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Neither pre-operative education or a minimally invasive
procedure have any influence on the recovery time after total
hip replacement
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Abstract
Purpose The purpose of this study was to evaluate pre-
operative education versus no education and mini-invasive
surgery versus standard surgery to reach complete
independence.
Methods We conducted a four-arm randomized controlled tri-
al of 209 patients. The primary outcome criterion was the time
to reach complete functional independence. Secondary out-
comes included the operative time, the estimated total blood
loss, the pain level, the dose of morphine, and the time to
discharge.
Results There was no significant effect of either education
(HR: 1.1; P=0.77) or mini-invasive surgery (HR: 1.0; 95 %;

P=0.96) on the time to reach complete independence. The
mini-invasive surgery group significantly reduced the total
estimated blood loss (P=0.0035) and decreased the dose of
morphine necessary for titration in the recovery (P=0.035).
Conclusions Neither pre-operative education nor mini-
invasive surgery reduces the time to reach complete functional
independence. Mini-invasive surgery significantly reduces
blood loss and the need for morphine consumption.
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Introduction

Total hip replacement (THR) is one of the most successful
elective surgical procedures in developed countries [1]. More
than 150,000 THRs are performed in France every year and
the incidence is gradually increasing [2]. Changes in the pro-
cedure, whether surgical or peri-operative, are sought to im-
prove both ends of the patient’s timeline: at one end, research
is aimed at providing the best functioning hip for the longest
time possible; at the other, research is aimed at decreasing the
time to reach this state [3, 4].

Mini-invasive hip surgery and pre-operative patient educa-
tion have been developed as a means of accelerating patient’s
time to full recovery. However, to date, these interventions
have failed to completely meet patient’s or surgeon’s expecta-
tions. In a meta-analysis of 14 randomised controlled trials
including a total of 1,174 hips, Xu et al. reported a significant
reduction in blood loss and operative time for the mini-
invasive group; functional outcomes were, however, similar
in both groups [5]. In a recent meta-analysis including a total
of 1,074 participants from 13 randomised controlled trials,
McDonald et al. reported no significant effect of pre-operative
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education on mobility, postoperative pain, anxiety, function or
length of hospital stay [6].

These interventions remain nonetheless attractive in
fulfilling their original goals. It could be that the effect
of mini-invasive and pre-operative education would only
reach a clinically meaningful effect in a more targeted
subgroup of patients. For instance, weight is known to
be associated with the outcome after total hip replacement
[7–9]. Therefore including obese in such a trial could
dilute the effect of these procedures. Last, the effect of
mini-invasive or pre-operative education could be differ-
ent depending on the level of the other variable. Namely,
pre-operative education could only have some benefit for
patients who would undergo mini-invasive hip replace-
ment (statistical interaction). To the best of our knowl-
edge, no one has conducted a trial studying both the effect
of pre-operative education and mini-invasive approach at
the same time.

Consequently, we included non-obese patients in a four-
arm randomized controlled trial comparing pre-operative ed-
ucation versus no education and mini-invasive surgery versus
standard surgery in the time to reach complete independence.

Materials and methods

Trial design

This trial was conducted at a single tertiary care teach-
ing hospital in Paris, France. Patients undergoing a pri-
mary total hip replacement were first randomized to
education or no education class four to 12 weeks before
the operation. On the day of surgery they were random-
ized to mini-invasive surgery or standard surgery. Con-
sequently four groups were constituted: group EM, ed-
ucation and mini-invasive surgery; group ES, education
and standard surgery; group CM, no education (control)
and mini-invasive surgery; and group CS, no education
and standard surgery. The allocation ratio for both
randomisations was one for one. The institutional re-
view board approved the study protocol and the re-
search has been performed in accordance with the ethi-
cal standards as laid down in the 1964 Declaration of
Helsinki and its later amendments. The study protocol
was registered at ClinicalTrials.gov (identified as
NCT00449228). Written informed consent was obtained
from all study patients. An independent data and safety
monitoring board (DSMB) monitored the trial with stan-
dardized adverse event reporting procedures. The full
trial protocol can be accessed on demand on request
to the first (DJB) and last (PA) authors. This study
was supported by a grant under the Projet Hospitalier
de Recherche Clinique.

