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ARTICLE INFO ABSTRACT

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.

Keywords:
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1. Introduction [2]. Problems with balance and postural stability are likely to occur in

patients with hip OA due to several reasons. Firstly, damage to joint

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

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,
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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 a = 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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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).

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]
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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 Calo 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



Gait & Posture 73 (2019) 52-64

F. de Lima, et al.

(98pd 1x2u UO panunuU0d)

‘pasn
sem saypeoidde om) 1130
91 Jo 1oyl JI aInsodxa
Jo1121s0d © 3Im AP{dIMb
a1owr pasoxdwr Aifiqe
3umpueeq drureuAp oy,
‘potrad aaneradolsod ayy
Jo syjuout g 181y Ay} Surmp
pasoidurr Asnonunuod
amsodxa Ty pue Tq yiIm
uo pajerado syuaned jo
Ayiqe Surouereq druwreUAQ

squow 9 18 6°T + T'ES
Jo 21005 359y 31y

oyl Suryoear ‘A[enpeid
pasoidur pue syoam g

1€ (50°0 > d) Apuedyrudrs
PpaseaIdap 1s3] aduereq S1og

8%'0 ¥ €5°¢ (0L (s]onuod sA)

500 > d (N) STO F 6b't
(L (N) TS0 F Sh'E (OL
aunsodxa Ty VHI (S[onuod

$4)G0°0 > d (D) 1€0 F 6LF

(€l () 0S50 ¥ 6¥'€

(0L (sjonuod sa) go'0 > d
(N £2°0 F Lb'y (€L (WD
S50 ¥ 0b°¢ (0L 24nsodxa
1d VHI (1) 620 F 66'%
() €€°0 ¥ S9'p sj00u0d
Aypay aoueys 3a7-3[qnoq

100 > dg¢ ¥ 55 (SL
6T FTeSWLLY F L'LY
(€L6L F ¥'1t (2L

6CI F v9E (LLEL F 9vb

(01 359 duereq 31ag
LT9 F 8¥'S6
VHL €0'9 * 9V'96

+

s10.0u00 AyIaH (S0°0 < d)

[enuaIdJRId 'S ¥6'6 F 9804
VHL 0T01 + v6'€L
s100u09 Aol (S0°0 < d)
IB[NqNSdA ‘v ¥0'6 + 18°L8
VHL LL'S F 6€£'06

s10.0u09 Aol (S0°0 < d)
TensIA "€ vv'y + 9T1°L6

VHL S9'v F 8L'L6

sj0.0u0d Ayyoag

'sjonuod Ayifeay

0] pareduod syuaned VHI
ur sasuodsal [edTOWWAS
pue [onuod [esod

‘T I8
VHL €S°€

(s0°0 < d) [errosuasojewros

F vS'SL
+ 9or'8s

s10.0u02 AyIDaf (S0°0 < d)

Arsno1aaid e jo siseq 9}

uo sasearadns sem syuanjed

[Te jo uoneIqeyay

‘paatasaid snsded jurof

oy} y3im a1nsodxa orralsod

(¢ pue ‘pajedinxs ansded

Jurof 9y} yIIm osfe ‘@insodxa

(TV) [eIare[-0191Ue (T

‘pasourax arnsded jurof )

ow  ym aInsodxa (Tq) [eIle]
9(ELMZL(TLM9 -12211p [euonipen (1 4q
(1.1 A1981msa1d (0L uo pajerado a1om syusaned

*SUOISTOUT JO UOTIBIO]

pue I2qUINU 3} UI UOTIBLIBA

1YS1[S YIIM INq SAISBAUT

£ A[ewurr a1e SyH[,

1 (S ow 9 (pI owr Y [[V ‘wod3ns drpaedoylio
c(eLMo(gLMmg paousnadxes ue £q
(1.1 A198msa1gd (0L pautiojrad a19m SYHL [TV

‘Jo20301d uOnEII[IqRYDI
PIepuels SY99M { pIepuels
*s1saYIsoad pajuswedun
10J uoisoul yoeordde

*921AP
onnadersy) (Aueuran
‘UApIOM ‘HqUID Surmsorg
-IopreH) pajNoInisod  Aq
pa[[epowr sem uoneqiniiad
USppNS [BUOTIIIIPIUN
*$359) uonzedoaold

paseq -punosenin Aq
pazLIaloeIRYD Sem AI[Iqe
Bumuereq drwreuAp ayJ,
‘WA JO JUOIJ Ul Aeme

w G jo81e) B Je SuLels
S943 pue SIpIs 1Y) 1B
suLe y3oq yim ajqissod se
[I1IS Se puels 0) pajonIsul
a1oMm pue (wmid[og

0D [EUONBUIU] UBISSY)
Jew JuswRINseaw amssaid
3uo[ wrg'Q B UO JUOL A
Ul qUIT] PI3JJJe-UoU M
90UR]S WApPUR) PUB qUOLY
9} Ul quil] pajdage yIm
90UB)S WIDPUE] DdUB)S IPIS
-Kq-opIs 199 ‘9ouels YIPIM
JIapnoys se sjuswaderd
100j $ YIIM JOOjaI1eq

puels 03 pajonnsur

a1om syuedronred ‘Afiqels
rexmsod amseaur o,

(VSN ‘uo3a1Q ‘sewreyoed
3u] JU[) WODOINAIN

Aq w=lsAs Aydeidoinisoq
orwreuA(q 197,

-inby 9y} A[owreu 3d149p
e Bursn Aq pauriojrad sem

@oe F 809

W) 6Cc F T19
(21nsodxa J1or1asod)
VHL (D) ¥'C ¥ 129
W) ¥'€ F €19
(dansodxa Ty)

