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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv) _____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00 _____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv _____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00 _________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 
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ABSTRACT

Primary hyperparathyroidism (PHPT) presenting as pathological 
fractures with brown tumors is very rare in children. The rarity and 
variable presentation of PHPT can make its diagnosis a challenge – 
especially in the developing countries where malnutrition may mask 
hypercalcemia. We report a case of a 14–year-old girl who presented 
with muscle pain, multiple fractures and bone pain. Laboratory tests 
revealed normocalcemia with vitamin D insufficiency. Subsequent 
biochemical, radiographic and scintigraphic findings were consistent 
with primary hyperparathyroidism due to a parathyroid adenoma. 
Tumor resection was done in a local hospital and histopathology 
confirmed parathyroid adenoma. Following parathyroidectomy, 
fractures were treated conservatively with supplementation of 
calcium and vitamin D. We found her quite capable of self-care and 
walking in good health at 1 year follow up. Though rare, 
PHPT-causing brown tumors related skeletal fractures is an important 
differential diagnosis in the evaluation of patients presenting with 
multiple foci of radiotracer uptake in bone scintigraphy.

Keywords: Hyperparathyroidism, pathological fracture, brown 
tumor, parathyroid adenoma, bone scintigraphy
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INTRODUCTION 
Primary hyperparathyroidism (PHPT) is rare in childhood 
and early adolescence, and may present special difficulties 
in diagnosis (1). The clinical symptoms of hyperpar- 
athyroidism at an early stage are mostly nonspecific and 
atypical, making it very difficult to diagnose. The 
diagnosis of most cases is delayed and patients may 
present with complications of long-term hypercalcemia, 
such as brown tumors, or nephrocalcinosis or pathological 
fracture. Although the measurement of serum calcium and 

parathyroid hormone (PTH) levels provide early diagnosis 
and decreases the incidence of radiographic bone 
involvement, progressive major bone lesions may still be 
seen in developing countries even in the modern era. The 
diagnosis can be very perplexing especially because the 
expected hypercalcemia associated with the PHPT may be 
masked by calcium, protein or vitamin D deficiency (2, 3). 
The reported incidence of fractures in hyperpar- 
athyroidism is quite low, about 10% in two large series (4), 
and apart from vertebral compression fractures, no 
characteristic fracture pattern have been described. 
Extensive bony involvement with pathological fractures as 
a presenting feature due to parathyroid carcinoma has been 
documented (2, 5), but multiple pathological fractures, as a 
presenting feature of primary hyperthyroidism due to 
parathyroid adenoma is extremely rare. Here we present a 
case of an adolescent girl who presented with multiple 
fractures and brown tumors due to parathyroid adenoma.

CASE REPORT
A 14-years-old girl was referred to the scintigraphy 
division of Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mymensingh for the evaluation of recurrent 
fractures and bone tumors. She had been experiencing 
muscle weakness, bone pain and recurrent bone fractures of 
the limb over 2-years following minor accidental injury. 
There was history of fracture of her right mid femur which 
was not treated as pathological fracture. Inadequate and 
improper management led to healing with malunion and 
limb deformity. Prior to this, she had left femoral neck 
fracture managed by conservative treatment two years ago. 
She also recalled one-year history of both thigh pain 

unresponsive to common analgesics, unexplained fatigue 
and generalized muscle weakness. Physical examination 
revealed right thigh and right humerus swelling with 
tenderness, deformity of left hip with movement 

restrictions. The girl had no history of tuberculosis, rickets 
or childhood malnutrition. Radiographic images showed 
multiple fractures of left femur neck, shaft of right femur 
and ribs with features of osteolysis (Figure 1). 

Initial laboratory tests showed normal complete blood 
count, serum calcium level of 10.2 mg/dl, (normal range 
10.0 - 12.0 mg/dl), low phosphorus level of 2.4 mg/dl, 
(normal range, 3.0-5.0 mg/dl), and slightly high alkaline 
phosphatase (ALP) 380 IU/L (normal range, 65-300 
IU/L). HBsAg and RA tests were negative.

