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Abstract
Introduction—Mucopolysaccharidosis I (MPS I) is a lysosomal storage disorder characterized
by deficient α-L-iduronidase activity leading to accumulation of poorly degraded dermatan and
heparan sulfate glycosaminoglycans (GAGs). MPS I is associated with significant cervical spine
disease, including vertebral dysplasia, odontoid hypoplasia, and accelerated disc degeneration,
leading to spinal cord compression and kypho-scoliosis. The objective of this study was to
establish the nature and rate of progression of cervical vertebral bone disease in MPS I using a
canine model.

Methods—C2 vertebrae were obtained post-mortem from normal and MPS I dogs at 3, 6 and 12
months-of-age. Morphometric parameters and mineral density for the vertebral trabecular bone
and odontoid process were determined using micro-computed tomography. Vertebrae were then
processed for paraffin histology, and cartilage area in both the vertebral epiphyses and odontoid
process were quantified.

Results—Vertebral bodies of MPS I dogs had lower trabecular bone volume/total volume (BV/
TV), trabecular thickness (Tb.Th), trabecular number (Tb.N) and bone mineral density (BMD)
than normals at all ages. For MPS I dogs, BV/TV, Tb.Th and BMD plateaued after 6 months-of-
age. The odontoid process appeared morphologically abnormal for MPS I dogs at 6 and 12
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months-of-age, although BV/TV and TMD were not significantly different from normals. MPS I
dogs had significantly more cartilage in the vertebral epiphyses at both 3 and 6 months-of-age. At
12 months-of-age, epiphyseal growth plates in normal dogs were absent, but in MPS I dogs they
persisted.

Conclusions—In this study we report reduced trabecular bone content and mineralization, and
delayed cartilage to bone conversion in MPS I dogs from 3 months-of-age, which may increase
vertebral fracture risk and contribute to progressive deformity. The abnormalities of the odontoid
process we describe likely contribute to increased incidence of atlanto-axial subluxation observed
clinically. Therapeutic strategies that enhance bone formation may decrease incidence of spine
disease in MPS I patients.

Keywords
Spine; trabecular bone; odontoid process; glycosaminoglycans; development;
mucopolysaccharidosis

1. Introduction
The mucopolyaccharidoses (MPS) are a subset of lysosomal storage disorders characterized
by deficiencies in enzymes that degrade glycosaminoglycans (GAGs) [1]. While disease
severity varies depending on the specific type of MPS, manifestations can occur in the
skeleton, liver, cardiorespiratory system, eyes, ears, central nervous system, and other sites.
Mucopolysaccharidosis I (MPS I), also known as Hurler Syndrome (Hurler-Sheie and
Scheie Syndromes are attenuated forms), is characterized by deficient α-L-iduronidase
(IDUA) activity, leading to accumulation of poorly degraded dermatan and heparan sulfate
glycosaminoglycans [2].

Along with other morbidities, MPS I is associated with significant spine disease [3].
Radiologically, manifestations include vertebral dysplasia and subluxation, and accelerated
disc degeneration, leading to spinal cord compression, and kyphotic and scoliotic
deformities [3–5]. In the cervical spine, hypoplasia of the odontoid process has been
reported and is associated with atlanto-axial subluxation and spinal cord compression [3, 6–
9]. Surgical correction of spine disease is required in ~10% of patients with the severe form
of MPS I (Hurler syndrome) at a median age of 4 years, ~15% of patients with intermediate-
severity MPS I at a median age of 13 years, and ~15% of attenuated-severity MPS I at a
median age of 21 years [10]. The lower reported incidence in patients with the most severe
form of MPS I likely reflects their earlier mortality.

Current, clinically available treatment options for MPS I include hematopoietic stem cell
transplantation (HSCT), and enzyme replacement therapy (ERT). However, these treatments
have proven relatively ineffective at correcting spine disease [4, 5, 11–13]. While
abnormalities of the bones of the spine in MPS I patients have been noted radiologically,
these descriptions are often vague, and the nature and progression of the pathological
changes is poorly understood. Improved understanding of spine disease progression in MPS
I and the underlying pathophysiology will lead to more rapid diagnosis and identification of
new therapeutic targets.