VHL (D '€ F 665 (N
+'C F $°09 (dansodxa
1@ VHL (D) T'¥ F $°09
N 2'€ F 609
s[onuod Ayiesy

66 + 09 VHL

6'€l * LT'T9
VHL 6'€1 + LT'C9

(d21) Ssg (dmsodxa
Jordysod) VHL (A 11)
2¢ (2Insodxa [e1aje|
-o1due) VHL (A€1)
Gz (dansodxa [eraje|
-39911p) VHL (422)
G sjonuod Ayiesy

€C VHL

(4€1) €2 VHL (40T)

Apms paziuopup.
-uoN AreSunyg
‘(€102) T8 ¥ £deujoy

(289)
L1IT

Apms 4a1fp-2.10f0q
(M€D) € uemre[, {(S10g) Te 30 Sueyd

Apms paznuopun.-uoN

[EULIOU B ULIJUO0d eleq 2100s wnuqimby ‘1 VHI 193je syjuour § [e191e] YIIm A193ms VHIL Aydeidomisod orureudq s[onuod AyIesy 0T sjonuod AyiesH (4€27) € Ae1 {(6002) Te 12 Q[eD
s3urpuyy Juauniad
19130 10 ‘sapuanbaiy synjosqe
10 2Ane[aI ((IS) uoneIAdp (usurom
pIepuels ‘(IN) SOOULIYIP /u) udisap Apms
ueaw ‘(AIN) S9N[eA UBdA dn-mofjoj jo auirf, SonsLLIdRIBYD VHL doue[eq SSasse 0] S[00],  sIeak ul (S F ) 98e ues|y (uduwom/u) sdnoin ordures Anuno) {(1eax) IoyIny
NOISNTONOD SONIANII NIVIA SOLLSTYHLOVYVHD NOLLNIAYHLNI NOILVINdOd AdNLS

‘(€T = U) S3ONIR PIPNIOUI JO SINSLIBIDEIRYD 2ANdLIDSIP Jo Arewrums

I 3lqeL

55



Gait & Posture 73 (2019) 52-64

F. de Lima, et al.

(28pd 1x2u UO panunuU0)

paanseawr se ‘pasoxduir sey

Joueeq pue el pasoxdurr

MIT (LM 9 o Suisn VHI, Arewtd

ue 3ursn pajds[[od 1M

(19) 0T VHL (49)