A whole body bone scan was performed with 555 MBq of 
99mTc-methylene diphosphonate (99mTc-MDP) using 
Symbia True Point SPECT/CT. The bone scan showed 
multiple focal areas of increased radiotracer uptake in the 
right humerus, right scapula, sternum, clavicles and ribs 
bilaterally, left femoral neck, right femoral shaft and 
lower part of left tibia (Figure 2). 

Scintigraphic images looked like extensive skeletal 
metastases of unknown primary (SMUP). However, 
cancer biomarkers (e.g. Serum CEA, CA-15-3 and 
CA-125), abdominal ultrasound scan, kidney and thyroid 
function tests were unremarkable. After getting the 
elevated serum parathormone (PTH) level of 356 ng/ dl 
(normal range, < 20 ng/dl) and low 25-hydroxyvitamin D 
(25-OHD) level of 21.0 ng/ml (normal range, 30 – 100 
ng/ml), a parathyroid imaging was scheduled for the 

patient. Firstly, a high resolution ultrasound scan of neck 
revealed a small hypoechoic nodular mass like lesion (~1.8 
X 0.7 cm) within the lower part of left lobe of thyroid with 
possible extension cephalad and posterior, and thought to 
be a thyroid nodule (Figure 2). However, the possibility of 
an intrathyroidal parathyroid tumor could not be excluded. 
Secondly, a 99mTc-MIBI- SPECT/CT scan of neck and 
upper chest showed MIBI avid left inferior parathyroid 
lesion highly suspicious of adenoma (Figure 3).

In addition, CT component of SPECT/CT demonstrated 
multiple osteolytic and expansile bone lesions in sternum, 
clavicles, multiple ribs and right humerus (Figure 3). 
Subsequently, patient underwent left inferior 
parathyroidectomy with curative intent. Histopatho- logical 
examination confirmed the diagnosis of parathyroid 
adenoma and no features of malignancy. 

Two days postoperatively, the patient experienced transient 
mild hypocalcemia (7.1 mg/dl) and treated with oral calcium 
carbonate supplementation. Interestingly, on 7th 
postoperative day, there was persistently elevated PTH (273 
ng/dl) which raised the suspicion of either incomplete 
surgical procedure or the presence of more adenoma. Whole 
body imaging with 99mTc-MIBI SPECT/CT was done which 
apparently showed no abnormality but CT component 
revealed osteolytic and expansile bony lesions in the sternum, 
clavicle, ribs, right humerus, and additionally, similar lesions 
in left femoral neck and right femur (Figure 4). 

Decreased bone density was also observed and the 
trabecular bone of the femur was thinned. 
Histopathological biopsy of right femoral lesion reported 
features consistent with brown tumor and possibly the 
osteolytic expansile skeletal lesions of left femoral neck, 
right humerus, sternum and other sites were due to primary 
hyperparathyroidism-related multifocal brown tumors.

After conservative treatment of the fractures the patient 
was discharged with supplementation of oral calcium 
carbonate and cholecalciferol. However, PTH level was 
elevated, which took 3 months to come down to normal, 
indicating cure. Furthermore, patient neither complained 
bony pain nor muscle weakness. 

At 1 year follow up, patient was found stable with CT 
proven regression of the skeletal lesions with a serum 
PTH of 15ng/ml and continued calcium and vitamin-D 
supplementation.  

SHORT REVIEW

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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DISCUSSION
Primary hyperparathyroidism (PHPT) affects 22 per 
100,0000 people per year with a mean age of onset of 56 
years and a female preponderance of 3:1 (6). The 
incidence in patients aged 12 to 28 years is less than 5% 
(7). Solitary parathyroid adenomas account for 80 to 85% 
cases of PHPT. Less common causes include multiple 
adenomas, parathyroid hyperplasia, and parathyroid 
carcinoma. Biochemical screening of serum calcium 
detects PHPT early and reduce the classical presentation 
with renal stones or bone manifestations. Reported 
literature cases of PHPT described mainly of patients 
presenting with severe skeletal deformities, fractures and 
aesthesia, similar to this reported case (8, 9). In a large 
case series, the correct diagnosis was delayed for years 
because most of the patients presented with skeletal 
problems (30%-40%), such as osteopenia, osteoclastoma, 
fractures and renal involvement (40%-50%) e.g. 
nephrocalcinosis or renal calculi, both of which are the 
complications associated with long term hyperparathy- 

