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�� Excessive anterior pelvic tilt is suspected of causing femo-
roacetabular impingement, low back pain, and sacroiliac 
joint pain. Non-surgical treatment may decrease symp-
toms and is seen as an alternative to invasive and com-
plicated surgery. However, the effect of non-surgical 
modalities in adults is unclear. The aim of this review was 
to investigate patient- and observer-reported outcomes of 
non-surgical intervention in reducing clinical symptoms 
and/or potential anterior pelvic tilt in symptomatic and 
non-symptomatic adults with excessive anterior pelvic tilt, 
and to evaluate the certainty of evidence.

�� MEDLINE, EMBASE, Web of Science and Cochrane (CEN-
TRAL) databases were searched up to March 2019 for 
eligible studies. Two reviewers assessed risk of bias indepen-
dently, using the Cochrane Risk of Bias tool for randomized 
trials and the ROBINS-I tool for non-randomized studies. 
Data were synthesized qualitatively. The GRADE approach 
was used to assess the overall certainty of evidence.

�� Of 2013 citations, two randomized controlled trials (RCTs) 
(n = 72) and two non-RCTs (n = 23) were included. One 
RCT reported a small reduction (< 2°) in anterior pelvic 
tilt in non-symptomatic men. The two non-RCTs reported 
a statistically significant reduction in anterior pelvic tilt, 
pain, and disability in symptomatic populations. The pres-
ent review was based on heterogeneous study popula-
tions, interventions, and very low quality of evidence.

�� No overall evidence for the effect of non-surgical treat-
ment in reducing excessive anterior pelvic tilt and poten-
tially related symptoms was found. High-quality studies 
targeting non-surgical treatment as an evidence-based 
alternative to surgical interventions for conditions related 
to excessive anterior pelvic tilt are warranted.
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Introduction
Excessive anterior pelvic tilt is a position of the pelvis in a 
standing posture where the tilt is larger than what is con-
sidered normal. Pelvic tilt measurements obtained from 
radiographic imaging are used in surgical planning and 
research assessments. In the clinic, pelvic tilt is measured 
using inclinometry as the angle between a line connect-
ing the anterior and posterior superior iliac spine (ASIS 
and PSIS) and in the normal healthy population, the refer-
ence value of anterior pelvic tilt is about 8 degrees.1–3 
However, as excessive anterior pelvic tilt is not defined by 
a fixed cutoff point in the literature, the present study uses 
a definition of an anterior angle greater than 8 degrees.

Excessive anterior pelvic tilt is not an isolated clinical dis-
order or pathology. Nonetheless it is commonly suspected 
of causing unspecific low back pain (LBP) and pelvic girdle 
pain.4–8 The pelvis is closely related to the hip joint as it 
rotates/tilts anteriorly and posteriorly, around a bicox-
ofemoral axis, in the sagittal plane.9 Anterior pelvic tilt 
decreases normal acetabular anteversion (opening 
towards anterior),10,11 which potentially may affect patients 
with acetabular retroversion. Acetabular retroversion is a 
type of developmental hip dysplasia causing an excessive 
anterior coverage of the femoral head and therefore poten-
tially causing primary femoroacetabular impingement 
(FAI).12 Primary FAI, which occurs as a result of morpho-
logical abnormalities (e.g. acetabular retroversion), 
should be distinguished from secondary FAI (e.g. exces-
sive pelvic tilt).13 Acetabular retroversion is associated 
with pain, functional limitations and early development of 
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osteoarthritis of the hip.14 Present curative treatment of 
acetabular retroversion is anterior osteoplasty or re-orien-
tation of the acetabulum by a periacetabular osteotomy 
(PAO).15,16 In the normal pelvis, without anatomical signs 
of acetabular retroversion, excessive anterior tilt may cause 
a functional positive sign of acetabular retroversion result-
ing in secondary FAI earlier in the arc of motion.12,17 Thus, 
a reduction of anterior pelvic tilt may lead to reduced 
symptoms of primary and/or secondary FAI, which may 
have implications regarding non-surgical treatment in 
patients with acetabular retroversion.17 Treatment meth-
ods focusing on reducing excessive anterior pelvic tilt are 
therefore of importance, and textbooks in the field of phys-
ical therapy, training, and rehabilitation18–23 suggest vari-
ous procedures in the therapeutic treatment of symptoms 
associated with excessive anterior pelvic tilt. Most com-
monly, physical training focusing on musculoskeletal cor-
rection of the postural alignment through increased 
muscle strength, flexibility, and functional coordinative 
training is suggested.18–23 However, there seems to be a 
lack of evidence for the different non-surgical treatment 
modalities used to correct excessive anterior pelvic tilt and 
their potential effect on symptoms and level of pelvic tilt.

