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Abstract

management after THR in Germany.

(=80 %) among respondents.

(p=002).

Background: Exercise therapy following total hip replacement (THR) is considered to be important during the
initial postoperative care, but till date only a few evidence-based recommendations exist. The aim of this survey
was to identify prescription standards among different rehabilitation professionals, for the exercise therapy

Methods: The study was a cross-sectional survey. Standardized questionnaires were sent to 38 eligible
rehabilitation facilities in Germany. Participating surgeons, orthopaedic physicians, physiotherapists and exercise
therapists rated the optimal early weight-bearing, resistance training, key components and dose of exercise therapy,
and the hip loading during exercising. The returned questionnaires were then analyzed for level of agreement

Results: 313 rehabilitation professionals from 28 clinics returned completed questionnaires and were considered
eligible for analysis. Out of total respondents, 53.9 % (cemented THR) and 18.2 % (uncemented THR) recommended
full weight-bearing within five days after surgery. Commencement of resistance training later than three weeks after
surgery is recommended by 20.6 % (36 %) for cemented (uncemented) prosthesis. Feedback varied significantly
amongst the professions. Regarding the overall objectives of rehabilitation after hip replacement, respondents
agree in six out of eight requested items. Agreement concerning priorities of specific exercises was achieved in
three out of twelve items. The recommended exercise therapy dose varied significantly with working experience

Conclusion: Rehabilitation professionals mainly disagreed with the exercise therapy prescriptions following the
total hip replacement during the initial postoperative care in Germany.

Keywords: Hip arthroplasty, Prescription standards, Guidelines, Postoperative care

Background

Total hip replacement (THR) is one of the most com-
monly practiced orthopaedic surgeries in developed coun-
tries [1]. According to the latest OECD survey (2013),
Germany (after Switzerland) had the second highest rate
of hip replacement in 2011 with 286 surgeries per 100.000
citizens [2]. The main proportion (more than 80 %) of
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THR patients suffered from osteoarthritis, followed by
rheumatoid arthritis or osteonecrosis [1]. Hip replace-
ments have been shown to reduce pain and disability
effectively, and to improve quality of life [3, 4]. Neverthe-
less, during the initial postoperative phase THR patients
are considerably limited in their normal function and mo-
bility [5, 6]. Physical and exercise therapy approaches are
widely accepted as treatment of choice in order to restore
full mobility and physical functions in hip arthroplasty pa-
tients [7, 8]. However, although there is a common opin-
ion for the importance of postoperative treatment in
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regaining physical functions [9, 10], only a few evidence-
based recommendations exist for rehabilitation after THR
[11, 12]. The systematic review of Di Monaco et al. [11, 12]
demonstrated the convincing evidences for the effective-
ness of treadmill training, quadriceps strength training
and arm ergometry exercises. Benefits of other interven-
tions or the possible superiority of individual exercise,
however, mostly remain unclear. The research deficit
could be explained with the lack of randomized controlled
trials, comparing two or more exercise regimes regarding
clinically relevant outcomes. Hence, it is not surprising
that till date there are no international standards for the
postoperative care in terms of (a) length of stay, (b) dis-
charge disposition to home or inpatient rehabilitation and
(c) timing of rehabilitation [1]. According to the results
from the Global Orthopaedic Registry (GLORY) [1], the
total length of hospital stay after THR is three days in the
US, nine days in the UK, eleven days in Germany and 30
days in Japan, respectively. In Germany, less than fifty per-
cent of all patients are discharged directly to a rehabilita-
tion hospital. A typical rehabilitation program begins a
few days after hospital discharge, lasts between 2 and 4
weeks. It focuses on individual and group exercise therapy
as well as functional exercises [13]. Best practice recom-
mendations following THR in the US and Canada [14] in-
clude functional exercises (strengthening, active range of
motion, balancing and stair climbing) and gait training.
Two recently performed surveys among physiotherapists
in the UK [11] and Netherlands [14], regarding rehabilita-
tion practice standards emphasize the importance of func-
tional, muscle strengthening, gait and active range of
motion exercises. These surveys certainly provide import-
ant information on widely used components, yet no rec-
ommendations or standards could be found in the
literature regarding the optimal dose of exercise therapy
in the first postoperative weeks.

An increasing number of authors complain that current
rehabilitation practice seems to be more guided by per-
sonal and institutional (rehabilitation setting) factors ra-
ther than by scientific findings [11, 15, 16]. This indicates
that experience and preferences of surgeons, orthopaedic
physicians and therapists play a major role in the postop-
erative management. But still no information has been
collected on exercise therapy standards in various rehabili-
tation settings amongst the rehabilitation professionals.
The investigation of individual opinions and prescriptions
may help in better understanding existing standards that
influence physicians’ and therapists’ decision making, in
planning and execution of exercise therapy interventions.
It would also be an approach to assess the general compli-
ance of the existing guidelines as well as to define relevant
research questions for future studies in this field.

The objective of this multicenter survey was to identify
prescription standards and personal beliefs regarding the
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optimal exercise therapy treatment for inpatient re-
habilitation, after total hip replacement in Germany. It
is hypothesized that rehabilitation professionals and insti-
tutions differ regarding exercise therapy prescriptions, and
in their viewpoint on effective exercise measures and the
optimal load on the joint during initial postoperative
period.