roidism (9). This case unusually presented with initial 
normocalcemia, much younger age and concomitant 
multiple fractures and brown tumors which raised 
diagnostic dilemma. Serra et al. reported that 
normocalcemic PHPT has similar complications like 
hypercalemic PHPT including nephrolithiasis and severe 
bone disease. Clinical presentation with pathological 
fractures as a symptom of hyperparathyroidism in young 
patient of parathyroid adenoma is extremely rare (10). 
Early diagnosis is important to prevent fracture. 

Brown tumor is considered a benign tumor, belongs to 
giant-cell tumor group. Fibrous tissue replacing the bone is 
mixed with multinucleated giant cells and hemorrhagic foci 
(accumulation of hemosiderin in macrophages gives the 
name of the tumor). The lesion may grow, generate pain or 
pathological fractures. The majority of brown tumors are 
secondary to parathyroid adenoma, a small proportion 
secondary to parathyroid hyperplasia and rarely parathyroid 
carcinoma. Our patient presented with bone involvement, 
which has been noted in a number of other studies (3-4).
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv) _____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00 _____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv _____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00 _________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

ABSTRACT

Primary hyperparathyroidism (PHPT) presenting as pathological 
fractures with brown tumors is very rare in children. The rarity and 
variable presentation of PHPT can make its diagnosis a challenge – 
especially in the developing countries where malnutrition may mask 
hypercalcemia. We report a case of a 14–year-old girl who presented 
with muscle pain, multiple fractures and bone pain. Laboratory tests 
revealed normocalcemia with vitamin D insufficiency. Subsequent 
biochemical, radiographic and scintigraphic findings were consistent 
with primary hyperparathyroidism due to a parathyroid adenoma. 
Tumor resection was done in a local hospital and histopathology 
confirmed parathyroid adenoma. Following parathyroidectomy, 
fractures were treated conservatively with supplementation of 
calcium and vitamin D. We found her quite capable of self-care and 
walking in good health at 1 year follow up. Though rare, 
PHPT-causing brown tumors related skeletal fractures is an important 
differential diagnosis in the evaluation of patients presenting with 
multiple foci of radiotracer uptake in bone scintigraphy.
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tumor, parathyroid adenoma, bone scintigraphy
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INTRODUCTION 
Primary hyperparathyroidism (PHPT) is rare in childhood 
and early adolescence, and may present special difficulties 
in diagnosis (1). The clinical symptoms of hyperpar- 
athyroidism at an early stage are mostly nonspecific and 
atypical, making it very difficult to diagnose. The 
diagnosis of most cases is delayed and patients may 
present with complications of long-term hypercalcemia, 
such as brown tumors, or nephrocalcinosis or pathological 
fracture. Although the measurement of serum calcium and 

parathyroid hormone (PTH) levels provide early diagnosis 
and decreases the incidence of radiographic bone 
involvement, progressive major bone lesions may still be 
seen in developing countries even in the modern era. The 
diagnosis can be very perplexing especially because the 
expected hypercalcemia associated with the PHPT may be 
masked by calcium, protein or vitamin D deficiency (2, 3). 
The reported incidence of fractures in hyperpar- 
athyroidism is quite low, about 10% in two large series (4), 
and apart from vertebral compression fractures, no 
characteristic fracture pattern have been described. 
Extensive bony involvement with pathological fractures as 
a presenting feature due to parathyroid carcinoma has been 
documented (2, 5), but multiple pathological fractures, as a 
presenting feature of primary hyperthyroidism due to 
parathyroid adenoma is extremely rare. Here we present a 
case of an adolescent girl who presented with multiple 
fractures and brown tumors due to parathyroid adenoma.