Therefore, the objective of this systematic review was 
to investigate the effect of non-surgical treatments in 
improving patient- and observer-reported outcomes 
related to symptoms, function and pelvic tilt in sympto-
matic and non-symptomatic adults, and to assess the 
overall certainty of evidence.

Methods
Protocol and registration

The systematic review protocol was developed in accord-
ance with the PRSMA-P statement24 and registered online 
at PROSPERO id: CRD42017056927. Literature search cri-
teria and methods were established and agreed on by all 
authors.

Eligibility criteria

Studies were eligible if they were non-surgical interven-
tions aiming at reducing symptoms and/or anterior pelvic 
tilt in symptomatic or healthy participants over 18 years 
old with excessive anterior pelvic tilt.

Studies were excluded in cases with populations 
restricted to specific diseases or severe conditions such as 
neurological diseases (e.g. cerebral palsy, stroke), diseases 
affecting the posture (e.g. Duchenne muscular dystrophy, 
spondylolisthesis), degenerative conditions (e.g. spondy-
losis, hip osteoarthritis), intervertebral discus herniation 
and osteosynthesis of the lumbopelvic region. Finally, 
studies on pregnancy were excluded because of the natu-
rally changed spinopelvic posture.

No language restrictions were imposed. In cases of arti-
cles reported in other languages than English or Nordic 
languages, Google translate would have been used.

Information sources

The electronic databases MEDLINE, EMBASE, Web of Sci-
ence and Cochrane Central Register for Controlled Trials 
(CENTRAL) were searched for relevant studies up to Febru-
ary 2017. The electronic search was complemented by 
reference tracking of the included studies. An additional 
search for relevant new studies added to the databases 
was carried out in March 2019, and yielded no further 
studies to be included.

Search

The specific search strategy was created with input from 
the project team together with a Health Sciences Librarian 
Tove Faber Frandsen (Appendix 1).

Study selection

The first reviewer (AFB) screened titles and abstracts for 
potentially eligible studies. Two independent review 
authors (AFB and AH-L) screened the full text articles for 
final inclusion. Disagreement was resolved through dis-
cussion. Reasons for excluding trials were recorded.

Data collection process

Data item extraction was carried out by one reviewer 
(AFB), using a standard extraction form developed for this 
review. Study (author, year of publication, study design), 
participants (eligible criteria, sample size, age, type of 
impairment and symptoms), intervention type, outcomes 
(patient reported and/or observer reported), results and 
adverse effects.

Assessment of patient-reported outcomes extracted 
from the included studies was primary for the present 
study. These outcomes were: pain (e.g. visual analogue 
scale (VAS), numeric ranking scale (NRS) and question-
naire subscales), health-related quality of life (question-
naire subscale) and level of function (questionnaire 
subscale). Assessment of observer-reported outcomes was 
secondary. These outcomes were: radiographs in stand-
ing, inclinometry in standing and potentially other vali-
dated measures of pelvic tilt in standing. In case of 
incomplete outcome reporting, the study authors would 
be contacted for additional information.

