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Abstract
Purpose A possible cause of hip pain is the presence of
radiating pain from the higher lumbar spine. Identification
of factors associated with hip pain arising from the lumbar
spine would aid the physician. The first step in identifying
possible factors is to look at the association between hip
pain and osteoarthritis of the lumbar spine.
Methods In an open population based study of people
55 years and older (Rotterdam study), 2,819 lumbar
radiographs were scored for the presence and severity of
individual radiographic features of disk degeneration. Hip
osteoarthritis was scored on anteroposterior pelvic radiographs, and questionnaires including self-reported hip pain
were taken. Logistic regression adjusted for possible confounders was used to determine the association between
self-reported hip pain and the individual radiographic features of lumbar disk degeneration.
Results The presence of dis space narrowing grade C1 at
level L1/L2 was significantly associated with hip pain in
the last month (men OR = 2.0; 95 % CI 1.1–3.8 and
women OR = 1.7; 95 % CI 1.1–2.5). The presence of disk
space narrowing grade C1 at level L2/L3 was only significantly associated with hip pain in women. The strength
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of the associations increased for self-reported chronic
hip pain, especially in men (L1/L2 OR = 2.5; 95 % CI
1.3–5.0). The presence of disk space narrowing at the lower
levels (L3/L4/L5/S1) was not significantly associated with
hip pain.
Conclusion Our data provide evidence for an association
between hip pain and disk space narrowing at disk level
L1/L2 and L2/L3. In case of uncertainty of the cause of hip
pain, evaluation of lumbar radiographs may help to identify
those hip pain patients who might have pain arising from
the lumbar spine.
Keywords Hip pain  Back pain 
Lumbar disk degeneration

Introduction
Hip pain is a common symptom among older adults, with a
point prevalence of 14.3 % reported in the United States [1].
The differential diagnosis of hip pain is broad and includes
intra-articular pathology, extra-articular pathology, and other
causes like radiating pain from the lumbar spine. Differentiating back pain from hip pain in patients who present with
classic signs and symptoms is mostly not difficult and generally does not require further testing to establish an accurate
diagnosis. However, in some cases, patients present with
nonspecific complaints of pain in the lumbar spine, buttock,
lateral hip, or thigh [2]. The differentiation of signs and
symptoms suggestive of hip disorders versus spine disorders
is important in giving patients the most beneficial treatment,
especially if the treatment includes a major reconstructive
surgery, such as hip replacement.
Differentiating whether hip pain originates from the hip,
the spine, or both may be challenging. Brown et al. [3]
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attempted to determine which physical signs and symptoms
best predict the primary source of pain in patients with hip-,
spine-, or concomitant disorders. After final diagnosis with
imaging studies, they found that although limited internal
rotation, groin pain, and a limp are more commonly associated with a hip disorder, these symptoms are also seen in
patients with spine alone or both hip and spine disorders.
In order to make a differentiation between hip and spine
originated hip pain there have been a few studies about the
usefulness of local anesthetic with(out) corticosteroid hip
infiltrations, to differentiate intra-articular causes of hip
pain from spinal causes [4–7]. To our knowledge, there
have been no studies about the usefulness of local spine
infiltrations to differentiate hip and spine originated hip
pain. However, infiltration of every patient with atypical
hip pain for possible coexistent lumbar spine osteoarthritis
would be counterproductive and costly. Preoperative
identification of factors associated with hip pain arising
from the lumbar spine would aid the physician by identifying the subgroup of patients who might not experience
full relief of pain with a hip arthroplasty.
One of the first steps to identify possible factors is to
look at the association between hip pain and osteoarthritis
of the lumbar spine. The purpose of this study was to
explore the association of self-reported hip pain with the
different individual radiographic features (IRF) of spinal
osteoarthritis by vertebral level, including osteophytes and
disk space narrowing.