CASE REPORT
A 14-years-old girl was referred to the scintigraphy 
division of Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mymensingh for the evaluation of recurrent 
fractures and bone tumors. She had been experiencing 
muscle weakness, bone pain and recurrent bone fractures of 
the limb over 2-years following minor accidental injury. 
There was history of fracture of her right mid femur which 
was not treated as pathological fracture. Inadequate and 
improper management led to healing with malunion and 
limb deformity. Prior to this, she had left femoral neck 
fracture managed by conservative treatment two years ago. 
She also recalled one-year history of both thigh pain 

unresponsive to common analgesics, unexplained fatigue 
and generalized muscle weakness. Physical examination 
revealed right thigh and right humerus swelling with 
tenderness, deformity of left hip with movement 

restrictions. The girl had no history of tuberculosis, rickets 
or childhood malnutrition. Radiographic images showed 
multiple fractures of left femur neck, shaft of right femur 
and ribs with features of osteolysis (Figure 1). 

Initial laboratory tests showed normal complete blood 
count, serum calcium level of 10.2 mg/dl, (normal range 
10.0 - 12.0 mg/dl), low phosphorus level of 2.4 mg/dl, 
(normal range, 3.0-5.0 mg/dl), and slightly high alkaline 
phosphatase (ALP) 380 IU/L (normal range, 65-300 
IU/L). HBsAg and RA tests were negative.

A whole body bone scan was performed with 555 MBq of 
99mTc-methylene diphosphonate (99mTc-MDP) using 
Symbia True Point SPECT/CT. The bone scan showed 
multiple focal areas of increased radiotracer uptake in the 
right humerus, right scapula, sternum, clavicles and ribs 
bilaterally, left femoral neck, right femoral shaft and 
lower part of left tibia (Figure 2). 

Scintigraphic images looked like extensive skeletal 
metastases of unknown primary (SMUP). However, 
cancer biomarkers (e.g. Serum CEA, CA-15-3 and 
CA-125), abdominal ultrasound scan, kidney and thyroid 
function tests were unremarkable. After getting the 
elevated serum parathormone (PTH) level of 356 ng/ dl 
(normal range, < 20 ng/dl) and low 25-hydroxyvitamin D 
(25-OHD) level of 21.0 ng/ml (normal range, 30 – 100 
ng/ml), a parathyroid imaging was scheduled for the 

patient. Firstly, a high resolution ultrasound scan of neck 
revealed a small hypoechoic nodular mass like lesion (~1.8 
X 0.7 cm) within the lower part of left lobe of thyroid with 
possible extension cephalad and posterior, and thought to 
be a thyroid nodule (Figure 2). However, the possibility of 
an intrathyroidal parathyroid tumor could not be excluded. 
Secondly, a 99mTc-MIBI- SPECT/CT scan of neck and 
upper chest showed MIBI avid left inferior parathyroid 
lesion highly suspicious of adenoma (Figure 3).

In addition, CT component of SPECT/CT demonstrated 
multiple osteolytic and expansile bone lesions in sternum, 
clavicles, multiple ribs and right humerus (Figure 3). 
Subsequently, patient underwent left inferior 
parathyroidectomy with curative intent. Histopatho- logical 
examination confirmed the diagnosis of parathyroid 
adenoma and no features of malignancy. 

Two days postoperatively, the patient experienced transient 
mild hypocalcemia (7.1 mg/dl) and treated with oral calcium 
carbonate supplementation. Interestingly, on 7th 
postoperative day, there was persistently elevated PTH (273 
ng/dl) which raised the suspicion of either incomplete 
surgical procedure or the presence of more adenoma. Whole 
body imaging with 99mTc-MIBI SPECT/CT was done which 
apparently showed no abnormality but CT component 
revealed osteolytic and expansile bony lesions in the sternum, 
clavicle, ribs, right humerus, and additionally, similar lesions 
in left femoral neck and right femur (Figure 4). 