Established animal models of MPS I include knockout mouse models and naturally
occurring canine and feline models [14]. MPS I dogs have a mutation in intron 1 of the
IDUA gene [15]. MPS I dogs show radiographic and gross pathological evidence of spine
disease, including abnormalities of the vertebral bones [16]. These abnormalities are
particularly prevalent in the cervical spine. Spinal cord compression is also a common
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characteristic [17]. Therefore, MPS I dogs present an excellent, clinically relevant model for
investigating the pathogenesis and treatment of spine disease in MPS I.

In our previous work, we demonstrated that the vertebral bodies of MPS VII (beta-
glucuronidase deficiency) dogs have large cartilaginous lesions in the ventral and dorsal
regions of the epiphyses at 6 months-of-age [18]. We hypothesized that these lesions
represent delayed conversion of cartilage to bone during postnatal development. While the
musculoskeletal manifestations of MPS VII are more severe than those in MPS I, likely due
to the additional accumulation of chondroitin sulfate, it remained unknown whether these
cartilaginous vertebral lesions are also present in MPS I. In human MPS I patients, lesions in
the form of abnormal soft tissue have been noted at the tip of the odontoid process, which
may suggest abnormal or delayed bone formation [3].

The objective of this study was to undertake a comprehensive investigation into the
progression of cervical spine vertebral bone disease in MPS I dogs during postnatal
development, focusing on both the trabecular bone and the odontoid process.

2. Materials and Methods
2.1. Animals

The dogs used in this study were raised at the School of Veterinary Medicine at the
University of Pennsylvania, under NIH and USDA guidelines for the care and use of
animals in research. MPS I dogs were identified at birth by DNA mutation analysis. Most
normal controls were littermates of MPS I dogs or had at least one parent in common. A
total of 29 dogs were studied. Euthanasia was performed at each of 3 ages: 3 months (n=5
normals, n=4 MPS I), 6 months (n=5 normals and n=4 MPS I), or 12 months (n=6 normals
and n=5 MPS I) using 80 mg/kg of sodium pentobarbital in accordance with the American
Veterinary Medical Association guidelines. The cervical spine was dissected out
immediately following euthanasia and the C2 vertebra was isolated and frozen at −20°C.

2.2 Micro-Computed Tomography (MicroCT)
Excised C2 vertebrae were thawed, cleaned of surrounding tissue and scanned using high-
resolution microCT (VivaCT40; Scanco Medical AG, Brüttisellen, Switzerland). Sequential
axial images through the vertebral body were obtained using an isotropic voxel size of 19
μm, an integration time of 380 ms, peak tube voltage of 70 kV, current of 0.114 mA, and an
acquisition of 1000 projections per 180°. A three-dimensional Gaussian filter of 1.2 with a
limited, finite filter support of 2 was used for noise suppression, and mineralized tissue was
segmented from air or soft tissue using a threshold of 220. Image acquisition commenced
from the spongiosa adjacent to the caudal epiphyseal growth plate, or the caudal vertebral
endplate (where growth plates had closed), and extended cranially for 100 slices.

Standard 3D morphometric analyses were performed using Scanco software to calculate
bone volume/total volume (BV/TV), trabecular thickness (Tb.Th), trabecular spacing
(Tb.Sp) and trabecular number (Tb.N). Apparent mineral density (bone mineral density,
BMD) and material mineral density (tissue mineral density, TMD) were also determined and
calibrated against hydroxyapatite (HA) standards (0–784 mg HA/cm3).

For each vertebra, the entire odontoid process was imaged at 19 μm isotropic resolution
using the above settings. As there were no distinct trabecular or cortical zones evident within
these structures at any age examined, volumes of interest were defined as the entire structure
extending from the vertebral body interface, and analyzed to determine BV/TV, BMD and
TMD. Volumes of interest excluded large cartilaginous regions noted to be present near the
tip of the odontoid in the 3-month-old samples.
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Significant effects of disease and age for measured parameters were established via 2-way
ANOVAs (GraphPad Prism 5.02; GraphPad Software Inc, La Jolla, USA). Where a
significant effect of either factor was detected, post-hoc pairwise tests were performed.
Differences were considered significant for p<0.05.

