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Abstract

Bone remodeling is reduced in hypoparathyroidism, resulting in increased areal bone mineral
density (BMD) by dual energy X-ray absorptiometry (DXA) and abnormal skeletal indices by
transiliac bone biopsy. We have now studied skeletal microstructure by high resolution peripheral
quantitative computed tomography (HRpQCT) through 4 years of treatment with recombinant
human PTH(1-84) [rhPTH(1-84)] in 33 patients with hypoparathyroidism (19 with postsurgical
disease, 14 idiopathic). We calculated Z-scores for our cohort compared to previously published
normative values. We report results at baseline and 1, 2, and 4 years of continuous therapy with
rhPTH(1-84). The majority of patients (62%) took rhPTH(1-84) 100 ug every other day for the
majority of the 4 years. At 48 months, areal bone density increased at the lumbar spine (+4.9 =
0.9%) and femoral neck (+2.4 + 0.9%), with declines at the total hip (-2.3 £ 0.8%) and ultradistal
radius (-2.1 £ 0.7%) (p<0.05 for all). By HRpQCT, at the radius site, very similar to the ultradistal
DXA site, total volumetric BMD declined from baseline but remained above normative values at
48 months (Z-score +0.56). Cortical volumetric BMD was lower than normative controls at
baseline at the radius and tibia (Z-scores —1.28 and —1.69, respectively), and further declined at 48
months (-2.13 and —-2.56, respectively). Cortical porosity was higher than normative controls at
baseline at the tibia (Z-score +0.72) and increased through 48 months of therapy at both sites (Z-
scores +1.80 and +1.40, respectively). Failure load declined from baseline at both the radius and
tibia, although remained higher than normative controls at 48 months (Z-scores +1.71 and +1.17,
respectively). This is the first report of noninvasive high-resolution imaging in a cohort of
hypoparathyroid patients treated with any PTH therapy for this length of time. The results give
insights into the effects of long-term rhPTH(1-84) in hypoparathyroidism.
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Introduction

Hypoparathyroidism is a disorder characterized by hypocalcemia and deficient or absent
circulating levels of parathyroid hormone (PTH). Areal bone mineral density (BMD) in
hypoparathyroid patients is generally above average for euparathyroid controls, and bone
turnover is markedly reduced.1=> We previously reported our findings using high resolution
peripheral quantitative computed tomography (HRpQCT) and finite element analysis (FEA)
to study bone geometry, microarchitecture and strength in a cohort of patients with
hypoparathyroidism treated with conventional therapy.® We demonstrated abnormalities in
both the cortical and trabecular compartments.

Histomorphometric analysis of iliac crest bone biopsy specimens in hypoparathyroid
patients demonstrates abnormal structural and dynamic skeletal parameters in patients
treated with conventional therapy and has shown that rhPTH(1-84) can improve abnormally
low bone turnover and restore skeletal parameters indices towards a more euparathyroid
state.23:7 We now report results using a noninvasive high-resolution imaging technology in
hypoparathyroid patients at baseline and 1, 2, and 4 years after starting rhPTH(1-84)
therapy.

Materials and Methods

Hypoparathyroid subjects

Patients were diagnosed with hypoparathyroidism in the setting of hypocalcemia and
undetectable or insufficient concentrations of PTH requiring supplemental calcium and/or
active vitamin D to maintain serum calcium levels in the low normal range.
Hypoparathyroidism was present for at least one year to document a chronic
hypoparathyroid state. Patients were excluded if they had ever received therapy with PTH(1-
34) or rhPTH(1-84) prior to study entry. The present cohort includes patients who
completed therapy with rhPTH(1-84) through four years as part of our study protocol and
includes patients from previously published cohorts.68 Baseline imaging of the radius was
considered to be inadequate in two patients; they were excluded from post-treatment
analysis at this site.