Apms paznuopun.-uoN

[onu0d ddueTeq YSnoyIy pey VHI Suiaey sjusneqd (LI A198msaid (0L Juamispun syuaned [y elRp UONOW APOq-a[OYM 01 sjonuod APfesH (A 11) 0E VSN {(800T) ‘Te 10 apednT
ampadoid
aAnoNnsuodal diy snorasid
Aue o31apun jou pip Ao}
Jet]) 10€J ) 10J DABS BIIDILID
UOISN[IXd pue UOISN[IUI
QuIes 9y} 0] paidype
Jey) paysIqelIse osye
sem dnoid jonuod y ‘roud
s1BaA G pue T UsIMIaq
(sjonuod uononnsuodar diy Areurtid
sA) $6°0 = d 9°'69 F £928 [eIa3e[Tun auodPpun
(ppay (piowdf 23.v]) pey o1 pasu syuened  *Aiqels [einisod orwreuAp
VHL (S[onuod sA) 5g°0 = d ‘Apms oy 10§ SIS soynuenb Jet) 95149p €9 ¥ €'€s dzcn
6'6E F £'T08 (Pray pLowaf 9q o], *Ansi8a1 jurof Tejoy d[qe[IeAe A[[BIoIdUILIOd (pe9ay [eroura) Gz (peay Jeioway
"Sunsa)  psopuvis) VHL L'vy F 0°L08 [EUOHIMINISUT UE JO BUTUDIIDS e (vsn “11 “miessq 931e[) VHL 0'S + 9'€S 931e[) VHL (A€T)
quIIf-9[qnop ur s122[qns s10.0u0d Ay y3noxy) pue somIp  ‘sorureudq A1194) uIyoew  (peay [eIOWd) pIepuels) GZ (peay [erowdy
[onuod Ayireay o) Ajreruirs sa102s uondedonrdoxd A g rumuIxen Juanedino a1 uI yjoq 000S OTddO¥d 2y VHL 99 F 48 piepuels) VHIL (A10T1) Apmis paznuopup.-uoN
uiojrad sdnoid ylog — apis aanerado quui-ajqnoq A T wmwiuiy — paliels JUSUNINIJAI JUSNEd  UO Pajonpuod sem Junsaf, s[onuod Ayiesy Gg sjonuod AyIfesH (1SE) SZ VSN ‘{(+102) ‘Te 19 unjre]
(500 > d) 108 * 002
AmEuV sumoa jusuraderdsiq
(SN) 620 ¥ 19°€
:(wd) [eanIdA (SN)
TE0 F 1T (W) Pe-a104
(500 > d)s50 ¥ 15T
((U) [eIIeT $10.0U0D SA
(ZI) VHL (SN) 16T ¥ 8'€h
AmE& sumpoa jusurade[dsiq
(SN) 90°'T F 9€'v
((u) [ednIdA (S0°0 > d)
9%'0 F 9T :(ud) ye
104 (SN) IT'T F 8p°€ :(uD)
[e19)eT S]0.0U0D SA (I.I) VHL ‘wer8oxd uoneyiqeyas '$9210J UOTOBI punod
TIL F 96T (o) swmjoa oom-f paqridsaxd Te303 2y} ur Jusuodurod
‘sypuowr 9 aanieradojsod  juswedeR[dSIQ WD 90 F 9T'E JI9Y} paAredal sjuaned yoea Jo suonerdajul
Je paseadur £3100724 Jed :(Wd) [BITIIOA IV "sesaysoxd pajuswad d[qnop Aq painsesur
oy se paonpai Apremonted un /90 F 97°€ :(uw) -uou yIMm (yoeoidde s[req) oI19m Suwm[oA jusurade[dsip
9I9M IOM 3} pue 1Je-2104 U £9'0 F 9T'E yoeoidde eisye[oialue DD pue Juswade[dsip $2'8 F 68 Apms
9[04> J1e8 duo Sulmp YIPIM (WD) [eIIET $]0.0U0d AYIDIE o) £q pawnrojrad a1om  ‘AIID0[PA DD [RUOISUIWIP VHL #'C21 F €9 A6 VHL paznuopupi-uoy ueder
JusWRdR[dSIP HOD YL  HOD JO YIPIM Juswde[dsiq ow 9 (ZL M ¢ (LL S3sed [[e Ul saL1adins oy, -€ 9} ‘Tern yoes 104 s[onuod AYIesH [T S[0NU0d AYIfesH (16) 02 £(8002) 'Te 1° Dyezue)]
(sjonuod sa) g0 > d
(@ £20 F L6'F (€L (D)
6€°0 ¥ 85°€ (0L (s]01U0D sA)
500 > d(N) STO F €LY
(LN 170 F t¥'E ‘Afeaneradosod
(0. 24nsodxa 101121504 YooMm T T
VHL (s[onuod sa) go'0 > d mun jsidersyyorsAyd sures
(D 0€0 F 18 (EL (D) a1y £q [od0101d paduerre
s3urpuy Jusuntad
1930 Io ‘sarouanbaiy anjosqe
10 3ANe[AI {(gS) uonerasp (uswom
pIepuels ‘(IN) SOUIDYIP /u) udisap Apms
ueaw ‘(AJN) SoN[eA UBd\ dn-mofjoj jo auir, sonsLLIdRIRYD VHL doue[eq SSasse 0] S[00],  sIedk ul (QS F ) 98e uea|y (uswom/u) sdnoin ordures Anuno) {(1eax) Ioyny
NOISN'TONOD SONIANIA NIVIA SOLLSIYALOVYVHD NOLLNHAYHLNI NOILVINdOd AdNLS

(panupu0d) 1 dqeL

56



Gait & Posture 73 (2019) 52-64

F. de Lima, et al.

(28pd 1x2u UO panunuU0)

'S9[qeLIRA [[e Ul

VHL uey) 19139q pauriojiad
dnoi3 jonuod o)

159) dIUIRUAD SIY) U] IPYIP
aandadorrdoid Aue aaey
Jou pip Juswadedar diy
8301 1M syuanied ‘sjonuod
paypleu Xas pue -a3e
Aqresy ay) yim paredwod

‘syuanjed asay)

ur [01)U0d pue AJIfIqour
Jutof pa1o)sa1 AJnyssasons
£1981ms jety paysad3dns
syjuour g e ddueuLojrad

Aymiqess jo syunt (400 = 4)
€8'L1 F TI'HS 19-10S

(SN) €€'€T + £E£'09 :S-1LOS
(SN) ¥S'8 F 1T'6L b-10S

(100 = d) ¥5'9 ¥ 9048
:€-LOS (SN) 10 * S9'16
'2-10S (SN) 24T ¥ €0°€6
‘1-1OS VHL S0'8 + 1119

‘9-LOS 0¥'0T + 80'v9
‘G-LOS 8’11 + TS'08

$-10S S9'¢ F SE€'16

:€-10S L¥'C F 14°16 :T-10S
0b'S * S9°16 ‘1-LOS sjoHuod
Aynpay (s2109s winLIqI[inba)
159) uonezruedio A1osuas

sk} sIdLLIeq

a1y 10j dnoid jonuod ayy

JO 9soy) uey) 198Ie] pauTRUIaI
sopmydure ren8ue {01 3],
(€ sypuowr g1 Je dn-mof[oj

e dnoi8 jonuod [euou Y}
JO SON[BA PIPIIIXI SANIIO[A
110Y (g "syjuow g1 pue Inoj
e dnoid jonuod paydjew-ade
9y} jo sanfea 3y} payoeoidde
pue A1281ns 1o)je Apuedyrudis
paaoxduir [003s e woiy dn
3umn3a8 s[rym pue sisrireq mop