2.3 Histology
Following microCT imaging, C2 vertebral bodies were fixed in 4% paraformaldehyde for
one week, then decalcified using formic acid/EDTA (Formical 2000; Decal Chemical
Corporation, Tallman, USA). A 3 mm-thick mid-sagittal slab was isolated, and divided into
2 regions encompassing either the odontoid process or the vertebral body, which were then
processed for paraffin-embedded histology. Sections 10 μm thick were double-stained with
Alcian blue and picrosirius red to demonstrate GAG and collagen, respectively, then imaged
and analyzed under bright field light microscopy (Eclipse 90i; Nikon, Tokyo, Japan). The
area of cartilage in the caudal epiphysis, inclusive of the growth plate, as a percentage of the
total epiphysis area was quantified for 3 and 6 month-old samples (ImageJ; NIH, Bethesda,
USA). Significant effects of disease and age were established as described in 2.2. The
percent cartilage in the odontoid was calculated only at 3 months-of-age (at 6 months both
MPS I and normals were fully calcified), with differences between normal and MPS I
samples established using an unpaired t-test (p<0.05).

3. Results
3.1 Trabecular Bone

Observed histologically and via 3D microCT reconstructions, C2 vertebral bodies appeared
to have less trabecular bone volume than normals at each of three ages examined (Figure 1).
These observations were supported by the results of quantitative morphometric analyses
(Figure 2). BV/TV was lower for MPS I dogs than normals at 3, 6 and 12 months-of-age
(55%, 60% and 49% of normal respectively, all p<0.05, Figure 2A). Similarly, Tb.Th was
lower for MPS I dogs than normals at 3, 6 and 12 months-of-age (84% (not significant),
93% (not significant) and 76% (p<0.05) of normal respectively, Figure 2B). Tb.Sp was
greater for MPS I dogs than normals at 3, 6 and 12 months-of-age (1.2, 1.4 and 1.5-fold
normal respectively, all p<0.05, Figure 2C). Tb.N was lower for MPS I dogs than normals at
3, 6 and 12 months-of-age (81%, 70% and 64% of normal respectively, all p<0.05, Figure
2D). Bone mineral density was lower for MPS I dogs than normals at 3, 6 and 12 months-of-
age (71%, 78% and 61% of normal respectively, all p<0.05, Figure 2E). Tissue mineral
density was not significantly different between normal and MPS I dogs at any age (Figure
2F). For normal dogs, BV/TV, Tb.Th and BMD increased significantly from 3 to 6, and
from 6 to 12 months-of-age; however, for MPS I dogs these properties initially increased
significantly from 3 to 6 months-of-age then plateaued. Tissue mineral density increased
significantly for both normal and MPS I dogs from 6 to 12 months-of-age, but not from 3 to
6 months-of-age. Trabecular spacing remained unchanged with age for normal dogs. For
MPS I dogs, Tb.Sp showed an increasing trend with age but this was not significant. Tb.N
was significantly greater at 12 months-of age compared to 3 months-of-age for normal dogs,
but remained static across all ages for MPS I dogs.

3.2 Odontoid Process
Observed histologically and via 3D microCT reconstructions, the odontoid process appeared
morphologically abnormal in MPS I dogs compared to normals, particularly at 6 and 12
months-of-age (Figure 3). These abnormalities included reduced overall size, narrowness in
the lateral aspect, irregular surface morphology and reduced cartilage at the ventral
articulating surface (arrows, Figure 3E, F, I and J). However, quantitative analyses (Figure
4) demonstrated no significant differences in BV/TV, BMD or TMD between MPS I dogs
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and normals at any of the 3 ages examined. With age, BV/TV increased significantly from 3
to 6 months-of-age, but not from 6 to 12 months-of-age for both normal and MPS I dogs.
Bone mineral density increased significantly from 3 to 6, and from 6 to 12 months-of-age
for normal dogs, and from 3 to 6 but not from 6 to 12 months-of-age for MPS I dogs. Tissue
mineral density increased significantly from 3 to 6, and from 6 to 12 months-of-age in
normal dogs, and from 6 to 12 months-of-age in MPS I dogs.

3.3 Delayed Cartilage to Bone Conversion
Observed histologically, MPS I dogs had increased cartilaginous regions in the epiphyses,
particularly in the ventral regions, at 3 and 6 months-of-age compared to normals (asterisks,
Figures 5A–D). Quantitative analyses revealed greater cartilage area as a percentage of the
total epiphysis area in MPS I dogs compared to normals at 3 and 6 months-of-age (1.3 and
1.7-fold normal respectively, both p<0.05, Figure 6A). At 12 months-of age, epiphyseal
growth plates in normal dogs were absent; however, the growth plates persisted in all five
MPS I dogs at this age (representative Figures 5E and 5F). In the odontoid process, at 3
months-of-age, there was slightly greater cartilage area for MPS I dogs compared to normals
(1.2-fold normal, not significant, Figure 6B).