Methods

Study design

The study was a cross-sectional survey of orthopaedic
rehabilitation care professionals in Germany, conducted
between November 2012 and November 2013.

Participants, recruitment and setting

The orthopaedic rehabilitation centres participating in
the study were recruited using a database of Germany-
wide rehabilitation facilities [17]. All facilities listed in
the field of orthopaedic diseases were considered to be
potentially eligible and were included in the initial recruit-
ment stage. Clinics focusing on other medical conditions
were excluded. A search option within the website was
used to identify facilities providing orthopaedic rehabilita-
tion treatment. No search limits were defined regarding
geographical locations or for the clinic type (inpatient/out-
patient). Potentially eligible facilities were contacted by
email and asked if they provided rehabilitation treatment
for THR patients, and if they were interested in participat-
ing in the survey. The email contained information on the
study purpose and methods as well as an example of the
questionnaire. Facilities keen in participation were then
requested to send their feedback on the number of ques-
tionnaires they needed. After receiving their acceptance a
formal letter with formal instructions to be followed and
the requested number of questionnaires were sent to the
clinics. Facilities were requested to distribute the question-
naires together with an informational letter among all sur-
geons, orthopaedic physicians, physiotherapists and
exercise therapists who were involved in hip arthroplasty
rehabilitation. If the participating facility showed reluc-
tance in sending the duly filled-in questionnaire within
three months, then a reminder email was sent. The ques-
tionnaire is published as additional file in the original
German version (e.g. Additional file 1) and in a translated
English version (e.g. Additional file 2).

Procedure

The questionnaire was developed according to the
current standards of exercise therapy in western coun-
tries [16] and Germany in particular [13]. It included
four categories with overall 14 questions to be answered.
Questions generation was based on a brief literature re-
view and valuable discussions with the experts. Prior to its
distribution to the participating centers, the questionnaire
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was pilot-tested in two different rehabilitation centers.
Results from these centers indicated that the majority
of participants understood the questions and response
options. The internal consistency of the questionnaire
was found to be good (Cronbach’s alpha: 0.77). In the
first part, data on the professional background were as-
sembled, which included the profession, working ex-
perience in years, type of facility and average number of
THR patients per month. The second part contained
general questions on rehabilitation. Participants were
asked to rate the importance of influencing factors as
per priority from one (not important) to five (very im-
portant). Additionally, participants were asked to sug-
gest the optimal time for starting full weightbearing
and resistance training after cemented and uncemented
hip replacement from a selection of seven predefined
time intervals as stated in the questionnaire for full
weightbearing and five intervals for therapy start. In the
third part, participants were asked to rate the facility-
specific priorities of existing exercise therapy measures
(e.g. group exercise, continuous passive motion) and
therapy objectives (e.g. pain reduction, strengthening of
hip muscles) from one (highest priority) to five (lowest
priority). Further, ratings regarding optimal strength
training intensity at 15 days and three months postop-
erative were assessed using the Borg “rating of per-
ceived exertion” (RPE) scale ranging from six to 20
[18]. The fourth part contained items on estimated
joint loading. For selected types of exercises or motion
(e.g. walking, stair climbing, cycling), participants were
asked to estimate the hip joint loading between 1 (very
low stress) and 10 (maximum stress).

Data analysis and statistics

Descriptive statistics were used to evaluate demographic
data. Continuous variables were reported as mean
(standard deviation) and categorical variables were pre-
sented as frequencies (n) and percentages (%). Agree-
ment of the respondents concerning specific items of
the questionnaire was the primary outcome. Questions
on personal opinions on the importance of influencing
factors on the postoperative rehabilitation treatment and
on clinic-specific goals and measures of training therapy
were assessed on five-point Likert scales. To define
agreement for the item on the importance of influencing
factors for the treatment, we condensed values 1 and 2
into “not important”, value 3 represents “medium im-
portant” and 4 and 5 combined to “important”. Regard-
ing facility-specific goals and measures, we condensed
values 1 and 2 into “high priority” and 4 and 5 into “low
priority”. Value 3 represents “medium priority”. Analo-
gously, the ten-point Likert scales assessing personal
opinions on joint load of specific exercises were recoded
into three categories. Values 1-3 represent “low stress”,
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4-7 “intermediate stress” and 8-10 “high stress”, re-
spectively. Agreement was defined, when more than
80 % of answers coincided in one of the three combined
categories. This technique of measuring agreement has
been previously reported [19-21]. Marx et al. [19] used
80 %, while Wright et al. [20] used 90 % as cut-off value
for agreement. Mamlin et al. [21] defined agreement, if
more than 60 % of the raters chose the combined cat-
egory. We are in consonance with Marx et al. [19], indi-
cating 90 % too strict, while 60 % may overstate
agreement and chose 80 % as cut-off value for agree-
ment. However, the percentages are cited in this work,
so that the reader is free to choose his own critical value.
Absolute and relative frequencies regarding the favoured
time points of full weight-bearing and of therapy start
after surgery have been reported. The Borg RPE scales
were analyzed as continuous variables. For statistical
inference, tests were performed to detect if systematic
differences between professions or clinic types are
present with regards to all items. Linear mixed models
were adapted including profession, professional experi-
ence, type of clinic and number of THR patients within
the clinic as fixed covariables. To consider that subjects
within one clinic may be more related than subjects
across different clinics, the institution was included as a
random effect. For this analysis, original values of the
categorical Likert scales were used as continuous
dependent variables. Instead of the predefined time in-
tervals concerning start of full weight-bearing and of
therapy after surgery mean values of time intervals were
used for significance tests. The significance level was set
to 5 %. SPSS version 21.0 for Windows (SPSS, Chicago,
Illinois, USA) was used for statistical analysis. [22]