individual radiographic features of disk degeneration. The
observer was blinded to clinical characteristics of the participants. Each vertebral level from L1/2 to L5/S1 was
reviewed for the presence and severity of osteophytes
(anterior) and vertebral narrowing, using the Lane atlas
[10, 11]. In this atlas grade 0 = none; grade 1 = mild;
grade 2 = moderate; and grade 3 = severe. The lumbosacral disk space was defined as narrowed when its height
was less than that of the disk space between the third and
fourth lumbar vertebrae. This is due to a normal progression of increasing disk space height from the third and
fourth to the fourth and fifth lumbar vertebrae, and then a
relative narrowing of the height of the lumbosacral disk
space. Sclerosis was not scored because of the earlier
reported low ICC for this feature [11].
Inter-observer reproducibility was assessed by a second
independent observer who evaluated a random selection
of 140 (5 %) X-rays. The ICC was 0.83 for osteophytes and 0.77 for vertebral narrowing, indicating good
reproducibility.
Weight bearing anteroposterior radiographs of the pelvis
were obtained. One trained reader evaluated the radiographs obtained at baseline, unaware of the clinical status
of the participants [9]. At baseline, radiological osteoarthritis of the hip was quantified by measurements following
the Kellgren & Lawrence grading system (atlas-based) in
five grades (from 0 to 4). A person was considered to have
osteoarthritis of the hip, if the Kellgren & Lawrence score
of one or both joints was equal to or larger than two [9].

Materials and methods

Hip pain

Study population

Hip pain and low back pain were determined from interviewing the participants during the home visits. Participants were asked ‘‘Did you have complaints of the (left
and/or right) hip during the last month?’’ Hip pain was
defined to be present if the answer was positive. Participants were subsequently asked ‘‘What is the duration of the
present hip complaints?’’ For low back pain similar questions were asked. We defined chronic hip pain to be present
if the duration of the hip joint pain was more than 1 year.
Participants also visited the research center, where
X-rays were obtained. Height and weight were measured
with participants wearing indoor clothing and without
shoes. Body mass index (BMI) was calculated as weight in
kilograms divided by length in meters squared (kg/m2).

The data for this study originate from data of the Rotterdam
Study, an open population prospective cohort of people
aged 55 years and older. The objective of the Rotterdam
Study is to investigate the incidence of, and risk factors
for, chronic disabling diseases. The study design has
been described previously [8]. All 10,275 inhabitants of
Ommoord (a district in Rotterdam, the Netherlands) were
invited to participate. The baseline measurements were
conducted between 1990 and 1993. In total, 7,983 participants were examined.
For this study, 2,819 lumbar radiographs were scored.
The selection was based on the availability of radiographs
of the hip and spine at a follow-up measurement 6.6 years
later [9, 12].
Radiographic scoring
Lumbar lateral radiographs were scored by a single
observer trained by a radiologist for the presence of the
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Statistical analyses
We defined disk space narrowing to be present if the grade
was mild, moderate, or severe (grade C1). Because of the
small proportion of subjects without osteophytes, we used a
higher cutoff value for this feature. We defined osteophytes
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to be present if the grade was moderate or severe (grade
C2) [12]. Using these definitions we calculated the prevalence of the IRF by vertebral level (L1/2 to L5/S1) and
gender.
In order to explore the association between the IRF by
vertebral level and hip pain, hip pain was used as the
dependent variable with adjustments made for age and
gender. The assessments of the associations were also
adjusted for radiological hip osteoarthritis, as this variable
was shown to be associated with disk space narrowing and
of course with hip pain. The same was true for low back
pain [12]. In addition, the assessments of the association
were also adjusted for BMI, as this variable has been
reported to be associated with both hip pain and some of
the individual radiographic features [13–15].
In a separate analysis we explored the association
between the IRF by vertebral level and hip pain in subjects
with no sign of radiological hip osteoarthritis. The results
of the analyses are expressed as odds ratios (OR) with
95 % confidence intervals (CI), stratified for gender. The
same methods were used to explore the association
between the IRF and chronic hip pain. Statistical analysis
was performed using SPSS version 15 (SPSS Inc, Chicago,
USA).

Results
Subject characteristics
Baseline characteristics are shown in Table 1. There were
1,204 men [mean age 65.3 years, standard deviation (SD)
6.4] and 1,615 women (mean age 65.9 years, SD 6.8). Hip
pain during the last month was reported more often by
women than men [244 (15.1 %) vs. 84 (7.0 %) p \ 0.05]
(Table 1). Chronic hip pain was reported in the majority
(82 %) of the current hip pain cases and was also more
often reported by women [208 (12.9 %) vs. 62 (5.1 %)
p \ 0.05].
Radiological hip osteoarthritis was observed in 209
(7.4 %) persons (Kellgren & Lawrence C2 in one or both
hips).
Influence of gender and vertebral level
The prevalence of the IRF in men and women is shown in
Table 1. Osteophytes were the most frequently observed
radiographic feature and were slightly more common in
men than women (95 vs. 91 %; p \ 0.05). Disk space
narrowing was more frequent in women than men (65 vs.
53 %; p \ 0.05). In terms of their distribution by vertebral
level, narrowing was more frequent at the lower lumbar
disk levels.

