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Abstract

The purpose of this study was to determine the association between measures of disease severity,
impairment, and ambulation ability in persons with polyostotic fibrous dysplasia (PFD). A cross-
sectional sample of 81 patients (ages 5-57) with polyostotic fibrous dysplasia was evaluated as
part of an ongoing study. Subjects were scored on the Skeletal Disease Burden Score (SDBS),
completed a 9-minute walk test (9MW), manual muscle testing (MMT), and measurements of
range of motion (ROM). Correlations between continuous variables were calculated using the
Pearson correlation coefficient and ordinal variables by Spearman correlation coefficient. It was
found that subjects with more severe disease walked slower than those with less skeletal disease,
with the exception of the youngest subjects. Walking velocity was faster in subjects with better hip
strength and range of motion and slower in those with bilateral coxa vara. Those subjects with
more severe disease had less range of motion, were weaker at the hips, and more likely to have leg
length discrepancy. Skeletal disease severity was associated with hip weakness, leg length
discrepancy, and loss of range of motion. Inmost cases, findings did not differ in the presence or
absence of associated endocrinopathies. Skeletal disease severity, MMT and ROM each has an
impact on walking efficiency in persons with PFD. These findings suggest that treatment focused
on strategies to improve or, at least, maintain hip strength and range of motion, correct leg length
discrepancies and hip malalignment may help preserve ambulation ability in persons with PFD
and that treatment should begin at a young age.
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Introduction

Polyostotic fibrous dysplasia (PFD) is a disorder that derives from a mutated skeletal stem
cell resulting in the replacement of normal bone by a benign fibrous connective tissue
formed as a consequence of the proliferation of undifferentiated cells of osteogenic lineage
[1-5]. It is due to post-zygotic, missense, activating somatic mutations occurring in the
GNASgene, which codes for the a subunit of the stimulatory G protein (Gsa)[6,7]. These
mutations result in the upregulation of cAMP, causing defects in osteoblast differentiation
and production of an abnormal bone [4]. Additionally, an increased production of IL-6 is
found in bones with PFD, which may contribute to osteoclastogenesis and resorption of
adjacent normal bone [8]. PFD presents as a mosaic disorder in some but not all bones in a
given person and can exist as an isolated skeletal finding or may be coupled with endocrine
abnormalities as the McCune-Albright Syndrome (MAS)[9]. MAS is characterized by café-
au-lait pigmentation on the skin, hyperfunctioning endocrinopathies such as precocious
puberty, hyperthyroidism, and fibrous dysplasia of the bone (FD)[ 10]. The spectrum of
involved bones is broad, from a single asymptomatic site detected incidentally, to total
skeletal involvement associated with marked morbidity [9,11]. PFD/MAS is a rare disease.
While the precise prevalence is unknown, estimates of the prevalence of MAS range
between 1/100,000 and 1/1,000,000 [10].

The diagnosis of PFD is usually made on clinical grounds, by some combination of medical
history, radiographic evaluation, and radionucleotide bone scan [12]. Occasionally,
histopathological and/or molecular confirmation are needed [11,13,14]. Clinical
manifestations of FD of the proximal femur, one of the most commonly affected sites, lead
to the pathognomonic finding of the “shepherd's crook” deformity [15]. Common findings in
the craniofacial and axial skeleton include facial asymmetry and progressive scoliosis,
respectively [16-19]. FD is often associated with pain [20]. In MAS, endocrine
abnormalities can exacerbate the disease [17,21-24]. Even children who initially present
with a great amount of disease on imaging are quite functional in mobility and daily life
skills. However, these abilities frequently show significant decline in the progression to
adulthood [25].

Treatment with bisphosphonates has provided pain relief for some patients but has no
overall or long-term effect on disease progression or function [26-30]. Surgical management
of PFD is challenging, particularly because of growth and development through childhood
into adolescence. Little has been published with respect to everyday functional capabilities
of persons with FD [31-34]. Understanding of the spectrum of impairment and disability in
persons with PFD is important for treatment planning and counseling of families.
Information about the relationships between disease severity and function may further assist
with rehabilitation and surgical treatment planning to optimize the quality of life for persons
with PFD.
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The goals of this study were to (a) determine the relationship between extent of PFD and the
functional skill of ambulation, (b) determine the relationship between extent of PFD and
measures of musculoskeletal impairment, and (c) determine the relationship between
measures of impairment and ambulation ability.

