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         Pre-Surgical Sensorimotor Training for Patients 
Undergoing Total Hip Replacement: A Randomised 
Controlled Trial    

arthritis Index) scores pre-surgically and 3 weeks 
post-surgically. 
 The eff ectiveness of a sensorimotor pre-surgical 
training programme on THEP rehabilitation has 
not been evaluated yet. The sensorimotor system 
includes  “ sensory, motor and central integration 
and processing components involved in main-
taining joint homeostasis during functional 
activity ”   [24] ; in sensorimotor training all these 
components are stimulated. A sensorimotor 
training programme has been shown to have a 
positive infl uence on strength, and improves the 
ability to perform activities of daily living and 
balance in the elderly  [19] . Fitting a THEP impairs 
sensorimotor abilities, though it does not aff ect 
proprioception  [23,   31,   42] . This makes it reason-
able to ask whether hip replacement patients 
would benefi t from a pre-surgical sensorimotor 
exercise programme. 
 Our study aims to show whether pre-surgical 
sensorimotor experience has positive post-surgi-
cal eff ects on physical activities, physical com-
plaints (disability), quality of life and 
sensorimotor function. We assume as our fi rst 

 Introduction 
  ▼  
 The success of modern hip replacement is based 
on 40 years of orthopaedic experience. Progress 
in both surgical techniques and the materials 
used has gradually increased the lifespan of the 
prostheses and made this procedure one of the 
most cost-eff ective surgical treatments in mod-
ern health care  [37] . In Switzerland alone, more 
than 15   000 total hip endoprostheses (THEP) are 
fi tted annually  [1] . 
 There is a marked lack of knowledge about the 
eff ect of physiotherapy applied  before  the proce-
dure  [2,   11] . In addition, little is known about 
how hip replacement aff ects patients ’  quality of 
life. Gocen et   al.  [18]  found that an 8-week pre-
surgical strength and mobility training pro-
gramme enabled patients post-surgically to per-
form transfer activities one day earlier and to 
climb stairs one day earlier than controls. Two 
studies  [17,   40]  involving 8-week pre-surgical 
strength and endurance training programmes 
resulted in increased fl exibility, ability to walk 
and WOMAC (Western Ontario McMaster Osteo-
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  Abstract 
  ▼  
 The aim of this study was to investigate whether 
pre-operative, sensorimotor training results 
in improved physical function, quality of life, 
sensorimotor function and reduced disability 
in total hip replacement patients. 80 subjects 
awaiting total hip replacement at a Swiss hospi-
tal were recruited for this randomised control-
led trial. The intervention group participated in a 
pre-operative home exercise sensorimotor train-
ing programme; the control group received no 
therapy. Primary outcome measure was physi-
cal function, secondary outcome measures were 
quality of life, disability and sensorimotor func-
tion. Outcomes were measured using generic 
and disease-specifi c questionnaires as well as 

objectively assessed balance ability. Measure-
ments were taken one day before surgery and 
10 days, 4 and 12 months after surgery. The 
intervention showed improved quality of life 
and sensorimotor function before surgery. These 
eff ects were lost following surgery. The inter-
vention group experienced more disability at 4 
months than the control group. At one year fol-
low-up group-membership infl uenced quality of 
life scores depending on the measurement-time-
point. It can be concluded that no useful eff ect 
was identifi ed for a pre-operative sensory-motor 
training-programme. The psychological aspects 
following total hip replacement need to be con-
sidered in order to facilitate coping-strategies, 
reduce unrealistic expectations and increase sat-
isfaction.         
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hypothesis that trained individuals will have improved self-eval-
uated physical, social and mental function up to 4 months after 
surgery due to their pre-surgical sensorimotor experience. The 
training will give the training group pre-surgical improved pos-
tural stability which will be retained up to 4 months after sur-
gery determined by measurement of objective balance skills. 
Our second hypothesis, based on clinical observations, is that 
the benefi ts derived from the comprehensive post-surgical reha-
bilitation programme along with the gradual resumption of day-
to-day and work activities will surpass the limited eff ects of the 
pre-surgical general (not individualised) sensorimotor pro-
gramme, so that the values for the 2 groups will converge by a 
year after surgery.   

