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Abstract

Background: Osteoarthritis and subsequent total hip arthroplasty (THA) lead to damages to hip joint mechanocep-
tors, which in turns lead to impairments in proprioception. One of the abilities mainly affected by an altered joint pro-
prioception is balance. The aim of this work was to investigate the balance and proprioception impairments, current
assessment tools, and rehabilitation training after THA.

Methods: A systematic literature revision was conducted on PubMed, Web of Science and Cochrane databases.
Articles reporting balance and proprioception impairments, current assessment tools, or rehabilitation interventions
were included. Methodological quality was assessed using the Downs and Black checklist. A total of 41 articles were
included, 33 discussing balance and proprioception assessment, and 8 dealing with training. Data related to type of
surgical approach, type and timing of assessment protocols, assessment instrumentation, and type, volume and dura-
tion of the rehabilitation training were extracted from each study.

Results: Thirty-one studies were of high quality, 2 of moderate quality and 8 of low-quality. Literature review showed
an improvement in balance following THA in comparison with the pre-operative performance, although balance
abnormalities persist up to 5years after surgery, with THA patients showing an increased risk for falls. Balance training
is effective in all the rehabilitation phases if specifically structured for balance enhancement and consistent in training
volume. It remains unclear which assessments are more appropriate for the different rehabilitation phases, and if dif-
ferences exist between the different surgical procedures used for THA. Only two studies assessed proprioception.

Conclusion: Balance and proprioception show impairments up to 5years after THA, increasing the risk of falls. How-
ever, patients with THA may benefit of an adequate balance training. Further research is needed to investigate the
gaps in balance and proprioception assessment and training following THA surgery.
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Background

Total hip arthroplasty (THA) is the most used treat-

ment for severe hip osteoarthritis, leading patients
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of Bologna, Bologna, Italy _ life [1-3]. However, osteoarthritis and major surgical
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interventions for joints replacement may compromise
part of the joint structures and surrounding com-
ponents, with joint mechanoceptors being the most
affected structure by THA surgery. The damages to
these mechanoceptors lead to impairments in propri-
oception, i.e., to a lack or to abnormal afferent signals
informing the brain of joints’ position and movement.
Abnormal proprioceptive signals do not only affect
sensory function, but also motor control, since sen-
sory information is essential for movement program-
ming [4]. For these reasons, patients undergoing joint
replacement surgery show both sensitive and motor
abnormalities [2, 5, 6]. One of the “abilities” mainly
affected by abnormal proprioception is balance, and its
impairments may compromise the quality of life [7-9],
and the risk of falls [10]. In THA patients, balance defi-
cits may be persistent after surgery [11, 12], leading to
an increase in the risk of falls [13], especially in the first
year after surgery [14].

The abnormalities in proprioception may also affect the
biomechanics of functional movements. In fact, if affer-
ent information is lacking, movements cannot be con-
trolled across the whole range of motion of the joint. It
is not surprising that following THA, patients show gait
abnormalities up to 1 year after surgery [2]. In particular,
a reduction of gait velocity and stride length have been
reported, accompanied by a reduction of the time of sin-
gle limb support, and a reduced range of motion in the
sagittal plane [2].

Different surgical approaches for THA implant may
affect hip proprioception in different ways. In fact, while
the direct anterior approach (DAA) affects only hip joint
capsule [15], other procedures, such as the lateral and
posterior techniques, may also affect muscles and ten-
dons [15] causing higher damages to proprioceptors.
However, while the effect of different surgical approaches
on hip biomechanics and clinical outcomes has been
widely studied [16—19], the entity of proprioception com-
promise in this setting has not been extensively explored
so far.

Moreover, few studies have been reported by previ-
ous systematic reviews on the benefits of balance train-
ing following THA [20],and it is not clear which kind of
exercises should be adopted and how these should be
differentiated in the different rehabilitation phases after
THA surgery.

Having clear information on the magnitude of balance
and proprioception impairments following THA would
be of high clinical relevance, to ascertain which kind of
balance and proprioception training interventions should
be adopted, and how deficits and improvements through-
out rehabilitation should be assessed.
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Therefore, the current study has three main objectives.
The first is to provide an updated systematic review on
balance and proprioception impairments following THA
surgery. The second is to investigate how balance and
proprioception deficits are measured. The third objec-
tive is to investigate how balance and proprioception are
trained during the rehabilitation following THA. These
three points will be investigated by differentiating results
according to the surgical approach used for THA implant.