Patients were identified and recruited from the Metabolic Bone Diseases Unit of Columbia
University Medical Center (CUMC) and from the Hypoparathyroidism Association. The
study was approved by the Institutional Review Board of CUMC. All subjects gave written
informed consent.
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Control population

We utilized previously published HRpQCT normative data from the Calgary, Alberta cohort
of the Canadian Multicentre Osteoporosis Study (CaMos).® CaMos is a 10-year prospective
population-based study of over 9000 men and women living within 50 km of nine Canadian
cities, originally recruited between 1997 and 1998 using a stratified random-sampling
technique.19 At the 10-year follow-up visit, subjects were invited to participate in a
HRpQCT substudy. For this analysis, we used the published data for men (n=274) and
women (n=592) aged 16 to 98 years, providing age-, sex-, and site-specific centiles for
HRpQCT parameters.11 We chose to use the CaMos reference data as it provides a
population-based North American cohort with data from both the radius and tibia, including
estimates of bone strength. Our analyses for cortical and trabecular microarchitecture, failure
load, and estimated bone strength are identical to those used for the CaMos data.l!

Biochemical evaluation

The baseline calcium value represents the average of up to three pre-treatment serum
calcium determinations. Biochemical indices were measured by automated techniques. The
normal ranges for all assays are provided in Table 1.

Imaging evaluation

Areal BMD—Areal BMD was evaluated at the lumbar spine (L1-L4), total hip, femoral
neck, 1/3 and ultradistal radius using dual energy X-ray absorptiometry (DXA; Hologic
QDRA4500, Waltham, MA). Patients were measured on the same densitometer, using the
same software, scan speed, and technologist, certified by the International Society of
Clinical Densitometry. Measurements were performed twice at baseline for most subjects,
with the average value of the two BMD measurements used for the baseline value. Short-
term Jn vivo precision error (root-mean-square standard deviation) was 0.026 g/cm? for L1-
L4 (1.1%), 0.041 g/cm? for the femoral neck (2.4%), and 0.033 g/cm? (1.8%) for the
forearm. Areal BMD was compared to a healthy population from the National Health and
Nutrition Examination Survey provided by the Hologic software.

Volumetric BMD and microarchitecture—The nondominant distal radius and tibia
were evaluated using HRpQCT (Xtreme CT; Scanco Medical AG, Briittisellen, Switzerland)
with a standard protocol (60 kVp, 900 pA, and 100-ms integration time) with a nominal
isotropic resolution of 82 um.12 The region of interest was defined using an antero-posterior
scout view wherein a reference line was manually placed at the distal end plate of the radius
and tibia. At the radius, the first of 110 parallel CT slices was acquired 9.5 mm proximal to
the reference line and at the tibia 22.5 mm proximal to the reference line. Attenuation data
were converted to equivalent hydroxyapatite (HA) densities. The manufacturer phantom was
scanned daily for quality control.

The protocol used for image analysis has been previously described and validated.%:12-15
Briefly, the volume of interest was separated using a semi-automated threshold-based
algorithm into cortical and trabecular compartments. Total and trabecular bone density
(Tt.BMD, Th.BMD, mg HA/cm3) measurements were obtained. Trabecular bone volume
(BVITV, %) was derived from Th.BMD using the assumption that fully mineralized bone
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has a density of 1,200 mg HA/cm3 [BV/TV %= 100 x (Tb.BMD/1200)]. Trabecular number
(Th.N, 1/mm) was defined as the inverse of the mean spacing of the mid-axes. Trabecular
thickness (Th.Th, mm) and trabecular separation (Th.Sp, mm) were derived from BV/TV
and Th.N using standard morphologic relationships [Tb.Th=(BV/TV)/Th.N,
Th.Sp=(BV/TV)/Th.N]. Short-term /in vivo precision error at our facility is 0.7-1.5% for
total and trabecular densities and 2.5-4.4% for all trabecular microarchitectural parameters.