 Material and Methods 
  ▼   
 Study design and sampling 
 Eighty men and women took part in this randomised controlled 
trial, all of whom were fi tted with a THEP between June 2004 
and March 2007 at the Cantonal Hospital in Liestal, Switzerland 
(see       ●  ▶      Fig.     1  ). Inclusion criteria were unilateral arthrosis or 
femoral head necrosis, fi rst and unilateral THEP. Patients who 
had had previous surgery on the aff ected joint, who had been 
fi tted with hip, knee or ankle joint prostheses, for whom a dou-
ble-sided THEP had been planned, who were due to undergo the 
procedure in fewer than 3 weeks, who would only be able to fol-
low the training programme for fewer than 15 days or who were 
suff ering from neurological complaints were excluded from the 

study. Potential participants were informed about the purpose 
of the study verbally and in writing by the instructors. They con-
fi rmed in written consent that they would participate in the 
study on a voluntary basis and without receiving compensa-
tion.   

 Intervention and control conditions 
 The training group (TR) followed a pre-surgical sensorimotor 
training programme at home, while the control group (CO) 
received no therapy. On the day before the surgery (the day of 
admission to hospital), both groups, in accordance with stand-
ard clinical procedure, were given brief verbal information by 
the instructors about the course of events after surgery and the 
risk of luxation, and were instructed about standing up from a 
supine position and about walking with forearm crutches. After 
surgery, both groups received the standard follow-up treatment 
from the physiotherapy team, which involved full loading for 
both cemented and uncemented prostheses following the stan-
dard therapy protocol used in this hospital. After discharge from 
hospital, the participants could choose whether to attend an 
outpatient rehabilitation programme or a rehabilitation clinic. 
Post-discharge care was not protocolised but consisted of usual 
care therapeutic modalities.   

 Pre-surgical training programme 
 The training programme was a so-called minimal intervention 
strategy, demanding minimal training eff ort over a period vary-
ing from 2 to 6 weeks with daily exercises at home after 2 verbal 
and written instruction sessions. The standard (not individual-

Patients due to be fitted with first total hip
endoprosthesis (n = 265)

Randomised (n = 80)
Written consent given

Excluded (n = 185)
•inclusion criteria not met (n = 134)
•declined to participate (n = 51)

•no appointment (n = 2)

•voluntary basis (n = 1)
•surgery brought

forward (n = 2)

Control group (n = 39) Training group (n = 41)

Instruction and training (n = 39)

Measurement, pre-surgical (n = 36)

Measurement, 10 days post-surgical (n = 35)Measurement, 10 days post-surgical (n = 36)

Measurement, 4 months post-surgical (n = 34)

Measurement, 1 year post-surgical (n = 30) Measurement, 1 year post-surgical (n = 32)

Measurement, 4 months post-surgical (n = 33)

Measurement, pre-surgical (n = 37)

Discontinued (n = 1)
•voluntary basis (n = 1)

Discontinued (n = 2)
•voluntary basis (n = 1)
•surgery (n = 1)

Discontinued (n = 4)
•surgery (n = 4)

Discontinued (n = 1)
•surgery (n = 1)

Discontinued (n = 2)
•voluntary basus (n = 1)
•surgery (n = 1)

Discontinued (n = 1)
•voluntary basis (n = 1)

Surgery (n = 73)

Discontinued (n = 2)

Discontinued (n = 3)

Discontinued (n = 2)
•voluntary basis (n = 1)
•inclusion criteria

not met (n = 1)

   Fig. 1           Chart of patients fl ow through the ran-
domised controlled trial.  
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ised) programme contained 6 exercises developed for this study 
(see       ●  ▶      Fig.     2  ), which did not require the use of any training aids. 
The purpose of the exercises was to promote awareness of the 
position and movement of the hip joint and of its musculature. 
Each exercise should be performed twice daily with 10 repeti-
tions or until pain sets in  [39] , without any progression. The 
extent of training and any problems encountered were recorded 
by each participant in a training logbook  [29] .   

