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Background:  At  present,  the posterolateral,  the direct  lateral  and  direct  anterior  approach  (DAA)  are  the
most  frequently  used  techniques  for total  hip arthroplasty  (THA),  however  there  is  no clear  superiority
of  one  of the approaches  based  on  clinical  outcome  measures.  The  goal of this  study  is  to  lead  the patient
and the surgeon  to an  optimal  treatment  by providing  them  with  relevant  information  based  on  patient
reported  outcome  measures  (PROMs).
Methods:  Patient  satisfaction  and  hip  function  one  year  postoperatively  were  investigated  retrospectively
in  a cohort  of patients  who  underwent  hip  replacement  surgery  by  DAA  on  one  hip and  by posterolateral
or  direct  lateral  approach  on  the  contralateral  hip.  Additionally,  a control  group  who  underwent  the  DAA
bilaterally  was  used  for comparison.
Results:  No difference  in  hip  function  was  found  between  the  DAA  and  the  posterolateral  or  direct  lateral
approach,  measured  with  the  Hip  disability  and  Osteoarthritis  Outcome  Score  (HOOS)  questionnaire  at
least  one  year  postoperatively  to the  last  THA  in  the  study  group.  Also  in  the  control  group  no  difference
was  found  between  the  hips.  However,  the  overall  scores  of  the  control  group  were  higher,  although
not  statistically  significant,  than  those  of the  study  group  (p = 0.055).  And a  majority  of  the  study  group
preferred  the  DAA  (68%),  with  the  reasons  reported  being  faster  recovery,  less  sleeping  disturbance  and
earlier  mobilization.

Conclusion:  As expected,  the  postoperative  hip  function  is  similar,  but patients’  preference  is not.  The
latter result  might  be true or  possibly  influenced  by  preoperative  psychological  factors  and  mental  health.
The  DAA  and  the  posterolateral  or direct  lateral approaches  have  shown  to lead  to  a similar  hip  function,
but  a majority  of  patients  subjectively  prefer  the  DAA.
Level  of evidence:  III.

© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

Total hip arthroplasty (THA) is one of the most successful
rthopaedic surgical procedures [1]. It is a cost-effective proce-
ure that leads to an increase in quality of life, relieves pain,
nd improves function for patients with end-stage joint dete-
ioration due to osteoarthritis or rheumatoid arthritis [2,3]. At
resent, the posterolateral and the direct lateral approach are the
ost frequently used techniques, respectively 45% and 42% [4].

nother approach, which is gaining popularity, is the direct ante-
ior approach (DAA). In The Netherlands approximately 6% of THA’s

∗ Corresponding author.
E-mail address: mp  somford@hotmail.com (M.P. Somford).
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are placed using this approach annually, worldwide it is estimated
to be 10% [5].

The possible benefit of the DAA is that it causes less soft tis-
sue damage, because it follows the internervous and intermuscular
planes [6]. However, recent studies questioned this benefit and its
possible influence on long term functional outcome [7–9]. The pos-
terolateral approach on the other hand is still the most frequently
used approach, even though this approach violates the posterior
hip capsule and muscular structures, which may be associated
with increased risk of dislocation. [10],[11] Lastly, the direct lateral
approach is accompanied by the risk of abductor weakness caused
by damage to the gluteus medius muscle [12].
The patient reported outcome measures (PROMs) gained more
popularity by clinicians and investigators in the field of total joint
arthroplasty [13]. PROMs are validated questionnaires on health or
quality of life which are self-completed by patients.

https://doi.org/10.1016/j.otsr.2019.08.003
http://www.sciencedirect.com/science/journal/18770568
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Our primary research aim is to investigate whether there is a
ifference in hip function measured with PROMs at least one year
fter surgery between the DAA and the posterolateral or direct lat-
ral approach. The secondary research aim is to investigate patient
atisfaction about the approaches, and the rationale behind their
reference. Overall, the goal of the study is to lead the patient and
he surgeon to an optimal treatment by providing them with rel-
vant information, since the satisfaction of the patient is of major
mportance next to clinical outcome measures.

. Materials and methods

.1. Study design

In this retrospective cohort study the satisfaction and hip func-
ion of patients who underwent hip replacement surgery by the
AA on one side and hip replacement surgery by posterolateral
r direct lateral approach on the contralateral side previously is
ssessed using PROMs.

