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Abstract
Glucocorticoid-induced osteonecrosis is a common and dose-limiting adverse event. The goal of this
study was to establish a mouse model of glucocorticoid-induced osteonecrosis suitable for testing
the effects of different treatment strategies on its frequency. Fourteen murine strains were screened
using various glucocorticoids, routes of administration, and diets. Four-week old male BALB/cJ mice
were treated with oral dexamethasone for up to 12 weeks either by continuous dosing or by
discontinuous dosing, with or without asparaginase. Histopathological features of the distal femurs
were examined by light microscopy. Osteonecrotic lesions were characterized by empty lacunae and
osteocyte ghosts in trabecular bone surrounded by necrotic marrow and edema. The incidence of
dexamethasone induced osteonecrosis in BALB/cJ mice was 40%–45% (4/10 or 5/11) at 12 weeks.
The frequency of osteonecrosis trended lower after discontinuous compared to continuous dosing
for 12 weeks (8% vs. 45%) (P = 0.06) despite comparable cumulative plasma exposure. Asparaginase
hastened the occurrence of osteonecrosis which was observed as early as 4 weeks and the incidence
was 50% after 6 weeks. A mouse model of glucocorticoid-induced osteonecrosis was established.
Discontinuous was less osteonecrotic than continuous dexamethasone treatment, consistent with the
possible benefits of a “steroid holiday” seen in clinical settings. Moreover, asparaginase hastened
osteonecrosis, indicating that drugs may interact with glucocorticoids to affect osteonecrosis risk.
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Introduction
Glucocorticoids are used extensively to treat diverse diseases, such as rheumatoid arthritis,
asthma, and lymphoid malignancies, and as antiemetic, anti-inflammatory, and anticancer
agents. There is increasing concern regarding the long-term complications of glucocorticoids,
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such as osteonecrosis. The incidence of osteonecrosis is as high as 30% in patients with
rheumatoid arthritis1–3 and 20% in children treated for ALL.4–6 There is considerable interest
in identifying which patients are at highest risk for osteonecrosis, with the long-term goal of
modifying regimens to decrease the risk of adverse effects of therapy.

There are likely several mechanisms by which glucocorticoids induce osteonecrosis. These
agents cause hyperlipidemia, hypercoagulation, and hypofibrinolysis in the circulatory system.
7,8 The pathogenesis of glucocorticoid-induced osteonecrosis may involve intravascular
thrombotic occlusion and/or extravascular lipid deposition by fat emboli and/or increased intra-
osseous lipocyte size, leading to an increase in bone marrow pressure and intraosseous
circulatory disturbances that result in apoptosis followed by necrosis.9–11

Clinical studies have yielded some insights on possible risk factors. In a retrospective analysis,
patients who received continuous exposure to dexamethasone had a higher osteonecrosis
incidence compared to those who received discontinuous dosing,12 although there were other
differences in addition to the glucocorticoid dosing. This has led some centers to incorporate
“glucocorticoid holidays” to provide discontinuous or pulsed rather than continuous daily
exposure to dexamethasone in an attempt to achieve a safe and effective treatment with
decreasing the risk of osteonecrosis.13,14 Comparing among multiple steroid regimens, the
frequency of osteonecrosis has varied widely, even with relatively similar glucocorticoid
regimens, leading to speculation that other medications (e.g. asparaginase, antimetabolites)
might interact to put patients in some trials at higher risk of osteonecrosis than others.15,16 For
example, asparaginase could contribute to the risk of osteonecrosis through its effects on
thrombosis or on lipid levels.17–20 Genetic polymorphisms in the vitamin D receptor,
thymidylate synthase, and plasminogen activator inhibitor 1 (PAI-1) may predispose patients
to osteonecrosis,9,21 but confirmation in clinical and preclinical models is needed. Having a
murine model to evaluate different schedules of glucocorticoid (with or without interacting
drugs), and to evaluate the contribution of genetic variation, would allow for the systematic
evaluation of host-related and treatment-related risk factors for the adverse effect.

To date, there has been no mouse model of glucocorticoid-induced osteonecrosis. The lack of
prior success may be partly due to the anatomy of a mouse: the lack of body weight
concentration on any two limbs differs from humans, an explanation reinforced by the fact that
glucocorticoid-induced osteonecrosis has been induced in bipedal animals (e.g. chickens,
emus).22–24 Osteonecrosis has been induced in BALB/cJ and C57BL/6J mice after Leishmania
amazonensis, a protozoan parasite, was directly injected into the footpad25 or in the tibia of 23
ICR mice.26 However, this intervention is not necessarily helpful in developing a model whose
purpose is to mimic the clinical use of glucocorticoids.

