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Glucocorticoids are drugs that exhibit 
immunosuppressive and antiinflammatory effects 
at appropriate therapeutic doses. Many side effects 
are encountered during glucocorticoid treatment. 
Osteoporosis is a common side effect on bone 
metabolism, while avascular necrosis (AVN) is 
a rare side effect.[1] The causes of AVN include 
interruption of the vascular supply as a result of 
local trauma or non-traumatic systemic conditions. 
Non-traumatic systemic conditions associated with 
AVN include corticosteroid administration, fat 
emboli, hemoglobinopathies (e.g., sickle cell anemia), 
systemic lupus erythematosus, and alcoholism.[2] 
Avascular necrosis is also known as aseptic necrosis 
or osteonecrosis, which occurs in approximately 
3-40% of patients receiving corticosteroids. The most 
common site of involvement is the femoral head, 
which may lead to severe morbidity.[2] The risk of 
glucocorticoid-induced osteonecrosis is associated 
with the dose and the duration of glucocorticoid 
use.[3,4] In most cases, AVN is a result of high doses 
of steroids given for a long period of time, and 
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usually, such doses are used for immunosuppressive, 
chemotherapeutic, or anti-inflammatory effects. 
Since the usual doses used in endocrinology are 
physiological doses given as replacement for steroid 
deficiency, this complication is rarely seen in 
endocrinology practice. 

A few cases of osteonecrosis due to the physiologic 
dose of glucocorticoids have been reported in the 
literature.[5-8] However, some of these patients had 
a history of steroid use prior to pituitary surgery or 
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for some other reason, and some had used steroids 
for more than 10 years. Therefore, it is difficult to 
speculate in these cases whether previous exposure 
to steroid treatment or a long steroid treatment 
period contributed to AVN. In present case, there 
was no history of steroid use preoperatively, and 
bilateral AVN developed in less than three years. In 
this article, we aimed to present the development of 
low-dose prednisolone treatment-related AVN in a 
patient with secondary adrenal insufficiency due to 
surgery for non-functional pituitary adenoma.

CASE REPORT

Our case is a 34-year-old male patient who was 
operated for a non-secreting pituitary macroadenoma 

four years ago and who eventually developed 
secondary adrenal and thyroid insufficiency. He did 
not attend regular follow-up for the last three years, 
either in the surgery or endocrinology unit. He 
started having pain in bilateral hip associated with 
limping approximately three years after initiation 
of prednisolone therapy (daily dose 5 mg). He was 
admitted to our clinic with hip pain, weakness, 
fatigue, and nausea ongoing for the last three 
months. The patient started to use crutches and 
had difficulty in walking. He was diagnosed with 
osteonecrosis of femoral head three months ago, and 
he stopped prednisolone and thyroxine treatment by 
himself. He did not consume alcohol or cigarettes. 
Biochemical investigations were consistent with 
panhypopituitarism (Table I). X-ray and hip 
magnetic resonance imaging (MRI) showed AVN 
at the femoral head (Figures 1 and 2). Adenoma 
or residual mass was not detected in pituitary 
MRI. Hydrocortisone (10 mg/day) was started for 
secondary adrenal insufficiency as it was believed to 
be the more physiological preparation compared to 
other glucocorticoids. Levothyroxine was initiated 
one week later for secondary hypothyroidism, 
initially at 100 μg/day, and later increased to 
125 μg/day. Injectable testosterone was also initiated 
at a dose of 250 mg/monthly as intramuscular 
injection. The patient underwent core decompression 
surgery for left hip and given vitamin D and calcium 
supplementation. Hip replacement therapy was 
planned for the right hip. Significant improvement 
was achieved in the patient's symptoms and findings 
after the treatment. Also, his hip pain subsided, and 
he started to walk without crutches three months 
after surgery. In the sixth month follow-up, he was 
still on low-dose glucocorticoid replacement, which 