POIUDUIADUOU ‘SIS

puqdy o ug “Aisejdoryire

UOTSIADI [BIDIR[I] JO Jsed

Quo pue ‘sased prghy 1y3e

‘S9SED PIJUIWIUOU 9T

9IOM IV, "SISED 97 M

9aed 1ofew e PaININSUOd

YHL [eIeJe[iup "uoIsIour

yoeoidde [erayeforalsod

PIm £1981ms suodropun

'sAep 14g  pey Apms a1 u syuaned oy

SEM JUSWISSISSE JO IV "Apnis a3 ur papnpour
91ep 9y} 01 A193:1ms 9I9M SISBD PIJUIWIUOU
Jo 21ep 9y} woxy pue ‘pajuawad
uoneIp ULSUI YL, ‘Te1ale[Iq ‘feraleqIun yjog
*Aep aanerado-1sod 1s1 a1}

uo say2INId YIM Jurreaq

y8rom AJmy pasiiqowt

a1om sjuaned [re A1e8ms

I9)JV 'SISED 1SOW Ul pasn

3uraq e1sayisoeue [RUOISAI

M u0a3ms padusLadxd

ue jo uoisiaiadns a1 Jopun

10 Aq 191319 paurioyrad a1om

suonetado [y ‘uonisod

aurdns a3 ur Juaned ay)

ym yoeoidde [esini3suen

e y3noIy) pajrasur

(rouwruutz) yusuodwod

[eIOW) OE-SIN PAIUIWD

B pue (pUB[IdZIIMS

‘INYIIIUIN “ToWIWIZ)

Jusuodurod Ienqelade

1-ssa1d I9YdSION

A1 (gL owp B “4HI Jo adA) sures

‘Burreaq

1ySem pue Yrys 1ySrom
srupAyz ‘Aypiqess jo sy
‘(LOS) s1s91 uoneziuedio
K10sUds Jo uonEN[EAD

10J pasn sem (4O
‘sewreyoR[D) ‘[RUONRU -I9)U]
UI0D0INAN ‘/ UOISIDA)
I9)SBIA ddUR[Rq JIRWS V

PAdL €

/2T 93 Je 919M SIOSUDS Y}
et} os jusnied 3y} 0] 1[3q
e Aq payoene sem PIYM
‘(PUBISZIIMS ‘P[EMI[IS]
‘HquIDH suoneAouU]
[euoneuIaU] dUR[RY)
uIR)sSAS adue[eq IBISABMS
oy} jo (sadodso143
o1doa1qy) s10suds A11D0[aA
zen3ue om) 3y} £q sysey
1e8 pue soue)s 9y Surmp
PAINSEIU SEM ‘SJUSUIDAOUT
(3p1s-03-9p1s) (01

pue (spremydeq spIemioy)
yo31d Yuni jo uLoj

(aN)
6°0v VHL paydew-a3e
“IN s[onuod AyIesq

29 F 049
VHL paydrew-ade

(4S) 0€ VHL (45)
0g s[onuod Ay3resH  (401) 09

({4 11) ¥ VHL
payarewr-1opuad ‘(YN)

Apms
PaZIWopuD.-UON BIpU]
(€00T) Te 3° epmo3a[[eN

Apms paznuopup.
-UON UB[ISZIIMS

[eUONOUNJ [EULIOU JSOW[Y  I9A0 Sunjem aiym dduereqg (I (1L A198msaid (0L oY) pasrdal sjuaned [y 9y} Ul ‘9dUBTRq JO [01U0D “IN sfonuod AIesH OGS s[onuod AyIfesH  (4IN) #¢ £(S002) Te 12 D[smaley
‘porrad Apnis oy *SJUSWIOW PUB $3210]
Burmp 3sidexaryy redrsAyd uorOeal punoid 1937102
aures 93 YIIM usurdar 0] Aemy[em 31} JO IIUD
Adexa earsAyd Teonuapt oY1 Je saLIds ur paderd
A1381ms 210J2q YIIM UB JUSMISPUN USY] SIUSNRd  219M (VA ‘UMOLISIeM DUl
patedwod uaym A1a8msisod (NI ‘mesIepp QU] Jourury) S9130[0UYII], [EITURYIIN
‘A1a8:ms)sod syoam Syoom 9T d[Sue UOTIRUIIUL syuerdurr dry Jouruiry pasueApy) sajerd
91 £q s193(qns jonuod 1ouAsod (200 = d) 1918018 (syuanied 991y)) paIULWIAD 9010 OM], "S)IRWpUE]
JO [9A3] Y] paydeas jou e )M d[3ue uoneurpul 10 (syuanied £ 1) pajuswadun Auoq uo paderd s1oyIEUT
QAey [0S VHI Suro8ropun [erpawt (800°0 = d) PaA19231 pue quii] pajddjje 9ATIOI[JAI 6T JO 13S B
syuaned ‘saj3ue uoneurpur  Is[ews e pey yHI, Surodiapun 9y uo yoeordde [ed18ms  ym (v ‘esoy ejues ‘diod S F 04LS
aimssaid jo 191u9d sjuaneq "Are8msisod (s1uaned 1y319) [eI1ele] sIsA[euy UONOJA) WdISAS VHL €S F 66S
-SSBUI JO 19Judd ) Aq syeam 9T Aq [onu0d 10 (sjuaned 1) JoLjue uonow eIawed-1y3n s[onuod AyIesy
s3urpuy Jusuntad
19130 10 ‘sapuanbaiy synjosqe
10 3ANe[AI {(gS) uonerasp (uswom
pIepuels ‘(IN) SOUIDYIP /u) udisap Apms
ueawW ‘(AJN) SoN[eA UBIN dn-mofjoj jo auir], SONSLvIORIRYD VHL 9duB[eq SSISSE 0] S|00], sIedk ur (QS F ) 98e uedy (uawom/u) sdnoin ardureg Anuno) {(1eax) Ioymy
NOISN'TONOD SONIANII NIVIA SOLLSTYHLOVYVHD NOLLNIAYALNI NOILLVINdOd AdNLS