Methods

Population and diagnosis of interest

This review includes all studies on balance and proprio-
ception impairments, assessment or training after THA
for degenerative arthritis.

Search strategy and inclusion criteria

A systematic review of PubMed, Web of Science, and
Cochrane database was performed. The inclusion crite-
ria were: (1) articles published between June 1, 2000, and
August 31, 2021; (2) patients with THA for degenerative
arthritis were recruited, (3) assessment of balance and/or
proprioception, and (4) training of balance and/or pro-
prioception. No limitations were placed over the type of
surgical procedure used for THA. Non-English language
publications, review articles, conference proceedings,
editorials, case-studies, letters, methodological stud-
ies, animal studies, and cadaveric studies were excluded.
A time frame of 20years was chosen for two main rea-
sons. The first, is related to the fact that methodologi-
cal literature suggest to write reviews based on nearly
the last 5-10years to be considered up-to-date [21, 22].
Then the suggested timing was extended to 20years to
include a broader number of evidences. The second rea-
son is related to the to the fact that studies older than
20years may have been based on surgical procedures,
as for example high invasive approaches requiring long
healing time, which are no longer adopted in clinical
practice to date [23]. As a consequence, the post-surgical
assessment, in particular in the early post-surgery was
mainly based on surgery-related consequences (e.g, pain,
bleeding, ...) rather than on the assessment of functional
abilities having an impact on the quality of life [23].

The terms and key words used for the research strat-
egy were: (total hip arthroplasty OR THA OR hip
replacement OR hip prosthesis) AND (balance OR
propriocept* OR postural control) located within the
title and/or abstract and/or keywords. The character
* was used to include in the research both the terms
proprioceptive, proprioception, and proprioceptors.
Reference lists and citations of the included articles
were manually screened to identify additional studies
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of interest. The Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) checklist
was employed to guarantee review methodological
quality (Additional file 1: Appendix 1). The study was
registered in PROSPERO (CRD42020213412).

Selection process

Three independent reviewers (FC, FB, NS) performed
the research and selection of the papers. Duplicates
were removed and then the titles and abstracts of all
the studies were reviewed to determine their eligibility.
In case of disagreement in the appropriateness of the
paper, a fourth author (LL) was consulted to determine
abstracts inclusion; in that case, the full-text version of
the paper was retrieved and screened to determine the
eligibility of the paper. Then, the full-text of all the eli-
gible articles was retrieved and assessed to further ver-
ify inclusion and exclusion criteria meeting. Selection
process of the papers’ selection is represented in Fig. 1.
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Risk of bias assessment

The Quality Index Checklist by Downs and Black [24]
was used to assess the risk of bias of the studies. The
full version of the Downs and Black Checklist [24] was
used to assess randomized and non-randomized clini-
cal trials, while the modified version was used to assess
all the other studies. The number of items of the modi-
fied version is reduced from 27 to 14 (1, 2, 3, 5, 6, 7, 10,
11, 12, 16, 18, 20, 21, 22) to eliminate questions that are
applicable only for intervention studies. Each study was
divided by quality according to the percentage of met
items: low quality (<60%), moderate quality (61-74%),
or high quality (=75%) [25]. Detailed information on the
risk of bias assessment is reported in Additional file 2:
Appendix 2. The reviewers assigned the judgment and
the Fleiss’ Kappa measure was used for assessing the
reliability of agreement between the two reviewers by
the use of an independent observer. This measure calcu-
lates the degree of agreement in classification compared
to what would be expected by chance, and it is scored
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Fig. 1 PRISMA 2009 Flow-chart of articles selection
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between 0 and 1. Reliability from Kappa values was inter-
preted as < 0=Poor agreement; 0.0-0.20 = Slight agree-
ment; 0.21-0.40 = Fair agreement; 0.41-0.60 = Moderate
agreement; 0.61-0.80 = Substantial agreement and 0.81—
1.00=Almost perfect agreement, according to Landis
and Koch [26].

