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a b s t r a c t

Background: Measuring passive hip flexion range of motion (ROM) is challenging due to compensatory
movements. Despite the interest in using functional lateral radiographs for assessing hip mobility, the
relationship with passive hip flexion ROM remains unclear. This study aims to elucidate this relationship
and clarify spinopelvic parameters and mobility factors influencing variations in passive and radio-
graphic hip flexion ROM.
Methods: A retrospective cross-sectional study was conducted on 154 preoperative patients undergoing
primary total hip arthroplasty. Passive and radiographic hip flexion ROM were assessed to clarify these
relationships, and these differences were classified into 3 groups (O, A and U). Spinopelvic and hip pa-
rameters were assessed in standing, relaxed-seated and flexed-seated positions, as well as lumbar, pelvis,
and hip mobility between each position to identify factors influencing differences.
Results: There was a moderate correlation between passive and radiographic hip flexion ROM (R2 ¼ 0.48,
P < .01). A significant difference was found in pelvic and hip alignment in the flexed-seated position
between all groups. In postural changes, the O group, which had more patients with relatively low hip
mobility, showed greater lumbar spine and pelvic movement, while the U group, which had more pa-
tients with relatively high hip mobility, showed less lumbar spine and pelvic movement.
Conclusions: This study confirmed that passive hip flexion ROM and radiographic hip flexion ROM
correlate and that spinopelvic and hip alignment and mobility influence these differences. This result
suggests that clinicians should consider lumbar and pelvic alignment and mobility in clinical practice to
improve the accuracy of passive hip flexion ROM measurements.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Hip range of motion (ROM) has conventionally been the main
clinical outcome measure for diagnosing hip disorders such as
osteoarthritis [1] and femoroacetabular impingement [2] and for
evaluating the effectiveness of treatment such as total hip arthro-
plasty (THA) [3]. In clinical practice, passive hip ROM has long been
measured using a goniometer, because of its ease of use and

practicality, and its reliability has already been demonstrated [4]. In
particular, it is important for clinicians to assess hip flexion ROM as
it is related to level of hip pain, physical function, activities of daily
living (ADLs) such as putting on and taking off socks and the risk of
instability after THA [5-7]. Hence, passive hip flexion ROM assess-
ment needs to be accurate [8]. However, it has been reported that
measuring hip flexion ROM in the sagittal planemay be difficult [8].
This is because compensatory movements of lumbar flexion and
posterior pelvic tilt can occur when measuring passive hip flexion
ROM in the supine position [9]. A previous study has reported that
pelvic rotation begins within the first 8� of passive and active hip
flexion [10]. Another study described that measurement of hip
ROM may not be accurate because spinal compensations often
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occur when measuring hip ROM [11]. Therefore, we consider that
passive hip flexion ROM in the sagittal plane may be inaccurate.

In recent years, there has been increasing interest in assessing
lumbar, pelvis, and hip alignment and mobility using functional
lateral radiographs to assess the risk of dislocation for each patient
before and after THA [12,13]. The advantages of using functional
lateral radiographs are that compensatory movements of the
lumbar spine and pelvis can be taken into account and that the
exact femoral flexion angle relative to the pelvis can be measured.
This means that hip flexion ROM itself can be easily and accurately
assessed by radiological exam, but the problem is that radiological
exam is invasive and may not be available in all clinical settings.
Therefore, we consider that it is clinically useful to investigate the
relationship between passive hip flexion ROM which is clinically
easier and radiographic hip flexion ROM.

However, to our knowledge, the relationship between passive
and radiographic hip flexion ROM, as well as the characteristics of
spinopelvic parameters and mobility for these differences, have not
been clarified. Therefore, the purpose of this study is to (1) clarify
the relationship between passive and radiographic hip flexion ROM
and (2) characterize spinopelvic and hip alignment andmobility for
differences in passive and radiographic hip flexion ROM. Our hy-
pothesis is that passive and radiographic hip flexion ROM are
positively correlated. However, passive hip flexion ROM may be
inaccurate for specific patients with spine or hip disease. In addi-
tion, clinicians may overestimate passive hip flexion ROM in the
specific patients, and spinopelvic and hip alignment and mobility
influence the difference between passive and radiographic hip
flexion ROM.

Material and methods

Patients

This was a retrospective, cross-sectional study. This study was
approved by the Institutional Review Board of the Kyoto City
Hospital (authorization 803) and was conducted per the Helsinki
Declaration of 2008. Patients with an indication for primary THA
were included between July 2019 and December 2020 at Kyoto City
Hospital (Japan). Exclusion criteriawere absence of hip flexion ROM
on physical examination (n ¼ 3) and incomplete fill-in of the
questionnaire (n ¼ 8). Eventually, the remaining 154 patients were
included in the analysis (Fig. 1), with 26 male (17%) and 128 female
(83%), median age 70 [interquartile range: 63-76] years. The me-
dian body mass index (BMI) was 24 [Iinterquartile range: 21-26]
(Table 1).