Methods and materials

Subjects were chosen from a group of ninety-seven patients enrolled in an NIDCR IRB-
approved natural history study of PFD/MAS. All subjects or their parents gave informed
consent to participate in this study. All subjects were assessed for the presence of café au lait
spots (CAL) and endocrinopathies which are associated with MAS. Functional measures
obtained as part of the protocol included nine-minute walk test (9MW), joint range of
motion measurements (ROM), and manual muscle testing (MMT). Imaging included %9Tc-
MDP hone scan. Data for analysis were chosen from the first visit during which every one of
these measures was obtained for each subject.

The 9MW test is a standardized, validated measure of ambulation endurance and efficiency
[35]. Patients were instructed to walk and/or run at the fastest comfortable pace that they
would be able to sustain for a full nine minutes. Walking velocity was compared to age and
gender adjusted norms for children under 17. Since there are no specific adult norms for the
9MW, reference values for 17 year olds were used for adult patients. Distance covered in the
nine minutes was assigned a percentile according to normalized values. Percentiles were
used in statistical analyses.

ROM of lower limb joints was measured by one of two examiners with a goniometer using
standard technique. Bilateral lower limb ROM was measured at the hip (flexion, extension,
internal rotation, external rotation, and abduction), knee (flexion and extension) and ankle
(plantar flexion and dorsiflexion). In order to compare and combine different joint
movements, Z-scores for each movement were calculated using published norms and
standard errors [36]. Movements were then grouped by joint and mean Z-scores were
calculated for each joint.

MMT of the lower limbs was performed using a standard technique scored on the Medical
Research Council (MRC) ordinal scale of 0 to 5 [37]. The median for each muscle (gluteus
maximus, gluteus medius, iliopsoas, quadriceps, hamstrings, and ankle plantar and
dorsiflexors) was then calculated for purpose of analysis.

The presence or absence of leg length discrepancy at the time of the subject's first visit was
determined by review of the physiatry clinical note associated with that visit.

The bone scan was used to calculate the Skeletal Disease Burden Score (SDBS), a validated
tool developed to assess the overall disease burden of PFD [38]. This weighted measure was
derived from the determination of isotopic activity in the various body segments on Tc%-
MDP bone scans. In addition, skeletal location of fibrous dysplasia was recorded. Hip x-rays
were reviewed for neck to shaft angle and subjects were classified as normal, unilateral or
bilateral coxa valgus or varus or mixed valgus/varus.
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Calculations

Results

Correlations between continuous data (SDBS, ROM) were determined using the Pearson
correlation coefficient; correlations with ordinal data (9MW percentile, MMT) were found
using the Spearman correlation coefficient. Correlations between SDBS and ROM were
used to determine the relationship between the extent of PFD and joint mobility. To
determine the relationship between the extent of PFD and strength impairment, correlations
were calculated between SDBS and MMT. Correlations between MMT and ROM were
calculated to determine the relationship between strength impairment and joint mobility. T-
tests were also performed to examine for differences in SDBS, 9IMW,MMT, and ROM
between groups with or without CAL, precocious puberty, abnormal level of growth
hormone, abnormal thyroid function, hypercortisolemia, presence of craniofacial, axial or
appendicular fibrous dysplasia, femoral FB, or leg length discrepancy (LLD). Chi square or
Fisher's exact tests were performed to look for possible associations between leg length
discrepancy and either endocrinopathies or distribution of skeletal disease. Analysis of
Variance with post-hoc Tukey tests were performed to examine for differences in 9MWin
relation to categories of femoral alignment.

Eighty-one subjects (32 males, 49 females) had data sets that met the criteria for evaluation
of their records. Patients ranged in age from 5 to 57 years (mean = 25). Seventy-seven
(95%) of the participants presented with both PFD and MAS. Further demographic data are
summarized in Table 1. Data were extracted from the subjects' first visits at which all tests
were recorded. All data were collected prospectively as part of ongoing studies. No
significant differences were detected between male and female subjects for range of motion
or on manual muscle testing.