Ethics

The questionnaire used for the survey was anonymous.
No personal data were collected from respondents. A
statement at the title page of the questionnaire included
information regarding the study purpose and the ano-
nymity of responses. The response to the survey was as-
sumed to indicate their informed consent. As the study
concerned a survey to be completed anonymously and
once only, no review by the Medical Ethical Committee
of the University was needed. This procedure was in
agreement with previous studies using similar research
designs in this research field [14]. The study was con-
ducted in accordance with the Handbook for Good Clin-
ical Research Practice of the World Health Organization.
The ethical principles of the Declaration of Helsinki
were followed.

Results
After the initial database search, 379 potentially eligible
rehabilitation facilities in Germany were contacted. From
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the 56 responding facilities (14.8 %), 38 agreed and were
considered eligible, and received questionnaires. 28
clinics (73.7 %) located in 11 of the 16 states in Germany
returned duly filled in 313 questionnaires of 168
(53.7 %) physiotherapists, 43 (13.7 %) rehabilitation
physicians, 18 (5.8 %) orthopaedic surgeons and 84
(26.8 %) exercise therapists. A few clinics declined par-
ticipation via telephone or email due to lack of time or
lack of personals who agreed to complete the question-
naire. Other clinics did not respond to the initial or re-
minder e-mail. All 313 returned questionnaires were
analyzed. A flowchart displaying the recruitment process
is shown in Fig. 1. A detailed description of the partici-
pants is given in Table 1.

Personal opinion regarding the optimal treatment

Participants agreed that the course and the quality of
surgery as well as the constitution of the patients indi-
vidually have a major impact on the postoperative
rehabilitation treatment. Disagreement was assessed re-
garding the impact of the type of prosthesis for primary
or secondary hip replacement (Table 2). Results con-
cerning the recommended start of full weight-bearing
and resistance training after implantation are shown in
Table 3. For cemented prosthesis, approximately half of

Potentially eligible rehabilitation
facilities contacted via email

N =379

Facilities not responded

N =323

Responding facilities

N =56

Facilities not agreed in
participation

N=18

Facilities agreed in participation

N =38

Facilities not sent back
questionnaires

N=10

Facilities sent back filled
questionnaires

N =28

Questionnaires eligible for
analysis

N =313

Fig. 1 Flow chart showing inclusion and exclusion criteria for
eligible rehabilitation facilities
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the participants recommended a time between 0-5
days. For uncemented prosthesis, the majority of re-
spondents declared that full weight-bearing should not
start before the 10™ day post-surgery. Disagreements
were also observed for the best time to start resistance
training. One fifth and one third of the respondents rec-
ommended to wait for more than three weeks following
surgery for cemented and uncemented prostheses, re-
spectively. The distribution of answers differed signifi-
cantly between professions for cemented (p=0.03) and
uncemented (p <0.001) prostheses, adjusted for profes-
sional experience, clinic type and number of THR patients
per month. Surgeons recommended an early start of full
resistance training as compared to therapists and rehabili-
tation physicians. Estimated means (confidence intervals
CI) for surgeons were 12.7 days (95 % CI [5.2; 20.2]) and
14.8 days (95 % CI [5.9; 23.7]) for cemented and uncemen-
ted prostheses, respectively. In contrast, estimated means
for physiotherapists were 20.1 days (95 % CI [14.8; 25.3])
and 27.7 days (95 % CI [21.3; 34.0]), respectively.

Facility-specific objectives and key components of
rehabilitation practice

Regarding the overall objectives of rehabilitation after
hip replacement predefined by the clinics respondents
agreed that postoperative treatment should focus on im-
proving mobility, gait, daily activities, hip strength to re-
duce pain and muscle imbalance (between 82.5 and
87.7 %). Disagreements were observed regarding the im-
portance of balance control and core stability (Table 4).
When asked for the clinic-specific key components of
exercise therapy, participants agreed that gait and stair
climbing exercises as well as individual physiotherapy
should be performed with the highest priority. Other
components (e.g. continuous passive motion, neuromus-
cular training, water exercises) were rated with a differ-
ent priority among respondents (Table 4). The priorities
of water exercises and ergometer cycling differed with
facility types. Professionals working in hospitals rated
water exercises with a higher priority (p =0.01) as com-
pared to the other respondents. Furthermore, those who
worked in inpatient rehabilitation clinics rated the prior-
ity of ergometer cycling lower than the other partici-
pants (p =0.01).