 Outcome measures  
 Questionnaires 
 The participants in the study reported on their subjective state 
of health with the aid of the Medical Outcomes Study 36-Item 
Short-Form Health Survey (SF-36) and the Western Ontario 
McMaster Osteoarthritis Index (WOMAC) questionnaire. These 2 
questionnaires are both well suited for use in hip replacement 
patients  [6,   11,   12,   32] . The generic SF-36 gives more extensive 
information for follow-up studies lasting longer than 6 months 
after the THEP than the disease-specifi c WOMAC  [5,   6] . Both 
instruments are reliable, valid and responsive and available in 
German translation  [5,   7,   11,   12,   32,   38] . The SF-36 gives informa-
tion on 8 domains of health and well-being, the WOMAC on 3 
domains. The sign of the WOMAC global index was reversed, so 
that high values correspond to good health in both question-
naires.   

 Balance test device 
 Sensorimotor skills contribute to the ability to balance when 
standing. The Biodex Balance System (BBS; produced by Biodex 
Medical Systems, New York) quantifi es the ability to maintain 

one ’ s balance on an unstable surface. In the static mode the BBS 
measures the angular displacement of the centre of gravity. 
From the degrees of tilt about the anterior-posterior and medial-
lateral axes, the anterior-posterior stability index (APSI), the 
medial-lateral stability index (MLSI) and the overall stability 
index (OSI) is calculated  [4] . The participants received support 
from visual feedback displayed on a screen. Each test lasted 20   s. 
The participants completed 3 trial repetitions prior to the actual 
test, to rule out short-term learning eff ects  [33] . The test was 
performed standing barefoot in the most comfortable position. 
This device is regarded as a reliable, valid measurement tool 
 [13,   21,   35] .    

 Follow-up 
 Measurements were scheduled at the same time as the usual 
medical checks on the day before surgery (day of admission) as 
well as at 8 – 10 days (before discharge) and 4 and 12 months 
after surgery. Two physiotherapists (one of whom was the author 
RB) gave the participants the necessary instructions and per-
formed the follow-up measurements according to the study pro-
tocol. The questionnaires were sent to the participants a few 
days before each appointment.   

 Primary outcome  
 Physical functioning 
 In the present hip replacement study, the main parameter evalu-
ated will be the physical functioning domain of the SF-36, which 
includes 10 items.    

 Secondary outcome  
 Quality of life 
 The remaining 7 domains of the SF-36 questionnaire were used 
as secondary outcome measures, expressing general quality of 
life. We used a modifi ed acute version of the SF-36, with only 3 
items relating to physical functioning and one item for pain, for 
the measurements made 10 days after surgery.   

 Physical disability 
 Functional problems were assessed by means of the global 
WOMAC index. For the measurements made 10 days after sur-
gery, a modifi ed version of the WOMAC index, with only 10 
items relating to physical functioning, was used; items relating 
to activities that are not applicable to a hospital setting (for 
example  “ shopping ” ) were removed.   

 Sensorimotor function 
 Balance skills measured with the aid of the Biodex Balance Sys-
tem were used to provide an objective check on the interven-
tion. Using the most stable setting (level 8), the variables  “ overall 
stability index ”  (OSI) and  “ medial-lateral stability index ”  (MLSI) 
were evaluated for the purposes of this study.    

 Randomisation, blinding and ethical approval 
 The patients involved in the study were assigned to either one of 
the 2 groups with the aid of a randomisation table  [14] . A person 
blinded for group allocation anonymised the data. None of the 
hospital staff  was aware of the status (TR or CO) of the partici-
pants. The participants were requested not to reveal their alloca-
tion to any of the staff  members. 
 The study meets ethical standards as stated by Harris and Atkin-
son  [20] . The Cantonal Ethics Commission in Basel, Switzerland 
approved the study protocol.   

1 2

43

5 6

  Fig. 2           Training programme. 
 Legend: Performed in supine position: 1    =    Tense muscles of legs and but-
tocks; 2    =    Move aff ected leg out to side and back on supporting surface; 
3    =    Raise knees, move foot backwards and forwards on supporting 
surface; 4    =    Make a  “ bridge ”  (raise buttocks from supporting surface). 
Performed while standing: 5    =    Stand upright with legs slightly apart, bend 
hips and knees and then straighten up again; 6    =    Stand on unaff ected leg 
and move other leg out to the side and back.  