TAblE I
Hormonal analysis of patient at time of admission

Values Reference range

Free T4 (ng/dL) 0.43 0.58-1.16  

Free T3 (ng/dL) 3 2.66-4.37

Thyroid stimulating hormone (mIU/L) 4.1 0.38-5.33 

Prolactin (ng/mL) 3.71 2.64-13.13  

Follicle stimulating hormone (IU/L) 0.86 1.27-19.26

Luteinizing hormone (IU/L) 0.11 1.24-8.62  

Total testosterone (ng/dL) 35 175-781  

Growth hormone (ng/ml) <0.05 0-3     

Somatomedin C (ng/mL) 40.8 63.4-223 

Adrenocorticotropic hormone (pg/mL) 5.28 0-46

Cortizol (μg/dL) 0.1 6.7-22.6  

FIGURE 1. Anteroposterior view of pelvis showing flattening 
of outer portion of bilateral femoral head from avascular 
necrosis, with adjacent joint space narrowing.
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would continue lifelong. Unfortunately, the patient 
could not come to the follow-up examinations 
because he moved to another city after six months 
of follow-up. Therefore, we could not know whether 
the replacement therapy was performed for the right 
hip. A written informed consent was obtained from 
the patient.

DISCUSSION

Avascular necrosis is a disease associated with 
high morbidity and disability. Early diagnosis has 
the potential to reduce morbidity and to improve 
the patient’s quality of life. However, despite the 
technological improvements in diagnosis, detection 

remains difficult due to the lack of early clinical 
symptoms. As with many other insidious diseases, 
suspecting AVN can help uncover those patients who 
may be suffering from the disease but who do not 
have severe clinical symptoms. Although most cases 
of AVN result from trauma, non-traumatic AVN 
should be suspected in patients with a predilection 
for the disease. Avascular necrosis is one of the 
important complications of glucocorticoid therapy 
occurring in up to 40% of patients, and high-dose 
use of corticosteroids is the most common cause of 
non-traumatic AVN.[9] Although the exact reason is 
unknown, a complex interplay and imbalance of bone 
resorption and formation, impairment of vasculature 

FIGURE 2. (a) T1 coronal and (b) short tau inversion recovery coronal magnetic resonance imaging of hip 
demonstrating bilateral hip avascular necrosis more advanced on right side which displays focal depression of 
femoral head and irregular femoral epiphysis (a, black arrow) with marrow edema extending to neck (b, white 
arrow). On left side, there is crescent sign of femoral head (a, blue arrow). Bilateral hip joint effusion is seen more 
on right side (b, curved arrows).

(a) (b)

TAblE II
Reports of avascular necrosis with low-dose steroid treatment

No Author Age/Gender Steroid treatment Treatment duration Result AVN treatment

1 Spencer et al.,[7] 27/F 4 mg prednisolone 
for renal 

transplantation

10 years Unilateral AVN 
(right hip)

*

2 Dharmshaktu et al.,[5] 38/M 5 mg prednisolone 
for hypopituitarism

2 years Bilateral AVN Surgery, zoledronic 
acid, calcium, 

vitamin D

3 Hossain et al.,[8] 41/F 25 mg hydrocortisone 
for hypopituitarism

7 months Unilateral AVN 
(right hip)