Exercise therapy dose

Participants were also asked for their personal opinions
about what the perceived exertion in lower extremity re-
sistance training should be 15 days and 3 months after
THR. The Borg RPE scale after 15 days had a mean
value of 12.6 (SD 1.9), indicating a “fairly light” to
“somewhat hard” intensity. The rating was significantly
influenced by the years of working experience (p = 0.02).
One vyear working experience decreased the mean
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Table 1 Descriptive statistics of the 313 participating
rehabilitation professionals

n Percent
Professional group
Exercise therapists 84 26.8
Surgeons / orthopaedic physicians 18 58
Rehabilitation physicians 43 13.7
Physiotherapists 168 537
Facility type
Outpatient rehabilitation clinics 8 26
Hospitals 25 8.0
Inpatient rehabilitation clinics 277 885

mean range Inter-quartile

range

Work experience (years) 13 <1-43  425-20
Number of THR patients per 120 1-300  6-25
month

reported RPE by 0.03 (95 % CI [0.00; 0.06]). After 3
months, the optimal resistance training intensity was
considered as mean RPE of 13.7 (SD 2.5). The profession
had a significant impact on the reported RPE (p = 0.03).
Rehabilitation physicians indicated the lowest estimated
mean RPE (12.2 (95 % CI [10.9; 13.4]) “fairly light” to
“somewhat hard”), while physiotherapists and exercise
therapists had the highest mean RPE value (13.5 (95 %
CI [12.5; 14.5]) “somewhat hard”).

Hip joint load during exercise therapy

Therapists were asked to rate the hip joint load during
specific exercises on a scale from one to ten. Mean
values (standard deviations) for ergometer cycling, low
speed, high resistance were 3.2 (1.7) and 6.5 (2.1), while
for walking, standing on one leg and sitting, mean esti-
mates were 6.0 (2.1), 7.9 (2.1) and 4.3 (2.1), respectively.
Furthermore, standing up, bridging and abduction in lat-
eral position yielded mean values (SD) of 6.5 (2.1), 5.9
(2.2) and 6.6 (2.2). Table 5 represents the agreement
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concerning the hip joint loading during specific exer-
cises, divided into three categories low, medium and
high stress. No agreement was achieved across respon-
dents regarding any of the exercise components

Discussion
This survey presents current prescription standards and
personal beliefs regarding the optimal exercise therapy
treatment for inpatient rehabilitation after hip replace-
ment in Germany. While previous surveys [11, 14] in
this field mainly have focused on the importance of sin-
gle exercise regimes, the present study provides further
investigations on the optimal dose (intensity) as well as
the estimated hip joint loading during specific exercises.
The main finding of this study was that all respon-
dents agreed on the general objectives of rehabilitation,
following THR but disagreed concerning the timing,
dose and components of exercise therapy during the first
few postoperative weeks.

Agreements and disagreements in exercise therapy
prescriptions

Considerable variations among respondents were found
regarding the recommended beginning of full weight-
bearing and resistance training after cemented and unce-
mented hip replacement. Till date no other surveys have
collected the postoperative data on practice standards for
these two milestones of postoperative treatment in THR
patients. According to the current evidence [23-26],
immediate full weight-bearing is feasible, not only for
cemented but also for uncemented hip replacements.
Buehler et al. [27] also showed that patients with delayed
weight-bearing have an increased risk of deep venous
thrombosis. However, in rehabilitation practice, immediate
weight-bearing after uncemented THR is still controver-
sial, due to fear of overloading the hip joint, which may
negatively influence the ingrowth of the implant [28]. The
results of our survey indicate that these concerns may still
play a major role during rehabilitation as more than half

Table 2 Personal opinion on the importance of factors influencing the postoperative rehabilitation treatment. Agreement is defined
when more than 80 % of answers coincide in one of the three combined categories

Missing Not important Medium important Important
n (%) n (%) n (%) n (%)
Agreement
Course of surgery 10 (3.2) 13 (44) 39 (12.9) 251 (80.2)
Quality of surgery 7(2.2) 8 (2.6) 30 (9.8) 268 (87.6)
Constitution of the patients 19 (6.1) 10 (34) 28 (9.5) 256 (87.1)
Disagreement
Type of prosthesis (cemented / uncemented) 9(29) 120 (39.5) 88 (28.9) 96 (31.6)
Primary or secondary hip replacement 722 25 (8.2) 69 (22.5) 212 (69.3)
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Table 3 Personal recommendations regarding the optimal time
to start full weight-bearing and resistance training following
total hip replacement

Cemented prosthesis  Uncemented prosthesis

n % n %

Full weight-bearing

0-5 days 166 539 55 18.2
6-10 days 72 234 54 17.9
11-20 days 35 114 61 20.2
21-30 days 20 6.5 77 255
5-6 weeks 9 29 35 11.6
7-8 weeks 6 19 14 46
>8 weeks 0 0.0 6 20
Missing information 5 16 11 35
Resistance training

1-7 days 60 19.6 41 135
2-3 weeks 183 59.8 153 50.5
4-5 weeks 46 15.0 68 224
6-7 weeks 8 26 22 73
>8 weeks 9 29 19 6.2
Missing information 7 22 10 32

of all respondents preferred partial weight-bearing during
the first ten days after cementless replacement.