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ite

it 
M

aa
st

ric
ht

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



Clinical Sciences728

 Bitterli R et   al. Pre-Surgical Sensorimotor Training for Total Hip Replacement    …    Int J Sports Med 2011;   32: 725 – 732 

 Statistical methods 
 Based on power estimation calculations, the number of partici-
pants was set to be 32 per group (diff erence 10 points, 
power    =    0.75, eff ect size r    =    0.3, alpha    =    0.05;  [3] ). To anticipate 
any possible loss to follow-up 40 patients per group were 
included. The 2 variables of the balance test and the 9 variables 
of the questionnaires were subjected to parametric analysis. The 
fi rst hypothesis was tested using an independent t-test to test for 
diff erences between groups before surgery and single-factor 
repeated-measures analysis of variance for the second and third 
follow-up. The second hypothesis was tested using analysis of 
variance for the 3 post-surgical checks. Analyses of covariance 
were carried out using the control variables age and gender to 
take the slight diff erences in age and gender between the groups 
into account. Corrected analyses were performed only in case of 
signifi cant infl uence of covariables. The group eff ect (between-
subjects eff ect) as well as the interaction eff ect between group 
and measurement time point (within-subjects eff ect) were con-
sidered. Eff ect sizes were determined by means of Cohen ’ s d and 
Pearson ’ s r  [9,   28] , where r    =    0.1 or d    =    0.2 corresponds to a small 
eff ect, r    =    0.3 or d    =    0.5 to a medium eff ect and r    =    0.5 or d    =    0.8 to 
a large eff ect  [9,   30] . Correlations between selected parameters 
were tested. An intention-to-treat analytical approach was per-
sued, and calculations were performed using the Statistical 
Package for Social Sciences for Windows software (SPSS, version 
15.0), using an alpha of 0.05 (2-sided).    

 Results 
  ▼   
 Subject descriptives 
 The randomisation yielded 2 groups that were similar in terms 
of size, personal characteristics and clinical characteristics 
(see       ●  ▶      Table     1  ). Sixty-two of the 80 participants (77.5    % ) could 
be followed up to one year after surgery (see       ●  ▶      Fig.     1  ). Reasons 
for dropout in CO were polyneurpathy (n    =    1), surgery (n    =    1), 
free will (n    =    3), contralateral total hip or knee replacement 
(n    =    4), and in the TR group training time (n    =    4), free will (n    =    3) 
and contralateral hip replacement (n    =    2). 
 In all cases a lateral transgluteal surgical approach was used. 
Three patients in TR suff ered complications (post-surgical hae-
matoma; pain and ossifi cation around the prosthetic joint; 
venous thrombosis in the lower leg), but completed the study.   

 Duration of training and compliance 
 Participants in the TR had an average of 33.5 days (SD    =    21.0, 
range    =    15 – 146, median    =    29) at their disposition for the exer-
cises. If the single outlier of 146 days was excluded from the 
analysis, the mean value changed to 30.3 days (SD    =    8.5, 

range    =    15 – 57, median    =    29). According to the information 
recorded in the training logbooks, the TR performed the pre-
scribed exercises once or twice a day for 1   100 of the total of 
1   206 days available, without outlier on 963 of 1   060 days (cor-
responding to 91 or 90.9    %  respectively of the maximum possi-
ble). Three participants showed a strikingly low training 
frequency (6 out of 27 possible days, 18 out of 35 and 13 out of 
30), due to lack of time. One person trained for 137 out of the 
146 days available (due to the fact that surgery had been post-
poned). Ten participants (25.7    % ) failed to perform their exer-
cises on 1 or 2 days, while 9 participants (23.0    % ) showed gaps 
ranging from 3 to 21 days in their training schedules. Six partici-
pants reported pain in certain exercises on 1 – 2 days and reduced 
the number of repetitions for these exercises accordingly.   

 Outcome measures 
 In the next paragraphs corrected analyses taking age and sex 
into account as covariates are only presented if appropriate (cov-
ariate p-value     <    0.05), otherwise the uncorrected results are 
reported.   