Risk of bias in individual studies

The risk of bias for each study was assessed independently 
and then discussed by two authors (AFB and AH-L) using 
Cochrane Collaboration’s tool for assessing risk of bias in 
randomized controlled trials25 and the ROBINS-I tool (Risk 
Of Bias In Non-randomized Studies – of Interventions).26 
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In case of disagreement, a third author (AH) was con-
sulted. The overall risk of bias across the studies for both 
the randomized controlled trials (RCTs) and intervention 
studies without control was assessed finally.

Synthesis of results

Due to expected and encountered variation of study 
designs and heterogeneity in results, data were synthesized 
qualitatively. Assessment of the overall certainty of the evi-
dence was inspired by The Grades of Research, Assessment, 
Development and Evaluation (GRADE) approach.27

Results
Study selection

Of 2013 citations, 10 full-text articles were assessed for 
eligibility; of those 10, four were included in the final qual-
itative synthesis (Fig. 1).

Study characteristics

The four studies included in the final qualitative synthesis 
(two RCTs and two intervention studies without control) 
contained in total 95 patients with sample sizes ranging 
from 728 to 40 patients29 (Table 1). Study population and 
type of intervention differed between all studies.

Regarding the RCT studies: Cottingham et al30 included 
healthy non-symptomatic patients (32 males, mean age 
27 years) having an anterior pelvic tilt exceeding nine 
degrees. The treatment consisted of soft tissue myofascial 
manipulation of the pelvic region. The immediate and 
24-hour effect was assessed as the level of pelvic tilt meas-
ured using inclinometry.

Levine et  al29 included healthy non-symptomatic 
patients (32 females/8 males, mean age 24.5 years) hav-
ing a mean anterior pelvic tilt of 8–10 degrees and abdom-
inal muscle weakness to the extent of not being able to 
maintain posterior pelvic tilt during a double leg lowering 

Citations identified through
database searching (n = 5047)

• Medline (n = 2013)
• Embase (n = 2659)
• Web of Science (n = 197)
• Cochrane (n = 178)

Duplicates removed (n = 3034)
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Citations screened on title/abstract (n = 2013)

Full-text articles assessed for eligibility (n = 10)

Studies included in qualitative synthesis (n = 4)

Citations excluded on title/abstract screening (n = 2003)

Full-text articles excluded (n = 6)

Grounds for exclusion:
• Age of participants (n = 1)
• Study design (n = 1)
• Outcome measures (n = 4)

Fig. 1  Summary of search strategy results.
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test in supine position. The eight-week intervention con-
sisted primarily of abdominal strengthening exercises sup-
plemented with stretching exercises. Pelvic tilt was 
measured using inclinometry.

Regarding the intervention studies without control: 
Barbosa et  al28 included patients with non-pre-specified 

degree of anterior pelvic tilt (mean 20.4 degrees) in com-
bination with low back pain without radiculopathy (n = 7, 
gender ratio not reported, age range 18–35 years). The 
eight-week intervention consisted of high-velocity low-
amplitude (HVLA) manipulative thrust applied to the sac-
roiliac joint, followed by quadriceps eccentric and 

Table 1.  Characteristics of the included studies

Authors, 
year

Design Sample* Impairment 
(symptoms)

Intervention
(Experiment/Control)

Outcomes
(Patient/Observer)

Results Adverse
effects

Cottingham 
et al, 198830

RCT n = 32 males
Mean age = 27 
years
Allocation 1:1

Pelvic anteversion 
> 9o. Healthy non-
symptomatic.

The immediate and 24-
hour follow-up effect.
E: Rolfing soft tissue 
manipulation of the 
pelvic region (3 x 15 
minutes). The three 
primary myofascial regions 
manipulated were the 
iliopsoas, deep hip rotator, 
and hamstring muscles.
C: Lying in the same 
positions as those 
receiving treatment (3 x 
15 minutes), without soft 
tissue manipulation.