Our goal was to establish a murine model of glucocorticoid-induced osteonecrosis by screening
strains whose constitutive phenotypes might predispose, and to evaluate the effect of different
schedules of glucocorticoid on the development of osteonecrosis.

Materials and Methods
Medicine and diet

Dexamethasone sodium phosphate injection solution was purchased from American
Pharmaceutical Partners, Inc. (Schaumburg, IL). Methylprednisolone sodium succinate
injection solution was purchased from Pharmacia & Upjohn Company (Kalamazoo, MI).
Asparaginase (ELSPAR) was purchased from Merck & Co., Inc. (Whitehouse Station, NJ).
Sulfamethoxazole/trimethoprim oral suspension and 0.9% sodium chloride were purchased
from Baxter Healthcare (Deerfield, IL). Tetracycline was obtained from Sigma (St. Louis,
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MO). Folic acid–deficient purified diet that contained less than 0.05 ppm residual folic acid
and a high-fat diet (with 45% energy from fat) were purchased from TestDiet (Richmond, IN).

Animals
A/J, AKR/J, B6AF1/J, B6C3F1, BALB/cBy, BALB/cJ, BTBR-T+tf/tf, C3H/HeJ, C3HeB/FeJ,
C57BL/6J, CB6F1/J, CeH/HeJ, and DBA/2J mice (ages, 1 to 5 months old) were purchased
from the Jackson Laboratory (Bar Harbor, ME). NMRI mice were provided by the Animal
Resource Center at St. Jude Children’s Research Hospital. All experiments were conducted
under a protocol approved by the Institutional Animal Care and Use Committee of St. Jude
Children’s Research Hospital.

The ears of all mice were tagged, and the mice were housed 3–5 per cage in standard micro-
isolator cages. Food and water were provided ad libitum. Mice received a low-folate diet, or a
high-fat diet according to the experimental design. The mice were weighed weekly. The
lighting regimen was 12 hours of light to 12 hours of darkness.

Treatments
Screening strategies—Using data from the Mouse Phenome Database of the Jackson
Laboratory, we screened 14 strains of mice in pilot experiments on the basis of their known
constitutive phenotypes which might predispose to osteonecrosis: A/J, BALB/cJ, DBA/2J
(higher platelet counts); AKR/J, C3H/HeJ (higher plasma fibrinogen); B6AF1/J, B6C3F1,
BALB/cBy, C3HeB/FeJ, CB6F1/J, NMRI (higher body weight); BTBR-T+tf/tf (lower
prothrombin time); and C57BL/6J, CeH/HeJ (lower bone mineral density). Various regimens
of oral dexamethasone in the drinking water for up to 15 weeks, methylprednisolone by
intraperitoneal injection, and high-fat diets were given to a total of 185 mice from both genders
of 14 strains (129 of whom were evaluable at the scheduled time point for histologic
examination after 3 to 12 weeks of glucocorticoid therapy), and all bones in the appendages
were evaluated histologically. The entire skeleton was evaluated using standard x-ray
techniques. Osteonecrosis was identified histologically in a few mice but not radiographically.
Osteonecrosis was only observed in male BALB/cJ and C57BL/6J mice on low-folate diets
given dexamethasone in the drinking water. In the few animals (only 8 of 129) where
osteonecrosis was identified histologically, the only joints affected were distal femurs.
Osteonecrosis was not observed in controls receiving water without dexamethasone.

To decrease glucocorticoid induced infections, sulfamethoxazole/trimethoprim (280 mg
sulfamethoxazole and 56 mg trimethoprim per 450 mL drinking water, three days a week) and
tetracycline (1000 mg/L, seven days a week) were added to the drinking water.27,28 The
interindividual coefficient of variation in consumption of drinking water containing
dexamethasone has been reported to have a coefficient of variation of ~ 20%.29

Remaining experiments employed male BALB/cJ mice on low-folate diets, antimicrobial
prophylaxis, and dexamethasone (or saline control) in the drinking water. In these definitive
experiments, we evaluated only the right and left stifle joints, only by histology. A confirmatory
experiment was conducted in which twelve mice were assigned to the continuous
dexamethasone treatment at 4 mg/L for the first week and 2 mg/L dexamethasone thereafter
until week 12.