.2. Participants

Inclusion criteria for the study were patients who underwent
HA by DAA between the second half of 2012 and the end of 2014
nd received a THA by posterolateral approach or direct lateral
pproach on the contralateral side beforehand. Patients operated
n in the first half of 2012 and 2011 were excluded because it has
een stated in the scientific literature that the DAA has a learning
urve and the procedure was introduced in our hospital in early
011 [14,15]. Further exclusion criteria were revision surgery on
he hip and an inability to understand spoken or written Dutch,
hich was assessed by phone when requesting the patients for

heir participation. This formed the primary study group of patients
ith a DAA approached hip on one side and a THA implanted

hrough a posterolateral or direct lateral approach on the other side.
dditionally a control group was formed from the same period with
atients who underwent THA on both sides by DAA, and the same
xclusion criteria applied. This second group was added to show
hat there are no differences in both sides when the same approach
s used. Baseline patient characteristics were extracted from the
atient files.

All DAA THA were operated on a regular OR table with flu-
roscopy. The release performed was the inferior and superior
apsular release no further than the posterior side of the calcar and
o less than needed to properly lift the femur for exposure.

.3. Procedures

A database of hip surgeries performed in our hospital per year,
as used for the inclusion process. Files were checked for bilateral

HA on x-rays; after that the surgical reports were reviewed. Lastly
t was verified that there had not been revision surgery. All eligible
atients were approached by phone, and if willing to participate the
uestionnaires were sent by mail accompanied by an explanatory

etter. Returning the questionnaires was considered as informed
onsent. Approval for this study has been obtained from the local
edical ethics committee (number of approval: 2016-026).
From a total of 1,128 patient files 55 patients met  in- and exclu-

ion criteria. The control group was formed similarly, and consisted
f 26 patients (Fig. 1).

.4. Study outcomes
The primary outcome measure was the Hip disability and
steoarthritis Outcome Score (HOOS), that patients filled out for
ach hip separately [16]. The Dutch HOOS is considered to be a
 Surgery & Research 105 (2019) 1277–1282

valid and reliable questionnaire and is useful for the evaluation of
patient-relevant outcomes in patients after a THA [17]. It is a 40-
item questionnaire, which consists of five subscales, being pain,
other symptoms, functioning in daily life, functioning in sports and
recreation and hip related quality of life.  A score of zero indicates
extreme hip problems and a score of 100 indicates no hip problems.
If a mark is placed outside a box, the closest box is chosen. If two
boxes are marked, the box that indicates the more severe problem
is chosen. As long as at least 50% of the subscale items are answered
for each subscale, a mean score can be calculated [18,16].

Furthermore, the patients were asked to fill out the Short Form
health survey (SF-36) once to survey general aspects of their health
[19–23].

Lastly, the study group was asked to answer the question:
‘Which approach would you recommend a friend?’ and to give an
explanation. Additionally they were asked to state how satisfied
they are with the current hip function as a result of the favored
approach using a four-point scale with the options ‘very unsatis-
fied’, ‘unsatisfied’, ‘satisfied’ or ‘very satisfied’.

2.5. Statistical analysis

The average age, height, weight and BMI were similar in the
study and the control group and no significant differences in dis-
tribution of gender, ASA-score or smoking status were present. A
significant difference in time interval between surgeries, the MCS
and the PCS was evident between the groups.

To establish a difference in HOOS score at least one year after
surgery between the two  groups a paired t-test was  used. First we
confirmed normality of the data of both groups, and if the data was
not normally distributed a related samples Wilcoxon signed-rank
test was used. The differences in HOOS scores between both groups
were compared using a Mann-Whitney U test, to check whether
the degree of difference in both groups is equal or not. The over-
all scores of both groups were compared to analyse if there is a
difference in the level of postoperative functioning. The number of
individuals with substantial differences in HOOS score between the
hips was counted for each group, for the purpose of clarification,
pragmatically defined as a difference in HOOS score of five points
or more.

Finally, using univariate linear regression analysis it was anal-
ysed if being in the study or control group is predictive of HOOS
outcome. This was  also done after adjusting for age, gender and
BMI  because according to the before mentioned literature these fac-
tors might influence the outcome [24–26]. Time interval between
the surgeries has been adjusted, since it is significantly longer in
the study group than in the control group. Assumptions are that
residual terms of the independent variables do not correlate, follow
a normal distribution and residual terms should have a constant
variance i.e. homoscedasticity.

For the secondary outcome measure subgroups have been
formed to give an overview of the explanations patients have given
for their preferred approach. The answers to this question were
qualitatively analysed and are hypothesis generating.