In addition to the standard morphologic analysis above, we used an automated segmentation
algorithm [Image Processing Language (IPL, Version 5.08b, Scanco Medical)] to measure
total and cortical bone cross-sectional areas (Tt.Ar, Ct.Ar, mm?2), cortical porosity (Ct.Po,
%), cortical thickness (Ct.Th, mm) and cortical density (Ct.BMD, mm HA/cm?3). Ct.Po was
defined by the number of void voxels in each thresholded cortex image divided by the total
number of cortical voxels. Ct.Th was determined using a distance transform after removing
the intracortical pores. Ct.BMD was calculated by the average mineral density in the region
demarcated by the autosegmentation cortical bone mask. The precision error for the
automated segmentation algorithm is <1.5%.16 This methodological approach, at this time,
is not able to examine the subcompartmentization of cortical bone.

Finite element analysis—The image analysis used has been previously described and
validated.?17:18 Whole-bone HRpQCT images of the radius and tibia were converted into
finite-element models (FAIM, Version 8.0, Numerics88, Calgary, Canada) to estimate
whole-bone stiffness (N/mm), defined as the reaction force calculated by the model at 1%
strain divided by the average cross-sectional area from the morphological analysis. The /n
vivo precision error for the stiffness measure is <3.5%.1° Failure load (N) was calculated
using the Pistoia criterion.20

Statistical analysis

Results

Descriptive characteristics of study patients were tabulated for continuous variables by
means and standard deviations or medians with interquartile ranges. A linear mixed model
for repeated measures approach was applied to study percentage change in all patients at 1,
2, and 4 years. We used linear regression to assess the contribution of age, gender, and
duration of hypoparathyroidism to HRpQCT variables and estimated bone strength in our
hypoparathyroid patients. We calculated Z-scores for HRpQCT variables and failure load for
our hypoparathyroid patients compared to normative data from CaMos.1! T-tests were used
to compare Z-scores to 0. All statistical tests were performed at the level of significance of
0.05. Statistical analyses were performed using R version 3.5.1.21

Baseline characteristics

The mean age of the hypoparathyroid patients was 47 + 14 years (range 26—72) with the
cohort comprised of 73% women, consistent with the demographics of the disease (Table 1).
The two etiologies of hypoparathyroidism were surgical (19 patients) and idiopathic (14
patients). One of the postsurgical postmenopausal women had a prior diagnosis of primary
hyperparathyroidism and had experienced at least 3 years of hypoparathyroidism following
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parathyroid resection. The remaining patients were status post thyroid surgery for benign or
malignant disease. The median known duration of hypoparathyroidism was 6 years
[interquartile range (IQR) 3, 17], with a range of 2-45 years.

Treatment with rhPTH(1-84)

Patients were initially treated with rhPTH(1-84) at a dose of 100 ug every other day due to a
pilot study that demonstrated improvement in biochemical markers of bone turnover with
this regimen.22 Dosage adjustments were made when alternative dosing regimens of 25, 50,
and 75 g became available. The majority of patients (62%) were treated with 100 ug every
other day for the majority of the 4 years. The median length of treatment with rhPTH(1-84)
100 pg every other day was 33 months (IQR 12, 42). At the end of the study, the dosages of
rhPTH(1-84) were: 25 g daily (n=2), 50 ug daily (n=19), 75 ug daily (n=3), 100 pg daily
(n=4), 100 ug every other day (n=4), 100 pg every 3 days (n=1). The median daily dose at 48
months was 50 g (IQR 50, 50).

Calcium supplementation declined by 36% from baseline to 48 months on rhPTH(1-84)
therapy [from median 1833 to 1689 mg (IQR 600, 2000 mg); p=0.005] and calcitriol
supplementation declined by 64% (from median 0.50 to 0.25 pg (IQR 0.00, 0.50 pg);
p<0.001]. No fractures occurred during the study period.