Correlation between SDBS and 9MW was found to be strongly negative (R = -0.52, p <
0.0001, Fig. 1).When separated into children (age < 12), adolescents (12 < age < 18), and
adults (age = 18), as shown in Figs. 1B-D, respectively, correlations between SDBS and
9MW were strongly negative and significant in the adolescent and adult age groups (R =
-0.78, p = 0.001; R = -0.53, p < 0.001, respectively). However, correlation became
insignificant for the subgroup of children less than 12 years of age.

Correlations between SDBS and MMT are shown in Table 2(a). Moderate negative
correlation was found between SDBS and hip strength, including both the gluteus medius
(GM) and maximus (GX). This relationship existed bilaterally (right GM: R = -0.39, p <
0.001; left GM: R = -0.32, p = 0.004; right GX: R = —0.43, p < 0.001; left GX: R =-0.35, p
=0.001). Weak to moderate negative correlation existed with knee strength; there was weak
to insignificant correlation between SDBS and ankle groups. Correlations between SDBS
and ROM are shown in Table 2(b). Moderate to strong negative correlations were found
with hip extension bilaterally (right: R = —=0.51, p < 0.0001; left: R = -0.41, p = 0.00016).
Weak to moderate negative correlations existed with hip internal rotation (right: R = -0.34,
p =0.0017; left: R = —-0.24, p = 0.029). Weak to insignificant positive correlation existed
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with hip flexion; weak to insignificant negative correlations existed with knee flexion and
extension.

Correlations between 9MW and MMT can be found in Table 3(a). Moderate positive
correlations of 9MWvelocity percentile were found with hip muscle and quadriceps strength
(right GM: R = 0.31, p = 0.0046; left GM: R = 0.25, p = 0.026; right GX: R =0.40, p =
0.00020; left GX: R = 0.35, p = 0.0013; right quadriceps: R = 0.29, p = 0.0090; left
quadriceps: R = 0.31, p = 0.0058). Correlations between 9MW and ROM can be found in
Table 3(b). Moderate to strong correlations existed with hip extension (right: R = 0.56, P <
0.0001; left: R = 0.45, P < 0.0001) and knee flexion (right: R = 0.63, P < 0.0001; left: R =
0.47, P < 0.0001).Weak to insignificant correlations with hip flexion and external rotation
were noted.

There was no significant difference in 9MWwhen subjects were divided by the presence or
absence of CAL or by the presence of FD in specific skeletal locations. With the exception
of growth hormone excess (higher IMW %ile, p = 0.045), there was no significant
difference when subjects were divided by the presence or absence of endocrinopathies. The
most notable significant differences in ROM were associated with phosphate wasting:
increased ROM Z-scores for right total hip (p = 0.026), left total hip (p = 0.004), average of
right and left hip (p = 0.007), and right (but not left) knee flexion and extension (p = 0.025).
There were higher ROM Z-scores in precocious puberty only with left (p = 0.003) and right
(p = 0.008) ankle ROM. There was only a significantly greater left knee ROM (p = 0.003) to
growth hormone excess. There were no significant differences in any ROM parameters for
thyroid function or hypercortisolemia. Median MMT was greater in patients with café au lait
spots (p = 0.024), phosphate wasting (p = 0.032), and in subjects with axial skeletal
involvement (p = 0.041). No other endocrinopathies or skeletal disease distributions showed
significant differences in strength.

SDBS in persons with leg length discrepancy was significantly (p < 0.0001) higher (35 + 5)
than those without leg length discrepancy (15 £ 6). 9MW percentile was significantly higher
(p < 0.0001) in persons without leg length discrepancy (92%ile + 4 vs. 67%ile + 9).
Analyses were also conducted to examine the differences in functional limitation measures
(MMT and ROM) in patients with and without LLD; correlations can be found in Table 4.
Strength was significantly less in bilateral hip and knee muscle groups in persons with leg
length discrepancy, but no significant difference was noted in ankle muscle groups.
Significantly less range of motion was noted in bilateral hip extension and abduction when
leg length discrepancy was present. Similar difference was noted in right, but not left, hip
flexion range of motion. Right external rotation range of motion approached significance (p
= 0.07) and just reached significance on the left (p = 0.05). There was no significant
difference in hip internal rotation range of motion when accounting for leg length
discrepancy. There was a significant difference noted in both right and left plantar flexion
range of motion (p = 0.028, p = 0.0014 respectively). Differences in range of motion about
the knee were not significant. There were no significant differences in the presence or
absence of LLD for subjects with or without various endocrinopathies. The absence of LLD
was found to be significantly more frequent with appendicular skeletal involvement (Fisher's
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exact test, p = 0.07). The presence of LLD was more frequent with femoral disease (Chi2, p
< 0.0001).