O: Inclinometry of pelvis 
tilt in standing defined 
as the angle between an 
ASIS/PSIS line and the 
horizontal plane.
Parasympathetic activity 
assessed with a Vagal Tone 
Monitor

The experimental group 
demonstrated immediate 
and 24-hour decreases 
of 1.7 o (12.3 o vs. 10.6 o) 
and 1.4 o (12.3o vs. 10.9 
o) (p < 0.01), respectively, 
in standing anterior pelvic 
tilt angle, and a significant 
increase in vagal tone.
The control group did not 
show significant pretest-
posttest differences.

No

Levine et al, 
199729

RCT n = 40; F/M: 
32/8
Mean age = 24.5 
years
Exp/control 
group F/M 
distribution: NA
Allocation 1:1

Healthy subjects 
with no LBP. 
Abdominal muscle 
weakness (Kendall 
double leg 
lowering test)

E: Eight-week (5 of 7 days) 
individual prescribed 
programme of primarily 
abdominal strengthening 
and supplementary hip/
lumbar spine stretching 
exercises. Supervised once 
a week for programme 
adjustments.
C: Instructed not to 
change their activity level 
during the eight weeks.

O: Inclinometry of pelvis 
tilt in standing defined 
as the angle between an 
ASIS/PSIS line and the 
horizontal plane.
Theta, an index of lumbar 
lordosis calculated from 
the length and depth of 
the lordosis, measured 
using a flexible ruler in 
standing position.
Abdominal muscle 
strength (Kendall double 
leg lowering test).

Analysis of covariance in 
the experimental group 
vs. controls showed an 
increased abdominal 
muscle strength 
(p = 0.001), but no 
relationship to a mean 
reduction of 0.5o

(pre 8.7 o vs. post 8.2o) 
anterior pelvic tilt was 
found (p = 0.17).

12 subjects 
were 
replaced 
during the 
intervention 
period

Barbosa 
et al, 201328

Intervention 
study 
without 
control

n = 7; F/M: NA
Age: 18–35 
years

Anterior pelvic tilt 
and LBP without 
radiculopathy

Eight weeks (3 sessions 
per week). HVLA thrust 
applied to the SIJ. At MVC 
12%, isotonic eccentric 
contractions for knee 
flexion and concentric 
contractions of knee 
flexion were applied. The 
number of repetitions 
and series varied in each 
session.

P: VAS
O: Digital 
photogrammetry in 
standing of pelvis tilt 
defined as the angle 
between an ASIS/PSIS line 
and the horizontal plane.

P: Baseline 5.83 ± 1.59 
cm and final assessments 
1.29 ± 0.58 cm (p = 
0.009).
O: Baseline 20.38 ± 
5.70 degrees and final 
assessment 14.63 ± 2.17 
degrees. Change of 5.8 
degrees (p = 0.009).

No

Lee et al, 
201431

Intervention 
study 
without 
control

n = 16 females
Mean age ± SD 
= 23.63 ± 3.18 
years

Habitually wearing 
high-heeled shoes 
and having pain 
in both SIJs during 
ASLR

The immediate and 24-
hour follow-up effect of 
an application of posterior 
pelvic tilt taping (PPTT) 
using kinesiology tape 
aiming at decreasing 
anterior pelvic tilt

P: A six-point scale for 
disability on the ASLR 
test ranging from 0 (not 
difficult at all) to 5 (unable 
to perform).
O: Inclinometry of pelvis 
tilt in standing defined 
as the angle between an 
ASIS/PSIS line and the 
horizontal plane.

After one day of PPTT
all results (p < 0.001)
P: ASLR scores (mean ± 
SD)**

Dominant side 3.00 ± 
1.10 to 1.38 ± 1.08
Non-dominant side 2.75 ± 
1.18 to 1.25 ± 1.13.
O: Pelvic tilt (meano ± 
SD)**

Dominant side 11.97 
± 2.81 to 7.16 ± 2.87. 
Change of 4.8 degrees. 
Non-dominant side 12.68 
± 2.76 to 7.25 ± 2.45. 
Change of 5.4 degrees.