Participants

Eligible patients were offered to participate to the trial at the
time the hip replacement was indicated. Patients were eligible
if they presented with symptomatic osteoarthritis of the hip,
primitive or secondary to avascular necrosis. Patients were
excluded if they had a history of previous hip operation
(bone), were older than 90 or younger than 40, had inflamma-
tory arthritis, showed an important proximal femur or acetab-
ular deformity, were obese (body mass index >30), or if the
primary outcome criteria (see below) could not be obtained.
All patients were recruited from the surgeon’s clinic.

Interventions

The first intervention was pre-operative education. Patients in
the education group attended, individually or in a very small
group (less than three), a class with a physiotherapist and a
nurse where the postoperative period was reviewed in detail.
The physiotherapist showed and had patients practice all the
exercises they were expected to perform after the operation.
These exercises included transfers lying to sitting and sitting
to standing, walking with crutches, as well as going up and
down the stairs with crutches. Postural restrictions to prevent
dislocation were also taught. The nurse explained the pain
management protocol including the patient-controlled analge-
sia pump. The class was conducted on a positive and cheerful
tone in order to lessen the apprehension associated with the
surgical procedure. Patients in the control (no education)
group did not attend this class. However, as part of our usual
care program they were offered to attend an information ses-
sion in a large group (usually more than ten) where general
information regarding the operation and postoperative period
was given. During this information session, no practice with
crutches, bed, or else, was offered.

The second intervention was surgery, whereby all patients
were operated through a partial anterior trochanteric
osteotomy [10]. The mini-invasive surgery was performed
with dedicated retractors and an incision of 10 cm or less; in
the standard surgery group, the incision was 14 cm and above.
Prior to the start of the trial, all of the surgeons had been
practising the mini-invasive surgery with more than 25 proce-
dures and had more than ten years practising hip replacement
surgery. All patients were allowed to fully bear weight starting
on day one postoperatively.

Outcomes

The primary outcome criterion was the time to reach complete
functional independence. Complete functional independence
was defined for a patient as the ability to do transfers lying to
sitting and sitting to standing, walking 30 metres, and going
up and down a flight of stairs with no verbal or physical help
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from someone. However, the use of walking aids such as
crutches was possible. The outcome was assessed from day
one to patient discharge or obtainment of complete functional
independence by an independent nurse whowas blinded to the
group of randomisation (education and surgery).

Secondary outcomes included the need to enlarge the inci-
sion, the operative time (from incision to closure), the estimat-
ed total blood loss [11], the occurrence of a postoperative
blood transfusion, the postoperative haemoglobin (day three),
the pain level in the recovery room (from 0 no pain to 10worst
pain imaginable), pain levels on postoperative day one and
three, the dose of morphine used in the recovery room
(through the patient-controlled analgesia pump and the total
dose of morphine used during the hospitalisation), and the
time to discharge. No change to trial outcomes occurred after
the trial commenced.

Sample size

The sample size was based on the following parameters. A
type I error of 5 % and type II error of 20 % were chosen. A
difference of 15 % of patients with complete independence on
day five was considered as clinically relevant. It was estimat-
ed, based on the surgeon’s experience, that the median time to
obtain complete independence was five days under usual care
(no education and standard surgery). It was estimated from the
literature and from consensus that the hazard ratio between the
education group and no education group was 2.3. Last, it was
considered that patients would be evaluated until day eight
(usual time of discharge) and that none would be lost to
follow-up until then. A score test in a proportional semi-
parametric Cox regression model was planned [12] and a total
of 123 patients per group were necessary; given the possibility
of drop-outs from inclusion to evaluation it was decided to
include 140 patients per group. During the trial, at half the
inclusion, a non decisional analysis was performed to check
the original assumption that 75 % of the patients had reached
complete functional independence by discharge. Because
90 % of patients had reached that mark, a new sample size
was computed to 204 patients.