 Primary outcome  
 Physical functioning (SF-36) 
 As shown in       ●  ▶      Fig.     3  , TR showed a better mean physical func-
tioning before surgery (M    =    43.3, SD    =    18.3) than CO (M    =    40.0, 
SD    =    20.6). This diff erence was not signifi cant (t(69)    =        −    0.74, 
p    =    0.47, r    =    0.08, d    =    0.16). Until 4 months after surgery CO 
showed a positive trend (F(1, 61)    =    3.61, p    =    0.06, r    =    0.24, d    =    0.49). 
The training eff ect reduced further up to one year after surgery 
(F(1, 55)    =    2.14, p    =    0.15, r    =    0.19, d    =    0.39).    

 Secondary outcome  
 Quality of life (SF-36) 
 TR suff ered signifi cantly less pain on average before surgery 
(M    =    44.1, SD    =    12.0) than CO (M    =    36.8, SD    =    12.7), t(69)    =        −    2.50, 
p    <    0.05, r    =    0.28, d    =    0.59. The scores for the other domains were 
throughout lower for TR, indicating a poorer self-reported con-
dition. However, these diff erences were not signifi cant. 
 By 4 months after surgery, the pain level diminished for both 
groups, and the diff erence between the 2 was no longer signifi -
cant. TR reported a lower level of mental health (F(1, 64)    =    4.46, 
p    <    0.05, r    =    0.26, d    =    0.54). Furthermore, mental health scores 
showed, after correction for age and sex (p    <    0.05), an interaction 
eff ect between group membership and follow-up time point 
(F(1, 62)    =    4.38, p    <    0.05, r    =    0.26, d    =    0.54). It can be explained by 
the markedly worse self-estimation of TR 10 days after surgery, 
while both groups improved by 4 months after surgery and 
reported practically equally good levels. Vitality data showed a 

  Table 1       Characteristics of 
participants in both groups. 

   Characteristics  Training group  Control group  Total 

   number of participants  41  39  80 
   age in years, M    ±    SD (range)  65.37    ±    10.77 (37 – 85)  68.42    ±    9.74 (40 – 86)  66.8    ±    10.3 
   body mass index, kg / m 2     ±    SD (range)  27.63    ±    3.60 (20 – 40)  27.07    ±    3.56 (18 – 36)  27.4    ±    3.6 
   number of women  19  12  31 
   number of men  22  27  49 
   number of cemented prosthesis shafts  31  24  55 
   number of non-cemented prosthesis shafts  10  15  25 
   number of non-cemented prosthetic cups  41  39  80 
   length of stay in hospital in days, M    ±    SD (range)  14.6    ±    2.5 (11 – 23)  14.6    ±    2.6 (8 – 22)  14.7    ±    2.5 
     Legend: M    =    mean, SD    =    standard deviation   
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similar course, but without a signifi cant diff erence between 
groups and without interaction eff ect. 
 One year post-surgery, there was a signifi cant interaction eff ect 
between group and follow-up time point regarding vitality (F(1, 
58)    =    6.18, p    <    0.05, r    =    0.31, d    =    0.65) and mental health (F(1, 
56)    =    7.91, p    <    0.05, r    =    0.35, d    =    0.75), the latter after correction 
for age and sex (p    <    0.05). This refl ects the fact that the values of 
both variables for TR were lower than for CO 10 days post-sur-
gery, equal to CO at 4 months, and higher than CO one year post-
surgery. For all other SF-36 domains, both groups converged 
further during the follow-up period.   

 Disability (WOMAC) 
 Training had a positive but not signifi cant eff ect on disability in 
TR before surgery. After surgery, both groups reported an 
improvement compared with the pre-surgical condition, how-
ever, after correction for age (p    <    0.05) and sex, the eff ect dropped 
to just a trend (F(1, 63)    =    3.82, p    =    0.06, r    =    0.24, d    =    0.49 after 4 
months and F(1, 57)    =    3.25, p    =    0.08, r    =    0.23, d    =    0.47 after one 
year.   