Tests were performed using SPSS IBM version 20 statistical
software (SPSS inc, Chicago, USA), and p-values below 0.05 were
considered to be statistically significant. Normality of the data was
checked with a Q-Q plot, histogram and a Kolmogorov-Smirnov
test. Continuous variables were compared using a t-test after check-
ing for a normal distribution of the data, in case the data is not
normally distributed, a related samples Wilcoxon signed-rank test

(WSR) was  used for paired data and a Mann–Whitney U test (MWU)
for unpaired data. Categorical variables were analysed using a Chi2

test, if the values were less than the expected contingent of five,
the Fisher’s Exact test was used.
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Table 1
Demographic data of study sample.

Study group
(n = 41)

Control group
(n = 26)

p-value

Age in years (mean [sd]) 74.8 [6.5] 72.1 [8.3] 0.162a

Female (%) 33 (80.5) 22 (84.6) 0.753c

Height in cm (mean [sd]) 168.9 [8.2] 165.6 [6.9] 0.095a

Weight in kg (mean [sd]) 78.6 [13.9] 76.8 [15.3] 0.613a

ASA score 0.126d

ASA score 1 (%) 16 (39.0) 6 (23.1)
ASA score 2 (%) 20 (48.8) 18 (69.2)
ASA score 3 (%) 5 (12.2) 0 (0)
ASA score 4 (%) 0 (0) 0 (0)

BMI (mean [sd]) 27.6 [4.6] 28.1 [4.7] 0.424b

Smoking (%) 4 (9.8) 3 (12.0) 1.000c

PCS (mean [sd]) 41.4 [10.1] 45.0 [11.8] 0.030b

MCS  (mean [sd]) 52.7 [8.9] 56.1 [13.0] 0.022b

Months between surgeries
(mean [sd])

84.2 [58.3] 3.2 [11.3] 0.000a

ASA: American Society of Anaesthesiologists, PCS: Physical component score of SF-
36,  MCS: Mental component score of SF-36.
Fig. 1. Flow diagram of inclusio

. Results

Baseline characteristics of the study group are put in Table 1.

.1. HOOS

For patients who underwent THA through DAA on both sides we
ound the same score on the primary outcome measure HOOS for
he hip after the DAA and the hip after the posterolateral or direct
ateral approach (WSR, p = 0.663). Also the control group, formed
y patients who underwent THA on both sides by DAA, showed no
ifference in HOOS score (WSR, p = 0.326). The difference between
he HOOS scores of the hips in the study group is compared to the
ifference between the HOOS scores of the hips in the control group,
nd it showed no difference (MWU,  p = 0.964) (Table 2).

Furthermore, the overall HOOS scores of both hips were com-
ared between the groups also not indicating significant differences
MWU,  p = 0.055).
In seventeen patients in the study group, a difference between
he HOOS scores of five points or more was found, of which eight
re in favor of the posterolateral or direct lateral and nine in favor
f the DAA. In the control group there were five individuals with

a Independent samples t-test.
b Mann–Whitney U test.
c Fisher’s Exact test.
d Chi2 test.
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Table  2
Hip function measured with the HOOS questionnaire.

Study group Control group Study vs.
control

Differences
within groups

DAA, mean [sd] PL/DL, mean
[sd]

p- value DAA right,
mean [sd]

DAA left, mean
[sd]

p- value p-value Study group,
median (IQRs)

Control group,
median (IQRs)

p-value

HOOS  83.4 [16.8] 82.2 [19.1] 0.663a 87.8 [13.5] 88.0 [14.4] 0.326a 0.055b 0 (-3.4–3.2) 0 (0–2.1) 0.964b

HOOS: Hip disability and Osteoarthritis Outcome Score; DAA: Direct anterior approach; PL: Posterolateral approach; DL: Direct lateral approach.
a Related samples Wilcoxon signed-rank test.
b Mann-Whitney U test.

Table 3
Individual difference of five points or more in HOOS scores between the hips.

Study group Control group

In favor of DAA In favor of PL/DL In favor of DAA right hip In favor of DAA left hip

Difference in HOOS > 5 points, n (% of group total) 9 (22.0) 8 (19.5) 3 (11.5) 2 (7.7)

HOOS= Hip disability and Osteoarthritis Outcome Score, DAA = Direct anterior approach, PL = Posterolateral approach, DL = Direct lateral approach

Table 4
Regression analysis.

R2 p-value

Study vs. control group 0.004 0.634
Study vs. control group adjusted for age, BMI,
gender and time interval between surgeries

0.133 0.642

Table 5
Patients’ preferred approach.