Passive hip flexion ROM

The degree of passive hip flexion ROMwas measured by several
examiners, with one of them performing a single assessment using
a standard 2-arm goniometer in the supine position. The basic axis

of the goniometer was defined as a line parallel to the horizontal
line, and the axis of movement was defined as the femur. The
physical therapist performed onemeasurement, taking care to keep
the patient's trunk and opposite lower extremity as immobile as
possible. The end of ROM was defined as the point at which the
examiner feels a firm resistance or the patient's pain limits further
movement [14]. ROM was rounded to the nearest 5�. The clinical
experience of each examiner was assessed in years, as it could affect
ROM. The preoperative measurements of passive hip flexion ROM
weremeasured using the same protocol bywell-trained examiners.
All examiners have at least 5 years of experience, and the protocol
was discussed beforehandwith all of them. Passive hip flexion ROM
was measured once, which limits the presentation of interobserver
and intraobserver reliability. However, we addressed this limitation
by assessing the reliability of passive hip flexion ROM in preoper-
ative THA patients. The measurements were repeated in a blinded
fashion, with 20% of the number of study subjects randomly
selected. Interobserver and intraobserver reliability were assessed
via the intraclass correlation coefficient and showed a substantial
agreement of 0.71-0.94 (Supplementary Table 1).

Radiographic hip flexion ROM

A sagittal radiograph was acquired of each patient in flexed-
seated position. The ROM of the femur was measured between
the axis of the proximal femur and the sacral endplate. In order to
compare this measurement to the passive assessment, a computed
tomography scout viewwas also acquired in supine position, which
is comfortable as in passive hip flexion ROM. The orientation of the
sacral endplate relative to the horizontal line was measured in this
view, and added to the previous radiological measurement of ROM,
in order to obtain a radiological hip flexion ROM relative to the
horizontal (Fig. 2). ROM was rounded to a 1� precision. Two expe-
rienced operators (1 hip surgeon [Y.K.] and 1 physical therapist
[H.T.]) made the radiographic hip flexion ROM measurements.
Measurements were repeated for 20% of all subjects, selected at
random, in a blinded fashion. Interobserver and intraobserver
reliability were assessed via the intraclass correlation coefficient
and showed an excellent agreement of 0.94-0.96 (Supplementary
Table 1). In addition, the radiographic hip flexion ROM minus
passive hip flexion ROM (difference) was divided into 3 groups,
given that the interquartile range of difference was�10� to 13� and
passive hip flexion ROM was measured in 5� increments: over-
estimate group (O group) with a difference of �10� or less,
appropriate group (A group) with a difference of ±10�, and un-
derestimate group (U group) with a difference of þ10� or more.

Radiographic assessment

Functional lateral radiographs were obtained in free standing,
relaxed-seated, and flexed-seated positions (Fig. 3). For the stand-
ing radiograph, the patients were advised to stand, look forward

Figure 1. Flowchart of patients.
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with fists overlaying ipsilateral clavicles [15]. The relaxed-seated
position is defined as a 90◦ sitting position, with both femora
parallel to the floor on a height-adjustable chair. Flexed-seated
position is defined as a sitting position in which the femora are
parallel to the floor with the trunk leaning maximally forward [12].

From these radiographs, spinopelvic and hip alignment pa-
rameters were measured, including pelvic incidence (PI), L1-S1
lumbar lordosis (LL), sacral slope (SS), pelvic tilt (PT), pelvic-femoral
angle (PFA). PFA was measured as the angle between the proximal
femoral axis and the line connecting the center of the femoral
heads and the midpoint of the sacral endplate [16,17] (Fig. 3). The
radiological measurements were performed by an experienced
researcher. The spinopelvic and hip mobility were calculated as the
change from the standing position to a sitting position (either

relaxed-seated or flexed-seated), which was indicated as DXstan-

ding/relaxed-seated or flexed-seated¼ Xrelaxed-seated or flexed-seatede Xstanding.
Lumbarmobility was defined as the difference in LL between the

standing and sitting positions (DLLstanding/relaxed-seated or flexed-seated).
Pelvic mobility was defined as the difference in SS between the
standing and sitting positions (DSSstanding/relaxed-seated or flexed-seated).
Hip mobility was defined as the difference in PFA between the
standing and sitting positions (DPFAstanding/relaxed-seated or flexed-

seated). The interquartile range of differences in PFA from standing to
flexed-seated was classified as low if less than 60�, moderate
between 60� and 95�, and high above 95�. The hip user index is the
contribution of the hip (DPFA) to the overall sagittal flexion
(DPFA þ DLL) during the transition from standing to flexed-seated
positions [13]:

Table 1
Demographics of the included patients.

