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Research Report 

Patterns of Hip Rotation Range of Motion: 
A comparison Between ~ e a l t h ~  Subjects and 
Patients with Low Back Pain 

Key Words: Flm'bili&, Hip, Low back pain, Range of motion. 

The purpose of this study was to characterire and classtfl the prevalence of passive 
hip rotation range-ofmotion (ROM) asymmety in healthy subjects (n = 100) and 
in patients with low back dysjknction (n = 50). We catego&ed the subjects of 
both groups as having one of three p a t t m  of hip rotation. Pattern IA existed 

We postulate that one of the predis- These ROM patterns may lead to dele- 
posing factors in musculoskeletal pain terious cumulative stress or  strain on 
syndromes of the trunk and lower soft tissue and bone of the spine. In 
extremity may be limited or  excessive theory, any loss of rotation at the hip 
hip joint range of motion (ROM). may place excessive mechanical stress 
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when all ROM measurements were equal (within 10") Pattern IB existed when 
total medial and !;;:sal rotation were equal, but one or more of the individual 
measuretnents were unequal. Pattern II existed when total medial rotation ROM 
was greater than total lateral rotation ROM. Those subjects with total lateral rota- 
tion ROM greater than total medial rotahon ROM demonstrated pattern I11 The 
dbtn'buticm of subjects among the ROM pattern categories was signiJicantly d$ 
f m t  in the patient and healthy subjectgroups. Theji-equency of occuwence of 
pattern I11 was greater in the patient group than in the healthy subject group. 
These results suggest an association between hip rotation ROM imbalance and the 
presence of low back pain. [Barbee Ellison J,  Rose SJ, S a h m n n  SA. Pattern of 
hip rotation range of motion: a compatdson between healthy subjects and patients 
with low back pain. Phys Ther. 1990; 70:53 7-541,] 
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on the lumbar spine. We believe that 
asymmetry of medial and lateral hip 
rotation ROM is prevalent in patients 
with low back dysfunction. 

Normal values for medial and lateral 
hip rotation ROM vary among dif- 
ferent reports.1" The American Acad- 
emy of Orthopaedic Surgeons report 
medial and lateral hip rotation ROM 
to be equal.' The Committee on Med- 
ical Rating of Physical Impairment 
describe more lateral than medial hip 
rotation ROM in their report of nor- 
mal ranges.* 

Several authors have described age 
and sex differences in healthy sub- 
jects' hip ROM.5-7 Boone and k e n 8  
reported greater medial and lateral 
hip rotation ROM in subjects under 
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19 years of age than in older subjects. - 
Medial and lateral measurements 
were symmetrical. Watanabe et a19 Table 1. Intraclass Correlation CoeJicients (ICCs) of Inclinometer Measurements of 

reported greater lateral rotation ROM Prone Hip Rotation Range of Motion (ROM) Obtained by Two Raten on Healthy 
Subjects (n = 22) and Patients with Low Back Pain (n = 15) 

i 
than medial rotation ROM in subjects 1 
under 2 years and over 50 years old. 
Other authorsl0Jl reported associa- Hlp Rotatlon 
tions of altered hip ROM mobility ROM 

Healthy Subject8 Patlents 

ICC(2,1)'4 ICC(3,1)'4 ICC(2,l) ICC(3,l) . . . . 

with various pathologies including 
low back syndrome. Mellin12 mea- 
sured spinal and hip joint mobility in Left medial .98 .98 .97 .97 

workers with chronic or recurring Left lateral .97 .96 .95 .95 
low back pain. He found that limited 
medial hip rotation ROM was signifi- 
cantly correlated with low back pain 
in men.12 Fairbank et all3 studied 
young students and found that hip 
rotation ROM was less in pupils with 
back pain than in pupils without back 
pain. 

The purposes of our study were 1) to 
describe the amount of hip rotation 
ROM in healthy subjects and in 
patients with low back pain, 2) to 
categorize these individuals based on 
different patterns of hip rotation ROM, 
and 3) to compare the distribution of 
healthy subjects and patients with low 
back dysfunction in the ROM pattern 
categories. 