Randomization

The randomisation sequence was generated by computer by
the statistician in charge of the study using blocks of unequal
size. The second randomisation (mini-invasive surgery or
standard surgery) was stratified on the first (education or no
education) and on the surgeon. Patients randomised to the
education group were informed by telephone and they were
to have the education class at the time of the mandatory visit
with the anaesthesiologist (around four weeks before the op-
eration). On the day of surgery, the surgeon opened a sealed
opaque envelope after the patient was anaesthetized where the

type of surgery was reported. The randomisation list was gen-
erated by the statistician in charge of the study and concealed
to all care providers; participants were enrolled by the
surgeons.

Blinding

The patient was informed not to reveal if s/he had the educa-
tion class or not. All care providers were blinded to this
randomisation. Participants, the nurses assessing the outcome,
and all care providers except for the surgeon in charge of the
patient were blinded to the type of surgery. To ensure blinding,
a standard 20-cm length dressing was applied at the end of the
operation by the surgeon regardless of the size of the incision.
Once on the ward, the first dressing was performed on post-
operative day three by the nurse in charge of the patient. She/
he was informed not to show the wound to the patient, and not
to reveal to other staff the size of the incision. The independent
nurse who came to evaluate the patient in the afternoon was
blinded to the size of the incision. Patients were revealed
which group they were in at the time of hospital discharge
only if they asked.

Statistical methods

Continuous outcomes are presented by median and first and
third quartile values (Q1-Q3); categorical outcomes are report-
ed with counts and proportions. The primary outcome criteri-
on is the time to obtain complete independence using the
Kaplan-Meier estimator. The observations of patients for
whom the outcomewas not observed during their hospital stay
are censored. The effects of education or no education and
mini-invasive surgery or standard surgery were estimated
using a Cox proportional hazard regression model; the test
of significance used is the score test. An interaction between
education and the type of surgery was sought with the Gail
and Simon test [13]. Student's t test, Wilcoxon rank sum test,
chi square and Fisher tests were performed accordingly to
compare continuous and categorical outcomes. All analyses
were performed on an intention-to-treat basis; patients stayed
in their randomisation group regardless of whether or not they
received the intended treatment.

Results

Participants flow, recruitment, and baseline data

The inclusion period took place fromOctober 2007 to October
2011. Overall, 209 patients were included: 54 patients were
allocated to group EM, 52 to group ES, 52 to group CM, and
51 to group CS. Two patients withdrew their consent during
the trial and are not shown in any of the analyses; therefore,
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the analysis is based on the remaining 207 patients (Table 1).
Overall, ten (5 %) patients did not undergo surgery (Fig. 1).
There were 120 (58 %) women, the median age was 66 years
old (Q1-Q3: 60–74), and primary osteoarthritis accounted for
91 % of the diagnosis. The median body mass index was 25
(23–28). No relevant difference was noted at baseline between
the four groups (Table 1). The incision was enlarged in 11
(11 %) procedures in the mini-invasive group and 1 (1 %)
procedure in the standard group; this difference was statisti-
cally significant (P=0.0054) (Table 2). Patients in the mini-
invasive group in whom incisions were enlarged, remained in
the mini-invasive group for all analyses. At the time of clo-
sure, the median incision length was 9 cm (Q1–Q3: 9–10) in
the mini-invasive group and 12 cm (Q1–Q3: 12–14) in the
standard group; closure was with a running suture and induced
shrinking of the scar.