Analysis of variance revealed significant differences in 9MWpercentiles when subjects were
categorized by hip alignment (p < 0.0001). Post-hoc testing revealed that IMW%iles were
significantly less in subjects with bilateral coxa vara in comparison to subjects with hips that
were normally aligned bilaterally, had bilateral coxa valga, or unilateral coxa valgus. No
significant differences were revealed between subjects with bilateral coxa vara and those
with unilateral varus or mixed varus and valgum. No other significant differences were
detected between the groups.

Discussion

There have been no previous studies examining the functional status of patients with PFD
and its association with disease severity. Without such information, treatment to date has
been based solely on clinical experience and anecdote. The significant negative correlation
between SDBS and 9MW age-normalized percentiles indicates that the ability to ambulate is
adversely affected by skeletal disease severity. This finding is even more evident in the
adolescent and adult age groups. There are several reasonable possibilities that can help
explain why this correlation was not found to be significant in pre-adolescent age group. For
one, it may be a function of how the 9MW is normalized. The 9MWfactors in age and
gender but not variation in height within a given age. Gait velocity is dependent on stature
and many children with MAS have increased height compared to age peers due to their
precocious puberty. However, if the lack of correlation between SDBS and 9MW in
preadolescents is independent of this stature issue, it would imply that, even in severely
involved children, there may still be a chance to improve or maintain ambulation status
through treatment interventions, if started early enough in life.

The results of this study demonstrated that the hip was the lower limb joint whose function
was most significantly impacted by the extent of PFD. This was true for both mobility and
strength. Analyses of the relationship between measures of impairment in joint mobility, hip
alignment, and strength and ambulation ability, as represented by the 9MW, suggest that the
degree of impairment at the hip significantly influences ambulation performance.

Our findings relating to the role of the hip are consistent with findings in musculoskeletal
disabilities such as osteoarthritis and neurological disabilities such as cerebral palsy (CP). In
an article published in 2011 by Thompson et al., researchers studied the relationship
between muscle strength and ability to ambulate in patients with CP [39]. Between those
who walked independent of gait aids and those who could not, the greatest differences in
strength were found in the hip abductors and knee extensors. These movements are both
important in maintaining stability about the sagittal and coronal planes throughout the
walking cycle. Similarly, in a study of gait biomechanics in adults with osteoarthritis, the
strength of muscles supporting and guiding the hip through motion, particularly those
involved in hip extension, was found to be directly correlated with the energy cost of
walking [40]. The severity of the reduction of hip extension was proportional to the
magnitude of the energy cost of walking; this severity was inversely proportional to gait
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velocity. It is suggested that this is likely due to the role that hip extensors play in step-to-
step transitions and lateral swing during the gait cycle and the greater energy expenditure
that would occur as a result of decreased muscle strength. Like osteoarthritis, MAS often

causes deformation and pain at the hip.

The conclusions of these previous studies and the strong relationships between ambulation
ability (as measured by 9MW) and the outcome measures at the hip in PFD revealed in this
study strongly suggest that strength and range of motion of the hip in PFD greatly affect
one's ability to ambulate. The associations between disease burden (as measured by SDBS)
and ambulation ability and between disease burden and impairments in strength and range of
motion suggest that dysfunction at the hip is at least part of the mechanism by which disease
severity has an impact on the ability to ambulate efficiently. This is significant in that both
strength and range of motion can be improved with targeted rehabilitation interventions.
Thus, it is possible that targeting and improving strength and range of motion could increase
functionality and decrease morbidity. In fact, as specific program of hip range of motion
exercises has been shown to improve gait parameters in frail elderly, a population that likely
shares similar challenges in strength and joint mobility with more seriously impaired
persons with MAS [41].