Method 

Two groups of subjects participated in 
the study. One group consisted of a 
convenience sample of 100 healthy 
subjects (25 male, 75 female) with no 
recent history of low back or hip 
pain. That is, pain had not prevented 
them from working or  attending 
school in the past year. Subjects in 
this group were volunteers from the 
students and staff at Washington Uni- 
versity (St Louis, Mo). Their ages 
ranged from 20 to 41 years @ = 26, 
SD = 5). The other group consisted 
of 50 patients (21 male, 29 female) 
complaining of low back pain. Indi- 
viduals with low back pain were 
recruited from patients referred to 
Irene Walter Johnson Rehabilitation 
Institute (St Louis, Mo) for physical 

Right medial .99 

Right lateral .96 

therapy. All subjects in this group 
were undergoing treatment for back 
pain at the time of the study. Time 
since onset of pain varied from 1 
week to 20 years @ = 1.04, SD = 
2.5). Diagnoses included lumbar 
strain, disk herniation, sacroiliac joint 
dysfunction, and avulsion fracture. 
Patients' ages ranged from 23 to 61 
years @ = 37.4, SD = 10.9). We 
obtained informed consent from all 
subjects in both groups. 

Procedure 

Two authors (JBE, SJR) and an addi- 
tional therapist performed observer 
variability tests to establish the reli- 
ability of our hip rotation measure- 
ments. Interrater reliability and 
intrarater reliability were established 
for goniometric and fluid-filled 
inclinometer* measurements of hip 
rotation ROM obtained on 22 healthy 
volunteers. Reliability testing of incli- 
nometer measurements of hip rota- 
tion ROM obtained on 15 patients 
with low back dysfunction also estab- 
lished good reliability. In reliability 
tests for both devices, subjects were 
placed in the prone position on a 
firmly padded treatment table. They 
wore nonrestricting clothing. The hip 
to be measured was placed in 0 
degrees of abduction, and the contra- 
lateral hip was placed in about 30 
degrees of abduction. The reference 
knee was flexed to 90 degrees, and 
the leg was passively moved to pro- 

duce hip rotation. Manual stabilization 
by the rater was used on the pelvis to 
prevent movement. Each rater 
stopped the extremity at the end of 
passive joint ROM or  when pelvic 
movement was necessary for addi- 
tional movement of the leg. The goni- 
ometer was aligned vertically and 
along the shaft of the tibia. The incli- 
nometer was placed just proximal to 
the medial malleolus for both medial 
and lateral rotation ROM measure- 
ments. The rater was blind to the 
amount of movement measured by 
the goniometer and the inclinometer; 
the measurements were read and 
recorded by a different examiner. 
Intraclass correlation coefficients 
(ICCs) are reported in Table 1. For 
interrater data, we used the 
ICC(2,l),l4 which assumes random 
selection and generalizability to all 
possible raters. The ICC(3,1)14 was 
chosen for intrarater data because it is 
a fixed-effects model. Parallel form 
reliability was established by compar- 
ing the inclinometer measurements 
with the goniometric measurements. 
The same 22 subjects were also mea- 
sured in a sitting position with the 
goniometer, and acceptable reliability 
was established. We found no signifi- 
cant difference between prone and 
sitting measurements o r  between 
goniometric or  inclinometer measure- 
ments of the healthy subjects using 
t tests to compare the means. 
Although measurements obtained 
with both tools were reliable, the 
inclinometer was easier to use than 
the goniometer and its measurements 
were more reliable. 

'Chattanooga Corp, PO Box 4287, Chattanooga, TN 37405. 
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Table 2. Theoretical Examples of Hip Rotation Range-of-Motion (ROM) Patterns 

Hip Rotation ROM (qb 

Patterna LM LL RM RL TLt TRt TM TL 

I A 30 30 30 30 60 60 60 60 

I B 45 15 15 45 60 60 60 60 

I I 45 15 45 15 60 60 90 30 

111 15 45 15 45 60 60 30 90 

apartern LA = TM equals TL, symmetrical; pattern IB = TM equals TL, asymmetrical; pattern I1 = TM 
is greater than TL; pattern 111 = TL is greater than TM. 