Biochemical evaluation

Imaging

Serum calcium concentration at baseline was typically normal as a result of supplementation
with calcium and active vitamin D (8.7 = 1.0 mg/dL), and remained overall at goal on
rhPTH(1-84) therapy (8.3 £ 0.7 mg/dL). Although median TSH was in the normal range at
baseline, it was reduced in 4 subjects having a TSH value <0.1 ulU/L.

DXA—Baseline areal BMD values, T- and Z-scores and percentage change from baseline at
1, 2, and 4 years of rhPTH(1-84) therapy are shown in Table 2. At baseline, areal BMD T-
and Z-scores were significantly above average at all sites compared to a healthy population.
The lumbar spine site showed a significant increase starting at 24 months, with an increase
of +4.9 + 0.9% (p<0.001) at 48 months. Bone density at the femoral neck was increased by
+2.4 £ 0.9% (p<0.05) at 48 months. The total hip site declined starting at 24 months, with a
fall of —2.3 + 0.8% (p<0.01) at 48 months. Bone density at the 1/3 and ultradistal radius
declined at 12 months, with no significant changes at 24 months, and a significant decline
was noted at the ultradistal radius of —2.1 + 0.7% at 48 months (p<0.01).

HRpQCT—At baseline, at the radius, Ct.Ar, Tt.BMD, and Ct.Th were higher in the
hypoparathyroid patients compared to normative controls (Z-scores +0.83, +0.73, +0.94,
respectively; p<0.05 for all) (Figure 1A, Table 3). Ct.BMD was lower in the hypoparathyroid
patients compared to controls (Z-score —1.28; p<0.001). With rhPTH(1-84) therapy,
significant declines were noted in Tt.BMD and Ct.BMD, with declines of —=2.9 + 0.7% and
-3.8 £ 0.7% at 48 months, respectively (p<0.001 for both). Ct.Po was increased by +88.5 +
17.7% at 48 months (p<0.001). At 48 months of rhPTH(1-84) therapy, Ct.Ar, Tt.BMD, and
Ct.Th more closely approached the values for normative controls. Ct.Po was increased
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relative to normative controls (Z-score +1.80, p<0.0001). Ct.BMD declined further
compared to normative controls (Z-score —2.13, p<0.0001).

At baseline, at the tibia, Ct.Ar, Ct.Th, Ct.Po, and Th.N were higher in the hypoparathyroid
patients compared to normative controls (Z-scores +0.57, +0.59, +0.72, +0.52, respectively;
p<0.01 for all) (Figure 1B, Table 3). Ct.BMD, Th.Th, and Th.Sp were lower in the
hypoparathyroid patients compared to controls (Z-scores —1.69, —0.32, and —0.29,
respectively; p<0.05 for all). At the tibia, a significant decline was noted in Ct.BMD starting
at 24 months. There were declines in Tt.BMD and Ct.BMD at 48 months of —1.9 + 0.5%
and —4.4 + 0.7%, respectively (p<0.001 for both). Ct.Po increased starting at 24 months,
reaching values +23.1 + 4.8% higher at 48 months (p<0.001). At 48 months of rhPTH(1-84)
therapy, Tt.BMD and Ct.Th more closely approached the values for normative controls.
Ct.Po remained higher than normative values (Z-score +1.40, p<0.0001). Ct.BMD declined
further compared to normative values (Z-score —2.56, p<0.0001). Th.N, Tbh.Th, and Th.Sp
did not significantly change within the cohort but remained different to normative controls at
48 months (Z-scores of +0.67, —0.38, and —0.36, respectively; p<0.05 for all).

FEA—Compared to normative controls, failure load was much greater at both the radius and
tibia at baseline (Z-scores +1.94 and +1.35, respectively; p<0.0001 for both) (Figure 1A and
1B, Table 3). At the radius, failure load declined starting at 24 months, with a decline of
-2.6 + 1.0% (p<0.05) at 48 months. There was no significant change in stiffness. At the
tibia, stiffness and failure load declined at 48 months by —2.7 + 0.9% and -2.2 + 0.8%,
respectively (p<0.01 for both). After 48 months of rhPTH(1-84) therapy, failure load
remained well above values for normative controls at both the radius and tibia (Z-scores
+1.71 and +1.17, respectively; p<0.0001 for both).