Continuous vs. discontinuous dexamethasone treatment strategies (Table 1)
Incidence: Thirty-five 4-week-old male BALB/cJ mice (weight, approximately 13 g) were
studied (Table 1). Fifteen mice assigned to the continuous treatment group were given 4 mg/
L dexamethasone in their drinking water for the first week and 2 mg/L dexamethasone
thereafter until week 12. Fifteen mice assigned to the discontinuous treatment group received
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4 mg/L dexamethasone in their drinking water during the first week, and for weeks 2 through
12, the mice were given no dexamethasone during the first 3.5 days of each week and then 4
mg/L for the last 3.5 days of each week. Thus, the cumulative exposure to dexamethasone was
identical in the two arms. Five mice served as controls with no dexamethasone. Mice were
sacrificed if moribund and date of censoring was documented throughout the experimental
period.

Dexamethasone pharmacokinetics /pharmacodynamics study: Sixty 4-week-old male
BALB/cJ mice were divided into three groups. Twenty mice were assigned to the continuous
and twenty mice to the discontinuous treatment group (Table 1). Twenty mice served as
untreated controls. Five mice from each group were sacrificed on days 7, 11, 13, and 15. After
anesthesia with 2% isoflurane, 500 to 1000 µL blood was collected by cardiac puncture in the
morning from 10:00 a.m. to noon. Plasma was stored at −80°C until assayed.

Dexamethasone and corticosterone were extracted from plasma and quantified by high-
performance liquid chromatography (HPLC) using a modification of prior methods.30,31

Plasma (200 µL) was mixed with 100 µL 5% phosphoric acid. Glucocorticoids were extracted
into 3 mL ethyl acetate–tertiary methyl butyl ether (50:50 v/v). The upper organic phase was
washed with 0.1 mol/L NaOH (750 µL) and evaporated. The residue was reconstituted with
20% methanol (75 µL). The supernatant was injected into the HPLC system with a diode array
detector and a 150 mm × 2.00 mm Phenomenex Luna C18 (2) column (3 µm). The mobile phase
was 83.75% water, 10% acetonitrile, 6.25% 1-butanol, 0.0985% phosphoric acid, 0.03%
triethylamine (v/v) and the rate was 0.2 mL/min at a temperature of 40°C. At 254 nm, the
detection limit was 8.73 nM (1.2 pmol on column) for dexamethasone and 2.58 ng/mL (1.0
pmol on column) for corticosterone. The assay was linear from 10.2 to 204 nM and 25–500
ng/mL; these concentrations are the therapeutic range for dexamethasone and normal range
for corticosterone in mouse plasma, respectively. For both analytes, the recovery was >85%
and the coefficient of variation was <10% for high and low controls.

Combination of continuous dexamethasone and asparaginase treatment—
Twenty 4-week old mice assigned to the dexamethasone and asparaginase treatment groups
were given 4 mg/L dexamethasone in the first week and 2 mg/L dexamethasone thereafter until
week 6. Asparaginase (7,500 IU/kg) was injected intraperitoneally once a week (Table 1). The
weekly dose we used is similar to that previously described32 and the human equivalent dose
(http://www.fda.gov/cber/gdlns/dose.pdf) is 22,500 IU/m2---a dose comparable to that which
is used in some clinical regimens.33 Ten mice were sacrificed at the end of week 4, and another
10 mice were sacrificed at the end of week 6. Ten mice served as vehicle controls (for
asparaginase) and received injections of 0.9% saline once a week. Five of the mice in the vehicle
control group were sacrificed at week 4, and the remainder sacrificed at week 6. Another five
mice were treated with dexamethasone alone until week 8.

Histologic examination
After the pilot experiments involving multiple appendages (see above), tissue samples from
definitive experiments were obtained from distal femur only. Bone samples were fixed in 10%
neutral buffered formalin overnight, then decalcified in TBD-2 (Thermo Fisher Scientific,
Waltham, MA). The specimens were processed routinely and embedded in paraffin. Tissue
sections were cut at 4 microns, stained with hematoxylin and evaluated by light microscopy.

Tissue samples were analyzed in a blinded fashion by an experienced veterinary pathologist
(KB). Osteonecrosis was defined as the presence of all three of the following criteria: empty
lacunae, pyknotic nuclei of ghost osteocytes in the bone trabeculae, and necrosis of the adjacent
marrow and stromal elements.8,11,34 All mice that had at least one osteonecrotic lesion in a
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stifle joint were considered positive for osteonecrosis, whereas those with no osteonecrotic
lesions were considered negative for osteonecrosis.