Disk space narrowing grade C1 at level L1/L2 was more
common in persons with hip pain (19 vs. 10 %; p \ 0.05).
Hip pain was more common in persons with disk space
narrowing grade C1 at level L1/L2 (21 vs. 11 %; p \ 0.05).
Association with LDD
Table 2 shows the association between hip pain and the
IRF, adjusted for age, gender, BMI, hip arthritis, and low
back pain. The presence of disk space narrowing grade C1
at level L1/L2 was significantly associated with hip pain in
the last month, both in men and women (men OR = 2.0;
95 % CI 1.1–3.8 and women OR = 1.7; 95 % CI 1.1–2.5)
(Table 2). The presence of disk space narrowing grade C1
at level L2/L3 was significantly associated with hip pain in
the last month, only in women (OR = 1.6; 95 % CI
1.1–2.2). The strength of the associations increased for
the participants with chronic hip pain, especially for men
(L1/L2 OR = 2.5; 95 % CI 1.3–5.0). The strength of the
associations also increased for the group of subjects with
no radiological hip osteoarthritis (men chronic pain L1/L2
OR = 2.7; 95 % CI 1.3–5.5 and women chronic pain
L1/L2 OR = 2.0; 95 % CI 1.3–3.2).
The presence of disk space narrowing at the lower levels
(L3/L4/L5/S1) was not significantly associated with hip
pain. The presence of disk space narrowing grade C2 was
not explored, because of the low number of persons with
disk space narrowing grade C2 at the upper levels.
The presence of osteophytes grade C2 was not significantly associated with hip pain at any level (data not shown).

Discussion
The differentiation of signs and symptoms suggestive of
hip disorders versus spine disorders is important in giving
patients the most beneficial treatment. The purpose of this
study was to explore the association of self-reported hip
pain with the different individual radiographic features
(IRF) of spinal osteoarthritis. In this study, disk space
narrowing at level L1/L2 appeared to be associated with
pain in the hip region, especially in men. The strength of
the associations increased for participants with chronic hip
pain and in those without radiological signs of hip osteoarthritis. These results suggest that in case of uncertainty of
the cause of hip pain, evaluation of lumbar radiographs
may help to identify those hip pain patients who may
benefit the most from further diagnostic evaluation.
Our data provide evidence for radiating pain from the
higher lumbar spine as a possible cause of hip pain in a
cross-sectional open population based study. One of the
explanations that can be found for the association between
hip pain and disk space narrowing at level L1/L2 and
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Table 1 Frequency of hip pain and individual radiographic features of the low back in men and women
Men, N = 1,204

Women, N = 1,615

All, N = 2,819

Hip pain, N = 328

Age (years) Mean ± SD

65.3 ± 6.4

65.9 ± 6.8

65.7 ± 6.6

66.2 ± 6.8

Body mass index (BMI) Mean ± SD

25.9 ± 2.9

26.6 ± 3.8

26.3 ± 3.5

27.0 ± 3.9

Hip pain (%)a

84 (7.0)

244 (15.1)

328 (11.6)

328 (100)

62 (5.1)

208 (12.9)

270 (9.6)

270 (82.3)

94 (7.8)

115 (7.1)

209 (7.4)

51 (15.5)

Grade C1

1,148 (95.3)

1,467 (90.8)

2,615 (92.8)

306 (93.3)

Grade C2

832 (69.1)

929 (57.5)

1,761 (62.5)

217 (66.2)

Grade 3

536 (44.5)

505 (31.3)

1,041 (36.9)

134 (40.9)

Grade C1
Grade C2

637 (52.9)
286 (23.8)

1,048 (64.9)
525 (32.5)

1,685 (59.8)
811 (28.8)

210 (64.0)
115 (35.1)

Grade 3

40 (3.3)

107 (6.6)

147 (5.2)

20 (6.1)

L1–2

282 (23.4)

297 (18.4)

579 (20.5)

84 (25.6)

L2–3

347 (28.8)

404 (25.0)

751 (26.6)

105 (32.0)

L3–4

428 (35.5)

364 (22.6)

792 (28.1)

100 (30.5)

L4–5

403 (33.5)

354 (21.9)

757 (26.9)

94 (28.7)

L5–S1

312 (25.9)

303 (18.8)

615 (21.8)

68 (20.7)

L1–2

107 (8.9)

201 (12.5)

308 (10.9)

63 (19.2)

L2–3

135 (11.3)

307 (19.0)

442 (15.7)

81 (24.7)