Direct Anterior
Approach

(Postero)lateral
Approach

No preference

Patients’ preference, n (%) 28 (68.3) 8 (19.5) 5 (12.2)
Degree of satisfaction, n

Very satisfied 15 4 3
Satisfied 6 3 1
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Table 6
Frequency of the answers given to the question: ‘Why do you recommend the
favored approach?’ for respectively the DAA and PL approach.

Direct Anterior
Approach

(Postero)lateral
Approach

Less sleeping discomfort 9 -
Faster healing of scar 8 1
Less  pain after surgery 8 -
Faster recovery of function 11 -
Recovery without sequela 3 5
Scar  complaints (pain, cosmetics) 1 1
Pain  on exertion 3 4
Need of assistance in ADL - 3
Unsatisfied - 1 -
Very unsatisfied - - -

cores differing five points or more, of which three in favor of the
ight and two in favor of the left (Table 3).

Univariate regression analysis showed that belonging to the
tudy versus control group was not predictive of HOOS outcome
p = 0.634). After adjusting for age, BMI, gender and time inter-
al between surgeries the independent variable group, thus the
pproach, remained non-significant (p = 0.642). This analysis was
xecuted after determining the normality of the dependent variable
Table 4).

All the residuals of the predicting variables were normally dis-
ributed and have normal homogeneity of the variances.

.2. Patient satisfaction

The secondary outcome measure was patient satisfaction about
he approaches. Of the patients in the study group 68.3% recom-

ended the DAA to a friend or relative, with a median of 1 out of 4
n the scale of satisfaction with 1 being very satisfied and 4 being
ery unsatisfied. 19.5% recommended the posterolateral or direct
ateral approach, and 12.2% did not have a preference (Table 5).

In Table 6 an overview is given of the answers patients gave to
he question: ‘Why would you recommend the favored approach?’
o answer options were provided, so unbiased answers were given.
. Discussion

Current evidence comparing clinical outcome measurements
ollowing the DAA versus the posterior approach does not
Limited range of motion 1 2
Altered sensibility in leg 1 1

demonstrate clear superiority of either approach, besides a small
benefit of the DAA in the first postoperative months regarding func-
tion and a slight favor of the posterior approach regarding blood loss
[2,20,27].

The strength of our study is that two approaches for THA are
compared within one patient leading to solid baseline characteris-
tics, and purely focusing on the subjective outcomes using PROMs.
To be able to draw conclusions a reasonable sample size is required,
and therefore we expanded the inclusion criteria from the sec-
ond half of 2012 until 2014 with the previous surgery any time
beforehand, hereby introducing a possible bias because the hetero-
geneity of time intervals between both surgeries of one individual
increased. To correct for this baseline inconsistency this variable
was included in a regression analysis to rule out possible blurring of
the outcome. There are several other factors that may influence the
functional outcome according to recent studies [2,28,29]. Therefore
age, BMI  and gender were added to the regression analysis. How-
ever, controversy exists about the relationship between BMI  and
postoperative pain [30].

A factor that may  have limited the study was  the subjective
nature of the secondary research aim. It complicates the way of
surveying the results. It is inherent to research that information is
categorized, but the reason for the secondary research question
is that it is not possible to strictly separate patients’ subjective
motives, which makes it paradoxical to try to do so. Addition-
ally, asking how satisfied the patients are with the approach they
would recommend a friend is suggestive, but was done to objec-
tify the result to make it more comprehensible. A similar problem

of electing the proper outcome measurement exists to represent
hip function. The HOOS is considered as best fit for the research
question, since it is a validated tool and indicated for measuring



ology: 

h
e
t
a
t
B
e
b
i
i
l
a
w
h
t
i
a
a
t
H
o
r
t
g
a
t
t

d
f
T
g
o
i
F
w
t
n
r
o
s
a
m
l
t
i
r
c
p
s
T
s
h
o
p
o
t
P
r
t
3
e

w
(
t

A. den Daas et al. / Orthopaedics & Traumat

ip function after THA [17]. However, in the overall score, differ-
nces derived from the subscales may  be lost. Nevertheless, because
he separate use of the subscales is not validated, only the over-
ll scores were compared. Also this is a retrospective study, and
hus limited by the accuracy of the documenting by the physicians.
aseline characteristics such as smoking, BMI  and ASA status were
xtracted from the same source for each patient as much as possi-
le. A recall bias may  exist. In spite of the correction for the time

