 4 months after surgery compared to healthy controls.
Similarly, Holnapy et al. [19] proposed that in the first 6 months after
surgery, both lateral and posterior exposures continuously improved
the dynamic balance of THA participants compared to the healthy
controls.

Variables related to the center of gravity (COG), such as velocity and
displacement, were assessed by Kanzaki et al. [20]. It was proposed that
COG displacement was reduced at 6 months following THA, suggesting
postural balance improvement. On the other hand, Lugade et al. [22]
reported that, although the balance control (measured by COM/pres-
sure inclination angles) improved at 4 months following THA, THA
individuals did not reach the control level. Moreover, functional deficits
were observed in the study by Nantel et al. [25], which suggested that
THA individuals presented lower COP displacement amplitudes than
the healthy controls at 6 months postoperatively.

Larkin et al. [21] evaluated the proprioception scores in participants
who underwent THA between 1 and 5 years prior to study measure-
ments. Both standard femoral head and large femoral head groups
performed similarly with the healthy controls in a double-limb testing,
suggesting that THA individuals presented no proprioception deficits.
Similar results were observed by Majewsky et al. [23] who reported
almost normal functional performance at 1 year following THA com-
pared to healthy individuals, as measured by means of stance and gait
tasks.

Equilibrium scores were assessed by Nallegowda et al. [24] through
sensory organization and limits of stability tests. Although the control
group performed better than the THA individuals in all variables of the
dynamic tests, no proprioceptive deficits were observed. However, Pop
et al. [26] reported that impaired static balance can possibly occur
among THA individuals between 24 and 36 months postoperatively.
Similarly, although no differences were observed by Sliwinski et al.
[28] between the THA and control groups on the dynamic stability with
single limb support, differences in the pattern dynamic stability with
double limb support were found between groups.

Comparison of THA individuals and healthy controls was not per-
formed in 3 studies, and thus, a descriptive analysis was conducted
comparing the preoperative status [18,27,29]. Chang et al. [18] ob-
served that the Berg balance test scores significantly decreased at 2
weeks postoperatively and gradually improved, reaching the highest
score at 6 months. Based on the postural sway on quiet bilateral
standing, Rasch et al. [27] evaluated the individuals before THA with
up to 2 years of follow-up and reported that postural sway following
THA was reduced, suggesting improvements in postural stability. The
study of Wykman et al. [29] investigated the postural stability of ce-
mented and non-cemented THA groups. It was observed that im-
provements in postural stability were similar in both groups at 1 year
follow-up, although inconsistent findings at 6 months were observed.

3.3. Synthesis of results

Clinical and methodological heterogeneity across studies were
considered high because of different exposure methods in THA and
differences in postoperative supportive care. In addition, no standar-
dized balance assessment tool was found, and therefore, effect measures
were not directly comparable. Hence, statistical pooling of data using a

Fig. 1. Flow diagram of literature search and selection criteria (adapted from
Preferred Reporting Items for Systematic Reviews and Meta-Analysis and gen-
erated using the software Review Manager 5.3, The Cochrane Collaboration).
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meta-analysis was considered inappropriate.
From studies that included a healthy control group, improvements

in the postural balance considering pre- and post-interventions were
observed in the studies of Holnapy et al. [19], Kanzaki et al. [20],
Nantel et al. [25], and Pop et al. [26] Meanwhile, the THA groups
performed similarly to the healthy controls as reported by Larkin et al.
[21]. Furthermore, the healthy controls had better postural balance
than the THA individuals based on the studies conducted by Lugade
et al. [22], Majewski et al. [23], Nallegowda et al. [24], and Sliwinski
et al. [28] However, no differences between THA individuals and
healthy controls were reported by Calò et al. [17]. Considering the
studies that did not compare the results with healthy controls, im-
proved postoperative postural balance was observed by Chang et al.
[18], Rasch et al. [27], and Wykman et al. [29]

3.4. Risk of bias across studies

Substantial heterogeneity was observed across studies as no stan-
dardized postural balance assessment was found. Additionally, differ-
ences in follow-up times and postoperative supportive care (e.g., spe-
cific exercises) were major concerns as these covariates might
potentially affect the results.

3.5. Confidence in cumulative evidence

Confidence in cumulative evidence was considered very low due to
the risk of bias and inconsistency among studies. Detailed information
is shown in Table 2.