L3–4

153 (12.7)

342 (21.1)

495 (17.6)

78 (23.8)

L4–5

268 (22.2)

526 (32.6)

794 (28.2)

111 (33.8)

L5–S1

408 (34.0)

662 (41.0)

1,070 (38.0)

127 (38.7)

Chronic hip pain (%)

b

Hip osteoarthritis (%)
Osteophytes low back (%)

Narrowing low back (%)

Osteophytes C2 (%)

Narrowing C1 (%)

a

Hip pain: complaints of the hip joint during last month

b

Chronic hip pain: duration present hip joint complaints [1 year

L2/L3 is ‘‘referred pain.’’ The term ‘‘referred pain’’ is used
for pain localized not in the site of its origin but in areas
that may be adjacent or at a distance from such a site.
Several theories have been proposed to explain the
‘‘referred pain’’ phenomenon, with the convergence-projection theory the most widespread [16, 17]. Input from
different tissue types converge on the same dorsal horn
neurons [18]; After activation, increased nociceptive input
is transmitted supraspinally and misinterpreted at the cortical level as pain from other tissues. It is possible that the
reduction of space between the vertebrae as a consequence
of the degenerative disk leads to increased pressure on
spinal ligaments and other supporting tissues. This can be
misinterpreted at the cortical level as pain from other tissues, like the hip region. Experimental studies have confirmed that noxious stimulation of interspinous ligament,
facet joint, and paravertebral muscles causes referred pain
that can radiate into the extremity [19–21].
Another explanation for the radiating pain from the higher
lumbar spine can be found in the dermatomal innervations of
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the hip region. It is suggested that impingement of the higher
lumbar spinal nerve roots (L1–L3) can cause pain in the
dermatomal distribution surrounding the hip. The dermatomal distribution of the L1 spinal nerve is located in the groin
and the upper part of the buttock. The distribution of the L2
spinal nerve is located in the outside thigh. It is possible that
reduction of space between the vertebrae as a consequence of
the degenerative disk is more likely to lead to impingement
of the L1 and L2 nerve roots, and, therefore, causes pain in
the dermatomal distribution. Spinal nerve roots pass through
the intervertebral foramen as they travel from the spinal cord
toward the periphery. It has been reported that narrowing of
the disk space can reduce the vertical diameter of this
intervertebral foramen [22].
The explanation for the stronger association between hip
pain and disk space narrowing compared with the presence
of osteophytes is unknown. This study evaluates the
severity of anterior osteophytes, unfortunately we could not
evaluate any bony aspects of the intervertebral foramen. The
explanation for the stronger association between hip pain
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Table 2 Association between
disk space narrowing and hip
pain

Narrowing level

N (%)

Hip pain
OR (95 % CI)

Chronic hip pain
OR (95 % CI)

L1–L2

107 (8.9)

2.0 (1.1–3.8)*

2.5 (1.3–5.0)**

L2–L3

135 (11.3)

0.9 (0.4–1.8)

1.1 (0.5–2.4)

L3–L4

153 (12.7)

1.1 (0.6–2.1)

1.1 (0.5–2.2)

L4–L5

268 (22.2)

1.2 (0.7–2.0)

1.4 (0.8–2.5)

L5–S1

408 (33.9)

0.7 (0.4–1.1)

0.6 (0.4–1.1)

L1–L2

201 (12.5)

1.7 (1.1–2.5)*

1.8 (1.1–2.7)**

L2–L3

307 (19.0)

1.6 (1.1–2.2)*

1.6 (1.1–2.3)*

L3–L4

342 (21.1)

1.0 (0.7–1.4)

1.1 (0.7–1.5)

L4–L5
L5–S1

526 (32.6)
662 (41.0)

0.9 (0.7–1.3)
1.0 (0.7–1.3)

1.0 (0.7–1.4)
0.9 (0.7–1.2)

L1–L2

308 (10.9)

1.8 (1.3–2.5)**

2.0 (1.4–2.8)**

L2–L3

442 (15.7)

1.4 (1.0–1.9)*

1.5 (1.1–2.1)*

L3–L4

495 (17.6)

1.1 (0.8–1.4)

1.1 (0.8–1.5)

L4–L5

794 (28.2)

1.0 (0.8–1.3)

1.1 (0.8–1.5)

L5–S1

1,070 (38.0)

0.9 (0.7–1.1)

0.8 (0.6–1.1)