'LM = lefr medial; LL = lefr lateral; RM = right medial; RL = right lateral; TLt = total leh; TRt = total 
right; TM =: total medial; TL = total lateral. 

Variability exists in the amounts of hip 
flexion that individuals assume in 
prone and sitting positions. Because 
we found no difference between mea- 
surements obtained in the prone and 
sitting positions and because mea- 
surements were more reliable and 
subjects could be more easily stabi- 
lized in the prone position, subjects 
were placed in the prone position for 
variability testing. We realize that not 
all subjects were positioned in the 
same degree of hip flexion or  exten- 
sion. The rater (JBE) followed the 
same procedure used for reliability 
testing. The rater measured and 
recorded. medial and lateral hip rota- 
tion ROhl bilaterally, once for each 
subject. 

Data Analysis 

All healthy subjects and patients with 
low back dysfunction were placed 
into one of three categories based on 
the pattern of hip rotation ROM that 
they demonstrated. Categories (ie, 
patterns 1-111) were operationally 
defined according to the amount of 
total medial (TM) (ie, left medial [LM] 
and righi: medial [RM]) and total lat- 
eral (TL) (ie, left lateral [LL] and right 
lateral [RL]) hip joint rotation ROM 
demonstrated. The total left (TLt) (ie, 
LM and I.L.) and total right (TRt) (ie, 
RM and IXL) ROMs were also calcu- 
lated for each subject. We operation- 
ally defined the ROMs as equal if 
there was a difference of 10 degrees 
or less between measurements and 
unequul if the difference was greater 

than 10 degrees. We believe that dif- 
ferences of less than 10 degrees may 
simply be due to measurement error. 
Because our pilot tests demonstrated 
high reliability, we believe that a dif- 
ference of greater than 10 degrees is 
clinically meaningful. We summed the 
LM, RM, LL, and RL hip rotation ROMs 
to assess both unilateral and bilateral 
asymmetries that may contribute to 
increased stress on the spine. 

In the pattern I category, the TM and 
TL ROMs were equal. The pattern I 
category was separated into two sub- 
categories. In pattern IA, subjects' LM, 
LL, RM, and RL hip rotation ROMs 
were all within 10 degrees of each 
other. Therefore, right and left mea- 
surements were symmetrical. In pat- 
tern IB, subjects' TM and TL ROMs 
were equal, but one or more of the 
LM, LL, RM, or  RL ROMs differed by 
more than 10 degrees and therefore 
were asymmetrical. In pattern 11, sub- 
jects' TM ROM was greater than TL 
ROM by more than 10 degrees. Pat- 
tern I11 existed when TL ROM was 
more than 10 degrees greater than 
TM ROM. In patterns I1 and 111, the 
differences in hip rotation ROM could 
be either unilateral or  bilateral, and 
therefore asymmetrical or symmetri- 
cal. Theoretical examples of the pat- 
terns are presented in Table 2. 

After subjects were assigned to sub- 
groups according to their pattern of 
ROM, means for all measurements 
were determined for each subgroup. 
A 2 x 4 chi-square test was used to 

determine whether the distribution of 
subjects within pattern categories was 
different for those who had low back 
dysfunction and those who were 
healthy. 

The mean and standard deviation of 
ROM measurements of the two 
groups and the subgroups are pre- 
sented for each pattern category in 
Table 3. No significant differences 
were found between the healthy and 
patient groups or  the subgroups 
(P > .05). 

Percentages of subjects of each sub- 
group are presented in Table 4. Pat- 
tern I1 was most prevalent in the 
healthy subject group; 41 healthy sub- 
jects (5 male, 36 female) demon- 
strated this pattern of hip rotation 
ROM. Pattern I11 was most prevalent 
in the patient group; 24 patients with 
low back dysfunction (12 male, 12 
female) demonstrated this pattern of 
hip rotation ROM. The percentages of 
male and female subjects for each 
pattern category are presented in 
Table 5. Total left and TR hip rotation 
ROM measurements were equal in 
78% of the patient group and in 94% 
of the healthy subjects. 