Variable Whole (n ¼ 154) O Group (n ¼ 38) A group (n ¼ 70) U Group (n ¼ 46) P value

Age (y) 70 (63 to 76) 69 (60 to 73) 70 (63 to 75) 71 (64 to 80) n.s.
Sex n.s.
Female n (%) 128 (83%) 31 (82%) 54 (77%) 43 (93%)
Male n (%) 26 (17%) 7 (18%) 16 (23%) 3 (7%)

BMI (kg/m2) 24 (21 to 26) 23 (20 to 25) 25 (21 to 26) 24 (21 to 25) n.s.
Diagnosis of the operative side n.s.
OA (%) 134 (87%) 32 (21%) 61 (40%) 41 (27%)
ION (%) 9 (6%) 3 (2%) 4 (3%) 2 (1%)
SIF (%) 4 (3%) 0 (0%) 3 (2%) 1 (1%)
RDC (%) 7 (5%) 3 (2%) 2 (1%) 2 (1%)

State of the contralateral side n.s.
OA (%) 49 (32%) 13 (8%) 19 (12%) 17 (11%)
THA (%) 27 (18%) 10 (7%) 9 (6%) 8 (5%)
Normal (%) 78 (50%) 15 (10%) 42 (27%) 21 (14%)

Tonnis grade (n ¼ 134) n.s.
0 (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
1 (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
2 (%) 6 (5%) 1 (1%) 3 (2%) 2 (2%)
3 (%) 128 (95%) 31 (23%) 59 (44%) 38 (28%)

VAS (mm) 85 (75-95) 80 (70-95) 85 (70-95) 85 (80-98) n.s.
JHEQ-pain (points) 6 (4-11) 7 (4-12) 7 (5-10) 5 (3-10) n.s.
Years of rater's experience (y) 3 (2-10) 8 (2-11) 3 (2-8) 3 (2-10) n.s.
Passive hip flexion ROM (�) 90 (75-95) 95 (86-110) 90 (76-95) 80 (70-90) O vs Ab

O vs Ub

A vs Ua

Radiographic hip flexion ROM (�) 90 (74-101) 76 (65-89) 89 (75-95) 103 (92-111) O vs Ab

O vs Ub

A vs Ub

The values are described as median, and the interquartile range are shown in parentheses.
ION, idiopathic osteonecrosis of the femoral head; n.s., not significant; OA, osteoarthritis; RDC, rapidly destructive coxarthropathy; SIF, subchondral insufficiency fracture; VAS,
visual analog scale.

a P < .05.
b P < .01.

Figure 2. Assessment method for radiographic hip flexion ROM. ROM, range of motion.
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Hip user index ¼ DPFA
DPFAþDLL �100%

A high hip user index indicates that the hip joint significantly
contributes to sagittalflexion,while a lowhip user index indicates that
sagittal flexion is primarily performed in the lumbar spine [18,19].

Pain

The intensity of hip pain at the time of radiographic evaluation
was rated using a 100-mm horizontal visual analog scale, in which
0 mm represents no pain and 100 mm represents the worst pain.
Also, the degree of hip pain was assessed using the Japanese Or-
thopaedic Association Hip Disease Evaluation Questionnaire
(JHEQ), patient-reported outcome measures. The JHEQ is a self-
administered questionnaire that consists of pain (28 points),
movement (28 points), and mental (28 points) subscales, with
higher scores indicating a better outcome. Each item is scored be-
tween 0 and 4 points, and the maximum total score is 84 points.
The JHEQ has been shown to have higher validity and reliability
compared to the 36-item Short Form Health Survey and the Oxford
Hip Score [20,21]. Since pain was considered as covariate in this
study, only JHEQ pain was used in the analysis.

Disease and severity

The type and severity of hip disease was assessed by one senior
hip surgeon (Y.K). Types of disease on the operative side were

classified as osteoarthritis of the hip joint, idiopathic osteonecrosis
of the femoral head, rapidly destructive coxarthropathy, and sub-
chondral insufficiency fracture. The contralateral hip was catego-
rized as normal, osteoarthritis, or total hip arthroplasty. The
severity of osteoarthritis was assessed using T€onnis grade. T€onnis
grade is a general system for evaluating the severity of osteoar-
thritis on grades of 0 to 3, with higher grades indicating more se-
vere osteoarthritis [22].

Statistical analysis

To determine the relationship between passive hip flexion ROM
and radiographic hip flexion ROM, we used Spearman's rank cor-
relation coefficient. Bland-Altman plots were used for ease of
visualization of agreement between the 2 assessment methods
[23]. The lower and upper limits of agreement were calculated as
mean ±1.96 standard deviation [23]. After testing for normality
using the Shapiro-Wilk test, Kruskal-Wallis test was used if any
group was a non-normally distributed variable, and analysis of
variance was used if any group was a normally distributed variable.
If there was a significant difference, pairwise comparison was
conducted using the Steel-Dwass test or the Tukey test. Chi-square
test or Fisher's exact test was used for categorical variables. Sig-
nificance level was set at P < .05, and data were reported as median
[interquartile range]. Statistical analysis was performed using
R4.1.2 (CRAN, freeware).