The findings of an association between leg length discrepancy and disease severity are not
surprising. The presence of more fibrous dysplasia makes it more likely that there will be
extensive involvement of the lower limbs. The more extensive involvement of the lower
limbs can result in leg length discrepancy due to mechanisms including hip deformity,
asymmetric presence of fibrous dysplasia in the two lower limbs, or previous fractures.
Although, on first glance, it might appear counterintuitive that LLD was more frequent in
those with less appendicular skeletal involvement, it makes sense when considering that
there is greater appendicular involvement in bilateral disease, where LLD is less likely.
Conversely, given the contribution that hip deformity contributes to LLD, the association
between LLD and femoral involvement is not surprising. Similarly, the association of leg
length discrepancy with hip weakness and decreased range of motion is quite logical. The
increased amount of fibrous dysplasia and associated hip deformities is likely to result in
decreased strength and range of motion as well as lower limb asymmetry. The association
between leg length discrepancy and 9MW performance may be directly due to dynamic gait
asymmetry or could simply be due to the association of leg length discrepancy with more
severe disease, weakness, hip malalignment (which is supported by the association between
bilateral coxa vara and decreased 9MWperformance) and/or diminished range of motion.
This may be able to be resolved in future prospective studies. However, there is related
research which has demonstrated that gait efficiency is improved when leg length
discrepancy is corrected, so the use of shoe lifts should be considered in the presence of
asymmetry [43]. Up to 3/8 inch can usually be placed under the insole within the shoe,
higher amounts should be built into the midsole of the shoe. The goal should be to achieve a
level pelvis.

Similarly, there are reasonable explanations for the associations observed between the
presence of leg length discrepancy and both muscle strength and joint range of motion. The
significantly increased hip weakness and decreased hip range of motion, most notable in hip
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extension and abduction, seen in subjects with leg length discrepancy may also be due to the
fact that all are associated with more severe bony disease. In the absence of any significant
difference in knee joint range of motion, the presence of a significant difference in plantar
flexion range of motion is unlikely to be explained only on the basis of disease severity.
However, it is common for persons with leg length discrepancy to attempt to achieve amore
level pelvis during ambulation by placing the foot of the short leg in an equinus position
[44]. This will eventually lead to a plantar flexion contracture on the short side. This is a
likely explanation for our finding. Unfortunately, the data in this retrospective sample is
insufficient to test the side to side association between LLD and plantar flexion contracture.
Prospectively, it would be useful to not only track this association but to determine whether
the effect is ameliorated by the use of shoe lifts.

One limitation of the current study is in the analyses of 9MW; it is important to
acknowledge that the norms used to determine percentiles are corrected for age and gender
but not for stature, which is often above average in the children with precocious puberty in
our population. Additionally, the 9MWnormative data is available only for ages 5 through
17, so percentiles for adults 18 and over were calculated from the data available for 17 year
olds. A 6-minute walk/run test (6MW), which is now normalized by age and gender across
the human lifespan with additional adjustments for height and weight, was developed
subsequent to the initiation of this study [40,42]. We would recommend that new research
into ambulation and function across all ages use the 6MW instead of the 9MW so that
results for all ages and heights may be corrected accordingly. An additional potential
limitation of our study relates to the analysis of ROM. Since the normal range for various
movements is not the same, it was necessary to calculate Z-scores to combine different joint
movements in the analysis. Unfortunately, available means and standard deviations
(necessary for Z-score calculations) are neither age nor gender normed.

There are several unexplained patterns in the results that should be acknowledged. In
correlations between MMT and SDBS, EHL muscle showed moderate correlation on the
right and insignificant correlation on the left. Unexplained unilateral correlation existed
between SDBS and ROM of hip abduction; there was moderate, negative correlation in the
left and insignificant correlation in the right hip abductors. It is also difficult to explain the
unilateral association of leg length discrepancy with hip flexion and hip external rotation.
These findings may be the result of the relatively small sample size, which is inevitable in a
rare disease. For example, with respect to hip abductor range of motion, it is reasonable to
assume that some PFD-related hip deformities will impact on hip abduction, so the inability
to detect this on the right may be due to the small sample size. In the case of toe strength, the
“asymmetry” of side to side correlations may be due to the small sample size but could also
be a result of random error yielding a stronger than anticipated finding in the muscle in one
foot but not the other.

It is also somewnhat difficult to explain the associations between most associated
endocrinopathies and range of motion in isolated joints. More notable was an association
between phosphate wasting and greater overall ROM. There is no obvious reason for this
association but it does suggest exploring the role of phosphate metabolism in elastic tissues.
Similarly, it is difficult to explain an association between phosphate wasting and greater
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muscle strength. Associations between greater muscle strength and both café au lait spots
and axial skeletal involvement are equally difficult to theorize on and may just be statistical
aberrations.