No

Note. Studies are presented methodologically with RCTs before non-RCTs and publication year.
LBP, low back pain; NA, not applicable; HVLA, high velocity, low amplitude; SIJ, sacroiliac joint; MVC, maximum isometric voluntary contractions; ASIS, anterior supe-
rior iliac spine; PSIS, posterior superior iliac spine; VAS, visual analogue scale; RCT, randomized controlled trial; ASLR, active straight leg raise test; SIJ, sacroiliac joint.
*n (number of participants), F/M (female/male).
**Criteria for dominant/non-dominant side are not defined. All patients are described as right-side dominant.
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hamstring concentric contractions. The effect was assessed 
using ‘VAS-pain intensity’ and digital photogrammetry 
analysis where the pelvic tilt angle was found between 
two digitally drawn lines.

Lee et al31 included patients having an anterior pelvic 
tilt at baseline between 11 and 13 degrees, habitually 
wearing high-heeled shoes in combination with bilateral 
sacroiliac joint pain (16 females, mean age 23.6 years). 
Posterior pelvic tilt taping was applied and the effect on 
symptoms and pelvic tilt was assessed immediately and 
after one day using a ‘6-point scale for disability’ and incli-
nometry measuring pelvic tilt.

Risk of bias within studies

Risk of bias within the two RCTs was rated as High (Table 
2). Regarding both RCTs, no description of randomization 
or allocation concealment methods were presented, no 
reporting of a priori protocols and no blinding of partici-
pants or therapists. In the study from Cottingham et al,30 
the assessor was not blinded whereas Levine et al29 used 
two assessors independent from the authors. However, 
assessor blinding procedure was not described. Further-
more, in the study by Levine et al29 12 out of 20 subjects 

were replaced during the eight-week intervention due to 
lack of adherence to the training protocol. No baseline 
characteristics or analysis of the excluded subjects was 
provided.

Risk of bias within the two intervention studies without 
control28,31 was rated as High (Table 3). Without a control 
group, the studies are at high risk of bias regardless of 
other weaknesses or strengths.26

Results of individual studies

Regarding the two RCTs: Cottingham et  al30 demon-
strated, on 16 healthy non-symptomatic males with pelvic 
anterior pelvic tilt exceeding nine degrees, that 45 min-
utes of Rolfing soft tissue manipulation/pelvic mobiliza-
tion resulted in significant between-group effects. The test 
group had an immediate and 24-hour mean decrease of 
anterior pelvic tilt of 1.7 o and 1.4 o (p < 0.01), respec-
tively. The control group did not show significant differ-
ences of pelvic tilt.

Levine et al29 demonstrated that an eight-week abdom-
inal strengthening dominated programme on 20 healthy 
non-symptomatic subjects significantly (p = 0.001) 
increased the abdominal muscle strength compared to 

Table 2.  Cochrane Collaboration tool to assess risk of bias for randomized controlled trials

Authors, year Risk of bias within each domain Overall risk 
of bias across 
studies Selection bias

Random 
sequence 
generation

Selection bias
Allocation 
concealment

Reporting bias
Selective 
reporting

Other bias
Other sources 
of bias

Performance bias
Blinding 
(participants and 
personnel)

Detection bias
Blinding 
(outcome 
assessment)