Regarding the beginning of full weight-bearing and re-
sistance training, varying preferences were observed
amongst different professions. Strengthening of lower
extremity muscles is one of the major goals of rehabilita-
tion following THR [14, 16]. Although a few studies
indicated that an early maximum strength training is
feasible and beneficial in these patients [29], the ad-
equate intensity during the first postoperative weeks has
also been controversially discussed. The observed dif-
ferences between professions seem to reflect this
uncertainty and emphasize the imperative need of
evidence-based exercise guidelines for the first phase of
postoperative treatment.

Agreement was found on the importance of gait train-
ing, stair climbing and individual physiotherapy. Com-
parable findings were reported in two recent surveys
among rehabilitation professionals in the UK [11] and
Netherlands [14]. Both these studies support the rele-
vance of strengthening, functional and gait exercises for
postoperative treatment. Consensus statements of re-
habilitation expert panels in the US and Canada [16] also
considered functional exercises (strengthening, active
range of motion, balancing, stair climbing and gait train-
ing) are essential after primary THR. Nevertheless, only a
few randomized controlled trials examined the effects of
single exercise interventions early postoperatively [30—32]
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and to date, no evidence exists on the superiority of a spe-
cific exercise intervention [7, 8, 12].

Respondents were also asked to express their beliefs
regarding the optimal lower extremity resistance training
intensity after hip replacement. Dose—response effects of
postoperative exercise therapy have been rarely investi-
gated [8, 12] and no practical standards or evidence-
based recommendations can be found in the literature.
Consequently, exercise intensities during rehabilitation
are mainly influenced by personal experience and beliefs
of therapists. The mean recommended intensity at 15
days post-surgery (12.6 on Borg’s 6-20 RPE scale) has
been considered fairly light to moderate [33]. Respon-
dents with longer working experience preferred a more
conservative therapy with lower perceived exertions, as
compared to those with less working years. Considering
that a RPE of 12-13 is a critical value for detectable ex-
ercise therapy effects [34] one may speculate that inten-
sities below this point are probably insufficient for
meaningful strength improvements. This implies that fu-
ture research should not only focus on the “yes” or “no”
for the application of single interventions but also on
the intensity (or challenge) at which an exercise is suffi-
ciently effective or optimal for functional improvements.

The survey also revealed uncertainty among rehabilita-
tion professionals on the hip joint loading during walk-
ing, standing, cycling, stair climbing, chair rises, bridging
and hip abduction. Only few studies with small sample
sizes investigated the force acting on the hip during dif-
ferent activities [35—-38]. They showed that normal walk-
ing increases the resultant hip joint force between two
and three times of the body weight [35, 37, 38]. Compar-
able increments of peak hip contact forces were reported
for stair climbing, one-leg standing and bridging exer-
cises, whereas dynamic hip abduction and chair rise
exercises resulted in lower loadings [36]. In consider-
ation to these findings, our survey indicates that hip
joint loading during exercising is often misjudged by
therapists. This may consequently influence the thera-
pist’s treatment approach and could reduce the efficacy
of postoperative exercise therapy interventions.

Study limitations

Several limitations should be considered for the final in-
terpretation of results. From 379 contacted rehabilitation
centers, 56 (14.8 %) expressed their interest to partici-
pate and were assessed for eligibility. Although no data
is available for non-responding facilities, there could be
several reasons that may have contributed to the low re-
sponse rate. Firstly, an email address obtained from an
online database was used to contact rehabilitation cen-
ters. No information was available, to confirm whether
the request was actually forwarded to the head physician
or to some other responsible personal. Further, it may
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Table 4 Facility-specific overall objectives for the rehabilitation of THR patients and key exercise therapy components are
Agreement is defined when more than 80 % of answers coincided in one of the three combined categories
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shown.

Missing Low priority Medium priority High priority

Objectives n (%) n (%) n (%) n (%)
Agreement
Reducing muscular imbalances 9 (2.9) 29 (9.5) 17 (5.6) 258 (84.9)
Improving mobility 722 30 (9.8) 12 (3.9) 264 (86.3)
Restoring functional gait patterns 7(22) 29 (9.5) 9 (29 268 (87.6)
Recovery of activities of daily living 722 31 (10.1) 23 (7.5) 252 (824)
Pain reduction / freedom of pain 5(1.6) 30 (9.7) 24 (7.8) 254 (82.5)
Strengthening of hip muscles 3(1.0) 31 (10) 7 (23) 272 (87.7)
Disagreement
Improving balance control 13 (4.2) 26 (8.6) 51 (17.0) 223 (74.3)
Improving core stability 13 4.2) 24 (8.0) 82 (27.3) 194 (64.7)
Key exercise therapy components
Agreement
Gait training 722 26 (8.5) 1239 268 (87.6)
Stair climbing 12 (3.8) 27 (8.7) 24 (7.7) 250 (83.1)
Individual physiotherapy 722 28 (9.1) 8 (2.6) 270 (88.2)
Disagreement
Gym exercises 13 (4.2) 40 (134) 66 (22.0) 194 (64.7)
Continuous passive motion 31 (10.0) 110 (39) 60 (21.3) 112 (39.7)
Neuromuscular /sensorimotor training 37.(11.8) 39 (14.) 64 (23.2) 173 (62.7)
Stretching 21 (6.7) 42 (144) 51(17.5) 199 (68.2)
Water exercises 12 (3.8) 36 (12.0) 49 (16.3) 216 (71.8)
Ergometer cycling 19 (6.1) 52 (17.6) 77 (26.2) 165 (56.1)
Walking exercises 38 (12.1) 149 (54.1) 63 (22.9) 63 (229
Manual therapy 31 (10.0) 83 (29.5) 58 (20.6) 141 (50.0)
Group exercises 16 (5.1) 40 (13.5) 36 (12.1) 221 (744)
Table 5 Agreement concerning joint load of the hip joint loading during specific exercises is shown