The median time to reach complete independence was
five days in all groups (Fig. 2). There was no significant effect
of either education (HR: 1.1; 95 % CI: 0.76–1.5; P=0.77) or
mini-invasive surgery (HR: 1.0; 95 % CI: 0.72–1.4; P=0.96).
There was no interaction in the effect of type of surgery ac-
cording to previous education or not (P=0.43). There was no
difference between groups CS (reference category), CM (HR:
1.15; 95 % CI: 0.72–1.86; P=0.56), ES (HR: 1.23; 95 % CI:
0.76–1.99; P=0.39) or EM (HR: 1.06; 95 % CI: 0.67–1.69;
P=0.80). By the fifth postoperative day, 95 % (95 % CI: 91–
97 %) of the patients were able to complete the transfer lying
to sitting independently, 97 % (95%CI: 93–99 %) the transfer
sitting to standing, 93 % (95%CI: 88–96%) were able to walk

30 m, and 61 % (95%CI: 54–68 %) were able to go up and
down a flight of stairs.

The total estimated blood loss was 227 ml (Q1 – Q3: 0–
455) in the mini–invasive group and 403 ml (Q1–Q3: 0–643)
in the standard group; this difference was statistically signifi-
cant (Table 3; P=0.0035). The median dose of morphine nec-
essary for titration in the recovery was 7 mg (Q1–Q3: 2–10) in
the mini-invasive group and 10 mg (Q1–Q3: 5–10) in the
standard group; this difference was statistically significant
(Table 3; P=0.035). There was no difference in pain levels,
proportion of patients having a blood transfusion, or length of
stay between patients in the education or no education, and
mini-invasive or standard surgery groups (Table 3). Eight pa-
tients had complication before discharge and there was no
statistically significant difference between groups (Table 3).

Discussion

Pre-operative education and mini-invasive surgery are both
seen as means to accelerate inpatient recovery after total hip
replacement. However, to date, results issued from random-
ized controlled trials are conflicting. Recent large reviews
have failed to show a clear benefit of these treatments either
[5, 6].

We found no significant effect of pre-operative education
on time to reach complete functional independence. This find-
ing is in keeping with the recent Cochrane review of 1,074
participants from 13 randomised controlled trials byMcDonald

Table 1 Preoperative variables

Variable Category Education (n=105) Control (n=102) Mini-invasive (n=105) Standard (n=102) All (n=207)

Etiology Primary arthritis 95 (91 %) 93 (91 %) 95 (90 %) 93 (92 %) 188 (91 %)

Sex Women 66 (63 %) 54 (53 %) 59 (56 %) 61 (60 %) 120 (58 %)

Age (years) 67 (60–75) 66 (59–72) 68 (60–75) 66 (59–72) 66 (60–74)

Professional activity Working 22 (22 %) 24 (24 %) 21 (20 %) 25 (25 %) 46 (23 %)

Hip flexion <90 degrees 59 (57 %) 59 (59 %) 61 (59 %) 57 (57 %) 118 (58 %)

Symptomatic joint Contralateral hip 29 (28 %) 28 (27 %) 36 (34 %) 21 (21 %) 57 (28 %)

Homolateral knee 7 (7 %) 4 (4 %) 7 (7 %) 4 (4 %) 11 (5 %)

Contralateral knee 4 (4 %) 7 (7 %) 6 (6 %) 5 (5 %) 11 (5 %)

Spine 10 (10 %) 11 (11 %) 10 (10 %) 11 (11 %) 21 (10 %)

Physical activity >2 h/week 67 (64 %) 53 (52 %) 60 (57 %) 60 (59 %) 120 (58 %)

Discharge plan Home 54 (54 %) 62 (62 %) 57 (56 %) 59 (60 %) 116 (58 %)

ASA score 1 27 (27 %) 23 (26 %) 28 (28 %) 22 (24 %) 50 (26 %)

2 63 (62 %) 49 (55 %) 53 (54 %) 59 (65 %) 112 (59 %)

3 11 (11 %) 17 (19 %) 18 (18 %) 10 (11 %) 28 (15 %)

Weight (kg) 70 (60–80) 74 (63–82) 72 (62–82) 72 (62–81) 72 (62–82)

Height (cm) 166 (160–173) 168 (160–174) 168 (160–174) 166 (160–174) 168 (160–174)