Attrition bias
Incomplete 
outcome data

Cottingham et al, 
198830

Unclear Unclear Unclear High High High Low High

Levine et al, 
199729

Unclear Unclear Unclear High High Unclear High

Judgement: Bias is assessed as a judgment (high, low, or unclear) for individual elements from five domains (selection, performance, attrition, reporting, and 
other).
Assessment of risk of bias (version 5.1.0):
(Within a study) Low risk of bias: Low risk of bias for all key domains
Unclear risk of bias: Unclear risk of bias for one or more key domains
High risk of bias: High risk of bias for one or more key domains
(Across studies) Low risk of bias: Most information is from studies at low risk of bias
Unclear risk of bias: Most information is from studies at low or unclear risk of bias
High risk of bias: The proportion of information from studies at high risk of bias is sufficient to affect the interpretation of results

Table 3.  The risk of bias in non-randomized studies of interventions (ROBINS-I) assessment tool

Authors, year Risk of bias within each domain Overall risk 
of bias across 
domains

Overall risk 
of bias across 
studiesConfounding Participant

selection
Intervention
classification

Departure 
from intended 
interventions

Missing data Measurement 
of outcomes

Selection 
of reported 
results

Barbosa et al, 
201328

Critical Critical Serious Moderate Moderate Critical Moderate Critical High

Lee et al, 201431Critical Serious Serious Moderate Moderate Serious Moderate Critical

Judgement (within a study): Low risk of bias (comparable to a well performed randomized controlled trial: RCT), Moderate risk of bias (sound, but not comparable 
to a well performed RCT), Serious risk of bias (important problems), Critical risk of bias (too problematic to provide useful evidence), No information.
(Across studies) Low risk of bias: Most information is from studies at low risk of bias
Unclear risk of bias: Most information is from studies at low or unclear risk of bias
High risk of bias: The proportion of information from studies at high risk of bias is sufficient to affect the interpretation of results
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the control group, but no relationship to anterior pelvic 
tilt was found.

Regarding the two intervention studies without con-
trol, Barbosa et al28 showed, over an eight-week interven-
tion via HVLA thrusts applied to the sacroiliac joints in 
combination with muscle activation for improving pelvic 
stabilization on seven LBP patients, a significant 4.5 cm 
(p = 0.009) reduction of low back pain on a 10 cm VAS 
and 5.8 degrees (p = 0.009) of anterior pelvic tilt. Lee 
et al31 demonstrated that a one-day application of poste-
rior pelvic tilt taping (PPTT) on 16 women, habitually 
wearing high-heeled shoes and having pain in both sacro-
iliac joints during active straight leg raise (ASLR) test, sig-
nificantly decreased perceived disability in the ASLR test 
and averagely reduced anterior pelvic tilt with 5.1 degrees 
(p < 0.001), during and one day after PPTT application.

Synthesis of results

Pelvic tilt was, in all four included studies, measured as the 
angle between the ASIS/PSIS line and the horizontal plane. 
In one study digital photogrammetry was used,28 and for 
the rest, hand-held inclinometry.29–31

The two studies intervening on symptomatic patients 
demonstrated a significant reduction in LBP28 and sacroil-
iac joint pain during the ASLR test31 in combination with a 
significant reduction in anterior pelvic tilt. The type and 
length of treatment were not comparable as one of the 
studies28 used HVLA thrusts applied to the sacroiliac joint 
in combination with muscle activation for eight weeks, 
and the other study used a one-day application of poste-
rior pelvic kinesiology taping.31 Neither of the two studies 
used a control group.

Three of the four included studies demonstrated a sig-
nificant reduction in anterior pelvic tilt.28,30,31 Common to 
the three studies with a positive outcome on pelvic tilt, 
was that subjects presented a more pronounced excessive 
anterior pelvic tilt at baseline (12.0–20.4o), leaving more 
room for improvement, than the study not observing 
reduced pelvic tilt (8.7o) following the intervention.29 The 
significant reductions in anterior pelvic tilt were 1.7o,30 
5.1 o,31 and 5.8o.28

Risk of bias across studies

The overall risk of bias across the two randomized con-
trolled trials29,30 is assessed as High (Table 2), due to miss-
ing description of randomization, allocation concealment 
and blinding of participants, therapists, and assessors. 
Therefore, the information from the studies is at high risk 
of affecting the interpretation of the results.