Statistical analysis
Fisher’s exact test was used to evaluate the difference in frequency of osteonecrosis among the
treated groups. Comparisons of body weight between any two groups were done with the Mann-
Whitney U-test. The Wilcoxon rank sum test allowed comparison among groups in the
pharmacokinetic/pharmacodynamic study. All statistical analyses were performed using
Statistica software (version 8.0; Stata Corporation, College Station, Tex). P values < 0.05
indicated statistical significance.

Results
Dexamethasone alone

After adjustment of antimicrobial prophylaxis based on the results of the pilot experiments,
the survival rate of 12 male BALB/cJ mice treated with continuous dexamethasone was
acceptable at 83%. At 12 weeks, osteonecrosis was observed in 4/10 (40%) male BALB/cJ
mice by histologic examination (Table 1). In the affected bone (Figure 1), there was segmental
necrosis of the marrow components. Spicules of trabecular bone showed empty lacunae and
osteocyte ghosts.

Continuous vs. discontinuous dexamethasone treatment
The mean weights of mice in the continuous (13.7±0.07 g) and discontinuous (14.7±3.1 g)
treatment groups were significantly lower than those of mice in the untreated control group
(18.1±2.5 g) after just 1 week of treatment (P < 0.01). At later time points (weeks 5 to 12),
weight differences compared to untreated controls were generally more pronounced (P < 0.05)
with continuous rather than discontinuous treatment; for example, the average weight after 12
weeks of therapy was 31.2±2.3 g for the control group, 18.9±2.0 g for the continuous
dexamethasone group, and 22.3±2.2 g for the discontinuous dexamethasone group.

At 12 weeks, osteonecrosis was observed in 5 of 11 (45%) mice in the continuous treatment
group compared to 1 of 12 (8%) mice in the discontinuous treatment group (P=0.06) (Table 1,
Figure 2). Focal osteonecrotic lesions were found in the femoral bone of treated mice, and no
such lesions were found in any mouse in the control group (no dexamethasone treatment).

Dexamethasone pharmacokinetics and pharmacodynamics
At day 7, as expected, plasma dexamethasone levels did not differ (P=0.5) between the
discontinuous and continuous arms, as up to that point, treatment was identical. Consistent
with autoinduction of dexamethasone clearance, in both treatment arms, the dexamethasone
plasma levels at each time point after day 13 were significantly lower (P<0.001) than the
corresponding levels on day 7 (Figure 2).

At day 13, day 15, and at the end of therapy (week 12), dexamethasone plasma levels in the
discontinuous treatment group were approximately 3-fold greater than those (P<0.05) in the
continuous group (average of 34.4 vs 11.5 nM), with daily doses of dexamethasone being 2-
fold greater in the discontinuous than in the continuous group (Figure 2A). This is consistent
with slightly greater auto-induction of dexamethasone clearance in the continuous vs.
discontinuous arms. Using a trapezoidal rule to estimate the cumulative (12 week) area under
the curve, the 12 week exposure in the discontinuous treatment arm was 2259 nM·d, which is
comparable to (and not less than) that in the continuous treatment arm (1995 nM·d). Thus, the
discontinuous exposure arm actually had slightly higher systemic exposure than the continuous
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arm, even through the frequency of osteonecrosis trended lower (P=0.06) in the discontinuous
arm.

As expected, dexamethasone levels were not detected in the discontinuous treatment group on
day 11 (3.5 days after the dexamethasone had been removed from the drinking water), nor in
the untreated control group at any time point (Figure 2A).

Plasma corticosterone was completely suppressed after one week of dexamethasone exposure
compared to untreated controls (P<0.001) (Figure 2B). On day 11, the corticosterone levels in
the discontinuous treatment group indicated that the mice had partially recovered from
glucocorticoid-induced hypothalamic-pituitary-adrenal (HPA) suppression, but these levels
were still significantly lower than those in the control groups (P<0.05) (Figure 2B).
Corticosterone remained completely suppressed (<2.5 ng/mL) at day 11 in the continuous
group. Thus, the discontinuous arm had less adrenal suppression than the continuous arm,
consistent with the lower incidence of osteonecrosis.

Combination of dexamethasone and asparaginase
To attempt to hasten the onset of osteonecrosis, and to recapitulate the drug stresses for
osteonecrosis that are observed clinically in patients, we determined the frequency of
osteonecrosis in mice receiving asparaginase plus dexamethasone.