(panupu0d) 1 dqeL

57



Gait & Posture 73 (2019) 52-64

F. de Lima, et al.

(28pd 1x2u UO panunuU0)

dnoi8 fonuod
snewolduw4se ‘paydjewr
98e oy} 03 pareduwod
‘A1931ms a1y 19)JR

s1eak g-g 03 dn parredur
aq T[ns ued sjuaned

191ourered dLIOWO(IRIS

TV (¥ "paso sako im

159) 9y} SuLINp PIAIISQO dIoM
S9OURIAYIP JuedYIUSIS IO
(¢ dnoi8 Apnis ay) ur Juasaxd
a1om s1oyourered 353y} Jo yloq
103 sanfea 1RY3IH (g ‘pauado
s34d 3Im 159) 3y Surnp
sdnoid jonuod 9y} pue Apms
9} UIMIDq UONIRIIP TIAL UT
£)100[2A UBIW UONIBIASDP dOD

aures a3 Sursn (puejod

‘efeIAl eupny ‘Telidsoyq

isienads Aqrwre A[0H Yl)
JTUI[D duIes Y ul suoadins
J1padot}io Jo urea) auwres

o3 Aq paurtoyrad yoeoidde
(8uraes a[nsded jurof)

SAISBAUT A[[RWITUTW B 919M
sampadoid [ed18ins oy

ow [V ‘sisayisoxd pajusuredun
€ XB\ OW T [UIA pue yoeoxdde [ersle| e

A1981s YHIL

93 I9jje Syjuoul 9¢ pue g
uaaM)aq U0 pauriojrad
sem ‘urrojjerd 2210y

L8 ¥ €99

VHL jo dnoi3 oy ur S UT SA0UDIDYIP JuLdYTUSIS ow g°6g :A198ms (M A1e8ms YH] [erole[run oLawofiqe)s ay) Sursn VHLZ9 F 085  (41€) SS VHL (4 1€) d29) Apmis paznLOpUDI-UON
s1o)owered adueleq dIIERIS A[Teonsne)s a1om 1Y, (T QdUIS oW} UBS]\  duodiopun pey syusned [[y  JUSUISSISSE ddUB[R] d1IBIS s[jonuod AYIesH 8 S[oNU0d AYIfesHy €01 puejod {(8102) ‘Te 32 dod
*S9[osSNUI 10]eJ0X
[eUIS)Xa-[RUISIUT pUB
s9[osnuI 10}onpqe-10}onppe
dry a3 se [jom se sdnoid
S[oSNUI J0SUI)X-10X3[J
diy pue sawy a3 pajadie)
1)) S9sIOIAXa SuIydlads
pue driawost urpniour '$90) pue
&o0o=d) 0ZI F 088 ure18oid UoneIIqRYaI  S[99Y UO SISNIRW JATIID[JAI
(%) ySuans sa[dsnux }ooM-Z T B JuaMIapun Aq payruarfap 1oddns
103npqVy (SN) 68'0 F ZZ'1T syuaned [[e ‘A198ms 12V JO 9seq 31 Jo surprut
:('TIN) INOD-SINY. (SN) “usuodurod Ienqelade  1Je-210j JY) W0IJ passaidxa
‘SJONUOd 3Y1 01 HI'T F SL'¥ :(dV) IWNOD-SINY woin( e pue ([NseIdiy) pue eLn ay) Jo spuodas
paredwod uonoaIp el  ($+0°0 = d) 68°0 F T6'T :(TIN) peay [eaul Ienpouwt 0ZT 9y I9A0 pale[nored
-[erpawt a1y ur apmydure dOD-SINY (SN) 9T'T * 10°S Iojowrelp d31e] B YIM SeM UONI3IIp [elale]
Juswade[dsIp JOD  :(dV) dOD-SINY (Ppay [psowaf Pasn sem BUID)S [RIOWID) -[erpaw a3 ur uonisod
I9MO[ 9y} 10j d[qIsuodsal 98.0]) VHI 09T * 0°SOT pojuSWIddUN WINTUEI d0D 28exdae YL, "ZH 09
Aurewr aq pnod :(%) 1ySuams sa[asnur ourojods §TD © ‘dnoid VHIL Jo Aduanbaiyy Surjdures
8uams Je[ndsnu 10}onpqe 1019NpqV £8'0 F 0T Ppeay 1a19welp 231e] 9yl Uf & Je 3urp102a1 31e[dadio]
JTomof sty ‘A18ms  :(TIN) INOD-SINY 2+'C F 2S'S ‘yoeordde [ed18ins ror1e)sod LLINV Ue [IIM P31dd[[0d 8'S ¥ 8°0S e
I9ye owr 9 8uaNs  :(dV) INOD-SINY 98°0 F 9S°C B pasn A9y ‘sased [[e 919M SJUSWIOUI PUB $310] (peay [eIowy ¥1 (peay [erowsy Apms paziuopup.
S[osnur 101oNpqge 1940331 :(TIN) dOD-SINY LE'C F £LL'S  (owr £-G ‘98uer) dn  uf ‘souedins o) pauriojrad uonoea1 punoid “ysel adre) VHL £'8 F S'v¥ a8xer) VHL (49) -UON epeURD
A1y jou pIp sjuaned VHIL {(dv) dOD-SINY sjo.nu0) -MO[[0] ULI9)-}I0YS  Suoa3Ins paodusrradxa 391y ], Qdue)s 3o[-[enp 9y} 10, s[onuod AyIesy 1 sjonuod Ayiesy (d6) 8T (6002) Te 39 [oIUBN
(1000 = d) S'IT F 6+'S9
(%) gdd (1000 = 4
0S'6 ¥ 18°C8 (%) HXIN
(1000 =d) Lt'6 F 1€'8L
(%) DA (10070 = d)
10 F 0S°C (99s/32p)
AN (+000 =d) 520 * IT'T
:(998) 1M VHIL 19°L F 8C'88
(%) d9 89°€ F 15'86:(%)
XN 9T'E F LL'L8
(%) DA TTT F 86°C :(99s 2urof diy a3 jo Juswadedar
/33p) AIN 820 F 06°0 :(995) I0J pasn 3I9M UId)S
1M s100u0d AyIIpag] 159 PalUsUId) puR WN[NGEAI.
s3urpuy Jusuntad
19130 10 ‘sapuanbaiy synjosqe
10 3ANe[AI {(gS) uonerasp (uswom
pIepuels ‘(IN) SOUIDYIP /u) udisap Apms
ueaw ‘(AIN) S9N[eA UBdA dn-mofjoj jo auir, sonsLLIdRIRYD VHL doue[eq SSasse 0] S[00],  sIedk ul (QS F ) 98e uea|y (uauwom/u) sdnoin ordures Anuno) {(1eax) Ioyny
NOISN'TONOD SONIANII NIVIA SOLLSTYHLOVYVHD NOLLNIAYALNI NOILLVINdOd AdNLS