Men, N = 1,204

Women, N = 1,615

All, N = 2,819
Adjusted for age, gender, BMI,
hip arthrosis, and low back pain
* p B 0.05
** p B 0.01
OR odds ratio
CI Confidence interval

and disk space narrowing at L1/L2 in men compared with the
association in women is also unknown. It is possible that
even though women reported hip pain more often, only a
small proportion of the complaints are due to disk space
narrowing, whereas other factors determine the feeling of
pain. Men and women could also report pain differently,
therefore, effecting the association between hip pain, disk
space narrowing, and gender. Cecchi et al. [23] showed that
women presented with significantly more severe pain than
men. Finally, the explanation for the absence of an association between hip pain and disk space narrowing at L2/L3 in
men compared to women is also unknown. It is maybe due to
an evidently lower prevalence of disk space narrowing at L2/
L3 in men compared to women.
Our study had several advantages. It was population
based with a relatively high number of subjects. We used a
semi-quantitative score, using standard radiographs, to
characterize the presence and severity of hip and spine
osteoarthritis. Assessment of the radiographs was carried
out without knowledge of the questionnaire data, and so
any errors in classification are likely to have been nondirectional. We defined chronic hip pain and chronic low
back pain to be present if the duration of the hip joint pain
was more than 1 year. In literature, others have chosen
3 months or even 6 months as the dividing line between
acute and chronic pain [24]. However, with our definition,
chronic pain included long lasting chronic complaints with
long lasting impact on ones life.
However, there are several limitations in our explorative
study that need to be considered when interpreting the

results. Our data did not include the precise location of the
hip pain. This limitation is partly undermined by the fact
that the dermatomal distribution of L1 and L2 includes the
upper part of the buttock, the groin, and the lateral thigh,
which cover a wide area of the hip region. Further, our data
did not include a clinical evaluation of the hip pain. In this
way we could not account for the potential of soft-tissue
pathology contributing to the reported hip pain.
Moreover, hip osteoarthritis was only considered when
the Kellgren & Lawrence score of one or both joints was
equal to or larger than two in agreement with conventional
epidemiological definitions for hip osteoarthritis [25]. In
this way there is still a possibility of the presence of hip
osteoarthritis which is not clearly visible yet on radiographs at that time point. In order to exclude the possibility
of this confounding, we reanalyzed the data with adjusting
for the presence of radiographic hip osteoarthritis 6.6 years
later. We defined a new variable that included all the
participants with hip osteoarthritis at baseline and/or hip
osteoarthritis 6.6 years later (n = 413). The strength of the
associations was unchanged (for chronic pain the L1/L2
OR was 1.9; 95 % CI 1.3–2.7; again higher in men
(OR = 2.7; 95 % CI 1.4–5.3) than in women (OR = 1.7;
95 % CI 1.1–2.6).
Furthermore, there could be some selection bias in favor
of relatively healthy participants. The participants in the
present study had to be mobile enough to visit the research
center for X-ray examination, both for the baseline and
follow-up appointments (mean 6.6 years) [9]. In other
words, patients with the most severe symptoms were most
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likely not included, but this may be inevitable in long-term
prospective cohort studies.
What are the implications of these findings
for researchers and clinicians?
Accurate diagnosis of pain originating from the hip joint
can be clinically challenging. There have been several
studies about the usefulness of hip injections to differentiate intra-articular causes of hip pain from spinal causes
[4–7]. To our knowledge, there have been no studies about
the usefulness of local spine infiltrations to differentiate
hip and spine originated hip pain. A possible explanation
for this is the availability of a successful treatment for
degenerated hip disease (hip arthroplasty), but less predictable treatment options for degenerative spine disorders.
The differentiation of signs and symptoms suggestive of
a hip disorder is important in giving patients adequate
information regarding their condition and for applying the
most beneficial treatment. Our data provides evidence for
an association between hip pain and disk space narrowing
at disk level L1/L2 and L2/L3. In case of uncertainty of the
cause of hip pain, evaluation of lumbar radiographs may
help to identify those hip pain patients who might have
pain arising from the lumbar spine. Perhaps hip infiltration
in patients without higher lumbar disk degeneration is even
unnecessary. However, well-designed studies are needed to
verify this hypothesis.

Conclusion
In conclusion, this study explores the association of selfreported hip pain with lumbar spine osteoarthritis. Our data
provide evidence for an association between hip pain and
disk space narrowing at disk level L1/L2 and L2/L3. In case
of uncertainty of the cause of hip pain, evaluation of lumbar
radiographs may help to identify those hip pain patients
who might have pain arising from the lumbar spine. Welldesigned studies are needed to verify this hypothesis.
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