Outcomes of interest and data synthesis

Data were extracted by three independent review-
ers (FC, FB, NS), and in case of disagreement a fourth
reviewer (LL) was consulted. Data extracted from stud-
ies focused on balance and proprioception assessment
were: (1) authors of the study; (2) characteristics of the
patients involved in the study; (3) surgical approach for
THA implant; (4) the training intervention performed;
(5) the protocol of assessment; (6) timepoints at which
the assessments were performed; and (7) clinical results.
Data extracted from the studies focused on the training
of balance and proprioception were: (1) authors of the
study; (2) characteristics of the patients involved in the
study; (3) surgical approach for THA; (4) volume, dura-
tion and time of the training; (5) the assessments per-
formed and timepoints in which these were performed;
(6) the protocol of assessment; and (7) clinical results. If
relevant data were not reported in any of the studies, the
corresponding author was contacted. The data extracted
from the studies and included in the qualitative synthesis
are reported in Table 1 and Table 2.

Deviations from the study protocol registered

in PROSPERO database

Two adjustments with respect to the original study pro-
tocol registered on PROSPERO database should be men-
tioned. First, the Downs and Black checklist was adopted
instead of previously planned tool as it can be adapted to
both intervention and non-intervention studies, and thus
allowed to use a single tool for all the studies included in
the present review. This choice was not made on the basis
of the results of methodological assessment, rather on the
willingness to provide better clarity in the reporting and
the discussion of the risk of bias assessment in the text of
the manuscript. The assessment with the Downs & Black
checklist and the assessment with previously planned
tools was performed and the results showed compara-
ble outcomes between the tools. Detailed information
on the assessment and the comparison between the tools
is reported in Additional file 3: Appendix 3. In addition,
in this review there was also an attempt to analyse dif-
ferences between patients undergoing different surgical
approaches for THA, and this was not planned in the
original study protocol. However, it was deemed appro-
priate to extract also these data since this information is
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highly useful for clinical practice and for the setting-up of
the rehabilitation programs.

Results

Search results

According to the PRISMA flow-chart (Fig. 1), a total
of 1780 articles were retrieved from the initial litera-
ture search. After removal of duplicates and of studies
not meeting inclusion and exclusion criteria, 48 articles
were considered eligible for a full-text review. Five arti-
cles [27, 28, 29-32] were excluded because the results
from patients with THA were mixed to results of patients
operated on for other orthopaedic conditions. One study
was excluded because it was a reliability study [30], and
another one was excluded because it did not report post-
surgical data on balance assessment [33]. At the end of
the selection protocol, 41 articles were included and
evaluated for systematic review; of these, 33 were assess-
ment studies [11, 13, 34—64], while the remaining 8 were
rehabilitation training studies [65—72]. A summary of the
data extracted from each article is reported in Table 1
and Table 2.

Studies quality and risk of bias

The scores of the modified Quality Index for the included
studies ranged between 64.2 and 100%. A total of 2 stud-
ies were of moderate quality (score 60—-74%), and 31 were
of high quality (score >75%), while the remaining 8 arti-
cles were of low quality (score<60%). The risk of bias
score for each individual study is reported in Additional
file 2: Appendix 2. A graphical representation of the risk
of bias across all the studies reporting balance and pro-
prioception impairments and assessments is provided
in Fig. 2, while risk of bias across studies investigating
rehabilitation training for balance is represented in Fig. 3.
The majority of the papers included in this review (31
out of 41) were of high quality, thus showing a low risk
of bias. However, regarding articles on balance and pro-
prioception assessment, sources of high risk of bias were
observed regarding the items 5, 12 and 21 of the check-
lists, which referred to the reporting of confounders
among the patients recruited (reporting bias), the repre-
sentativity of the participants recruited with respect to
the whole population (external validity) and the common
source population between cases and controls (selection
bias), respectively. In addition, since a high percentage
of study did not clearly report the required information,
some concerns arise regarding items 11 and 22, i.e., the
representativity of the participants which were asked to
participate in the study with respect to the whole popula-
tion (external validity) and the recruitment of cases and
controls in the same period of time (selection bias).
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Regarding studies on balance and proprioception train-
ing, sources of high risk of bias were observed regard-
ing the items 2, 8, 9, 15 and 24, i.e., the clear description
of the outcome measures (reporting bias), at least an
attempt to measure adverse events (reporting bias), the
description of patients lost in follow-ups (reporting bias),
blinding of the assessors (internal validity bias) and the
concealment of the randomized assignment to study
groups of both patients and health-care staff (selection
bias), respectively. No information or no information
mixed with sources of high risk of bias were observed
regarding items 11, 12 and 13, which referred all to as
external validity of the study (i.e., the representativity
of the participants which were asked to participate in
the study with respect to the whole population, the rep-
resentativity of the participants recruited with respect
to the whole population, and the representativity of the
staff, places and facilities used for the study with regards
to those usually used for patients), and the items 14,
22 and 27, i.e., the blinding of patients with respect to
their own group assignment (internal validity bias), the
recruitment of cases and controls in the same period
of time (selection bias), and the statistical power of the
study, respectively.