BMI (kg/m²) 25 (23–28) 25 (22–28) 25 (23–28) 25 (23–28) 25 (23–28)

HB preop (g/dl) 14 (13–14) 14 (13–15) 13 (13–15) 14 (13–15) 14 (13–15)

ASA American Society Association, BMI body mass index, HB haemoglobin
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et al. [6]. However in this meta-analysis, the authors included
trials with any sort of pre-operative education. However, trials
addressing the effect of dedicated education sessions with ex-
ercises aimed at accelerating the immediate postoperative re-
covery (getting out and in bed, standing and walking with
crutches, walking up and down stairs with aids, etc.), such as
was done in our trial, have reported some positive effect
[14–16]. Crowe et al. [14], in a trial of 133 patients undergoing
hip or knee replacement, reported a benefit of pre-operative
education in time to independently get out of bed (4.7 days
against 5.9 days); they, however, found no benefit of pre-
operative education in time to walk 30 metres or time to climb

stairs. Gocen et al. [15], in a trial of 59 patients, reported a
significant benefit, of one day on average, of pre-operative ed-
ucation in the time to perform activities such as climbing stairs,
bed transfer, toilet transfer, and chair transfer. Lastly,
Vukomanovi et al. [16], in a trial of 45 patients, reported a
significant benefit of pre-operative education in the time to be
able to go up and down the stairs; the effect on time to walk was
less pronounced. The difference between these positive find-
ings and our results may come from the fact that patients in our
control group received an information class, although deprived
of hands-on exercises, when patients in the control groups of
the three above-cited studies did not. It has been shown that a

Fig. 1 Randomised selection process

Table 2 Intraoperative and postoperative variables relevant to surgical groups

Variable Category Mini-invasive (n=101) Standard (n=98) P value All (n=199)

Incision length at closure (cm) 9 (9–10) 12 (12–14) 1e-04 10 (9–13)

Incision enlargement Yes 11 (11 %) 1 (1 %) 0.0054 6 (3 %)

Operative time (min) 110 (90–140) 110 (90–140) 0.88 110 (90–140)

Drain Yes 91 (90 %) 93 (97 %) 0.083 184 (93 %)

HB postop (g/dl) 11 (10–12) 10 (10–11) 0.19 11 (10–11)

Transfusion Intraoperative 1 (1 %) 5 (5 %) 0.11 6 (3 %)

Recovery 9 (9 %) 9 (10 %) 1 18 (9 %)

Ward 7 (8 %) 10 (12 %) 0.45 17 (10 %)

Any 16 (15 %) 23 (23 %) 0.21 39 (19 %)

Total estimated blood loss (ml) 227 (0–455) 403 (0–643) 0.0035 322 (0–568)

HB haemoglobin
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pre-operative information class is beneficial in fastening recov-
ery, and likely, could have diluted the effect of an education
class in our study [17]. Pre-operative demographic data could
also explain some of the differences seen. However, the BMI is
not reported frequently enough to draw any conclusion. Last,
unfortunately, although the surgical technique used to perform
the hip replacement could explain part of the differences seen
between trials, these are not reported.

We found no significant effect of mini-invasive hip
surgery on time to reach complete functional indepen-
dence. Since its early days more than ten years ago [18],
mini-invasive hip surgery has been regarded both by pa-
tients and surgeons as an appealing surgical technique for
accelerating recovery and for other reasons such as
cosmesis and publicity. However, there exists only limited
information about the effect of mini-invasive on very

short-term recovery, that is, in the first few postoperative
days. Chimento et al. [19], in a randomized trial of 60
patients undergoing a total hip replacement through a pos-
terolateral approach, reported no significant difference in
the number of days required to reach functional mile-
stones such as independently transfer, ambulate or nego-
tiate stairs. Despite more than three times as many pa-
tients we could not detect any significant difference either.
Interestingly, there is evidence that mini-invasive surgery
decreases soft-tissue trauma as suggested by the measure-
ment of biomarkers or other outcomes such as blood loss
[5, 20]. The reason for the absence of effect of mini-
invasive hip surgery with regard to very short-term post-
operative outcome could be that this effect could be only
marginal relative to the overall surgical trauma and unable
to significantly affect patient early function.