(panupu0d) 1 dqeL

58



Gait & Posture 73 (2019) 52-64

F. de Lima, et al.

(28pd 1x2u UO panunuU0)

Buump Aipiqels srureukp
Jo wrened 9] Ul 2DUSIYIP
B SeM 9I9Y) Jey) jedrpur
s)nsai ‘suosrredurod

dnoi3 usamiaq pue

urm 1o aseyd s Surnp
POYTIUSPT SeM DUIYIP
JuedyIudIs ou IYM

'VHL

I9)je pasoxduil auwredaq
VO 01 anp A3iqess femisod
paaredw ue jey) aq pnom
uonejardia)ul eInjeu

9Y) pue VH] 19)Je paonpail
sem Surpue)s [e1ale[iq
1omb uo Aems emisoq

UON pT°T F £9°€ :parerndo
([wo] £npqois snupulp

STS) VHI €L ¥ S'SS

WOT L9 F 9Ly

28Ty ([%1] Aniqoas orumwulp
S1a) s100u0D TO'T F LI'E
WOTOF'T F TS'E

2ysry ([wo] Lpqois
onupufp §7s) sjonu0D

900°0 = d :(4D)

Kems [e121eT $,0°0 = d :(F0)
Kems [e1areT 1000 > d :(dD)
Kems 1e318esq $0°0 = d :(HO)
Aems Te113eS (VAONYV J1030€]
-ouo) anfea-d 0'T ¥ 9T
:(4D) Aems [e123e] £'0 F 0T
((0) Aems [e121RT €T F 9'F
:(3D) Aems [en8es L0 F S'€
((30) Aems rendes (zL)

VHL 60 T 8°C :(d@D) Aems
[e191BT 6'0 F #°C :(HO) Aems
[eI2RT €T F 9% :(4D) Aems
[eudes 'I F 6°¢ ((40) Lems

+

+

+

[enses (LL) VHLTT + T'v
(@D) Aems IR 9T F 0°€
{(40) Aems [eINRT 9T F 19

(dD) Aems [e113eS 9'T F G'p
:(30) Aems Tenses (0.L) VHL

+

dnoi8 Apms a2y ur 1oydiy
Apueoyrus arom‘eare yred
dOD 2y3 Surpnpxa ‘sanfea

SYJUOW Z JO WNWIUIUI B
9I9M ‘YHLL TeIdIe[Iun a1 1oy
asned JY) Se SHLIYLIL0)SO
Jo A101S1Y B PRy VHL
[eIoJe[Iun YIIM S[eNpIAIPUT
3, "BaIe BIU-BA[ASUUSJ
pue £3sI9f MaN 9} Wolj
PIINIDDI 2I9M SISDJUN[OA
Z€ Jo o[dures 9dUSTUIAUOD Y
'pasn sem

Qoue)sIsal se Jy3rom Apoq
umo sjuaned ay3 Sursn
wrerdoxd uonel[Iqeyax
[euonipen y ‘pade -mnodus
9IOM SISIDIOXS dWOY
I9)yea191) pue ‘uonerado
1oye Sururen) dnoid Apjeam
Jo suolssas 0T pajo[durod
syuanyed [y ‘sjuanied [re

ur pasn sem (N ‘PIojIoyIny
dU] BIIPIWIMOH J9NANS
‘_IMIA) dnd susjhpakiod
payursso1d AySiy
‘poIuRWRd Y (ZT = U)