Figure 3. Diagram of radiographic measurement of spinopelvic parameters in functional lateral radiographs. Spinopelvic parameters are L1-S1 lumbar lordosis (LL), sacral slope
(SS), pelvic tilt (PT), and pelvic-femoral angle (PFA).
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Results

Patient demographics are shown in Table 1. There were no sig-
nificant differences in age, sex, and BMI between O, A, and U
groups. Also, there were no significant differences in types of dis-
ease on the operative side, contralateral hip, and severity of oste-
oarthritis between O, A, and U groups. With regard to pain and
years of clinical experience, no significant differences were found
between O, A, and U groups.

Relationship between passive hip flexion ROM and radiographic hip
flexion ROM

As initially hypothesized, a linear correlation was found be-
tween passive hip flexion ROM and radiographic hip flexion ROM
(R2 ¼ 0.48, 95% confidence interval;0.35-0.59, P < .01) (Fig. 4),
although differences between the 2 methods could be up to 30�.
Furthermore, consistently with the initial hypothesis, passive hip
flexion ROM was overestimated in some patients but also under-
estimated in others, which was contrary to our hypothesis (Fig. 4).
The difference between the mean hip flexion ROM using the 2
methods was �1.08�, suggesting that there was little systematic
error when hip flexion ROM was assessed using radiography
(Fig. 5). The 95% limits of agreement ranged from �34� to 32�. This
means that measuring passive hip flexion ROM can be in an error of
up to approximately 30� compared to radiographic hip flexion ROM
(Fig. 5).

Spinopelvic and hip alignment

There was no significant difference in spinopelvic and hip
alignment in the standing position between all groups. However, in
the relaxed-seated position, PT was significantly larger and PFAwas
significantly smaller in the O group compared to the U group (PT:
38� vs 29�; P < .05, PFA: 51� vs 60�; P < .05; Table 2). In the flexed-
seated position, SS and PFA were significantly smaller and PT was
significantly larger in the O group compared to the U group (SS: 29�

vs 49�; P < .01, PFA: 66� vs 89�; P < .01, PT: 27� vs �2�; P < .01;
Table 2).

Lumbar, pelvic, and hip mobility

In postural change from a standing to a relaxed-seated, DLL of
the O group was predominantly larger movement than of the U
groups (�23� vs�13�; P < .05; Table 3). Also, the DSS of the O group
was significantly larger movement than that of the U groups (�20�

vs �13�; P < .05; Table 3). In the postural change from standing to a
flexed-seated, DSS of the O group was significantly lower move-
ment than that of the A and U groups (�7� vs 5� vs 17�; P < .05 for O
vs A, P < .01 for O vs U; Table 3). In addition, the DPFA for the U
group was markedly larger movement than that for the O and A
groups (66� vs 80� vs 94�; P < .01 for O vs U, P < .01 for A vs U;
Table 3). Furthermore, the hip use index of the O group was
dominantly low compared to that of the U group (60� vs 68�; P <
.01; Table 3). Furthermore, there were relatively more patients with
low hip mobility in the O group and, in contrast, relatively more
patients with high hip mobility in the U group (Table 4).

Discussion

Passive hip flexion ROM has often been used as one of the
clinical outcomes of THA [1], but more recently, functional lateral
radiographs have been used to assess each patient's risk of dislo-
cation, and radiological hip ROM is widely used [12,13]. However,
the relationship between passive hip flexion ROM and radiographic
hip flexion ROM, as well as the characteristics of the spinopelvic
parameters and mobility that cause these differences, have not
been clarified. This study is the first to clarify the relationship be-
tween passive hip flexion ROM and radiographic hip flexion ROM
taking into account spinal and pelvic compensations. This study
showed that the correlation was moderate, and that large differ-
ences were present, even though bothmethods were assessed. Two
factors may have contributed to this result. The first is that
compensatory movements of the lumbar spine and pelvis occurred
during the measurement of passive hip flexion ROM, as suggested
by previous studies [9,24]. The second is the difference in the de-
gree of hip pain during hip flexion movements due to passive and
activemovements. In the O group, lumbarmobility was high, which
contributed to overestimation. In fact, DLL was significantly greater
in the O group and the lumbar spine was more flexible, which is
consistent with this theory. On the other hand, radiographic hip
flexion ROM was high in the U group, but passive hip flexion ROM
was low. Although only the degree of hip pain at rest was assessed

Figure 4. Relationship between passive hip flexion ROM and radiographic hip flexion
ROM. The solid line represents the regression line (R2 ¼ 0.48, 95% confidence
interval;0.35-0.59, P < .01), and the dashed line represents the 95% confidence interval
of the prediction. ROM, range of motion.

Figure 5. Bland-Altman plots for passive and radiographic agreement in hip flexion
ROM. The solid line represents the mean difference between the 2 methods in hip
flexion ROM, while the dashed line represents the lower and upper limits of LOA. LOA,
limits of agreement; ROM, range of motion; SD, standard deviation.
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in this study, it is possible that the radiographic hip flexion ROM is
an active movement that allows the hip to flex slowly on its own,
resulting in better hip flexion than the passive hip flexion ROM.We
consider that these 2 factors resulted in a moderate correlation
coefficient, although both methods assessed maximum hip flexion
angle. A better understanding of these relationships may allow
clinicians such as orthopedic surgeons and physical therapists to

assess passive hip flexion ROM more accurately for appropriate
targeted intervention, leading to improved patient ADLs and
quality of life.