4. Discussion

The potential effects of THA on postural balance were assessed in
the present SR. By review and critical appraisal of available evidence,
this SR aimed to better understand possible postural balance impair-
ments and compensatory mechanisms that might occur after surgery.
Findings from several studies suggested that THA significantly im-
proved balance-related outcomes in up to 2 years following surgery
[17,19–21,23]. However, some impairments were still observed, even
after a long-term follow-up, compared to the healthy controls [25,26].
Considering that THA affects up to 3–5% of the elderly population,
balance impairment following THA is clinically relevant, especially due
to intrinsic risk of falls in this population [30]. Clinical practitioners
should carefully consider these results to provide evidence-based re-
commendations to their patients.

Among the studies assessed for eligibility, only 13 studies were fi-
nally analyzed. Several studies were excluded due to assessment of
specific physiotherapy protocols or rehabilitation programs [31–35].
These studies were considered ineligible because of possible con-
founding on the isolated effect of THA on balance outcomes. None-
theless, it should be mentioned that poor description of standard phy-
siotherapy care across included studies allowed no clear judgment on
the true comparability on this topic; therefore, participants might not
have been subjected to the same type, intensity, and duration of
trainings, which might partially account for the variability observed.
Furthermore, although studies investigating specific physiotherapy
protocols were ineligible for inclusion, the authors of a recent SR pro-
posed that this type of training may be used as a complement to stan-
dard physiotherapy care and improve function recovery following knee

Fig. 2. Risk of bias summary, assessed by the Joanna Briggs Institute Critical Appraisal Tools for Quasi-Experimental Studies: author’s judgments for each included
study (generated using the software Review Manager 5.3, The Cochrane Collaboration).
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arthroplasty. However, studies on hip arthroplasty were considered
sparse and inconsistent, and thus, further studies were recommended
[36].

Furthermore, the use of different balance assessment tools was
considered as a major concern in included studies. In fact, previous
studies suggested that physical therapists and surgeons utilized dif-
ferent tools to assess the recovery after joint arthroplasty [37], which
might partially explain the lack of standardization observed. Therefore,
generalization of results should be avoided and statistical pooling of
data using meta-analysis was considered inappropriate. Nonetheless,
although the results were not directly comparable, positive effects fol-
lowing surgery were consistently observed, especially compared to
preoperative status [18,27,29].

The framework timeline of post-surgical measurements was also a
concern in this SR. Although studies with less than 1 month of follow-
up were excluded, it could be hypothesized that short follow-up times
could be related to insufficient time for the body to adapt to a new
movement or posture pattern [38]. Moreover, several included studies
reported only a partial recovery on postural balance between 4 [22]
and 6 months [25,29]. Therefore, long-term data are recommended to
achieve precise results on the effects of THA on balance-related out-
comes, and results at 6 months or less following surgery should be
cautiously interpreted. Moreover, it must be highlighted that from the
13 included articles, 10 articles presented control groups, of which only
8 reported age-matched and 3 gender-matched controls. Since a rough
age match and sex were not achieved in all included studies, this might
weaken the comparison of THA and healthy controls.

Differences in balance parameters following THA might also be re-
lated to the invasiveness of the surgical procedures [38]. Only 2 studies
used minimally invasive techniques [18,26], although no direct com-
parison of both minimally invasive and standard surgery was found.
Moreover, substantial heterogeneity was observed on the incision site
(e.g., lateral, anterior, or posterior approach). Nevertheless, separate
data on surgical approaches were available in a single study, which
reported that in patients who underwent direct lateral and antero-lat-
eral exposure methods, the dynamic balancing ability of the affected
limb varied from that of the control group in up to 6 months following
surgery. However, no significant difference was noted in the balancing
ability of the control group at 6 months after THA with posterior ex-
posure [19]. No consensus on the advantages of posterior exposure
among the other surgical techniques was achieved, since individuals
who underwent posterior exposure showed balance deficits compared
to the healthy controls such as abductor muscle weakness [25] or de-
layed motor response [24].