Missing Low loading Medium loading High loading

n (%) n (%) n (%) n (%)
Disagreement
Ergometer cycling, low resistance 10 (3.1) 199 (65.7) 96 (31.7) 8 (2.6)
Ergometer cycling, high resistance 12 (3.8) 26 (8.6) 157 (52.2) 118 (39.2)
Walking 4 Km/h 13 (4.2) 40 (13.3) 176 (58.7) 84 (28.0)
One-leg standing 929 16 (5.3) 91 (29.9) 197 (64.8)
Sitting 11 (35) 129 (42.7) 146 (48.3) 27 (89)
Chair rise 9 (29 24 (79) 177 (58.2) 103 (33.9)
Bridging 15 (4.8) 53(17.8) 171 (574) 74 (24.8)
Abduction in lateral position 12 (3.8) 31 (10.3) 158 (52.5) 112 (37.2)
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have appeared that, due to lack of experience in the treat-
ing arthroplasty patients, some of the non-responding
centers did not feel adequately qualified and confident to
participate in the survey (e.g. orthopaedic diseases only as
secondary diagnosis). Other potential reasons included
the lack of interest as well as concerns regarding the dis-
semination of internal data. Finally, 28 rehabilitation cen-
ters returned 313 completed questionnaires, yielding a
response rate of 7.4 %.

It should also be noted that the results are limited to
German rehabilitation settings. The postoperative man-
agement of total hip replacement is influenced by
regional health care systems and therefore, can not be
compared with various other states [1, 39]. A typical
German rehabilitation is performed in an in- or out-
patient rehabilitation clinic and starts a few days after
hospital discharge. Final decisions on post-operative
treatment, start of full weight-bearing, maximum hip
joint loading or possible restrictions during exercising
are primarily the responsibility of orthopedic surgeons
or rehabilitation physicians. Physiotherapists are not au-
tonomous in their decision-making.

In addition, the questionnaire was developed exclu-
sively for the present survey and was pre-tested as well
as adjusted by a few orthopedic physicians, physiothera-
pists and exercise therapists. Hence, the chosen categor-
ies of the questionnaire and response options provided
are partly influenced by personal experience and do not
fully exclude the possibility of being biased.

Implications for practice

Our survey suggests that decisions during rehabilitation
practice following hip replacement in Germany are
strongly influenced by personal experience and opin-
ions and may vary largely among rehabilitation profes-
sionals. The observed lack of consensus regarding the
most beneficial exercise therapy treatment observed
may partly be due to substantial research deficit in this
field [7, 8, 12]. However, this survey also suggests that
existing research findings have not been sufficiently im-
plemented into daily treatment practice of therapists.
This includes knowledge on hip joint loadings during
exercising and weight-bearing as well as effective com-
ponents and doses of exercise therapy. Therefore, con-
cepts, strategies and measures are needed to improve
the transfer of evidence-based knowledge into rehabili-
tation practice for the postoperative management of
hip replacements.

Conclusion

In conclusion, this survey reveals substantial disagree-
ments among rehabilitation professionals regarding exer-
cise therapy prescriptions during the first postoperative
weeks after hip replacement in Germany. Surgeons and
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therapists differ in their recommendations on weight-
bearing and resistance training. Physiotherapists and
exercise therapists prefer a more conservative approach
with a delayed start of weight-bearing and resistance
training. This is in contrast to current evidence and
might be explained with more extensive interactions be-
tween patient and therapist during individual treatment
sessions. Furthermore, the beliefs and prescriptions of
respondents regarding the estimated hip loading are only
partly in agreement with reported true loadings in the
literature. Further investigation should explore the influ-
ence of professional groups and facilities on THR re-
habilitation. More evidence-based recommendations on
beneficial exercise therapy dosages and components are
needed in order to define reasonable guidelines and
standards for postoperative treatment.
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Abbreviations
THR: Total hip replacement; RPE: Rating of perceived exertion.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

CE analyzed and interpreted the data and prepared the manuscript. AR and
AK planned and conducted the study. AZ planned and conducted the study,
interpreted the results and prepared the manuscript. All authors read and
approved the final manuscript.

Acknowledgements

The study was funded by the B.Braun foundation, Germany. The funding
source had no role in the design, conduct, or report of the study.
Authors thank Dr. Amit Gulati, Department of Medical Biometry and
Epidemiology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany, for his valuable contributions in this paper.

Author details

'Department for Medical Biometry and Epidemiology, University Medical
Center Hamburg-Eppendorf, Hamburg, Germany. Department of Exercise
Physiology, Friedrich Schiller University of Jena, Jena, Germany. 3Institute of
Human Movement Science, University of Hamburg, Hamburg, Germany.