4. Discussion
Spine disease is prevalent among mucopolysaccharidosis I patients [19]. However,
quantitative studies of vertebral bone pathology in MPS I animal models are rare. To our
knowledge this is the first study to examine bone pathology in a large animal model of MPS
using microCT. Herati et al. demonstrated that MPS I dogs have a higher incidence of
vertebral abnormalities compared to normals observed on plain radiographs [16]. These
abnormalities included pedicle widening, beaking at the vertebral rim and facet joint fusion.
C2 vertebral body lengths for MPS I dogs were 91% of normal (not significant) [16]. MPS I
mice have thickened vertebral arches and spinal stenosis [20]. In the current study we extend
these important findings to provide the first quantitative evidence of significantly reduced
trabecular bone volume and mineral density in the cervical spines of MPS I dogs from
relatively early in postnatal skeletal development. At 3 months-of-age, MPS I dogs had
significantly lower bone volume and mineral density. In normal dogs these properties
increased progressively with age, but in MPS I dogs they plateaued after 6 months-of-age,
and at 12 months-of-age were ~50% and 60% of normal respectively. These results
complement previous observations: osteopenia has been noted in the spines and long bones
of skeletally mature MPS I dogs on plain radiographs [11, 21]. The reduced vertebral bone
volume and mineralization may place MPS I patients at increased risk of vertebral fracture.

In our previous work we showed that MPS VII dogs have radiolucent lesions in the vertebral
epiphyses [18, 22, 23]. These lesions were shown to be first evident at 1 month-of-age [22],
and to persist throughout the animals’ lifetimes even in the presence of retroviral gene
therapy [23], which successfully increased survival times and attenuated the severity of
other skeletal disease. At 6 months-of-age, these lesions were found to significantly
compromise the mechanical stability of the intervertebral joint, strongly implicating them in
the progression of spinal deformity [18]. We hypothesized that these lesions represented a
delay, and ultimately a failure, to convert cartilage to bone during the normal course of
endochondral ossification. In the current study we present evidence of a similar delay in
cartilage to bone conversion in MPS I dogs. Specifically, we found a significantly increased
cartilage area in the vertebral epiphyses of MPS I dogs relative to normals at 3 and 6
months-of-age. Increased cartilage was most evident in the ventral regions, which was also
the location of the most severe lesions in MPS VII dogs. Of note, the peripheral regions of
the epiphysis are the last to calcify during development, suggesting that impairment of bone
formation rate may occur concomitantly with progressive GAG accumulation as animals
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age. These findings complement previous work that described increased growth-plate
associated cartilage in the vertebra and long bones of MPS I mice [24], although in that
study the region analyzed was the sub-epiphyseal region. An additional finding in the
current study was the abnormal persistence of the growth plate at 12 months-of-age, also
suggestive of delayed cartilage-bone conversion. While the severity of these “lesions” is
certainly less than that found in MPS VII, their presence in MPS I may point to common
underlying pathophysiology for spine disease in both of these disorders.

While abnormal accumulation of GAGs, both within cells and in the extracellular matrix,
undoubtedly is the instigator, the precise mechanisms by which those GAGs disrupt the
normal physiological processes that regulate bone development and homeostasis are largely
unknown. It has been suggested that dermatan and heparan sulfate accumulation in MPS I
may affect bone quality by modulating cathepsin K activity [24]. Cathepsin K is an enzyme
secreted by osteoclasts during bone resorption, and its collagenolytic activity is dependent
on specific types of GAGs. Collagenolytic activity of cathepsin K is enhanced by
chondroitin and keratan sulfates, whereas heparan and dermatan sulfates inhibit it [25].
Since MPS I results in accumulation of dermatan and heparan sulfates that inhibit cathepsin
K, this may be one possible explanation for the slower removal of epiphyseal cartilage in
MPS I vertebrae. Were this same to hold true for the trabecular bone, then perhaps higher
bone volume would be expected in MPS I due to less efficient bone resorption. However, we
found that the opposite was true, with significantly less trabecular bone in MPS I vertebrae
at all ages examined. Also, significantly lower Tb.N in MPS I dogs at all ages may indicate
a deficit in the formation of primary spongiosa, which would likely be independent of
osteoclast function. Future studies will comprehensively examine the contribution of
osteoclast and cathepsin k dysfunction to the observed pathologies.