nterval between the surgeries, there may  be an influence of the fad-
ng of detailed memories leading to inaccuracy of the data of the
ess recent posterolateral or direct lateral approach. And addition-
lly, for the second surgery patients know better what to expect,
hich may  reduce tension and thus influence answers patients
ave given. Also the MCS  of the control group is higher than in
he study group but also their PCS of the SF-36, representing phys-
cal health, is higher. This is plausible as their average HOOS score,
lso mainly representing physical function, was higher as well. But
gain the question remains if the higher HOOS score derives from
he higher preoperative PCS, or if it is a consequence of the higher
OOS score, thus postoperative hip function. Since the SF-36 was
nly administered postoperatively we can not make a statement
egarding this matter. Our sample size is small, making the ability
o establish subtle but significant differences. No more subjects eli-
ible were in our database unfortunately. Finally, there might be
n influence from the marketing that went along with the DAA. As
o which extent patients are influenced by this, will not be possible
o ascertain.

When using this specific group of patients who underwent two
ifferent approaches for THA on both hips consecutively no dif-
erence was found in hip function one year or more after the last
HA. With high certainty it can be said that the difference in sur-
ical approach does not lead to a different long-term functional
utcome, since in our design the approach is the only distinguish-
ng factor between both HOOS scores reported by each individual.
urthermore, introducing a control group of patients who  under-
ent the DAA on both hips provides the opportunity to analyze if

here is a difference in hip function regardless of the approach that
eeds to be corrected for, which appears not to be present. Also
esults on an individual level are not indicating superiority of one
f either approach. This is confirmed by Amlie et al. who  reported a
imilar HOOS for hip function one year postoperatively for the DAA
nd the PL approach [31]. Poehling et al. state that the impact of
uscle damage on patient outcomes in contemporary THA may  be

ess important than previously thought [32]. Although patients in
he control group did not report a significantly higher HOOS score
n comparison to patients in the study group, the finding might be
elevant (p = 0.055). A larger sample size may  result in a signifi-
ant difference. Andrawis et al. reported that higher preoperative
atient activation was associated with more pain relief, decreased
ymptoms, improved mental health, and greater satisfaction after
HA, describing an activated patient as one who is armed with the
kills, knowledge, and motivation to be an effective member of the
ealthcare team [33]. Our control group might have a higher share
f ‘active’ patients causing the outcome. An additional explanatory
henomenon might be the effect of mental health on the functional
utcome after THA [30], [21]. Multiple studies have demonstrated
hat poor mental and emotional health measured with generic
ROMs are correlated with poor functional outcomes, less pain
elief and patient dissatisfaction after THA [34]. Analysis showed
hat our control group had a significantly higher MCS on the SF-
6, representing mental health, than the study group, which might
xplain the higher score.
Moreover, when patients were asked which approach they
ould recommend to a friend, a majority recommended the DAA

68%), suggesting that there is a subjective difference between
he approaches. The reasons given are mainly from the first
Surgery & Research 105 (2019) 1277–1282 1281

postoperative months, namely less sleeping disturbances, faster
mobilization with less restrictions and less pain. The scar is scarcely
being mentioned contrary to our expectations, and when it is being
mentioned it is not described as a severe matter. It can be con-
cluded that the first postoperative phase is important for patients,
which is relevant information in the process of electing an approach
and possibly for future research. However, when interpreting these
answers it should be borne in mind that postoperative rehabilita-
tion and analgesia protocols have been improved vastly over the
last decades. Besides these reasons regarding faster recovery after
the DAA, which have been previously described, it is questionable
if this is the full explanation for the found preference. Also recom-
mendations or preference by the surgeon for an approach may  lead
to a positive attitude towards the approach. This further indicates
the idea that the dialogue in the consultation room has an influ-
ence on the outcome of the THA in general through a psychological
route.

The subjective outcome itself, described as patient satisfaction,
is difficult to define. It can be considered as an overall attitude based
on perception and meeting of expectations, which could imply a
role of explanation by the physician and trust.

5. Conclusion

In conclusion, we  found that measuring the present outcomes
using PROMs showed no difference between the hips when com-
pared in one patient after receiving a THA with the DAA or the
posterolateral or direct lateral approach. Furthermore, no differ-
ence in HOOS score between the hips was found for patients who
received bilateral THA with the DAA. Patients who  underwent both
procedures reported a subjective preference for the DAA, which
they elucidate by a more comfortable rehabilitation period.
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