Decreased bone density was also observed and the 
trabecular bone of the femur was thinned. 
Histopathological biopsy of right femoral lesion reported 
features consistent with brown tumor and possibly the 
osteolytic expansile skeletal lesions of left femoral neck, 
right humerus, sternum and other sites were due to primary 
hyperparathyroidism-related multifocal brown tumors.

After conservative treatment of the fractures the patient 
was discharged with supplementation of oral calcium 
carbonate and cholecalciferol. However, PTH level was 
elevated, which took 3 months to come down to normal, 
indicating cure. Furthermore, patient neither complained 
bony pain nor muscle weakness. 

At 1 year follow up, patient was found stable with CT 
proven regression of the skeletal lesions with a serum 
PTH of 15ng/ml and continued calcium and vitamin-D 
supplementation.  

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.

REFERENCES
1. Furhang EE, Chui CS, Sgouros G. A Monte Carlo approach to 

patient-specific dosimetry. Medical physics. 1996 Sep;23(9):1523-9.
2. Johnson TE, Birky BK. Health physics and radiological health. 

Lippincott Williams & Wilkins; 2012 Oct 9.
3. Ferdous J, Hossain S, Begum F, Hoque MD. Assessment of activity 

concentration and effective doses from bioassay sample of 

occupational workers in NINMAS, Bangladesh. Int J 
RadiolRadiatTher. 2016;1(2):00008.

4. Dantas BM, Lucena EA, Dantas ALA. Internal exposure in nuclear 
medicine: Application of IAEA Criteria to Determine the Need for 
Internal Monitoring, Braz. arch. biol. technol. 2008 Dec;51.

5. Ferdous MJ, Alam Z, Khan RK, Iqubal SM, Islam A. Internal 
Radiation monitoring of occupational staff in Nuclear medicine 
facility. Bangladesh Journal of Medical Physics 2012;5(1): 63- 70.

6. KnollF. Radiation Detection and Measurement. John Wiley and sons 
Inc.2nded.USA. 1989.

7. Engert T. Surface characterization and surface protection of 
germanium detector crystals. The University of Liverpool (United 
Kingdom); 2010.

8. Iqubal SM. Calculation of Radiation Doses from Intake of 
Radionuclides. PhD thesis, National University Gazipur. 2011.

9. International Commission on Radiological Protection, 
Age-dependent Doses to Members of the Public from Intake of 
Radionuclides: Part 4 Inhalation Dose Coefficients. ICRP 
Publication.Pergamon Press. 71. 1995.

10. International Commission on Radiological Protection, Individual 
monitoring for internal exposure of workers. ICRP 
Publication.Pergamon Press. 78. 1997.

DISCUSSION
Primary hyperparathyroidism (PHPT) affects 22 per 
100,0000 people per year with a mean age of onset of 56 
years and a female preponderance of 3:1 (6). The 
incidence in patients aged 12 to 28 years is less than 5% 
(7). Solitary parathyroid adenomas account for 80 to 85% 
cases of PHPT. Less common causes include multiple 
adenomas, parathyroid hyperplasia, and parathyroid 
carcinoma. Biochemical screening of serum calcium 
detects PHPT early and reduce the classical presentation 
with renal stones or bone manifestations. Reported 
literature cases of PHPT described mainly of patients 
presenting with severe skeletal deformities, fractures and 
aesthesia, similar to this reported case (8, 9). In a large 
case series, the correct diagnosis was delayed for years 
because most of the patients presented with skeletal 
problems (30%-40%), such as osteopenia, osteoclastoma, 
fractures and renal involvement (40%-50%) e.g. 
nephrocalcinosis or renal calculi, both of which are the 
complications associated with long term hyperparathy- 

roidism (9). This case unusually presented with initial 
normocalcemia, much younger age and concomitant 
multiple fractures and brown tumors which raised 
diagnostic dilemma. Serra et al. reported that 
normocalcemic PHPT has similar complications like 
hypercalemic PHPT including nephrolithiasis and severe 
bone disease. Clinical presentation with pathological 
fractures as a symptom of hyperparathyroidism in young 
patient of parathyroid adenoma is extremely rare (10). 
Early diagnosis is important to prevent fracture. 