Balance and proprioception impairment and assessment
tools

Static balance/postural stability was assessed in 20 stud-
ies [11, 35, 37-53, 63]; dynamic balance was assessed
in 10studies [34, 36, 41, 52, 54-59]; proprioception in
terms of sense of joint position was assessed in 2 studies
[60, 61]; clinical scales and other test batteries for bal-
ance assessment were used in 10studies [11, 13, 40, 41,
52,59, 60, 62—-64].

Static balance / postural stability

Static balance, also referred to as postural stability, was
assessed by double- or single-limb stance tasks on force
platforms in 11 studies, which analysed centre of pres-
sure (COP) velocity and displacement [11, 38—47]. Four
of these [41-43, 47] were performed in three groups:
patients with THA, patients with Hip Resurfacing
(HR), and healthy age-matched controls. Two studies
were performed on patients undergoing a regular size
THA, and these reported a higher COP displacement
in patients with THA compared to HR and healthy age-
matched controls during the double-limb standing task
[42, 47]. The other two studies which involved patients
with large-diameter THA reported no differences in
COP path length and displacement between controls,
HR and THA patients [41], or a lower medial-lateral
displacement in HR and THA compared to controls
[43]. A better balance performance in HR and controls
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compared to THA was found also during the single-
limb stance task [42, 47], and no differences between
the three groups were found in the study involving
patients with large-diameter THA [43]. Timing of
assessment was heterogenous between studies, and
ranged between 5- and 15-months following surgery.
One study reported an increased COP displacement
in THA patients 12days after surgery in comparison
to healthy matched controls [38]. The last study [39]
compared 3 groups of patients within 2months after
surgery, who received 3 different surgical approaches
(posterior, anterior and Rottinger approches) and a
group of healthy matched controls. No significant dif-
ferences between approaches were found for fulfilment
of the single-limb balance tasks. However, subjects
operated on with the anterior or Roéttinger approach
showed higher average COP displacement speed
and path length than controls. Subjects operated on
through the posterior approach showed no significant
differences from controls.

Two studies compared COP displacement during
double-limb stance, in open- and closed-eyes condition
[ 44, 45]. Both studies reported in the closed-eyes con-
dition a higher displacement of COP in THR compared
to healthy age-matched controls, at 6- and 12-months
post-surgery, and in a single assessment between 24- and
36-months post-surgery [44]. A significant improvement
was reported between 6- and 12-months following sur-
gery [45].

A lower displacement of the COP was reported in
patients undergoing unilateral THA in comparison with
patients undergoing bilateral THA [11]. Two studies hav-
ing no control group reported a reduction of postural
sway in the post-operative compared to pre-operative
period during double-limb stance, and a higher sagittal
sway compared to medial-lateral sway during single-limb
or tandem stances, independently from the examined
limb [ 40, 46].

One study assessed stability by means of pre-deter-
mined protocols of an instrumented platform (Biodex
Balance System), and it reported an improvement in the
parameters related to postural stability at 6 months after
surgery compared to pre-surgery data [48]. Another
study, using another instrumented device (PROPRIO
5000 machine) found that with single-limb testing of
the operated limb, the HR group performed better than
patients undergoing standard THA, and there was a trend
for HRs to perform better than the overall THA popula-
tion, but not better than large-headed THAs [49]. In the
same study [49], no differences were found for postural
stability in double-limb stance between patients with HR,
patients with THA femoral head >32mm, patients with
THA femoral head <32 mm, and the control group.
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Four studies assessed the time that patients were able
to spend in a single-limb stance position [ 50-52]. Two
of them found a significantly shorter time in THA group
compared to healthy controls for the operated side [
51, 52], while another study without a control group of
healthy participants, reported a shorter time in the oper-
ated compared to the non-operated side [ 50]. The fourth
study reported a higher failure rate during the stance
position in female patients compared to male patients,
more than 1 year after surgery [63].