Spinopelvic and hip alignment and mobility play an important
role in performing ADL, which may lead to quality of life . Vergari
et al. [25] suggested that patients with low preoperative PT, T1PA,
and PI-LL assessed for spinopelvic alignment, may show improved

Table 2
Spinopelvic and hip alignment for O, A, and U groups.

Variable Whole (n ¼ 154) O group (n ¼ 38) A group (n ¼ 70) U group (n ¼ 46) P value

PI (Standing) (�) 52 (44 to 60) 54 (48 to 67) 53 (44 to 59) 49 (42 to 59) n.s.
PI-LL (Standing) (�) 9 (�1 to 19) 10 (�1 to 24) 7 (0 to 17) 10 (�3 to 23) n.s.
LL (�)
Standing 46 (35 to 56) 47 (37 to 56) 47 (37 to 56) 45 (28 to 54) n.s.
Relaxed-seated 24 (9 to 35) 19 (5 to 30) 26 (14 to 35) 25 (14 to 41) n.s.
Flexed-seated �3 (�9 to 17) �5 (�14 to 2) 3 (�11 to 12) �4 (�12 to 6) n.s.

SS (�)
Standing 38 (30 to 44) 42 (30 to 47) 38 (35 to 45) 36 (26 to 40) n.s.
Relaxed-seated 18 (9 to 25) 15 (5 to 25) 18 (11 to 24) 21 (10 to 27) n.s.
Flexed-seated 42 (30 to 52) 29 (16 to 42) 43 (31 to 51) 49 (40 to 60) O vs Aa

O vs Ub

A vs Ua

PT (�)
Standing 17 (11 to 23) 19 (11 to 26) 16 (11 to 20) 19 (10 to 26) n.s.
Relaxed-seated 35 (26 to 46) 38 (31 to 52) 35 (27 to 47) 29 (23 to 39) O vs A n.s.

O vs Ua

A vs U n.s.
Flexed-seated 12 (�2 to 27) 27 (12 to 40) 14 (0 to 26) �2 (�7 to 11) O vs Ab

O vs Ub

A vs Ub

PFA (�)
Standing �6 (�14 to 2) �8 (�16 to 2) �6 (�10 to 2) �6 (�14 to 2) n.s.
Relaxed-seated 55 (44 to 65) 51 (39 to 62) 54 (42 to 63) 60 (49 to 68) O vs A n.s.

O vs Ua

A vs U n.s.
Flexed-seated 76 (60 to 89) 66 (48 to 74) 74 (59 to 87) 89 (79 to 96) O vs Aa

O vs Ub

A vs Ub

The values are described as median, and the interquartile range are shown in parentheses.
n.s., not significant.

a P < .05.
b P < .01.

Table 3
Spinopelvic and hip mobility for O, A, and U groups.

Variable Whole (n ¼ 154) O group (n ¼ 38) A group (n ¼ 70) U group (n ¼ 46) P value

DLL (�)
Standing/Relaxed-seated �17 (�30 to �9) �23 (�37 to �9) �19 (�32 to �11) �13 (�19 to �8) O vs A n.s.

O vs Ua

A vs U n.s.
Standing/ Flexed-seated �46 (�56 to �34) �51 (�66 to �39) �44 (�55 to �36) �45 (�53 to �32) n.s.

DSS (�)
Standing/Relaxed-seated �16 (�25 to �10) �20 (�32 to �10) �17 (�26 to �11) �13 (�19 to �7) O vs A n.s.

O vs Ua

A vs Ua

Standing/Flexed-seated 7 (�7 to 18) �7 (�20 to 11) 5 (�5 to 15) 17 (5 to 27) O vs Aa

O vs Ub

A vs Ub

DPFA (�)
Standing/Relaxed-seated 59 (49 to 70) 56 (44 to 69) 58 (46 to 67) 65 (57 to 76) n.s.
Standing/Flexed-seated 81 (62 to 96) 66 (58 to 85) 80 (63 to 90) 94 (79 to 104) O vs A n.s.

O vs Ub

A vs Ub

Hip user index (%) 64 (55 to 72) 60 (48 to 64) 64 (55 to 72) 68 (62 to 75) O vs A n.s.
O vs Ub

A vs U n.s.