(NI ‘MeSIBAA ‘DU JoWWIZ
{1dD) wd)s wdj paiadey
pue paysijod pajusurad

' pue (8 = u) (NI ‘MesIep
U] JoWolg DLIIW-1g)
wd)s INWaJ pajeod-snotod
SSO[JUDWID B :PasI a1am
sasaylsoxd diy jo sadA) om],
‘suoneIIWI] pue
suonedrjdwod [esrdmsysod
renuajod ay3 Uo pasndoy
wrer3oid [euoneonpa 3y}
pue ‘SayoInId YIIM Sunjem
Burreaq-1y3rom aarssardoxd
‘sa[asnur 1oyonppe

diy pue sSurnsurey

913 Jo SurydIAIS ‘OSIDIAXD
(JNOY) uonouw jo a3uer
aa1ssaxdoad ‘saposnur diy oy}
Jo as1o1axa Suruayiduans
aA1ssa1doxd Surpnpur
[000301d pIepues yoom

- Jo paisisuod urerdoxd
uoneliqeyas £193ms

-1sod oy, -odAy yuerdur

‘A1981ns-3sod

s1eak g auo pue
‘owr £ pue 9 ‘G yoes
ouo pue ‘A193ims
3sod owr g-7

a1am sjuedpnred
VHL 97 jo U9,

£z (cLowg
(1.1 A198msa1g (0L

-0€ B SSOIdE S[eLn QT 10j
payem syuednnied sirgm
UONDI[[0D BIEP dNBWUL]
(@g) TeuorsuswIp-g 10§
Pasn Sem SeIdUIED PaTeIjur
XIS YIM (pue[duy ‘SOLIIdIN
PIOJXQO ‘0°E UOISIoA)
9IEM]JOS UOTIRISHIOM

pue wajsAs L€ NODIA UL

‘Kems

reniSes pue [erde] azATeue
0) pasn Sem dIEMJOS
pajedipap pue 1anduiod
9} 03 PIJORUU0D (AeMION
‘punsadue s910319
‘qeapsniy) erd 9210j v

Ty ¥ 6°0L
VHL LS F VL
s[onuod AyIesy

0°'Z ¥ 049 VHL

91 sjonuod Ayiesy

Apms paznuopun.-uoN
(d02) z€ VSN “(¥00T) e 39 DISUIMI[S

(46) 9T VHL (4 1T)

Apms u23fp-au0foq

(481) CC VHL (d81) T U2pams i(0T0T) Te 32 yosey

NOISN'IONOD

s3urpuy Jusuntad

19130 10 ‘sapuanbaiy synjosqe
10 3ANe[AI {(gS) uonerasp
pIepuels ‘(QIN) S9OULIRPIP
ueaw ‘(AJN) SON[RA UBIN

SONIANIA NIVIA

dn-morjoj jo auy, SOUSLIAIORIRYD VHIL

9dUE[Rq SSISSE O] S[00],

s1eak ur (s F ) 98e ueay

SOLLSTYALOVEVHO NOLLNAAYHALNI

(uswom
/u) ugisap Apms
(uawom/u) sdnoin ardureg Anuno) {(1eax) Ioymy
NOILVINdOd AdNLS

(panupu0d) 1 dqeL

59



Gait & Posture 73 (2019) 52-64

F. de Lima, et al.

's1eaf (X ‘Aserdoryire diy [ejo], :VHL 89} uoneziuesio AI10suas :10S 1oddns quin-o[3uls :STS ‘UOIIRIASD pIepuels (S OWn UonIedy

:I¥ ‘uonour jo a8uey NOY ‘21enbs ueswr 100y :SINY $943 uadQ :HO ‘UOISINIXD WINWIXRA ‘HXIA ‘AID0[2A WNWIXBIA ‘AN SYIOIA (O ‘[BISIR[-[RIPIAl “TIN IUSISJIP UBIIA Il OB :IA S[eWw4 3 ‘UoIsIndxa juiodpuyg
qdd 91oddns quir-o[qno( :STJ ‘[ersre[ 39911 TJ JONU0D [BUONIAIIQ D[ @Inssaid Jo I9jud) :dJOD SSBW JO I AIQD ‘AIALIS JO I2JUD :DHOD S943 paso[D :HD ‘I0112)s0d-IOLRIUY dV [eIdle[-0I1)uy Ty :puasdat

‘u1aped JUL)SISUOD OU

pue 93uel 9pIM B PIMOYS
syjuow XIs Je sSurpuy

oy} Inq ‘yuswade[dar

dry 193ye 1e£ QU0 A)I[IqEIS
reamysod ur JuswaAoxdurr

‘s3urpuy aaneradoaid a3 0}
uonea1 ur urened JUISISUOD
Aue moys Jou pIp SYIUOW XIS
I9)Je s)nsa1 ay) pue ‘sdnoid
oM] 3] UIMIaq JuRdYIUSIS
jou sem Aems [ernjsod

ur DUIRPIP YL (€ (6T
98eI0AR) SJIUN €6 0) 9 WOIJ
paduer seare ay) uonerado
I9)Je IedA duo pue ‘uonerado
210J2q (SITUN 9 d8eISAR)
sjun 191 01 1 woyy Surduer
seare Aems pey Asejdoyiae
SaYdIED-JH PIJUSUID-UOU d}
M syuaned (g *(1g 98e1oae)
sjun /f 03 £ woij paduer
seale 9 ‘uonerado Iaye
1e34 v "uone1ado a10jaq (syun
7€ 98eI0AR) S)IUN {7 0} 6 WIOTJ
pa8duer seare Aems [enjsod
oy fisejdoryire uonodLy Mof

*ATiqess reaysod Yy YIm
apew uosiredwod e pue
pasn sem 210ds diy SLLIRH
9y, ‘sdnoid yjoq ur no
parLed sem Awojdansde)
‘sisatIsoxd saypIen-dq