Received: 5 February 2015 Accepted: 24 July 2015
Published online: 05 August 2015

References

1. Waddell J, Johnson K, Hein W, Raabe J, FitzGerald G, Turibio F. Orthopaedic
practice in total hip arthroplasty and total knee arthroplasty: results from
the Global Orthopaedic Registry (GLORY). Am J Orthop (Belle Mead NJ).
2010;39:5-13.

2. OECD/European Union, “Hip and knee replacement”, in Health at a Glance:
Europe 2014, OECD Publishing, Paris. doi: http://dx.doi.org/10.1787/
health_glance_eur-2014-34-en

3. Mariconda M, Galasso O, Costa GG, Recano P, Cerbasi S. Quality of life and
functionality after total hip arthroplasty: a long-term follow-up study. BMC
Musculoskelet Disord. 2011;12:222.

4. Robert Koch-Institut. Die 50 hdufigsten Operationen der vollstationdren
Patientinnen und Patienten in Krankenhéusern (Rang, Anzahl, Anteil in
Prozent). 2012. 8-4-2014. Ref Type: Report.


http://www.biomedcentral.com/content/supplementary/s12891-015-0646-7-s1.pdf
http://www.biomedcentral.com/content/supplementary/s12891-015-0646-7-s2.pdf
http://dx.doi.org/hhttp://dx.doi.org/10.1787/health_glance_eur-2014-34-en
http://dx.doi.org/hhttp://dx.doi.org/10.1787/health_glance_eur-2014-34-en

Eulenburg et al. BMC Musculoskeletal Disorders (2015) 16:185

17.
18.

20.

22.

23.

24.

25.

26.

Sicard-Rosenbaum L, Light KE, Behrman AL. Gait, lower extremity strength,
and self-assessed mobility after hip arthroplasty. J Gerontol A Biol Sci Med
Sci. 2002,57:M47-51.

Judd DL, Dennis DA, Thomas AC, Wolfe P, Dayton MR, Stevens-Lapsley JE.
Muscle strength and functional recovery during the first year after THA. Clin
Orthop Relat Res. 2014;472:654-64.

Minns Lowe CJ, Barker KL, Dewey ME, Sackley CM. Effectiveness of
physiotherapy exercise following hip arthroplasty for osteoarthritis: a
systematic review of clinical trials. BMC Musculoskelet Disord.
2009;10:98.

Westby MD, Carr S, Kennedy DM, Brander V, Bell M, Doyle-Waters M. Post-
acute physiotherapy for primary total hip arthroplasty: a cochrane
systematic review. Arthritis Rheum. 2009,60:424-5.

Gilbey HJ, Ackland TR, Wang AW, Morton AR, Trouchet T, Tapper J. Exercise
improves early functional recovery after total hip arthroplasty. Clin Orthop
Relat Res 2003;408:193-200.

Coudeyre E, Jardin C, Givron P, Ribinik P, Revel M, Rannou F. Could
preoperative rehabilitation modify postoperative outcomes after total hip
and knee arthroplasty? Elaboration of French clinical practice guidelines.
Ann Readapt Med Phys. 2007;50:189-97.

Okoro T, Ramavath A, Howarth J, Jenkinson J, Maddison P, Andrew JG, et al.
What does standard rehabilitation practice after total hip replacement in
the UK entail? Results of a mixed methods study. BMC Musculoskelet
Disord. 2013;14:91.

Di Monaco M, Vallero F, Tappero R, Cavanna A. Rehabilitation after total hip
arthroplasty: a systematic review of controlled trials on physical exercise
programs. Eur J Phys Rehabil Med. 2009;45:303-17.

Spieser A, Mittag O, Bruggemann S, Jackel WH. Acceptance and
practicability of the rehab therapy standards for rehabilitation after total hip
and knee arthroplasty - findings of a user survey of the pilot version.
Rehabilitation (Stuttg). 2012,51:229-36.

Peter WF, Nelissen RG, Vliet Vlieland TP. Guideline recommendations for
post-acute postoperative physiotherapy in total hip and knee arthroplasty:
are they used in daily clinical practice? Musculoskeletal Care.
2014;12(3):125-31.

Bandholm T, Kehlet H. Physiotherapy exercise after fast-track total hip and
knee arthroplasty: time for reconsideration? Arch Phys Med Rehabil.
2012,93:1292-4.

Westby M, Brittain A, Backman C. Expert consensus on best practices for
post-acute rehabilitation after total hip and knee arthroplasty: a Canada and
United States Delphi study. Arthritis Care Res (Hoboken). 2014;66:411-23.
rehakliniken.de, http//www.rehakliniken.de/; 1-11-2014

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc.
1982,14:377-81.

Marx RG, Jones EC, Angel M, Wickiewicz TL, Warren RF. Beliefs and
attitudes of members of the American Academy of Orthopaedic Surgeons
regarding the treatment of anterior cruciate ligament injury. Arthroscopy.
2003;19:762-70.

Wright JG, Coyte P, Hawker G, Bombardier C, Cooke D, Heck D, et al. Variation
in orthopedic surgeons’ perceptions of the indications for and outcomes of
knee replacement. CMAJ. 1995;152:687-97.