 Sensorimotor function (Biodex Balance System) 
 TR showed better mean balance ability than CO before the THEP, 
regarding both the overall stability index (M    =    2.34, SD    =    0.55) 
compared to CO (M    =    2.62, SD    =    0.81) and the medial-lateral sta-
bility index (M    =    1.58, SD    =    0.48 and M    =    1.90, SD    =    0.72 respec-
tively). These diff erences were signifi cant (t(67)    =    2.26, p    <    0.05, 
r    =    0.20, d    =        −    0.4 and t(67)    =    2.15, p    <    0.05, r    =    0.25, d    =        −    0.52 
respectively). TR kept better balance than CO post-surgically, 
both at the 4-month and the one-year follow-up point, but the 
diff erences were no longer signifi cant.    

 Correlations 
 The 2 variables of balance before surgery, 10 days and 4 months 
post-surgery showed signifi cant correlation between one 
another and with the one-year value (Kendall ’ s tau 0.328 – 0. 543, 
p    <    0.01). The balance ability at 10 days, 4 months and one year 
also showed signifi cant correlation with physical functioning 
(Kendall ’ s tau     −    0.323,     −    0.324,     −    0.221, p    <    0.01).    

 Discussion 
  ▼   
 Summary of main results 
 TR suff ered less hip pain and showed better balance skills pre-
surgery than CO. These benefi ts were lost after surgery and TR 
tended to assess their physical functioning, mental health and 
disability lower than CO. TR continued to report greater physical 
limitations than CO one year post-surgery, even though their 
objective balance skills were better throughout the entire post-
surgical phase. The eff ect of group membership on mental health 
and vitality depended on the follow-up time point.   

 Possible explanations 
 The objective balance skills of TR were better than their subjec-
tive assessment of their physical functioning. The training may 
have aroused higher expectations, which TR did not consider to 
have been fulfi lled in reality. Further, perception training may 
have caused sensitisation, which could have led TR to make a 
more critical self-assessment of their condition. Both these 
eff ects may have had an adverse infl uence on the mental condi-
tion of TR. 
 As a result, the fi rst hypothesis is only partially supported by our 
fi ndings. The trained patients acquired better balance skills and 
suff ered less pain before surgery, but demonstrated no diff er-
ences in any of the other outcomes (physical activity, disability 
and quality of life). The TR group retained superior objective 
sensorimotor skills until 4 months post-surgery, but the diff er-
ence was no longer signifi cant. They had no benefi ts neither in 
physical activities and disability nor in quality of life in this post-
surgery period. One year after surgery any diff erence between 
the 2 groups was no longer found, which is in agreement with 
the second hypothesis.   