3} 10J pasn sem Aur0joalso
JLI2JUBYDO0I) INOYIIM
yoeoidde [ersrejorsisod

V “(ed1pawmoy) Jusuoduwod
[eIoWd) SaYdIRD-JH Y}
3uraey dnoil pajuswad-uou
oY) ur a19Mm sjuaned USA[H
‘uonisod U pAJUIUWD

puE “I]ueyd01) I93eaId

9 JO JUSWIYDEIDP YIIM
‘yoeoid-de [e1ale] e y3noxyy
palIasur sem s1saylsord
AsuIeyD YL, JUSUID

M paxy Aiserdorylre
uondLy Mo[ Ad[ureyD

A1 (zLowg ® 2ARY 0] AJwopuel

‘PeO]

a1 jo Surpear snonunuod
B 9AIS 0] IDAS[IIUED [OEBD 0}
payodene are sadned ureng
*Aroyduad s31 punoie
padeds A[renba s1oas[nued
vamp) Aq pajzoddns
uuropjerd Ienoir

® ST YOIYM I9JoWO0IRIS

AN F G'T9 (parusuad
-uou) VHL YN F 1'S9

d9) 1t
AUOHGQEUQ.GOGU VHL

a9)

*SOUI0INO
20uD]Pq SUIPID3a.L SINSaL
123fp-2.40f2q U0 paspq
pasAjpup spm Apms sup
‘dno.d j0.n0u0d LAy
ou 1 94011 IUIS,, DL
PaZIUIOPUDY USPIMS

ue pajensuowap sjuaned  Asqureyd e yam sjuaned uf (1 (1.1 A1981msa1g (0L Pa199[3s a1om sjuaned ua], ® U0 pools Juanjed ayJ, (paiuswad) VHIL 0T (po3udwad) VHIL (I 11) 1T {(6861) 'Te 19 ueunjApm
*PIIUAUWD-UOU PBRY
T pue sainpadoid pajusuiad
100 > ds pey sjuedpnied 91 a3
+0'S F €¢G :pajerado Jo uda)Inoy ‘Surreaq 1y3rom
-UON /¥ F THS :parerndo 1INJ 319M pue ‘uone[Iqeyal
'sdnoid om1  ([9] Anpqois onupulkp STQ) 1oyl paye[dwod  'zH O0ZT sem ajel Jurjdures
a1} usamiaq aseyd S 9y} VHI Sv'T ¥ 9€'f :pajerado pey ‘A1a8ms-jsod  e1owred Y], ‘Aem-Y[eMI00]
s3urpuy Jusuntad
19130 10 ‘sapuanbaiy synjosqe
10 3ANe[AI {(gS) uonerasp (uswom
pIepuels ‘(IN) SOUIDYIP /u) udisap Apms
ueaw ‘(AIN) S9N[eA UBdA dn-mofjoj jo sy, sonsLLIdRIRYD VHL doue[eq SSasse 0] S[00],  sIedk ul (QS F ) 98e uea|y (uauwom/u) sdnoin ordures Anuno) {(1eax) Ioyny
NOISN'TONOD SONIANII NIVIA SOLLSTYHLOVYVHD NOLLNIAYALNI NOILVINdOd AdNLS

(panupu0d) 1 dqeL

60



F. de Lima, et al.

Gait & Posture 73 (2019) 52-64

N

N

. Were the participants included in any comparisons similar?

w

IS

. Was there a control group?

[

o

~

[e)

. Were outcomes measured in a reliable way?

©

. Was appropriate statistical analysis used?

Caloetal.(2009) | + | + | + | + + |+ |+ |+
Changetal. (2015) | + | ? ? + |+ + | + +
Holnapy et al. (2013) | + | + ? + + |+ + | + +
Kanzakietal. (2008) [ + | + | ?2 | + + |+ |+ | +
Larkinetal. (2014) | + | + | ? | + + |+ |+ |+
Lugadeetal. (2008) | + | + [ 2 | + [ + | + | + | + | + Scores
Majewski et al. (2005) + |+ |+ |+ (+) Yes (low risk of bias)
Nallegowda et al. (2003) sl ]+ ]+ (?) Unclear

Nantel et al. (2009) N (-) No (high risk of bias)
Pop et al. (2018) + | + | + +
Rasch et al. (2010) + |+ |+ +
Sliwinski et al. (2004) + |+ |+ | +
Wykman et al. (1989) + |+ |+ |2
(1 [ [38] [4 [5] [6] [7]1 [8] [€]

. Is it clear in the study what is the ‘cause’ and what is the ‘effect’ (i.e. there is no confusion about which variable comes first)?

. Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest?

. Were there multiple measurements of the outcome both pre and post the intervention/exposure?

. Was follow up complete and if not, were differences between groups in terms of their follow up adequately described and analyzed?

. Were the outcomes of participants included in any comparisons measured in the same way?

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).

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 Calo 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.
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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
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Table 2
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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 No of individuals Quality

Ne of studies  Study design Risk of bias  Inconsistency Indirectness Imprecision Other considerations THA Healthy controls

Postural balance

13 Non-randomized studies  serious® serious” not serious  not serious  none 379 269 SOOQO VERY LOW
Explanations.

? 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.
> There was substantial heterogeneity regarding postural balance assessment tools and follow-up times. Moreover, conflicting results were observed across studies.

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
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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.
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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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