Linear regression analysis

In the linear regression model, age had significant effects on Tt.BMD and Ct.BMD at both
the radius and tibia. For every 10-year increase in age, there were declines of —=1.0% in both
parameters at both the radius and tibia (p<0.05 for all). In addition, at the radius, for every
10-year increase in age, Ct.Po was increased by 18.0% (p<0.05). There were no significant
effects of gender or disease duration on any of the measured parameters.

Discussion

This is the first investigation to report results using noninvasive high-resolution imaging in a
cohort of hypoparathyroid patients treated with any parathyroid hormone therapy for this
length of time for any disease. The results provide new insights into PTH-induced changes
from a baseline cohort of individuals characterized by PTH deficiency. The abnormal
skeletal microstructure characteristic of hypoparathyroidism was tracked in the context of
exposure to PTH therapy over time.

Hypoparathyroidism is characterized by markedly decreased bone turnover and increased

areal BMD by DXA at the spine and hip compared to euparathyroid individuals.23-26 Using
HRpQCT and FEA, we have reported on bone geometry, microarchitecture and strength in a
cohort of patients with hypoparathyroidism on conventional therapy with calcium and active
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vitamin D.6 In that study, we demonstrated microarchitectural differences in both the cortical
and trabecular compartments at both the radius and tibia in patients with
hypoparathyroidism compared to healthy controls. In the present study, we report
longitudinal changes in a subset of these patients completing therapy with rhPTH(1-84)
through four years.

There were increases in areal BMD at the spine and femoral neck and declines at the total
hip and ultradistal radius associated with rhPTH(1-84) therapy. The 1/3 radius site also
declined significantly at 12 months, with a trend towards an increase at 48 months. The hip
sites are an admixture of trabecular and cortical bone, and the 1/3 radius site is comprised
primarily of cortical bone. While the spine and ultradistal radius are both rich in trabecular
bone, loading differences at these two sites could account for site-specific differences with
rhPTH(1-84) therapy. Increased mineralization activity could also account, at least in part,
for the increase in areal BMD at the spine and femoral neck. It was therefore instructive to
consider DXA and HRpQCT values at the same ultradistal radius site. By HRpQCT, total
volumetric BMD declined at both the radius and tibia, with declines in cortical, but not
trabecular, volumetric bone density. The distinction between trabecular and cortical bone by
HRpQCT helps to identify the cortical compartment as the one that is more prone to show
declines with PTH therapy while the trabecular compartment is more likely to show the
anabolic properties of PTH. It is interesting to note that this proclivity is seen in this disease
characterized by classically low bone remodeling, while previous reports have shown the
same disposition in primary hyperparathyroidism. Moreover, it seems likely that the increase
in bone remodeling as a function of PTH therapy in hypoparathyroidism gives the same net

effect as is seen in euparathyroid subjects exposed to PTH on these two compartments.
8,26-28

Our group previously reported data on skeletal microstructure using histomorphometric
analysis of bone biopsy specimens of the iliac crest in hypoparathyroid patients treated with
rhPTH(1-84), including some patients from this cohort.27 In the first histomorphometric
analysis through two years of rhPTH(1-84) therapy, cortical porosity increased by 24% at 24
months.2 While cancellous bone volume did not change, trabecular width decreased with
rhPTH(1-84) therapy and was no longer different from controls. Trabecular number also
increased, primarily due to trabecular tunneling. More recently, we have also demonstrated
longer-term data in hypoparathyroid patients treated with an average of eight years of PTH
therapy.” With these long-term biopsies, there were significant increases in cancellous bone
volume of 50% and trabecular number of 39%, surpassing control levels. Cortical porosity
also tended to increase by 51%, also surpassing control levels. Our previously published
histomorphometric data and the HRpQCT data presented here are consistent with the
pharmacological effects of PTH. It would be interesting to see how more physiologic
replacement regimens of PTH alter this pharmacological profile of PTH replacement therapy
in hypoparathyroidism.