Compared to untreated controls, the mean weight losses of mice treated with dexamethasone
plus asparaginase were 4.56 ± 3.6 g at 4 weeks and 4.47 ± 3.42 g at 6 weeks (P < 0.01). No
significant difference in weight was observed between mice treated with the combination of
dexamethasone plus asparaginase compared to dexamethasone alone.

Only one mouse died during the experimental period (the death occurred on day 11 in the
dexamethasone plus asparaginase treated group). Osteonecrotic lesions were not observed in
any mouse in the vehicle control group. Osteonecrosis was observed in 1 of 9 (11%)
dexamethasone plus asparaginase -treated mice at week 4 and in 5 of 10 (50%) at week 6
(P=0.06 for asparaginase plus dexamethasone vs control). Osteonecrotic lesions were found
focally in the epiphyseal area of the distal femur. Osteonecrosis was found in 1 of 5 (20%)
mice receiving 8 weeks treatment with dexamethasone alone.

Discussion
To our knowledge, there has been no prior mouse model of glucocorticoid-induced
osteonecrosis. Unlike rabbits, chickens, or humans, mice more evenly distribute their weight
over four limbs; as weight-bearing is considered a major cofactor in glucocorticoid-induced
osteonecrosis, this may account for the history of difficulty in producing a murine model. Using
an approach where we screened murine strains having at least one likely predisposing
phenotypic characteristic, and by providing strong supportive care to minimize early toxic
deaths, we have established a mouse model of glucocorticoid-induced osteonecrosis and shown
its utility for clinically relevant therapeutic questions.

The histology of the lesions we observed is similar to what has been described in humans 35

and in non-murine animal models.10,11 Histopathologic features of osteonecrosis were seen in
the epiphyseal area of the distal femur, and histologic characteristics were similar to those
described previously: diffuse empty lacunae were present, and dead or dying osteocytes were
surrounded by necrotic bone marrow with or without repair tissue.10,11,34

One of the most important steps in building the model was developing an effective
antimicrobial prophylaxis. Initial attempts utilizing 7-day-per-week trimethoprim/
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sulfamethoxazole (primarily for pneumocystis prophylaxis) resulted in more than half the mice
being lost, mostly to infection. By changing the regimen to 3-day-per-week trimethoprim/
sulfamethoxazole (which maintains the efficacy of daily pneumocystis prophylaxis but alters
the normal gut flora less), and by expanding coverage with addition of tetracycline, the mice
were able to be maintained up to and beyond 12 weeks of therapy with a low level of infectious
mortality. In the absence of other concurrent agents (such as asparaginase), this prolonged
treatment period (≥ 8 weeks) with glucocorticoids was required to induce osteonecrosis.

The model immediately proved useful for testing one of the most clinically relevant questions
in use of glucocorticoids in rheumatoid arthritis and in childhood leukemia: does a strategy of
using discontinuous rather than continuous dosing of dexamethasone decrease the risk of
osteonecrosis? We found that the incidence of osteonecrosis tended to be lower (P=0.06) with
discontinuous than with continuous treatment. Although this difference did not reach statistical
significance at an alpha level of 0.05, our post-hoc power to detect a difference of an 8% vs
45% incidence of osteonecrosis between the two treatments was low with this sample size; it
would have been necessary to study 24 evaluable mice per treatment arm to have 80% power
to detect this difference at the alpha = 0.05 level.

Corticosterone levels reflected a greater pharmacodynamic systemic effect of continuous
dexamethasone compared to the discontinuous arm; corticosterone was completely suppressed
with continuous use but even a few days “holiday” from dexamethasone resulted in a partial
recovery of plasma corticosterone (Figure 2). These findings in our murine model are consistent
with clinical reports that cortisol levels were lower in renal transplant recipients developing
osteonecrosis after glucocorticoid use than in those who did not develop osteonecrosis.36 Thus,
discontinuous dexamethasone may be less osteonecrotic than continuous dexamethasone (8%
in the discontinuous vs 45% in the continuous dexamethasone group) by allowing partial
recovery from adrenal suppression during the few days each week off dexamethasone.
Moreover, our pharmacokinetic data proved that the murine plasma dexamethasone levels were
in the same range as are achieved clinically (10–200 nM).37 Interestingly, the overall
cumulative systemic exposure was similar in the discontinuous and continuous groups,
although if anything, slightly higher with discontinuous exposure. We attribute the slightly
higher dexamethasone levels in the discontinuous group to the fact that dexamethasone’s
autoinduction of its own clearance was less pronounced with intermittent exposure than in the
continuously exposed group. In any case, despite at least comparable systemic exposure, the
discontinuous arm was less osteonecrotic.