Findings from this SR suggested that balance-related outcomes
might present improvements regardless of capsular damage caused by
capsulotomy during THA. Therefore, it can be proposed that in-
tracapsular components may have little influence on balance and other
factors, such as the muscle receptors, could potentially play a promi-
nent role in joint position sense [39]. Additionally, some variables re-
lated to the type of prosthesis may affect balance-related outcomes,
such as the femoral head diameter. It is proposed that large femoral

heads could provide better gait measures, stability, and abductor
strength than standard femoral heads [40]. In this SR, the size of the
femoral head was investigated in 2 studies [21,25]. Despite the differ-
ences in prostheses characteristics and joint reconstruction between
large diameter head THA and total hip resurfacing, Nantel et al. [25]
proposed that the large femoral head component seems to be the cri-
tical mechanical factor leading to postural stability. However, incon-
sistent results were observed, since full recovery of abductor muscle
strength was not achieved 6 months after surgery. Therefore, longer
rehabilitation programs to regain hip abductor strength should be
considered to prevent falls and injuries [25]. Moreover, Larkin et al.
[21] reported that improved proprioception after large femoral head or
total hip resurfacing versus standard THA is not supported.

Although no current evidence reveal that THA might reduce the risk
of fall compared to individuals with hip and knee OA who did not
undergo this procedure, the risk of fracture may be lower in THA in-
dividuals [41]. Moreover, it is important to evaluate improvements in
daily life activities that might be affected by balance deficiencies, such
as standing up from a chair, walking, and climbing stairs [42]. Thus, it
can be hypothesized that improvements in balance-related outcomes
could potentially increase the patients’ quality of life by providing more
stability in performing these activities.

There were few studies investigating the differences in tests evalu-
ating balance during single–double leg stances in this SR. Three in-
cluded studies investigated this topic [19,21,28]. Sliwinski et al. [28]
evaluated the dynamic stability during walking, and no differences in
single leg support during dynamic stability tests were observed between
the THA and healthy control groups. However, significant differences in
double leg support were found. In contrast, Honalpy et al. [19] did not
observe differences in double leg stance between both groups. Only a
single study compared the non-operated side with the healthy controls
[21]. Since the proprioception score of both operated and non-operated
sides was virtually identical after rehabilitation, complete recovery was
achieved following THA. Nonetheless, compared to the healthy con-
trols, both operated and non-operated sides presented proprioception
deficits, suggesting that proprioception deterioration might be asso-
ciated with early asymptomatic osteoarthritic process on the non-op-
erated hip side.

Some areas of uncertainty were still present in the light of evidence
currently available in the literature. As previously depicted, balance
improvements in THA individuals may not be accompanied by a de-
creased risk of falls compared to OA individuals who did not undergo
this procedure. It could be proposed that studies with long follow-up
time might contribute to the current knowledge on this topic. In addi-
tion, studies conducting formal assessments on the patients’ quality of
life based on balance deficiencies among patients who underwent THA
might present valuable data and could be recommended to further
explore this topic.

4.1. Study limitations

Some limitations on the findings of this SR should be highlighted.

Table 2
GRADE Summary of Findings Table. Question: Among adults, what are the effects of total hip arthroplasty for primary osteoarthritis on postural balance compared to
no intervention or status before treatment?.

Quality assessment № of individuals Quality

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations THA Healthy controls

Postural balance
13 Non-randomized studies seriousa seriousb not serious not serious none 379 269 ⨁◯◯◯ VERY LOW

Explanations.
a Three included studies did not compare results to healthy controls. Moreover, there were some major concerns regarding multiple measurements of the outcome

both pre- and post-surgery, as these data were not reported in some studies and thus not permitting a clear judgment.
b There was substantial heterogeneity regarding postural balance assessment tools and follow-up times. Moreover, conflicting results were observed across studies.
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Firstly, since the assessment methods were considerably heterogeneous,
external validity of findings should be interpreted with caution.
Secondly, the lack of comparison with the healthy controls in several
studies might overestimate the observed findings. Lastly, measurements
of both pre- and post-surgery were often lacking; thus, the magnitude of
improvement was unclear. Therefore, further studies with standardized
assessment methods and detailed reporting of findings are re-
commended to investigate the effects of THA on postural balance.

5. Conclusion

Available evidence on THA effects on postural balance was con-
siderably heterogeneous. Overall, major post-surgical improvements
were consistently observed compared to preoperative status, although
postural balance impairment can still be noted compared to healthy
controls. Further studies with a standardized balance assessment tool
are recommended to further explore this topic.
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