Two studies assessed the between-limbs loading dif-
ference while standing [11, 53]. A higher loading of the
non-operated limb was reported in patients with unilat-
eral THA [11, 53], while loading was more symmetrical
in patients with bilateral THA [11].

In the study by Merle et al. [37], THA patients were
asked to stand on two force plates in two conditions: a
comfortable position, or with the requirement to load the
operated limb. In the first condition, the operated limb
was less loaded than the healthy limb, while in the second
condition load distribution was close to symmetry, but
a higher displacement along the medial-lateral axis was
found for the trajectories measured under the healthy
limb than under the operated limb.

Finally, balance in terms of COP displacement seems to
be not affected by the position of the elbow (straight or
flexed) for holding a crutch at a mean of 4 days after sur-
gery, even if the elbow flexed increases shoulder loading
[35].

Dynamic balance

Two studies investigated dynamic balance during the
performance of a 5-times-sit-to-stand [54] and a 5-times-
squat [55] on force plates. Within 1 month after surgery,
THA patients showed a higher asymmetrical loading
and higher anterior-posterior (AP) and medial-lateral
(ML) COP displacement during squatting movements
when compared with healthy age-matched controls [55].
Asymmetry and COP displacement were found to be sig-
nificantly different from healthy controls 1 year after sur-
gery during sit-to-stands movements [54].

Two studies investigated dynamic balance during walk-
ing by means of force platform and 3D motion analysis
[56, 57]. One study reported that, compared with healthy
age-matched control subjects, THA patients showed
greater frontal plane (FP) center of mass-center of pres-
sure (COM-COP) inclination angles and smaller sagit-
tal plane angles which improved postoperatively, but
remained significantly different from healthy controls
[57]. The other study [56] found no differences during
single-limb-support phase for within and between group
comparisons for the COM projection over the base of
support. During the double-limb support phase for the
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healthy age-matched older adults serving as a control
group, the vertical projection of the COM during double-
limb-support was held on average laterally towards the
leading limb side, while the individuals with THA held
their COM on average toward their operated limb both
limb lead conditions.

One study investigated dynamic balance in response
to a sudden medial-lateral perturbation in three groups
of THA patients undergoing the three different surgical
approaches [58]. It was found that, in the case of direct-
lateral and antero-lateral exposure, Lehr’s damping ratio
significantly decreased compared to the preoperative
values at 6 weeks postoperatively, but it increased stead-
ily afterwards. Lehr’s damping ratio while standing on the
affected limb was significantly lower — even at 6 months
postoperatively — than that of the healthy age-matched
control group. In the case of posterior surgical approach,
Lehr’s damping ratio continuously increased in the post-
operative period and corresponded to that of the control
group at 6 months after THA.

Balance in response to sudden platform inclinations
and translations was investigate also in another study
[34], which found no differences between THA patients
4 months after surgery and healthy age-matched controls.

Three studies investigated dynamic balance during
a step test. One year after THA no differences for least
number of steps, Step Test for non-surgical side and Step
Test for the THA side, between patients operated with
lateral approach and patients operated by the anterior
approach were found [59]. The other study [41] reported
that patient operated with the large-diameter head THA
were able to complete the task approximately 3s faster
than the HR group (p=0.001). A few numbers of steps
were reported in THA patients 5years after surgery [52].

One study investigated dynamic balance in the imme-
diate post-surgical period during a biofeedback test based
on COP displacement, and found that in THA patients
Time and distance of COP displacement were higher, the
performance of the task was slower and the displacement
of the COP was higher compared to controls [52].

The last study [36], investigated postural sway by
means of a portable system embedded with gyroscopes,
applied over the low back, during the performance of gait
and gait over barriers, stairs climbing and sist-to-stand
tasks. It was found a progressive improvement of balance
between 4 and 12months after surgery for gait and sit-
to-stand tasks parameters. At 12months post-surgery,
THA patients results approached those of healthy control
group participants, however, trunk pitch (forwards-back-
wards) and roll (side-to-side) velocities were less stable
when walking over barriers as was roll for the sit-to-stand
task, indicative of a residual deficit of balance in THA
patients.
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Hip joint position sense

The study by Jo et al. [60] investigating proprioception by
means of hip joint position sense reported no differences
between patients undergoing THA for osteoarthritis or
after hip fracture 3months after surgery, while Wang
et al. [61] reported that THA patients had higher mean
absolute angle error than HR patients at 6 and 12 months
from surgery; after lyear and up to 36months, both
groups had similar absolute angle error. In either study,
results were not compared with a control group of
healthy age-matched participants.