The values are described as median, and the interquartile range are shown in parentheses.
n.s., not significant.

a P < .05.
b P < .01.
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quality of life after THA. In addition, a previous study reported that
most daily activities (eg, bending forward, standing to sitting,
putting on socks) are accomplished by coordinated movements of
the spine, pelvis, and hip [26]. Therefore, it is critically important
for the clinician to assess spinopelvic and hip alignment and
mobility in clinical practice. Interestingly, this study found no sig-
nificant difference in spinopelvic and hip alignment in the standing
position in any of the groups, but a significant difference was found
with SS and PFA except for LL in the flexed-seated position in each
of the groups. Our results showed that the O group had a relatively
large number of patients with limited flexion, pelvis did not tilt
forward, and the hip joints did not deeply flex. In contrast, the U
group had relatively few patients with limited flexion, pelvis tilted
forward and the hip joints deeply flexed. Flexed-seated position has
been shown to be useful in assessing the risk of dislocation prior to
THA surgery [19], and may also be useful in more accurately
measuring the ROM of the hip joint itself in the flexion direction.

In terms of mobility, this study suggests that spinopelvic
alignment and hip mobility influence the difference between pas-
sive and radiographic hip flexion ROM. During the postural change
from standing to relaxed-seated, the pelvis tilts posteriorly an
average of 15�-20�, and the acetabulum opens about 12�-16� to
allow the femur, which can eventually flex 55�-70� [27,28]. In the
case of the O group with low hip mobility, the amount of change to
posterior pelvic tilt (DSS) and the amount of change to lumbar
flexion to maintain sitting posture (DLL) were considered to be
predominantly greater than in the U group with high hip mobility.
In contrast, the amount of pelvic and lumbar spine change (DSS and
DLL) was much less in the U group due to greater hip mobility.
Similarly, during the postural change from standing to flexed-
seated, the O group with low hip mobility had significantly less
anterior pelvic change (DSS) and considerably less hip change
(DPFA) than the U group with high hip mobility. These results
support that the pelvis and lumbar spine change with hip flexion

motion, and that the assessment of basic postural change (eg,
standing-sitting) is crucial information for more accurate mea-
surement of passive hip flexion ROM.

There are several limitations to this study. First, the average BMI
of the subjects in the study was relatively low. In patients with a
high BMI, passive hip flexion ROM measurement may be less ac-
curate and radiographic assessment may be useful. Future studies
should address the differences in accuracy between passive and
radiographic hip flexion ROM according to the value of BMI. Second,
the lumbar spine and pelvis may strictly move a little differently
because the passive hip flexion ROM during measurement in the
supine position was not evaluated radiographically. Future studies
should examine whether lumbar spine and pelvic alignment in the
supine position differs during passive hip flexion ROM measure-
ment.While these limitations are present in this study, the strength
of this study is that the first to show the relationship between
clinical and radiographic hip flexion ROM and the influence of
spinopelvic alignment and mobility on this difference.

Conclusions

This study confirmed that passive hip flexion ROM and radio-
graphic hip flexion ROM correlate and that spinopelvic and hip
alignment and mobility influence these differences. It is important for
clinicians to assess lumbar spine and pelvic alignment and mobility
during forward bending movements (eg, putting on socks) and com-
mon postural changes (eg, standing e sitting). In addition, the infor-
mation obtained from this assessment may be useful determining
passive hip flexion ROM more accurately, which can represent an
additional evaluation method for clinicians to assess patients.
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Table 4
Hip mobility for low, moderate, and high groups.

Variable Whole (n ¼ 154) Low group (n ¼ 31) Moderate group (n ¼ 84) High group (n ¼ 39) P value

O group (n ¼ 38) 12 (32%) 21 (55%) 5 (13%)
A group (n ¼ 70) 14 (20%) 44 (63%) 12 (17%)
U group (n ¼ 46) 5 (11%) 19 (41%) 22 (48%)
DLL (�)
Standing/Relaxed-seated �17 (�30 to �9) �35 (�45 to �27) �13 (�25 to �8) �13 (�19 to �8) L vs Mb

L vs Hb

M vs H n.s.
Standing/Flexed-seated �46 (�56 to �34) �54 (�63 to �40) �42 (�54 to �32) �47 (�55 to �32) L vs Ma

L vs H n.s.
M vs H n.s.

DSS (�)
Standing/ Relaxed-seated �16 (�25 to �10) �36 (�46 to �25) �16 (�23 to �11) �10 (�15 to �5) L vs Mb

L vs Hb

M vs Hb

Standing/Flexed-seated 7 (�7 to 18) �24 (�35 to �12) 6 (�2 to 14) 21 (16 to 28) L vs Mb

L vs Hb

M vs Hb

DPFA (�)
Standing/Relaxed-seated 59 (49 to 70) 37 (27 to 48) 59 (53 to 68) 67 (57 to 75) L vs Mb

L vs Hb

M vs Hb

Standing/Flexed-seated 81 (62 to 96) 47 (41 to 54) 80 (73 to 86) 104 (100 to 109) L vs Mb

L vs Hb

M vs Hb

Hip user index (%) 64 (55 to 72) 49 (41 to 54) 64 (59 to 74) 69 (65 to 77) L vs Mb

L vs Hb

M vs Ha

The values are described as median, and the interquartile range are shown in parentheses.
n.s., not significant.

a P < .05.
b P < .01.