 Comparison with literature  
 Physical functioning, quality of life and disability 
 According to Gocen et   al.  [18] , pre-surgical strength training 
enables TR to perform transfer activities and stairclimbing one 
day earlier. The self-reported abilities of the participants of our 
study do not confi rm this. However, this could be seen as due to 
unfulfi lled heightened expectations, leading our participants to 
assess their condition as worse than indicated by objective func-
tional tests. The superior balance skills of TR seem to support 
this. Our results are not comparable with those of Wang  [40]  and 
Gilbey et   al.  [17] , since their fi rst post-surgical measurements 
were only taken after 3 weeks. Thereafter TR in both these stud-
ies followed an additional training programme, hence, the eff ect 
of the pre-surgical training in the diff erent groups can no longer 
be compared. The systematic review by Ackerman and Bennell 
 [2]  reinforces the conclusion that the available studies  –  namely 
those of Wang and Gilbey et   al.  [17,   40]   –  cannot be used to 
determine the eff ect of pre-surgical training on patients under-
going THEP. 
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  Fig. 3           Boxplot of physical functioning for the training (TR) and control 
(CO) group, 1 day pre-surgical, 4 months and 1 year post-surgical. 
 Legend: Boxplots: horizontal lines mark medians, boxes display 25 – 75 
percentile (    =    interquartile range IQR), whiskers mark lowest / highest value 
within 1.5 IQR from box, rounds mark outliers (1.5 – 3.0 IQR), asterisks 
mark extremes (    >    3.0 IQR). High values correspond to good physical 
functioning. Note that x-axis intervals are not to scale.  
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 The most recent study  [34] , where a 6-week pre-surgical 
strength, endurance and fl exibility training programme was fol-
lowed, reports signifi cant pre-surgical improvement of the 
WOMAC global index and SF-36 physical functioning in TR, but 
no signifi cant diff erences in the SF-36 pain, or in balance and 
strength. Eight and 26 weeks after the procedure, diff erences 
were no longer observed. In contrast, our study showed signifi -
cant improvements in pain and balance skills after the training 
programme. This indicates that the sensorimotor programme 
seems more suitable to infl uence pain and balance than a 
strength and endurance programme. 
 TR of our study assessed their functional status post-surgery as 
worse than that of CO, even though the opposite might have 
been expected in view of their superior balance skills. Partici-
pants in TR could have had high expectations because their pre-
surgical condition was better than that of CO. Mancuso et   al.  [26]  
established a link between lower post-surgical satisfaction and 
better pre-surgical physical conditions. Patients should be more 
carefully briefed before surgery on realistic expectations and the 
likely course of post-surgical events  [25,   27] . Several studies 
indicate that satisfaction with a hip replacement is a complex 
phenomenon and is related to expectations, results and knowl-
edge about the procedure. Pre-surgical information and instruc-
tion programmes support physical and psychological processes. 
They reduce fear, lead to more balanced expectations and 
increase the ability to develop coping strategies, which in turn 
promotes physical recovery  [8,   10,   15,   16,   36] . 
 Does a sensorimotor exercise programme aff ect body related 
self-evaluation? Beginners tend to check their movements visu-
ally, while those with greater exercise experience tend to make 
more use of their proprioceptive (kinaesthetic) system. Any kind 
of exercise training can improve proprioceptive function, which 
leads to increased diff erentiated muscle activity and more pre-
cise spatial awareness of the position of the trunk and the 
extremities  [41] . Such skills may also make participants more 
aware of limitations on their movements and lead to more sensi-
tive critical self-appraisal.   

 Sensorimotor function 
 The measurements performed 10 days after surgery indicate 
that those who underwent training lost two-thirds of the bal-
ance skills they had gained pre-surgery, while those who did not 
undergo training remained at the same level. Several authors 
 [23,   31,   42]  have found that proprioception skills remain intact 
following hip replacement. However, sensorimotor function for 
more complex activities have been shown to be more limited 
than in healthy individuals  [31] . This apparent discrepancy 
between fi ndings can be explained by the diff erences between 
the concepts of proprioception and the sensorimotor system. 
Proprioception refers only to aff erence, i.   e., the acquisition of 
sensory input by peripheral receptors and the transmission of 
neurological signals to the central nervous system. By contrast, 
the sensorimotor system includes the entire complex of both 
aff erence (sensory pathways) and eff erence (motor pathways) 
that are involved with the neuromuscular response  [24] . Nalle-
gowda et   al.  [31]  conclude that proprioception depends on cap-
sular receptors on the one hand and aff erent signals from 
muscles, tendons and ligaments on the other hand so that cap-
sulectomy needs not adversely aff ect proprioceptive feedback. 
Nevertheless tests for complex sensorimotor tasks, performed in 
a dynamic environment 10 months after hip replacement, 
showed that those with prosthetic joints had a neuromotor defi -

cit and required additional input from their visual and vestibular 
systems. They compensate for the reorganisation of the central 
sensorimotor process following joint replacement. Thus main-
taining one ’ s balance on an unstable surface on the tenth day 
after surgery could still represent a task too complex to use the 
patient ’ s recently gained capacity. By 4 months and one year 
after surgery, both groups have improved their sensorimotor 
skills to the extent that they can keep their balance better than 
before surgery. The TR then still retains two-thirds of the benefi t 
it had over the control group pre-surgically. The results of Illy é s 
and colleagues  [22]  support our fi ndings by showing that senso-
rimotor skills were worse 2 weeks after the hip replacement, 
while 12 weeks after surgery the participants showed better 
skills than before. 
 The training period in our study may seem rather short, but was 
limited by the hospital ’ s organisational framework. Studies have 
confi rmed the benefi cial eff ects of sensorimotor training pro-
grammes lasting 6 – 12 weeks  [19] . Although the results sug-
gested that the majority of patients in TR indeed showed a 
suffi  cient response after the minimal intervention program 
before surgery, the quantity of the training intervention might 
still not have been enough to generalize and consolidate this ini-
tial rapid response over a longer period of time in order to out-
weigh the infl uences of surgery and to surpass the standard 
post-surgery rehabilitation eff ect. 
 The promotion of good pre-surgical balance skills is a worth-
while activity. The correlations we found indicate a direct rela-
tion to post-surgical balance skills and physical functioning, as 
supported by the statements made by Granacher and Gollhofer 
 [19]  mentioned in the introduction section. To the best of our 
knowledge, the present study is the fi rst one in THEP to make 
use of balance data obtained with the aid of the Biodex Balance 
System.    