There is evidence that GAGs accumulating in MPS drive an inflammatory cascade through
activation of the TLR4 signaling pathway [26–28]. Upregulation of TLR4 has been
demonstrated in articular chondrocytes and synoviocytes from MPS VI rats [26], TLR4/
MPSVII double knockout mice had improved cranial and long bone morphology and growth
plate organization compared to MPS VII mice [27]. In MPS VII dogs, the annulus fibrosus
(AF) of the intervertebral disc was found to exhibit significantly higher mRNA expression
of TLR4 [22]. Both the AFs and vertebral epiphyses of MPS VII dogs had significantly
elevated levels of destructive proteases, including cathepsins and matrix metalloproteinases,
compared to normal dogs [22]. While the presence of a similar inflammatory cascade in
MPS I vertebrae has not been evaluated, upregulation of these destructive proteases could
contribute to bone loss.

Alterations in the rate of chondrocyte maturation may contribute to bone pathology in MPS
I. During endochondral ossification, chondrocytes progress through stages of differentiation,
including proliferation and hypertrophy, before ultimately undergoing apoptosis to be
replaced by osteoblasts [29]. This process occurs both within the primary and secondary
centers of ossification, and in the growth plate, facilitating longitudinal bone growth.
Chondrocyte differentiation is regulated by a complex cascade of signaling events, involving
members of fibroblast growth factor, bone morphogenetic protein and transforming growth
factor-beta families of molecules, morphogens such as indian hedgehog and parathyroid
hormone related peptide, and the Wnt/beta-catenin and retinoic acid pathways [30–33].
These and other factors interact to regulate the rate of chondrocyte proliferation and
hypertrophy, vascular invasion and osteoblast recruitment. There is evidence that GAGs,
particularly heparan sulfate, perform essential roles in both the distribution and activation of
many of these signaling molecules [34, 35]. Future studies should assess whether these
pathways are disrupted by abnormal accumulation of GAGs in MPS, leading to delayed and
reduced bone formation. There is also evidence that chondrocyte maturation may be affected
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by an increasingly inflammatory microenvironment: recent evidence suggests that the
inflammatory cytokines interleukin-1 beta and tumor necrosis factor alpha inhibit
chondrocyte differentiation and bone growth [36, 37]. Impaired growth factor signaling
during endochondral ossification may also affect fracture healing capacity in MPS I patients;
this could be the subject of future investigations.

Hypoplasia of the odontoid process in MPS I patients has been implicated in the increased
incidence of atlanto-axial subluxation, resulting impingement of the spinal cord and
neurological deficits [3, 6–9]. While we did not find significant differences in BV/TV or
TMD, there were clear abnormalities in the shape and size of the odontoid process in MPS I
dogs when compared to normals, particularly at 6 and 12 months-of-age. These
abnormalities may be the result of reduced chondrocyte proliferation and aberrant
maturation during ossification, and could increase the likelihood of fracture or dislocation,
especially when combined with increased ligamentous laxity.

Current clinical treatment strategies for MPS I, which include enzyme replacement therapy
and hematopoietic stem cell transplantation, are relatively ineffective at improving the
skeletal manifestations of the disorder [4, 5, 11–13]. Experimental treatments, such as
neonatal retroviral-mediated gene therapy, have shown some efficacy in reducing vertebral
bone disease in MPS I dogs [16]. Intrathecal enzyme replacement therapy from an early age
was found to reduce the incidence of spinal cord compression in MPS I dogs [17]. These
results and those of the current study highlight the importance of early diagnosis and
intervention to prevent the onset and progression of musculoskeletal disease in MPS I.
Ongoing work in our laboratory will assess whether enzyme replacement therapy, both in
isolation and in combination with anti-inflammatory medications, is effective at preventing
or attenuating spine disease in MPS I dogs. In the future, it may be worth considering
whether drugs used to treat other metabolic bone diseases such as osteoporosis could also be
useful for treating bone disease in MPS I. Indeed, the results of this study would suggest an
osteoporosis-like phenotype. However, this would first require a more thorough
understanding of the underlying pathophysiology, and is likely further complicated by the
skeletal immaturity of prospective patients, and that such treatments may risk disrupting
normal developmental processes.
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Highlights

• MPS I dogs have lower vertebral trabecular bone volume and mineral density
compared to normal dogs from 3 months-of-age.