H. Tokuyasu et al. / Arthroplasty Today 29 (2024) 101429 7



For full disclosure statements refer to https://doi.org/10.1016/j.
artd.2024.101429.

CRediT authorship contribution statement

Hiroyuki Tokuyasu: Writing e original draft, Visualization,
Validation, Project administration, Methodology, Investigation,
Formal analysis, Data curation. Eiki Tsushima: Writing e review &
editing, Supervision, Project administration, Methodology, Formal
analysis. Mitsuru Takemoto: Writing e review & editing, Visuali-
zation, Validation, Supervision, Project administration, Formal
analysis, Conceptualization. Claudio Vergari: Writing e review &
editing, Visualization, Validation, Project administration, Method-
ology, Formal analysis. Hiroshi Tada: Writing e review & editing,
Supervision, Project administration. Youngwoo Kim: Writing e

review & editing, Visualization, Validation, Supervision, Project
administration, Formal analysis, Conceptualization.

References

[1] Arokoski MH, Haara M, Helminen HJ, Arokoski JP. Physical function in men
with and without hip osteoarthritis. Arch Phys Med Rehabil 2004;85:574e81.

[2] Tannast M, Kubiak-Langer M, Langlotz F, Puls M, Murphy SB, Siebenrock KA.
Noninvasive three-dimensional assessment of femoroacetabular impinge-
ment. J Orthop Res 2007;25:122e31.

[3] Davis KE, Ritter MA, Berend ME, Meding JB. The importance of range of motion
after total hip arthroplasty. Clin Orthop Relat Res 2007;465:180e4.

[4] Holm I, Bolstad B, Lütken T, Ervik A, Røkkum M, Steen H. Reliability of
goniometric measurements and visual estimates of hip ROM in patients with
osteoarthrosis. Physiother Res Int 2000;5:241e8.

[5] Kawai T, Goto K, Kuroda Y, Okuzu Y, Matsuda S. Discrepancy in the respon-
siveness to hip range of motion between Harris and Oxford hip scores.
Arthroplast Today 2022;13:157e64.

[6] Pua Y-H, Wrigley TV, Cowan SM, Bennell KL. Hip flexion range of motion and
physical function in hip osteoarthritis: mediating effects of hip extensor
strength and pain. Arthritis Rheum 2009;61:633e40.

[7] Tezuka T, Heckmann ND, Bodner RJ, Dorr LD. Functional safe zone is superior
to the lewinnek safe zone for total hip arthroplasty: why the lewinnek safe
zone is not always predictive of stability. J Arthroplasty 2019;34:3e8.

[8] Beneck GJ, Selkowitz DM, Janzen DS, Malecha E, Tiemeyer BR. The influence of
pelvic rotation on clinical measurements of hip flexion and extension range of
motion across sex and age. Phys Ther Sport 2018;30:1e7.

[9] Ahlbaeck SO, Lindahl O. Sagittal mobility of the HIP-joint. Acta Orthop Scand
1964;34:310e22.

[10] Bohannon RW, Gajdosik RL, LeVeau BF. Relationship of pelvic and thigh mo-
tions during unilateral and bilateral hip flexion. Phys Ther 1985;65:1501e4.

[11] Okuzu Y, Goto K, Okutani Y, Kuroda Y, Kawai T, Matsuda S. Hip-spine syn-
drome: acetabular anteversion angle is associated with anterior pelvic tilt and

lumbar Hyperlordosis in patients with acetabular dysplasia. JB JS Open Access
2019;4:e0025.

[12] Kim Y, Vergari C, Shimizu Y, Tokuyasu H, Takemoto M. The impact of hip
mobility on lumbar and pelvic mobility before and after total hip arthroplasty.
J Clin Med 2022;12:331.

[13] Innmann MM, Verhaegen JCF, Reichel F, Schaper B, Merle C,
Grammatopoulos G. Spinopelvic characteristics normalize 1 Year after total
hip arthroplasty: a prospective, longitudinal, case-controlled study. J Bone
Joint Surg Am 2022;104:675e83.

[14] Pua YH, Wrigley TW, Wrigley SM, Cowan KL, Bennell KL. Intrarater test-retest
reliability of hip range of motion and hip muscle strength measurements in
persons with hip osteoarthritis. Arch Phys Med Rehabil 2008;89:1146e54.

[15] Horton WC, Brown CW, Bridwell KH, Glassman SD, Suk S-I, Cha CW. Is there
an optimal patient stance for obtaining a lateral 36" radiograph? A critical
comparison of three techniques. Spine (Phila Pa 1976) 2005;30:427e33.

[16] Vergari C, Kim Y, Takemoto M, Shimizu Y, Tanaka C, Fukae S, et al. Sagittal
alignment in patients with flexion contracture of the hip before and after total
hip arthroplasty. Arch Orthop Trauma Surg 2022;143:3587e96.

[17] Kim Y, Vergari C, Tokuyasu H, Shimizu Y, Takemoto M. The impact of pelvic
incidence on spinopelvic and hip alignment and mobility in asymptomatic
subjects. J Bone Joint Surg Am 2024. https://doi.org/10.2206/JBJS.23.00493
[Epub ahead of print].