Brown tumor is considered a benign tumor, belongs to 
giant-cell tumor group. Fibrous tissue replacing the bone is 
mixed with multinucleated giant cells and hemorrhagic foci 
(accumulation of hemosiderin in macrophages gives the 
name of the tumor). The lesion may grow, generate pain or 
pathological fractures. The majority of brown tumors are 
secondary to parathyroid adenoma, a small proportion 
secondary to parathyroid hyperplasia and rarely parathyroid 
carcinoma. Our patient presented with bone involvement, 
which has been noted in a number of other studies (3-4).

Figure 1: (A) Chest X-ray PA view showing multiple rib fracture and osteolytic lesions (white arrow heads). (B) Right 
humerus and shoulder with expansile osteolytic lesions and thinning of cortex (black arrow heads). (C) Right femur 
showing both sclerotic and osteolytic lesions with pathological fracture at the lower mid shaft (white arrow). (D) Pelvic 
X-ray shows pathological fracture in the neck of left femur (black arrow) with pelvic deformity. 
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv) _____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00 _____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv _____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00 _________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

ABSTRACT

Primary hyperparathyroidism (PHPT) presenting as pathological 
fractures with brown tumors is very rare in children. The rarity and 
variable presentation of PHPT can make its diagnosis a challenge – 
especially in the developing countries where malnutrition may mask 
hypercalcemia. We report a case of a 14–year-old girl who presented 
with muscle pain, multiple fractures and bone pain. Laboratory tests 
revealed normocalcemia with vitamin D insufficiency. Subsequent 
biochemical, radiographic and scintigraphic findings were consistent 
with primary hyperparathyroidism due to a parathyroid adenoma. 
Tumor resection was done in a local hospital and histopathology 
confirmed parathyroid adenoma. Following parathyroidectomy, 
fractures were treated conservatively with supplementation of 
calcium and vitamin D. We found her quite capable of self-care and 
walking in good health at 1 year follow up. Though rare, 
PHPT-causing brown tumors related skeletal fractures is an important 
differential diagnosis in the evaluation of patients presenting with 
multiple foci of radiotracer uptake in bone scintigraphy.

Keywords: Hyperparathyroidism, pathological fracture, brown 
tumor, parathyroid adenoma, bone scintigraphy
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INTRODUCTION 
Primary hyperparathyroidism (PHPT) is rare in childhood 
and early adolescence, and may present special difficulties 
in diagnosis (1). The clinical symptoms of hyperpar- 
athyroidism at an early stage are mostly nonspecific and 
atypical, making it very difficult to diagnose. The 
diagnosis of most cases is delayed and patients may 
present with complications of long-term hypercalcemia, 
such as brown tumors, or nephrocalcinosis or pathological 
fracture. Although the measurement of serum calcium and 

parathyroid hormone (PTH) levels provide early diagnosis 
and decreases the incidence of radiographic bone 
involvement, progressive major bone lesions may still be 
seen in developing countries even in the modern era. The 
diagnosis can be very perplexing especially because the 
expected hypercalcemia associated with the PHPT may be 
masked by calcium, protein or vitamin D deficiency (2, 3). 
The reported incidence of fractures in hyperpar- 
athyroidism is quite low, about 10% in two large series (4), 
and apart from vertebral compression fractures, no 
characteristic fracture pattern have been described. 
Extensive bony involvement with pathological fractures as 
a presenting feature due to parathyroid carcinoma has been 
documented (2, 5), but multiple pathological fractures, as a 
presenting feature of primary hyperthyroidism due to 
parathyroid adenoma is extremely rare. Here we present a 
case of an adolescent girl who presented with multiple 
fractures and brown tumors due to parathyroid adenoma.