Our prior results demonstrated higher Ct.BMD and lower Ct.Po in patients with
hypoparathyroidism compared to 20-29 year-old gender-matched euparathyroid individuals
at both the radius and tibia.6 In the present study, we found that Ct.BMD was lower and
Ct.Po higher than normative data that was age- and gender-matched. Values for Ct.BMD in
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our subset of hypoparathyroid patients from the previous study were similar. However, the
values for the much larger cohort of control patients were overall higher. Because of the
difference in values in the control population, our hypoparathyroid patients now had lower
Ct.BMD compared to the normative controls. With regard to Ct.Po, the method of Ct.Po
measurement was updated between the previous study and the current study, which may
account for some of the difference. The values for Ct.Po reported for the CaMos cohort are
generally lower than those for other normative cohorts.2%-31 Thus, until this issue of the
control population is clarified further, it is our view that our results are best interpreted with
regard to changes from baseline values.

Results from the current investigation show that Ct.BMD declines and Ct.Po increases with
rhPTH(1-84) therapy. Ct.Po is well known to be associated with the degree of bone
remodeling, and would be expected to increase as bone remodeling increases in
hypoparathyroid patients treated with PTH therapy. Ct.BMD is proportional to the degree of
mineralization and inversely proportional to Ct.Po.32 The advanced segmentation algorithm
we used has been previously validated and demonstrated to be robust in the characterization
of cortical features from HRpQCT images in healthy subjects.33 This analysis, however, did
not have the capability to identify whether the overall increase in Ct.Po was confined to
specific subcortical compartments of bone or rather was a more generalized effect.
Moreover, in view of the likely actions of PTH to influence the partitioning of the cortical
and trabecular compartments of bone, the interpretation of these changes in Ct.Po await
further more detailed dissection of the microskeletal anatomy of these two compartments
under these conditions. For example, the transition zone between cortical and trabecular
bone could be a “driving” force in the overall effects attributed either to the cortical or
trabecular compartments as they are defined conventionally. Some of the increase in Ct.Po
we noted in this study may be more accurately attributable to bone remodeling in the
transitional zone. Issues in distinguishing cortical versus trabecular bone in this zone may
also be responsible, at least in part, for the lack of any changes in trabecular parameters
measured using HRpQCT in this cohort. Studies to examine these possibilities are being
conducted at this time. Of note, in a cohort of postmenopausal women with osteoporosis
studied using HRpQCT, treatment with 24 months of teriparatide [PTH(1-34)] increased
Ct.Po at the radius by 33.0 £ 40.1% and at the tibia by 10.2 + 12.1% (p<0.001 for both),
similar to our findings in hypoparathyroid patients at 24 months. The effects of longer-term
administration of PTH therapy in euparathyroid individuals has not been studied.34