Another way in which this murine model recapitulated characteristics of the clinical setting is
that osteonecrosis appeared to be hastened by the concurrent use of asparaginase, which
resulted in osteonecrosis at as early as 4 weeks and was comparable in frequency after 6 weeks
of dexamethasone plus asparaginase as it was after 12 weeks of dexamethasone alone. We
hypothesize that asparaginase may potentiate dexamethasone because of asparaginase’s
inhibition of protein synthesis, possible regulation of dexamethasone’s pharmacokinetics,
alterations in lipid metabolism, or a combination of all of these effects. Hanada et al also
reported that L-asparaginase–induced coagulopathy may be a plausible cause of osteonecrosis.
16 The use of asparaginase in combination with dexamethasone significantly alters serum lipid
profiles in children with ALL,19,38 and variability in the use of this agent is likely one of the
features that affects variability in the frequency of glucocorticoid-associated osteonecrosis in
childhood ALL regimens.

When screening the murine strains, we used two diets to attempt to promote the occurrence of
osteonecrosis: a low-folate diet and a high-fat diet. We previously reported that in children
with ALL, the thymidylate synthase low-activity 2/2 enhancer repeat genotype is associated
with the risk of osteonecrosis.21 This suggested that exposure to methotrexate, which is an
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antifolate drug that results in a chronic state of folate insufficiency in children with ALL and
in patients with rheumatoid arthritis, could contribute to glucocorticoid-induced osteonecrosis,
consistent with the finding that hyperhomocysteinemia (also associated with low folate) has
been linked with the risk of osteonecrosis.9,39 Accordingly, we utilized a low-folate diet in our
definitive experiments, and the results of this model may have more applicability to clinical
contexts in which folate is low (such as patients with arthritis or leukemia receiving
methotrexate). We also tested a high-fat diet, with the notion that this might facilitate
glucocorticoid-induced adipogenesis in bones and could predispose the mice to microthrombi
and osteonecrosis; however, we did not observe any osteonecrosis among mice on a high-fat
diet.

The BALB/cJ strain was chosen for study because of a significantly higher platelet count than
other strains (Mouse Phenome Database of the Jackson Laboratory:
http://phenome.jax.org/pub-cgi/phenome/mpdcgi). Because thrombocytosis has been
associated with thrombosis, and at least some osteonecrosis may have a thrombotic etiologic
component, we considered thrombocytosis a possible risk factor. However, it is possible that
other as yet unknown phenotypes could have also contributed to the predisposition of BALB/
cJ mice to osteonecrosis.

We have developed a reliable and reproducible mouse model of dexamethasone-induced
osteonecrosis, with confirmation that the pharmacokinetics and pharmacodynamics reflect
clinically relevant exposures. This model reflects several characteristics of clinical
glucocorticoid-induced osteonecrosis, including the importance of dosing schedule and drug
interactions. This model can be used to further optimize glucocorticoid regimens to minimize
their risk of osteonecrosis.
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Figure 1.
Histologic features of osteonecrosis in a BALB/cJ mouse treated with oral dexamethasone (4
to 2 mg/L). (A,C) Normal architecture of the distal femoral epiphysis with densely cellular
hematopoietic elements in the marrow and prominent osteocyte nuclei observed in trabecular
bone. (B) Arrows outline segmental osteonecrosis in the distal femoral epiphysis. (D) Higher
magnification of osteonecrotic lesion with necrotic marrow elements and empty osteocyte
lacunae.
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Figure 2.
Frequency of osteonecrosis with continuous (CON) vs discontinuous (DISC) dexamethasone
dosing. Dexamethasone and corticosterone plasma levels during the continuous and
discontinuous treatments. (A) Dexamethasone levels decreased after 1 week of treatment in
the continuous and discontinuous treatment groups. Dexamethasone levels in the continuous
treatment group were less than half those in the discontinuous treatment group after day 13.
No dexamethasone concentrations were detected in the control group. (B) Corticosterone levels
in the continuous and discontinuous treatment groups were suppressed by the treatment with
dexamethasone, whereas corticosterone levels in the discontinuous treatment group partially
recovered on day 11, which was the fourth day after dexamethasone use had been discontinued
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[*, P < 0.05 for the difference from day 8; #, P < 0.05 for the difference between different
treatment strategies (continuous vs. discontinuous) on the same day; §, P < 0.05 for the
difference between treatment strategies (continuous and discontinuous) and controls].
Abbreviations: DEX, dexamethasone; DY, day; Wk, week.
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