Clinical scales and other tasks

Berg Balance Scale was used in three studies. Warenc-
zackc et al. [52] reported no differences between THA
patients and healthy age-matched controls at 5 years after
surgery. Chang et al. [40] found that Berg balance test
decreased significantly after 2 weeks from THA surgery
and improved gradually thereafter, reaching the highest
score at 6months. Jo et al. [60] reported that 3 months
after surgery BBS scores of patients undergoing THA
for degenerative arthritis were significantly higher than
patients undergoing THA because of fractures scores.

Activities-specific Balance Confidence Scale (ABC) was
used in two studies [13, 59]. No differences were found
at 1 year from surgery when patients operated on by a
direct anterior and direct lateral approaches were com-
pared [59]. Moreover, ABC scale was found not to be a
predictor of falls in THA patients [13].

Timed-up-and-go was used in four studies. No differ-
ences have been reported between patients with unilat-
eral and bilateral THA [11], patients undergoing either
a direct superior approach or a posterolateral approach
for surgery [64], as well as in patients undergoing large-
diameter THA or HR. [41] However, THA patients were
significantly slower than healthy age-matched controls [
41, 62].

Functional reach test was used in three studies [ 40, 41,
62]. Patients with THA reached shorter distance than
healthy age-matched controls when studied between 3
and 5years after surgery [ 41, 62]. Accordingly, another
study reported no significant improvements between
2weeks and 1lyear after surgery [40]. Patients undergo-
ing HR had better performance from 3 to 12 months after
surgery when compared to large-diameter heads THA
patients [41].

One study reported a higher reaching distance dur-
ing the Low Quarter Y-balance test in male compared to
female patients, more than 1 year after surgery [63].

Risk of falls was assessed in two studies. The first study
the assessment was performed by means of the Falls Risk
for Older People in a Community Setting (FROP-Com)
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tool; the authors found no differences between patients
undergoing THA with the direct anterior approach
and patients undergoing THA with the direct lateral
approach [59]. The second study, performed the assess-
ment by means of the Brief BEST-test in two groups
of THA patients, undergoing either a direct superior
approach or a posterolateral approach for surgery [64]. A
reduction in the risk of falls was observed in both groups
between 1- and 3-months following surgery.

Fall rate was assessed in one study, which reported a
2.8 times higher fall rate in THA patients compared to
healthy age-matched controls in the ten years after sur-
gery [51].

The 3-m walk and 30-s chair standing tests were used
by Wareczack et al. [62] 5years after THA surgery.
Patients with THA performed shorter distance and a
lower number of repetitions, respectively, when com-
pared to healthy age-matched controls.

Balance rehabilitation training

Three studies investigated the effects of a training inter-
vention in the immediate post-surgical rehabilitation [65,
66, 72], one study in the period between 4 and 12 months
after surgery [67], and one study in the period between 3
and 6 months after surgery [70]. Four studies reported a
higher increase in balance in patients undergoing balance
training [65, 66, 70, 72], while the study by Nelson et al.
[66] reported a similar between-groups increase in bal-
ance following a non-specific balance training.

Two studies investigated the effects of a pre-oper-
ative balance training program on the post-operative
outcomes. One study found positive effects of the
preoperative balance training, based on Tai-Chi prac-
tice performed up to week 26 post-surgery [68], while
another study found no differences between the groups
in the post-surgery [69].

Better balance abilities while walking, in terms of
reduced postural sway, were found in a group of THA
patients undergoing a strength training protocol in com-
parison with THA patients undergoing a traditional reha-
bilitation [71]. This result was observed after a fatiguing
test battery 3months after surgery, while no between-
group differences were observed at 6 and 12 months after
surgery.

All the studies referred to balance or postural stability.
The term proprioception was not used.