There was a significant difference in 
the distribution of patients and 
healthy subjects among the hip rota- 
tion ROM pattern categories 
(xZ = 8.38, df = 2, P < .05). The sub- 
group that contributed the most to 
the chi-square score consisted of the 
patients who demonstrated pattern 111. 
This subgroup's frequency differed 
14% from the calculated expected 
value (Tab. 6). 

Because the literature review revealed 
conflicting reports of normal values 
for hip rotation ROM, it is not surpris- 
ing that both healthy subjects and 
patients demonstrated all three pat- 
tern categories. Only 27% of the 
healthy subjects demonstrated pattern 
IA, that is, were symmetrical from 
right to left and between medial and 
lateral rotation. This pattern is consis- 
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Table 3. Means and Standard Deviations of Hip Rotation Range-of-Motion (ROM) Measurements of Healthy Subjects and Patients 
with Low Back Pain 

- 

Hlp Rotation ROM (") 

Left Left Rlght Right Total Total Total Total 
Medlal Lateral Medial Lateral Left Right Medlal Lateral 
- 
x so x x SD SD x SD So SD x SD 

Group 

Healthy subjects 
(n = 100) 38.1 11.2 35.8 8.0 38.2 11.3 35.4 7.3 73.9 11.8 73.6 12.2 76.2 21.2 71.3 13.4 

Patients(n=50) 31.7 11.5 36.5 10.0 32.7 14.2 36.9 11.6 68.4 13.6 69.6 13.8 64.5 23.5 73.4 19.5 

Pattern IAa 

Healthy subjects 
(n = 27) 36.2 4.7 36.5 5.8 36.1 6.2 37.3 4.6 73.5 9.1 73.8 9.9 72.9 9.9 73.7 9.6 

Patients (n = 7) 34.9 3.4 35.0 7.2 33.6 7.6 35.7 6.0 71.3 9.5 69.3 12.7 68.4 10.4 70.7 12.3 

Pattern IBb 

Healthy subjects 
(n = 5) 33.0 9.5 33.2 12.6 36.6 11.9 33.6 4.5 66.2 17.8 70.2 13.4 69.0 15.9 66.8 14.4 

Patients (n = 4) 30.0 12.8 34.0 5.2 37.3 5.2 31.3 7.4 64.0 15.6 68.5 9.9 67.3 14.0 65.3 12.0 

Pattern IIC 

Healthy subjects 
(n = 41) 47.2 8.8 32.0 7.3 47.1 8.4 31.6 6.9 79.2 10.9 78.7 11.7 94.3 14.7 63.6 11.3 

Patients (n = 15) 41.7 10.0 29.8 8.8 45.6 10.8 26.9 9.1 71.5 13.3 72.5 13.9 87.3 18.2 56.7 12.8 

Pattern Illd 

Healthy subjects 
(n = 27) 26.6 7.0 41.4 7.0 26.9 7.6 39.8 7.5 68.0 10.9 66.7 11.8 53.5 13.3 81.2 12.7 

Patients (n = 24) 24.8 8.9 41.5 9.3 23.7 12.0 44.4 9.6 66.4 14.7 68.1 14.9 48.5 17.6 86.0 17.1 

"Pattern IA = total medial ROM equals total lateral ROM, symmetrical. 

'pattern IB = total medial ROM equals total lateral ROM, asymmetrical. 

'Pattern I1 = total medial ROM is greater than total lateral ROM. 

d~attern 111 = total lateral ROM is greater than total medial ROM. 

tent with the American Academy of 
Orthopedic Surgeons' reported stand- 
ards of 45 degrees of medial and 
lateral rotation.' However, the mean 
values of hip rotation ROM of the 
healthy subjects and patients in this 
study were less than 45 degrees 
(Tab 3). 

Pattern IB was the least frequently 
demonstrated pattern. Five healthy 
subjects and four patients demon- 
strated symmetry right to left, but 
asymmetry between some measure of 
medal and lateral rotation. 