The results of our analyses suggest that hip function is critical to ambulation in MAS/PFD,
and treatment should focus on strategies to improve or, at least, maintain hip strength and
range of mation. The significant negative correlation between 9MWpercentile and SDBS
appears to emerge in the adolescent subgroup and persist into the adult subgroup. The lack
of any correlation in younger children suggests that there may be a window of opportunity in
childhood for the initiation of treatment to aid hip function. Loss of function may also be
due to lack of adequate analgesia in older patients leading to disuse and weakness. We have
previously shown that pain can emerge and/or worsen in patients with FD as they age, and
that pain is often inadequately treated [20]. This possibility emphasizes the need for
adequate pain control in PFD.

In light of the risk of fractures in this population, aquatic therapy would be the safest
approach to hip strengthening exercises and improving range of motion at the hip. Other low
impact approaches include both indoor stationary cycling and outdoor bi- or tricycling in
patients where this is deemed safe. Resistive exercise against body weight and/or gravity is
probably safe in MAS/PFD, but use of free weights or machines should be approached with
caution and close supervision. These recommendations are also supported by studies in the
osteoarthritis and osteoporosis literature. In a study of patients with osteoarthritis at the hip,
researchers discussed a case report in a patient who focused on hip strengthening and static
stretches to improve ROM [45]. After treatment, the patient had improved 6MW scores.
Another study randomized elderly patients' post-hip fracture between controls and an
exercise regimen using home-based leg strengthening exercises [45]. The study found that
patients randomized to leg strengthening exercises outperformed those in the control group
in strength and performance tests. These patients improved in isometric force production,
gait velocity, and 6MW distance, while those in the control group showed no significant
changes. More patients in the leg-strengthening group improved significantly on each
functional measure than those randomized to the control. These studies support our
prediction that focusing treatment to strengthening and increasing RO Mat the hip can
improve functional outcomes.

For the subpopulation of patients with leg length discrepancy, it is advisable to offer non-
operative correction through the use of shoe orthoses and lifts. As noted above, this may
offer a more efficient gait and reduce secondary complications such as joint contractures. A
variety of factors must be carefully considered in the prescription of the shoe system since
there may be pelvic obliquity due to pelvic asymmetry and deformity unrelated to leg length
discrepancy and femoral length discrepancy that may lead to asymmetric knee centers,
which cannot be corrected by shoe systems.

Conclusions

Correlations of range of motion, disease burden (as measured by SDBS), and ambulation
strongly suggest that dysfunction at the hip is a significant mechanism by which disease

Bone. Author manuscript; available in PMC 2015 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Paul et al.

Page 10

severity has an impact on the ability to ambulate efficiently. Focused rehabilitation
interventions with particular consideration of hip range of motion and strength should play a
major role in the treatment of persons with PFD. Additional research, including a
prospective intervention study, to confirm and further elucidate the findings of this study
would be of merit. At present, it is probably prudent to recommend a careful, clinician-
directed, slowly progressive program of joint mobility and strengthening exercises to
attempt to preserve ambulation function in persons with MAS/PFD with judicious use of
shoe orthoses and modifications when indicated.
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Fig. 1.
Regression analyses of the relationship between skeletal disease burden and walking

function by age group. Skeletal disease burden was calculated using a standardized,
validated tool the measures skeletal disease burden (SDBS, Ref. [38]) and function was
assessed by performance on a standardized nine minute walk (9MW, Ref. [35]). The
relationship between SDBS and 9MWwas determined by calculating the Pearson correlation
coefficient. The R and p values are indicated. The relationship for all patients (A), children
younger than 12 (B), adolescents aged 12-17 (C), and for adults (D) are shown. For all
groups but the children, there was a significant inverse relationship between skeletal burden
and function.
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Patient demographics.

Table 1

Gender

Age

CAL

PFD

Precocious puberty
Abnormal GH
Thyroid
Hypercortisolism
Phosphate wasting
Craniofacial FD
Axial FD
Appendicular FD
Femoral involvement

SDBS score

41% male

25.03 + 15.7 years

65.4%
97.5%
45.7%
14.8%
39.5%
6.17%
32.1%
86.4%
80.2%
88.9%
81.5%

28.4+20.0
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Correlations between Skeletal Disease Burden Score and functional limitation measures.