Discussion

Balance and proprioception impairment and assessment
tools

The first aim of this review was to investigate if patients
following THA show impairments in balance and
proprioception. The high heterogeneity of studies
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methodologies and the lack of controls groups of healthy
participants, or comparisons with normative data, makes
difficult drawing conclusions. However, almost all the
studies comparing results of THA patients with healthy
controls reports significant differences between-groups,
with THA patients have worse balance performance
than healthy controls. Impairments have been reported
during static [38, 39, 41, 44, 47, 51, 63] and dynamic bal-
ance assessments [36, 54, 58], as well as with the assess-
ment by means of clinical scales or tests batteries [41, 51,
62—-64].0nly 4 studies reported no differences between
THA patients and controls in balance during the single-
limb phase of walking [56], the Berg-balance scale results
Syear after surgery [62], and in response to balance per-
turbations [34, 58]. Further studies with control groups
of healthy participants are needed to better clarify these
results.

Regarding proprioception impairments, it should be
mentioned that in the only two studies retrieved for this
review [60, 61], the results of patients with THA were
not compared to results of a control group. Further stud-
ies are strongly recommended given the essential role of
proprioception for both static and dynamic balance per-
formance. It is not possible to draw conclusion on the
timing of rehabilitation in which impairments are higher.
It seems that a general improvement is reported in the
post-operative compared to the pre-operative period [40,
46, 48]. Some studies with more than one assessment in
the post-surgical follow-up reported a balance improve-
ment across time [45, 58, 64], while other did not [40, 46,
49]. However, there are many studies reporting balance
impairments also years after surgery [40, 41, 45, 51, 54,
62, 63], and persistent differences with healthy controls
despite the improvements [57], thus it is likely to think
that balance impairments are never completely addressed
following THA. These observations are confirmed by
the results of the study by Ninomiya et al. [51], which
observed a 2.8 times higher fall rate in THA patients
compared to healthy controls in the 10years after surgery.
The second aim of this review was to investigate how bal-
ance and proprioception are commonly assessed in THA
patients. It seems that the most used tasks for balance
assessment are those investigating COP displacement or
other similar parameters during double- and single-limb
stance performed on force platforms or other instru-
mented devices (22 out of the 32 studies in this review).
In general, the use of force platforms for the assessment
of static and dynamic balance is well accepted in litera-
ture given the high reliability of the instrumentation [73].
In the specific case of patients undergoing THA, the use
of force platforms together with other devices, such as
camera for motion capture or inertial sensors, may pro-
vide also additional information on the kinematic of the
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operated hip joint and the whole lower limb, which may
show peculiar abnormalities or compensations nega-
tively affecting for example the non-operated limb or
the whole-body posture. Further research is needed to
deeply investigate these aspects and how balance changes
in the long-term following THA. Regarding propriocep-
tion, it was assessed in only two studies [60, 61] by means
of hip joint repositioning tasks. These tasks are mainly
aimed at investigating the joint position sense. It will be
useful adding other tasks to investigate proprioception
during dynamic tasks. In addition, further research is
needed to understand the extent to which abnormal hip
proprioception affects whole-body balance above and
beyond the other body functions and structures involved
in balance ability. It is not possible to draw conclusion on
which tests are more indicated in the different times of
rehabilitation because of the heterogeneity of the stud-
ies. However, some considerations have to be mentioned
regarding some of the other tests used for balance assess-
ment. The assessment of dynamic balance by means of
asymmetrical loading during squatting and sit-to-stand-
ing, as well as loading during walking, needs to consider
that balance is not the only variable affecting the results
of the measure. Other factors such as muscle strength,
post-operative training of loading symmetry, and fear of
loading the operated limb might play a role in the per-
formance of those tasks. The same is for tasks such as
the functional reach test, used as a measure of balance.
Undoubtfully balance is required for the functional reach
test, but also muscle strength of hip, back and in general
upper body muscles play an important role for a good
performance of the test. At the same time, it should be
mentioned that muscle strength might contributes per se
to balance abilities. In support of this observation, one of
the studies included in the present review reported better
balance abilities while walking in the early post-surgery
in THA patients undergoing a strength training interven-
tion in comparison with patients receiving a usual reha-
bilitation [71]. In addition, in another study [63] male
patients showed better static and dynamic balance abili-
ties than the female counterpart. The author concluded
that this difference might be related to between-groups
differences in muscle strength.