Pattern 11, in which lateral rotation is 
less than medial rotation, included 
41% of the healthy subjects and 30% 
of the patient group. Our search of 

the literature revealed no normative 
data consistent with this pattern. Sub- 
jects with this pattern of movement 
may have short medial rotator mus- 
cles, tight joint capsules, o r  femoral 
neck anteversion, which could limit 
the amount of lateral rotation ROM. 

Pattern I11 is consistent with some of 
the literature that describes more lat- 
eral rotation than medial rotation at 
the hip.2-4 Although this pattern was 
demonstrated by 27% of the healthy 
subjects, it was demonstrated by 48% 
of the patients. The high prevalence 
of this pattern in patients may indicate 
that this imbalance of hip rotation, in 
which medial rotation is less than lat- 
eral rotation, may predispose a per- 

son to back pain or  may be a result of 
back pain, or both. 

The patient group was generally older 
than the healthy subject group. The 
study by Watanabe et a19 suggests that 
pattern I11 might be more prevalent 
in subjects over 50 years of age. Of 
the six patients over 50 years of age 
in our study, only two demonstrated 
pattern 111. We do not believe that the 
prevalence of pattern I11 in our 
patient group was simply due to age. 

The patient group and each of its sub- 
groups consisted of subjects with his- 
tories of acute and chronic low back 
dysfunction and various clinical diag- 
noses. Further studies to clarify associ- 
ations between hip rotation patterns 
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- 
Table 4. Percentages of Healthy Sub- 
jects (n = 100) and Patients with Low 
Back L?ysJ~~nction (n = 50) by Pattern of 
Hip Rotation Range of Motion (ROM) 

Pattern Categorya 

Group IA I 6  11 111 

Healthy subjects 27 5 41 27 

Patients 14 8 30 48 

aPattern IA = total medial ROM equals total 
lateral ROM, symmetrical; pattern IB = total 
medial ROM equals total lateral ROM, asym- 
metrical; pattern I1 = total medial ROM is 
greater than total lateral ROM; pattern I11 = 
total lateral ROM is greater than total medial 
ROM. 

and specific clinical diagnoses of lum- 
bar syndromes would be helpful. 

The importance of excessive and lim- 
ited hip rotation ROM in producing a 
predisposition to low back dysfunc- 
tion warrants further investigation. 
Although the results of this descriptive 
study provide some evidence for a 
relationship between hip joint flexi- 
bility and low back dysfunction, a lon- 
gitudinal study is needed to further 
substantiate this relationship and the 
possible existence of cause and effect. 
Additional studies to investigate other 
trunk and hip imbalances and their 
associations with low back pain syn- 
drome would further enhance physi- 
cal therapists' programs to alleviate 
and prevent the occurrence of low 
back pain. 

The healthy subjects and patients with 
low back: pain who participated in this 
study had less ROM than has been 
reported previously as standard. Mean 
ROM measurements of the two 

Table 5. Percentages of Male and 
Female Subjects for Each Hip Rotation 
Range-of-Motion (ROM) Pattern 

Pattern Categorya 

Group IA 16 11 Ill Total 

Healthy subjects 

Male 6 2 5 12 25 

Female 21 3 36 15 75 

Patients 

Male 6 4 8 24 42 

Female 8 4 22 24 58 

aPattern IA = total medial ROM equals total 
lateral ROM, symmetrical; pattern IB = total 
medial ROM equals total lateral ROM, asym- 
metrical; pattern I1 = total medial ROM is 
greater than total lateral ROM; pattern 111 = 
total lateral ROM is greater than total medial 
ROM. 

groups were similar. Three main pat- 
terns of hip rotation ROM were evi- 
dent in both groups when we com- 
pared TM ROM with TL ROM. The 
distribution of patients among the 
patterns was significantly different 
from the distribution of healthy sub- 
jects. A greater proportion of patients 
than healthy subjects demonstrated 
pattern 111, in which TL. ROM is 
greater than TM ROM. 
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