The overall risk of bias across domains for the two non-
randomized studies is presented in Table 3. Barbosa et al28 
was assessed as having Critical risk of bias, indicating that 
the study is methodologically problematic and cannot 
provide useful evidence. Lee et al31 was assessed as having 

Serious risk of bias, indicating important methodological 
problems resulting in a limited level of evidence.

Inspired by the GRADE approach,27 the overall quality 
of evidence was due to differences in populations and 
types of interventions downgraded due to Very serious 
′Risk of bias′ with Very serious ′Inconsistency′ in the reported 
results. Furthermore, as no evidence for which type of 
intervention is effective for a specific group of patients 
was presented, Very serious ′Indirectness′ was observed. 
Finally, the category ′Impression′ was determined as Very 
serious as no outcomes were reported with confidence 
intervals, change standard deviations, and small sample 
sizes were used. Thus, the overall certainty of evidence on 
the effect of non-surgical treatment in reducing excessive 
anterior pelvic tilt in adults was graded as Very low.

Discussion
The present systematic review investigated the effect of 
non-surgical treatment in reducing anterior pelvic tilt and 
potential related clinical symptoms in adults, and evalu-
ated the risk of bias and the certainty of evidence. Of 5047 
citations, four studies were included: two RCTs (n = 72) 
and two trials without a control group (n = 23). All four 
types of intervention were different. Three studies demon-
strated a statistically significant reduction in anterior pel-
vic tilt. The two studies without a control group intervening 
on symptomatic subjects reported a statistically signifi-
cant reduction in pain and disability. The overall certainty 
of evidence was assessed as very low.

Strengths and limitations

The strengths of this systematic review include a PROS-
PERO study protocol that was made publicly available a 
priori ensuring methodological transparency, a system-
atic search to maximize identification of all relevant pub-
lished studies and usage of recognized quality assessment 
tools.25–27 This systematic review is the first to investigate 
the effect of non-surgical treatment in reducing anterior 
pelvic tilt and potential related clinical symptoms in 
adults, therefore making it difficult to compare the results. 
A previous narrative review by Hrysomallis and Goodman 
referred to mechanistic objective outcomes only (e.g. 
muscle strength and length) and was not restricted to the 
pelvic area only.32 The authors found it questionable 
whether resistance training would produce an adaptive 
shortening of a muscle and elicit postural changes, even if 
potential tight agonist muscles were lengthened by 
stretching. However, the narrative review was limited by 
its lack of systematic literature search and neither of the 
two RCTs included in the present systematic review 
were included in the review from Hrysomallis and Good-
man. Furthermore, this systematic review included 
patient-reported outcomes too, as they are important in 
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understanding the relevance and full potential clinical 
benefits from the patient’s point of view. We did not 
investigate other postural relationships that potentially 
can affect pelvic tilt including spinal alignment and 
deformity, leg alignment and deformity, and leg length 
differences. This review focused on the isolated effect of 
non-surgical treatment in reducing anterior pelvic tilt. This 
review is limited by the paucity of studies in this research 
area and thus a lack of a meta-analysis, and the hetero-
geneity in study methods, populations and types of 
intervention.

Clinical relevance

Spinopelvic sagittal balance is described as an interrela-
tion of muscle function,22,33 and spinal and pelvic mor-
phology9,34 and variations in sagittal posture are tolerated 
to some extent.9,35 Despite a suggested interrelationship 
in the literature, there is no causal evidence that excessive 
anterior pelvic tilt leads to pain, loss of function or reduced 
quality of life. The relationship between mechanical fac-
tors and incidence of LBP was assessed in 600 individuals 
and no association between anterior pelvic tilt and LBP 
was found.36 This systematic review found a very limited 
number (n = 4) of eligible intervention studies. A reason 
could be that excessive anterior pelvic tilt is not well 
defined and/or directly causing symptoms.