Regarding surgical approaches used for THA, it is
not possible to draw conclusions regarding the best
surgical approach for the performance of double- and
single-limb stance, because of the contrasting results
when THA, HR or large-diameter-THAs patients are
compared [ 41-43, 47, 49]. Similarly, it is not possi-
ble to draw conclusions for the other functional tasks,
such as the timed-up-and-go, the functional reach test
or the stepping tasks, because of the paucity of studies
[ 41, 62, 64]. Similar findings are observed about hip
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joint proprioception [61], for the differences between
patients with monolateral and bilateral THAs [11, 53],
and for the differences between patients undergoing
THA in the traumatic and elective setting [60]. No
differences have been found among patients undergo-
ing anterior or lateral surgical approaches in terms of
step test performance [59], of confidence during bal-
ance task [59], and of the risk of post-surgical falls
[59]. Moreover, no differences were found for balance
recovery following sudden perturbations in patients
operated on using direct-lateral and antero-lateral
surgical approaches, in which the dynamic balancing
ability continuously improved in the first 6 months
postoperatively [58]. Accordingly, no significant dif-
ferences between approaches were found for the risk
of falls in the first 3 months after surgery [64], as well
as for fulfilment of the single-limb balance tasks 2
months following surgery [39]. However, while sub-
jects operated on through the posterior approach
showed no significant differences from controls sub-
jects, patients operated on with the anterior or Rot-
tinger approach showed worse balance than controls
[39]. In the case of joint capsule preserving posterior
approach, the dynamic balancing ability showed a
more rapidly improvement across timelines compared
to the other two exposures, with no differences in the
long-term [59]. However, further evidence is required
to confirm these observations.

Balance rehabilitation training

Although the limited number of studies and the different
methodological approach do not allow a univocal con-
clusion, it could be stated that balance training seems
to be effective in all the phases of THA, pre-operative
[68], immediate post-surgery [65, 70, 72] and medium-
log-term [68, 70], if specifically structured for balance
enhancement and consistent in training volume. In
fact, the two studies reporting no higher benefits in the
intervention group, assessed balance following a non-
balance specific training [66], or after a minimal inter-
vention strategy, demanding minimal training effort
exercises [69]. Therefore, balance training interventions
for patients with THA should be well structured in
terms of type and volume. Just one study suggest that an
early strength training intervention leads to better bal-
ance while walking in the early post-surgery [71], thus it
seems beneficial for the prevention of early re-injuries.
No conclusion can be drawn regarding the best training
options for the different post-surgical phases.

Limitations
The main limitation of this literature revision was that
it was difficult to sum up a conclusion for a number of
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the investigated points since a limited number of stud-
ies were available and most of them were excluded dur-
ing the selection process mainly because of low quality
or because data of THA patients were mixed to data of
patients with other orthopaedic impairments. Further,
in a number of studies there was not a control group
of healthy matched participants to make comparisons
with normative data. It is paramount for future studies
to eliminate sources of bias and improve studies qual-
ity. In addition, since it has been reported that balance
abnormalities lead to an increase in the risk of falls [13],
another point which should be investigated in future
studies, is the relationship between the introduction of
specific balance training interventions in the rehabilita-
tion following THA, and the long-term effects on the
risk of falls. The studies included in the present review
did not report this information, thus results should be
considered in light of this limitation. Finally, for some
of the points discussed in this review few studies exist.
Thus, caution is needed before the modification of clini-
cal practice, and it seems thus essential to conduct fur-
ther high-quality research to increase the amount of
evidences.

Conclusion

Even if a firm conclusion cannot be drawn because of
the heterogeneity of the studies and the reduced num-
ber of evidences, an improvement in balance abilities is
observed following THA surgery in comparison with the
pre-operative performance, and balance abnormalities
persists for year after surgery, with THA patients show-
ing an increased risk for falls. Since it seems that balance
training is effective in all the rehabilitation phases if spe-
cifically structured for balance enhancement and consist-
ent in training volume, it is not clear if long-term balance
impairments are related to the lack of appropriate train-
ing interventions, or to the sensory-motor impairments
related to THA surgery. It remains unclear which assess-
ments are more appropriate for the different rehabilita-
tion phases, and if differences exist between the different
surgical procedure used for THA. Moreover, only two
studies exist assessing hip joint proprioception. Further
research is needed to better investigate these gaps in bal-
ance and proprioception assessment and training in THA
patients.
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