[18] Innmann MM, Merle C, Phan P, Beaul�e PE, Grammatopoulos G. Differences in
spinopelvic characteristics between hip osteoarthritis patients and controls.
J Arthroplasty 2021;36:2808e16.

[19] Innmann MM, Merle C, Phan P, Beaul�e PE, Grammatopoulos G. How can pa-
tients with mobile hips and stiff lumbar spines Be identified prior to total hip
arthroplasty? A prospective, diagnostic cohort study. J Arthroplasty 2020;35:
S255e61.

[20] Matsumoto T, Kaneuji A, Hiejima Y, Sugiyama H, Akiyama H, Atsumi T, et al.
Japanese orthopaedic association hip disease evaluation questionnaire (JHEQ):
a patient-based evaluation tool for hip-joint disease. The subcommittee on
hip disease evaluation of the clinical outcome committee of the Japanese
orthopaedic association. J Orthop Sci 2012;17:25e38.

[21] Seki T, Hasegawa Y, Ikeuchi K, Ishiguro N, Hiejima Y. Reliability and validity of
the Japanese Orthopaedic Association hip disease evaluation questionnaire
(JHEQ) for patients with hip disease. J Orthop Sci 2013;18:782e7.

[22] T€onnis D, Heinecke A. Acetabular and femoral anteversion: relationship with
osteoarthritis of the hip. J Bone Joint Surg Am 1999;81:1747e70.

[23] Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986;1:307e10.

[24] Elson RA, Aspinall GR. Measurement of hip range of flexion-extension and
straight-leg raising. Clin Orthop Relat Res 2008;466:281e6.

[25] Vergari C, Kim Y, Takemoto M, Tokuyasue H, Shimizu Y, Tanaka C, et al. The
relationship between spino-pelvic-hip mobility and quality of life before and
after total hip arthroplasty. Arch Orthop Trauma Surg 2023;144:1379e87.

[26] Tateuchi H, Akiyama H, Goto K, So K, Kuroda Y, Ichihashi N. Sagittal alignment and
mobility of the thoracolumbar spine are associated with radiographic progression
of secondary hip osteoarthritis. Osteoarthritis Cartilage 2018;26:397e404.

[27] Stefl M, Lundergan W, Heckmann N, McKnight B, Ike H, Murgai R, et al. Spi-
nopelvic mobility and acetabular component position for total hip arthro-
plasty. Bone Joint J 2017;99-B:37e45.

[28] Esposito CI, Gladnick BP, Lee Y yu, Lyman S, Wright TM, Mayman DJ, et al. Cup
position alone does not predict risk of dislocation after hip arthroplasty.
J Arthroplasty 2015;30:109e13.

H. Tokuyasu et al. / Arthroplasty Today 29 (2024) 1014298

https://doi.org/10.1016/j.artd.2024.101429
https://doi.org/10.1016/j.artd.2024.101429
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref1
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref1
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref1
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref2
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref2
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref2
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref2
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref3
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref3
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref3
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref4
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref4
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref4
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref4
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref4
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref5
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref5
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref5
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref5
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref6
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref6
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref6
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref6
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref7
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref7
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref7
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref7
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref8
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref8
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref8
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref8
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref9
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref9
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref9
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref10
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref10
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref10
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref11
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref11
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref11
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref11
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref12
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref12
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref12
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref13
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref13
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref13
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref13
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref13
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref14
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref14
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref14
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref14
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref15
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref15
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref15
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref15
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref16
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref16
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref16
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref16
https://doi.org/10.2206/JBJS.23.00493
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref18
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref18
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref18
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref18
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref18
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref19
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref19
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref19
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref19
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref19
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref19
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref20
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref20
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref20
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref20
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref20
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref20
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref21
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref21
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref21
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref21
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref22
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref22
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref22
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref22
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref23
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref23
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref23
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref24
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref24
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref24
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref25
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref25
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref25
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref25
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref26
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref26
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref26
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref26
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref27
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref27
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref27
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref27
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref28
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref28
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref28
http://refhub.elsevier.com/S2352-3441(24)00114-6/sref28


Supplementary Data

Supplementary Table 1
Reliability of measurements in passive and radiographic hip flexion ROM.

Reliability of Measurements Intraobserver reliability Interobserver reliability

ICC (1,1) 95% CI ICC (2,1) 95% CI

Passive hip flexion ROM 0.94 0.90 to 0.97 0.71 0.51 to 0.84
Radiographic hip flexion ROM 0.96 0.96 to 0.99 0.94 0.85 to 0.97

CI, confidence interval; ICC, intraclass correlation coefficient.
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