Levine et al29 found no relationship between anterior 
pelvic tilt in standing and an increase in abdominal mus-
cle strength, which is consistent with previous studies 
on asymptomatic subjects37–39 as well as patients with 
chronic low back pain.40 The cutoff level defining exces-
sive anterior pelvic tilt was set at eight degrees in the pre-
sent review. It is therefore questionable whether the 
baseline value of 8.7 degrees of anterior pelvic tilt, in the 
study by Levine et  al, is clinically relevant to attempt 
reducing by strengthening the abdominal muscles. It is 
suggested that attention should be given to the complex 
sensorimotor control system integrating muscle coordina-
tion, rather than muscle strength alone, in avoiding exces-
sive anterior pelvic tilt.41 That theory was successfully 
investigated in a study42 on 54 male adolescents (aged 
13–17 years, and consequently excluded from the present 
systematic study due to the low age) with excessive pelvic 
tilt (> 14°) randomized into three groups (strength train-
ing, strength training and sensorimotor training, and non-
exercising control). A significant larger degree of reduction 
in anterior pelvic tilt in the strength training and sensorimo-
tor training group (3.3°+ 2.2°) compared to the strength 
training only group (1.6°+ 1.8°) was observed. Thus, it 
cannot be excluded that patients suffering from clinical 
symptoms related to excessive anterior pelvic tilt may 
benefit from sensorimotor training.

Barbosa et al28 found a significant reduction in symp-
toms (LBP) and the largest numeric reduction in anterior 

pelvic tilt (5.8°, p = 0.009) of the four included studies. 
However, due to serious risk of bias, the positive results of 
HVLA thrusts applied to the sacroiliac joints in combina-
tion with muscle activation of the thigh could be due to 
coincidence, be biased or a placebo effect, and should be 
interpreted with caution. The long-term effect of the two 
other studies, Cottingham et al30 and Lee et al,31 present-
ing a positive treatment effect, is inconclusive due to a 
follow-up time of only one day.

Clinical perspective and future research

No evidence supports excessive anterior pelvic tilt as an 
isolated clinical disorder or pathology, and a valid cutoff 
point defining excessive anterior pelvic tilt is problematic 
as the spinopelvic sagittal balance can be individually reg-
ulated to maintain a proper posture.43,44 Consequently, 
excessive anterior pelvic tilt must be addressed within a 
specific condition and possibly also on an individual level. 
Thus, methodologically high-quality interventions target-
ing specific types of impairments, biomechanically related 
to, and in combination with, excessive anterior pelvic tilt 
are warranted. An area for future research could therefore 
be to investigate the effect of a non-surgical treatment 
aiming to reduce excessive anterior pelvic tilt and symp-
toms in patients with FAI caused by acetabular retrover-
sion, as a potential alternative to surgery. The use of 
patient-reported outcome measures in combination with 
objective measures of pelvic tilt is important to differenti-
ate whether the effect of interventions is related to a 
reduction of pelvic tilt (change of posture) per se, or to 
mechanical/mechanistic alterations.

Conclusions
Due to limited literature and in general low-quality 
designs no overall evidence for the effect of non-surgical 
treatment in reducing excessive anterior pelvic tilt and 
potentially related symptoms was found. The absence of 
evidence suggests that high-quality interventions target-
ing non-surgical treatment as an alternative to invasive 
surgery in reducing anterior pelvic tilt and/or related 
symptoms are warranted.
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Appendix 1. Search strategy for MEDLINE

Search strings
1.	 (spinopelvic OR spino-pelvic OR pelvic OR pelvis [MeSH]) AND (tilt OR tilts OR anteversion OR anteflexion)
2.	 (Posture [MeSH] OR postures OR postural) AND (alignment OR realigning OR realignment OR realignments OR malalignment OR malalignments OR mal-

alignment OR mal-alignments)