The differences between our HRpQCT results and those from bone biopsy may be attributed
to previously reported differences between the iliac crest and other sites.3> The iliac crest
may not necessarily be representative of other skeletal sites. In patients with primary
hyperparathyroidism, trabecular microarchitecture is maintained by histomorphometric
analysis of bone biopsy specimens of the iliac crest.36 However, trabecular
microarchitectural parameters are decreased using HRpQCT,3” more consistent with fracture
data indicated increased risk of vertebral fracture.38 Thus, it is our view that as valuable as
histomorphometric data are, caution is advised in any attempts to connect this technology
with others such as HRpQCT that measure anatomical sites that are more likely to be
relevant to sites of skeletal stress and loading.
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We also noted significant declines in estimated bone stiffness at the tibia and failure load at
both the radius and tibia. The combination of decreased total and cortical volumetric BMD
and increased Ct.Po may account for the decrease noted in these FEA parameters. It is of
interest that bone stiffness and failure load declined relatively little in comparison to the
more evident increase in Ct.Po. Previous studies have emphasized that the relationship
between Ct.Po and bone strength is exponential, with small changes in Ct.Po usually
resulting in much larger declines in bone strength.31:3940 Unfortunately, the FEA models
used in this analysis cannot measure differences in tissue mineralization, which has its own
beneficial effect on bone strength.*1 While failure load declined significantly, it is important
to note it remained above normative values, that is, bone strength continued to be above
average. The effect that these declines in estimated bone strength may have on fracture risk
in patients with hypoparathyroidism is unknown, especially since more data are needed
regarding fracture risk in hypoparathyroid patients treated with conventional therapy. A
small cohort study of postmenopausal women noted an increase in morphometric vertebral
fractures in patients with hypoparathyroidism treated with conventional therapy,*2 as did a
cohort study in younger patients with idiopathic disease who had a high rate of anti-
convulsant use.43 Two registry studies failed to show an increase in overall fracture risk in
hypoparathyroidism, although morphometric vertebral fractures were not assessed.*44> The
significant improvement in lumbar spine BMD noted with rhPTH(1-84) therapy may be
beneficial if there is indeed an increase in vertebral fracture risk. Given that failure load is a
key predictor of incident fracture,® the effects of PTH therapy on fracture risk in
hypoparathyroidism clearly deserve further study. Of note, no fractures occurred in our
cohort during the study period.

We noted some significant relationships between age and cortical and trabecular parameters,
consistent with other studies.8:%1447 We did not note any relationships between gender or
disease duration and any of the measured parameters in this study, which may be due to the
relatively small sample size.

A final discussion point relates to the administration regimen of PTH. In this study, most of
our patients were treated for most of the time with an every other day regimen of rhPTH(1-
84). Against a backdrop of virtually absent PTH in these subjects, this rather
unphysiological replacement regimen cannot be assumed to represent how PTH would affect
the skeleton in hypoparathyroidism if a more physiological regimen were to have been
available. We do not yet have a regimen that would provide replacement PTH in a manner
that mimics tonic, circadian, and pulsatility dynamics that characterize the normal
physiological state.

The strengths of this investigation include the uniquely large cohort of hypoparathyroid men
and women followed through four years of continuous rhPTH(1-84) therapy using a
noninvasive imaging technology not previously applied for this length of time to this disease
state. Limitations include the inability to determine differences in response between pre- and
postmenopausal women and men due to relatively small numbers per group. Another
limitation is the pharmacologic replacement regimen of rhPTH(1-84) therapy used for this
protocol. It remains to be seen whether more physiologic dosage regimens will show
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different results. Finally, uncertainty in defining the subcomparmentalization of the cortical
envelope awaits more sophisticated analyses.
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Radius, Baseline B Radius, 48 months

Figure 1.
Baseline and 48 month Z-scores for HRpQCT parameters in the hypoparathyroid cohort

compared to normative controls from the Canadian Multicentre Osteoporosis Study [11] at
the radius (baseline, panel A, and 48 months, panel B) and tibia (baseline, panel A, and 48
months, panel B). Median = interquartile range.*p<0.05 compared with normative data;
p<0.01 compared with normative data; ¥p<0.001 compared with normative data

Tt.Ar, total area; Ct.Ar, cortical area; Tb.Ar, trabecular area; Tt.BMD, total volumetric bone
mineral density; Ct.BMD, cortical volumetric bone mineral density; Th.BMD, trabecular
volumetric bone mineral density; Ct.Th, cortical thickness; Th.N, trabecular number; Th.Th,
trabecular thickness; Th.Sp, trabecular separation; Ct.Po, cortical porosity
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