Mamlin LA, Melfi CA, Parchman ML, Gutierrez B, Allen DI, Katz BP, et al.
Management of osteoarthritis of the knee by primary care physicians. Arch
Fam Med. 1998;7:563-7.

IBM Corp. IBM SPSS Statistics for Windows. [21.0]. Armonk, NY: IBM Corp;
2012. Ref Type: Computer Program.

Kishida Y, Sugano N, Sakai T, Nishii T, Haraguchi K, Ohzono K; et al. Full
weight-bearing after cementless total hip arthroplasty. Int Orthop.
2001;25:25-8.

Markmiller M, Weiss T, Kreuz P, Ruter A, Konrad G. Partial weightbearing is
not necessary after cementless total hip arthroplasty: a two-year prospective
randomized study on 100 patients. Int Orthop. 2011;35:1139-43.

Berger RA, Jacobs JJ, Meneghini RM, Della VC, Paprosky W, Rosenberg AG.
Rapid rehabilitation and recovery with minimally invasive total hip
arthroplasty. Clin Orthop Relat Res 2004;429:239-247.

Hol AM, van Grinsven S, Lucas C, van Susante JL, van Loon CJ. Partial
versus unrestricted weight bearing after an uncemented femoral stem in
total hip arthroplasty: recommendation of a concise rehabilitation
protocol from a systematic review of the literature. Arch Orthop Trauma
Surg. 2010;130:547-55.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 9 of 9

Buehler KO, D'Lima DD, Petersilge WJ, Colwell CW, Jr, Walker RH. Late deep
venous thrombosis and delayed weightbearing after total hip arthroplasty.
Clin Orthop Relat Res. 1999;361:123-130.

Radl R, Aigner C, Hungerford M, Pascher A, Windhager R. Proximal femoral
bone loss and increased rate of fracture with a proximally hydroxyapatite-
coated femoral component. J Bone Joint Surg Br. 2000,82:1151-5.

Husby VS, Helgerud J, Bjorgen S, Husby OS, Benum P, Hoff J. Early
postoperative maximal strength training improves work efficiency 6-12
months after osteoarthritis-induced total hip arthroplasty in patients
younger than 60 years. Am J Phys Med Rehabil. 2010,89:304-14.

Hesse S, Werner C, Seibel H, von Frankenberg S, Kappel EM, Kirker S, et al.
Treadmill training with partial body-weight support after total hip
arthroplasty: a randomized controlled trial. Arch Phys Med Rehabil.
2003,84:1767-73.

Rahmann AE, Brauer SG, Nitz JC. A specific inpatient aquatic physiotherapy
program improves strength after total hip or knee replacement surgery: a
randomized controlled trial. Arch Phys Med Rehabil. 2009,90:745-55.

Suetta C, Magnusson SP, Rosted A, Aagaard P, Jakobsen AK, Larsen LH, et al.
Resistance training in the early postoperative phase reduces hospitalization
and leads to muscle hypertrophy in elderly hip surgery patients-a
controlled, randomized study. J Am Geriatr Soc. 2004;52:2016-22.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et
al. American College of Sports Medicine position stand. Quantity and
quality of exercise for developing and maintaining cardiorespiratory,
musculoskeletal, and neuromotor fitness in apparently healthy adults:
guidance for prescribing exercise. Med Sci Sports Exerc. 2011;43:1334-59.
Scherr J, Wolfarth B, Christle JW, Pressler A, Wagenpfeil S, Halle M.
Associations between Borg's rating of perceived exertion and physiological
measures of exercise intensity. Eur J Appl Physiol. 2013;113:147-55.
Bergmann G, Deuretzbacher G, Heller M, Graichen F, Rohlmann A, Strauss J,
et al. Hip contact forces and gait patterns from routine activities. J Biomech.
2001,34:859-71.

Schwachmeyer V, Damm P, Bender A, Dymke J, Graichen F, Bergmann G. In
vivo hip joint loading during post-operative physiotherapeutic exercises.
PLoS One. 2013;8:77807.

Davy DT, Kotzar GM, Brown RH, Heiple KG, Goldberg VM, Heiple Jr KG, et al.
Telemetric force measurements across the hip after total arthroplasty. J Bone
Joint Surg Am. 1988;70:45-50.

Hashimoto N, Ando M, Yayama T, Uchida K, Kobayashi S, Negoro K; et al.
Dynamic analysis of the resultant force acting on the hip joint during level
walking. Artif Organs. 2005;29:387-92.

Geissler A, Scheller-Kreinsen D, Quentin W. Do diagnosis-related groups
appropriately explain variations in costs and length of stay of hip
replacement? A comparative assessment of DRG systems across 10
European countries. Health Econ. 2012;21 Suppl 2:103-15.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www.rehakliniken.de/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Participants, recruitment and setting
	Procedure
	Data analysis and statistics
	Ethics


	Results
	Personal opinion regarding the optimal treatment
	Facility-specific objectives and key components of rehabilitation practice
	Exercise therapy dose
	Hip joint load during exercise therapy

	Discussion
	Agreements and disagreements in exercise therapy prescriptions
	Study limitations
	Implications for practice

	Conclusion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