Table 2

(a) Manual muscletesting

Muscle

Right Left

Gluteus medius
Gluteus maximus
Hamstrings
Iliopsoas
Quadriceps
Dorsiflexors
Plantarflexors

Ext Hal Long

(b) Range of motion

-0.39 (p=0.00032)  —0.32 (p = 0.0037)
-0.43 (p = 0.000062) —0.35 (p = 0.0014)
-0.22 (p = 0.044) -0.32 (p = 0.0038)
-0.37 (p=0.00063)  —0.38 (p = 0.00037)
-0.42 (p=0.00010)  -0.28 (p = 0.013)
-0.22 (p = 0.048) ~0.18 (p = 0.099)
-0.23 (p = 0.046) -0.18 (p = 0.14)
-0.35 (p=0.00015)  —-0.071 (p = 0.52)

Joint movement

Right Left

Hip flexion

Hip extension

Hip external rotation
Hip internal rotation
Hip abduction

Knee flexion

Knee extension
Plantarflexion

Dorsiflexion

0.12 (p = 0.28) 0.25 (p = 0.024)
-0.51 (p<0.0001) —0.41 (p = 0.00016)
-0.20 (p=0.080)  -0.097 (p =0.39)
-0.34 (p=0.0017) -0.24 (p = 0.029)
-0.19 (p=0.090)  -0.31 (p = 0.0050)
-0.26 (p=0.017)  -0.11(p=0.33)
-0.28 (p=0.010)  —0.056 (p = 0.62)
-0.18 (p=0.11)  -0.29 (p = 0.0082)
0044 (p=0.70)  0.13 (p=0.24)
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Table 3

Correlations between 9-minute walk and functional limitation measures.

(a) Manual muscletesting

Muscle Right L eft
0.31 (p=0.0046)  0.25 (p =0.026)
0.40 (p = 0.00020) 0.35 (p = 0.0013)

Gluteus medius

Gluteus maximus

1duosnue Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Hamstrings 0.11 (p=0.33) 0.16 (p =0.16)
Iliopsoas 0.32 (p = 0.0034) 0.30 (p = 0.0059)
Quadriceps 0.29 (p=0.0090)  0.31 (p = 0.0058)
Dorsiflexors 0.15 (p=0.17) 0.043 (p =0.70)
Plantarflexors 0.27 (p = 0.020) 0.23 (p = 0.049)
Ext Hal Long 0.14 (p=0.21) 0.12 (p = 0.26)
(b) Range of motion

Joint movement Right L eft

Hip flexion 0.26 (p=0.019)  0.17 (p=0.12)

Hip extension 0.56 (p < 0.0001) 0.45 (p < 0.0001)

Hip external rotation ~ 0.26 (p = 0.016) 0.18 (p=0.12)

Hip internal rotation ~ 0.48 (p < 0.0001) 0.33 (p = 0.0028)

Hip abduction 0.41 (p =0.00023) 0.34 (p =0.0022)

Knee flexion 0.63 (p < 0.0001) 0.47 (p < 0.0001)

Knee extension 0.29 (p = 0.0087) 0.040 (p =0.73)
Plantarflexion -0.14 (p=0.21) -0.090 (p = 0.42)
Dorsiflexion 0.16 (p = 0.16) -0.044 (p = 0.70)

Bone. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Paul et al.

Table 4

Page 18

Correlations between individuals with and without leg length discrepancies in functional limitation measures.

(a) Manual muscletesting

Muscle Right L eft

Hip, combined (gluteus maximus, gluteus medius, abductors) p =0.00023 p = 0.0046
Knee, combined (flexion, extension) p=0.12 p =0.051
Ankle, combined (plantarflexion, dorsiflexion) p=0.60 p=0.37
Lower extremity, average p =0.0090

Lower extremity, median p=0.012

(b) Range of motion

Joint movement Right L eft
Hip flexion p=0035 p=0.81
Hip extension p=0.0068 p=0.049

Hip external rotation ~ p =0.071 p =0.046
Hip internal rotation ~ p=0.19 p=021

Hip abduction p=0.040 p=0.013
Knee flexion p=0.14 p=0.21
Knee extension p=0.30 p=0.61
Plantar flexion p=0.028 p=0.0014
Dorsiflexion p=0.71 p=0.49

Bold values indicate significance at p<0.05.
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