Alendronate, 
calcium, vitamin D

4 Rajput et al.,[6] 60/F 5 mg prednisolone 
for Sheehan's 
syndrome**

16 years Bilateral AVN Not reported

5 Present case 34/M 5 mg prednisolone 
for hypopituitarism

3 years Bilateral AVN Surgery, calcium, 
vitamin D

AVN: Avascular necrosis; * AVN diagnosed during autopsy; ** Patient used hydrocortisone 20 mg/day for 1.5 years after 16 years of prednisolone treatment.
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within the bone, and apoptosis could be possible 
mechanisms.[2,10] In a study of 66 steroid-induced 
AVN cases, the most common associated route 
involved was intravenous steroids followed by oral 
and rarely intramuscular, intraarticular injections, 
and inhaled steroids.[11] There is no exact cumulative 
dose for the development of AVN due to steroid 
use. Dimant et al.[12] failed to find any correlation 
between peak dose, duration, or cumulative dose 
of steroid and the development of osteonecrosis. 
However, it appears that in the majority of the 
studies, patients who were at increased risk of 
AVN received a dose of greater than 10 mg/day of 
prednisone, which is much higher than the dose 
of our patient.[13,14] A meta-analysis suggested a 
4.6-fold increase in the incidence of AVN with every 
10 mg/day increase in prednisone therapy.[14] A few 
cases of steroid-induced AVN where lower doses 
had been used have been reported (Table II).[5-8] 
Rajput and Kulshreshtha[6] reported bilateral AVN 
of the femoral head in a patient who received 
prednisolone for 16 years and hydrocortisone for 
one-and-half years for Sheehan syndrome. Spencer 
et al.[7] reported AVN of the femoral head occurring 
after 10 years of oral prednisone dose of 4 mg/day. 
However, the patient had also received intravenous 
methylprednisolone injection previously. Hossaina 
et al.[8] reported unilateral AVN of the femoral head 
occurring after seven months of oral hydrocortisone 
dose of 25 mg/day. However, the patient had 
menopause, which could be a contributing factor 
for steroid-induced osteonecrosis. Dharmshaktu et 
al.[5] reported bilateral AVN with 5 mg/day dose 
of oral prednisolone therapy over a duration of 
two years. However, the patient had a history of 
dexamethasone therapy at a dose of 2 mg/day before 
prednisolone therapy. Similarly, we report bilateral 
AVN of the femoral head occurring after three years 
of oral prednisone at 5 mg/day. Our patient had no 
history of using steroid therapy before and AVN 
developed in less than three years with low-dose 
prednisolone treatment.

Bisphosphonate, calcium, and vitamin D 
treatment were given to the reported cases. 
Dharmshaktu et al.[5] reported that the patient 
underwent core decompression surgery with 
medical treatment. However, Hossaina et al.[8] 
reported that the patient underwent hip replacement 
surgery with medical treatment. Steroid treatment 
was changed to hydrocortisone in both cases. In 
the present case, the patient was given calcium 
and vitamin D supplementation. Similarly to 
the literature, oral prednisone was switched to 
hydrocortisone. The bone mineral density result 

of the patient was compatible with osteopenia. 
Thus we could not administer bisphosphonate 
treatment to the patient because of the national 
healthcare system reimbursement conditions for 
bisphosphonate in Turkey. In addition, the patient 
also had esophagitis symptoms and did not wish to 
take bisphosphonate treatment. Core decompression 
surgery was performed on the left hip of the patient. 
Hip replacement therapy was planned for the right 
hip; however, the patient did not show up after six 
months of follow-up.

Osteonecrosis with such low doses of 
corticosteroids is a rare finding. Tokuhara et al.[15] 
examined the relationship between osteonecrosis and 
steroid dose in white rabbits, and they observed that 
low levels of steroid metabolizing hepatic activity 
might increase the responsiveness to steroids and 
the risk of steroid-induced osteonecrosis even with 
low steroid dose.

In conclusion, when hip pain develops in patients 
receiving steroid therapy, AVN should be considered 
in the differential diagnosis. Early diagnosis of hip 
AVN is critical, as all treatments oriented to the 
preservation of the femoral head are more successful 
when applied in the early course of the disease. 
Management by stopping steroid treatment can be 
challenging in many cases due to the possibility of 
adrenal crisis. In such cases, standard management 
is reducing steroid to the lowest possible dose. This 
report intends to highlight the occurrence of AVN of 
the femur even with a very low dose of glucocorticoid 
used for the treatment of panhypopituitarism.
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