Fig. 2 Attainment of
independence

Table 3 Postoperative variables relevant to all groups

Variable Category Education
(n=103)

Control
(n=96)

P
value

Mini-invasive
(n=101)

Standard
(n=98)

P value All
(n=199)

Pain Recovery 2 (1–5) 2 (0–6) 0.95 2 (1–5) 2 (1–5) 0.74 2 (1–5)

Day 1 2 (1–4) 2 (1–4) 0.43 2 (1–4) 2 (1–4) 0.84 2 (1–4)

Day 3 1 (0–3) 2 (0–3) 0.26 2 (0–3) 2 (0–3) 0.33 2 (0–3)

PCA Yes 88 (92 %) 89 (95 %) 0.57 90 (93 %) 87 (94 %) 1 177 (93 %)

Morphine dose (mg) Titration in recovery 7 (2–10) 10 (4–11) 0.074 7 (2–10) 10 (5–10) 0.035 8 (3–10)

PCA total 12 (5–24) 15 (6–28) 0.31 10 (5–25) 15 (7–29) 0.061 14 (6–27)

Total over hosp. stay 17 (8–34) 20 (13–38) 0.3 18 (7–31) 21 (10–40) 0.2 19 (9–36)

Complication Yes 4 (4 %) 4 (4 %) 1 5 (5 %) 3 (3 %) 0.72 8 (4 %)

Length of hospital stay (days) 7 (6–7) 7 (5–7) 0.66 7 (5–7) 7 (6–7) 0.64 7 (5–7)

PCA patient controlled analgesia
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The effect of mini-invasive hip replacement on other out-
comes is less controversial. In keeping with the recent review
of 11 randomized trials by Xu et al. [5] we found that mini-
invasive hip surgery was able to reduce total estimated blood
loss. This is mainly explained by the reduced soft tissue dis-
section required to perform the operation. Accordingly, the
need for a blood transfusion was lower in the mini-invasive
group but not significantly so. We also found a significant
effect of mini-invasive surgery on pain consumption, i.e. the
amount of morphine required for titration in the recovery was
significantly lower for patients in the mini-invasive group
compared to patients in the standard group; it was also lower
for patients in the education group compared to those in the
control group but this failed to reach statistical significance.
Xu et al., in their review, reported a positive effect of mini-
invasive surgery in reducing pain consumption which failed to
be significant [5]. There was no effect of education or mini-
invasive surgery on the length of hospital stay. This is in keep-
ing with the absence of difference between those groups in
time to reach functional independence; it is also likely due to
the numerous determinants of this outcome such as social
environment, discharge plan, etc.

There are limitations to the present findings. It may be
argued that the technical difference between mini-invasive
and standard surgery be too small to show as a significant
predictor of time to reach independence. Indeed, had we com-
pared a 20-cm incision to an 8 cm or smaller incision, a dif-
ference may have been seen. However, an incision length
more than 15 cm makes little sense nowadays and, the com-
parison would not have been relevant. Second, the fact that
some patients in the mini-invasive group had their incision
enlarged could have shifted the effect in favour of the standard
surgery group. Nonetheless, this occurred for 11 % of the
patients only and it is recommended that patients be analysed
in their group of randomisation to avoid bias. The
generalisabilty of the study is limited by the fact that this
was a monocentric study and that the approach used for hip
replacement is not popular. However, our results are in keep-
ing with others and representative of the heterogeneity of sur-
gical practices around the globe [5].

In conclusion we found no effect of pre-operative educa-
tion or mini-invasive surgery in the time to reach complete
functional independence. Mini-invasive surgery significantly
reduces blood loss and the need for morphine consumption.
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