 Study limitations 
 For the convenience of the participants, the follow-up checks 
were performed at the same time as the regular medical checks. 
No measurements were taken at the time of registration for par-
ticipation in this trial, or before the training exercises, to save CO 
an additional visit to the clinic. If these measurements had been 
performed, the participants with the shortest training time 
would have had to undergo 3 sets of measurements within 25 
days, which could lead to results of doubtful validity for the 
questionnaires. As a result of this procedure, any diff erences 
between the groups at the time of registration could not be 
taken into account. Furthermore, it could have been too early to 
perform the measurement 10 days after the hip replacement 
surgery for measuring the training eff ect, because the acute 
sequelae of the procedure are still prominent. At least the 10th 
day proved too early for several patients to take the balance test. 
They found it diffi  cult to complete this test due to pain and cir-
culatory problems. Others were already discharged from the 
hospital on day 8 or 9, so in these cases the test had to be brought 
forward. Moreover, self-reported data on pain during the sta-
tionary period could be strongly infl uenced by any pain-killers 
taken, and must therefore be interpreted with caution. In addi-
tion, a considerable amount of the items concerning physical 
functioning and pain had to be removed from the SF-36 and 
WOMAC questionnaires for the 10-day check, which may have 
limited the reliability of the data derived from this question-
naire. For these reasons, it may be assumed that performing the 
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fi rst check 3 – 4 weeks after surgery instead of 10 days after might 
have led to more meaningful results. 
 The instructors assigned the participants to the trial groups after 
randomisation, and were also responsible for the investigation. 
In order to remove any possible bias as much as possible, we 
chose measuring instruments that were independent of the 
investigators, namely self-administered questionnaires and an 
objective balance test. 
 The design of this study was based on natural observation simi-
lar to that encountered in daily clinical practice. This may have 
led to a smaller eff ect size, but has the advantage of being more 
realistic than a study with a strictly monitored therapy pro-
gramme.   

 Generalisability 
 The controlled randomisation, the comparability of the partici-
pant characteristics with those given in other studies  [10,   17,   40] , 
the use of internationally accepted questionnaires used for the 
outcome measures, as well as the participation of patients from 
several surgeons, all increased the generalisability of the results 
presented here concerning patients undergoing their fi rst hip 
replacement surgery. The one-year observation period is rela-
tively long. The facts that the sample studied was adequate from 
a statistical point of view but still relatively small and that only 
persons undergoing unilateral hip replacement and coming from 
a rural environment could be considered, may on the other hand 
have limited the generalisability of the study.   

 Conclusion 
 The only systematic review of studies on pre-surgical training 
before THEP confi rms the unclear eff ect after hip replacement. The 
aim of the present study was to off er a standard pre-surgical sen-
sorimotor training programme involving minimum eff ort for the 
participants to promote good physical functioning and sensorimo-
tor abilities. This training programme was found to be successful in 
improving balance skills and reducing pain before the interven-
tion, but did not provide any benefi t in terms of self-evaluated 
daily functioning or quality of life following surgery. In contrast, 
however, objective measurements showed a slightly better senso-
rimotor outcome in TR. Psychosomatic processes seem to play a 
role in explaining these contradictive fi ndings. Further research is 
needed to reveal whether an individually tailored progressive 
home training programme would have a better eff ect. The psycho-
logical aspects of a hip replacement surgery should also be given 
due consideration to counter unrealistic expectations, promote 
coping strategies and increase patient satisfaction.    
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