• MPS I dogs exhibit delayed cartilage to bone conversion in the vertebral
epiphyses and retain growth plates at 12 months-of-age.

• Abnormalities in the size and morphology of the odontoid process are consistent
with increased incidence of atlanto-axial subluxation clinically.

• Therapeutic strategies that enhance bone formation and mineralization may
decrease incidence of spine disease in MPS I patients.
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Figure 1. Histology and microCT reconstructions of C2 vertebral bone
Mid-sagittal, histological sections, double-stained with Alcian blue (glycosaminoglycans)
and picrosirius red (collagen), from normal and MPS I dogs aged 3, 6 and 12 months (A, B,
E, F, I and G), with 3D microCT reconstructions of trabecular bone for the same samples
(C, D, G, H, K and L). Lower trabecular bone volume is apparent for MPS I samples at all
ages, but is most striking at 12 months-of-age. All histological images are oriented with the
ventral (anterior) side at the bottom; ep = caudal vertebral end plate. Scale bars = 2 mm
(histology) or 1 mm (microCT). Dashed lines indicate approximate location of odontoid
process attachment.
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Figure 2. MicroCT analysis of C2 vertebral trabecular bone
A. Bone volume/total volume (BV/TV). B. Trabecular thickness (Tb.Th). C. Trabecular
spacing (Tb.Sp). D. Trabecular number (Tb.N). E. Bone mineral density (apparent density,
BMD). F Tissue. mineral density (material density, TMD). *p<0.05 vs normal; +p<0.05 vs 3
months; and ◆p<0.05 vs 6 months.
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Figure 3. Histology and microCT reconstructionsf theo odontoid process
Mid-sagittal, histological sections, double-stained with Alcian blue (glycosaminoglycans)
and picrosirius red (collagen), from normal and MPS I dogs aged 3, 6 and 12 months (A, B,
E, F, I and G), with microCT reconstructions of the same samples (C, D, G, H, K and L).
MPS I samples appear smaller and narrower, and had irregular surface morphology at 6 and
12 months-of-age. Decreased cartilage on the ventral articulating surface (arrows) was also
evident at these ages for MPS I samples. At 3 months-of-age, delayed calcification was
apparent towards the tip of the MPS I samples. For all images, ventral (anterior) is towards
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the bottom and caudal (posterior) is towards the right. Dashed lines indicate approximate
location of vertebral body attachment. All scale bars = 2 mm.
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Figure 4. MicroCT analysis of the odontoid process
A. Bone volume/total volume (BVTV). B. Bone mineral density (apparent density, BMD).
C. Tissue mineral density (material density, TMD). *p<0.05 vs normal; +p<0.05 vs 3
months; and ◆p<0.05 vs 6 months.
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Figure 5. Cartilage to bone conversion in the C2 vertebral epiphysis
Mid-sagittal histological sections double-stained with Alcian blue (glycosaminoglycans) and
picrosirius red (collagen) illustrating increased cartilage in the ventral epiphyses (*) at 3
months-of-age (A and B) and at 6 months-of-age (C and D). At 12 months-of age, the
epiphyseal growth plate in normal animals was absent (E); however, in MPS I animals, this
growth plate persisted (F). Scale bars = 500 μm (A–D) and 1 mm (E and F); gp = growth
plate and ep = caudal vertebral endplate. All images are oriented with the ventral side at the
bottom.
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Figure 6. Quantification of cartilage area in the C2 vertebral epiphysis and odontoid process
A. Cartilage area (inclusive of the growth plate) as a percentage of the total epiphysis area
was determined from mid-sagittal Alcian blue/picrosirius red-stained histological sections,
for 3 and 6 month-old samples. B. Cartilage area in the odontoid process as a percentage of
total tissue area was determined from mid-sagittal Alcian blue/picrosirius red-stained
histological sections, for 3 month-old samples. *p<0.05 vs normal; +p<0.05 vs 3 months.
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