CASE REPORT
A 14-years-old girl was referred to the scintigraphy 
division of Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mymensingh for the evaluation of recurrent 
fractures and bone tumors. She had been experiencing 
muscle weakness, bone pain and recurrent bone fractures of 
the limb over 2-years following minor accidental injury. 
There was history of fracture of her right mid femur which 
was not treated as pathological fracture. Inadequate and 
improper management led to healing with malunion and 
limb deformity. Prior to this, she had left femoral neck 
fracture managed by conservative treatment two years ago. 
She also recalled one-year history of both thigh pain 

unresponsive to common analgesics, unexplained fatigue 
and generalized muscle weakness. Physical examination 
revealed right thigh and right humerus swelling with 
tenderness, deformity of left hip with movement 

restrictions. The girl had no history of tuberculosis, rickets 
or childhood malnutrition. Radiographic images showed 
multiple fractures of left femur neck, shaft of right femur 
and ribs with features of osteolysis (Figure 1). 

Initial laboratory tests showed normal complete blood 
count, serum calcium level of 10.2 mg/dl, (normal range 
10.0 - 12.0 mg/dl), low phosphorus level of 2.4 mg/dl, 
(normal range, 3.0-5.0 mg/dl), and slightly high alkaline 
phosphatase (ALP) 380 IU/L (normal range, 65-300 
IU/L). HBsAg and RA tests were negative.

A whole body bone scan was performed with 555 MBq of 
99mTc-methylene diphosphonate (99mTc-MDP) using 
Symbia True Point SPECT/CT. The bone scan showed 
multiple focal areas of increased radiotracer uptake in the 
right humerus, right scapula, sternum, clavicles and ribs 
bilaterally, left femoral neck, right femoral shaft and 
lower part of left tibia (Figure 2). 

Scintigraphic images looked like extensive skeletal 
metastases of unknown primary (SMUP). However, 
cancer biomarkers (e.g. Serum CEA, CA-15-3 and 
CA-125), abdominal ultrasound scan, kidney and thyroid 
function tests were unremarkable. After getting the 
elevated serum parathormone (PTH) level of 356 ng/ dl 
(normal range, < 20 ng/dl) and low 25-hydroxyvitamin D 
(25-OHD) level of 21.0 ng/ml (normal range, 30 – 100 
ng/ml), a parathyroid imaging was scheduled for the 

patient. Firstly, a high resolution ultrasound scan of neck 
revealed a small hypoechoic nodular mass like lesion (~1.8 
X 0.7 cm) within the lower part of left lobe of thyroid with 
possible extension cephalad and posterior, and thought to 
be a thyroid nodule (Figure 2). However, the possibility of 
an intrathyroidal parathyroid tumor could not be excluded. 
Secondly, a 99mTc-MIBI- SPECT/CT scan of neck and 
upper chest showed MIBI avid left inferior parathyroid 
lesion highly suspicious of adenoma (Figure 3).

In addition, CT component of SPECT/CT demonstrated 
multiple osteolytic and expansile bone lesions in sternum, 
clavicles, multiple ribs and right humerus (Figure 3). 
Subsequently, patient underwent left inferior 
parathyroidectomy with curative intent. Histopatho- logical 
examination confirmed the diagnosis of parathyroid 
adenoma and no features of malignancy. 

Two days postoperatively, the patient experienced transient 
mild hypocalcemia (7.1 mg/dl) and treated with oral calcium 
carbonate supplementation. Interestingly, on 7th 
postoperative day, there was persistently elevated PTH (273 
ng/dl) which raised the suspicion of either incomplete 
surgical procedure or the presence of more adenoma. Whole 
body imaging with 99mTc-MIBI SPECT/CT was done which 
apparently showed no abnormality but CT component 
revealed osteolytic and expansile bony lesions in the sternum, 
clavicle, ribs, right humerus, and additionally, similar lesions 
in left femoral neck and right femur (Figure 4). 

Decreased bone density was also observed and the 
trabecular bone of the femur was thinned. 
Histopathological biopsy of right femoral lesion reported 
features consistent with brown tumor and possibly the 
osteolytic expansile skeletal lesions of left femoral neck, 
right humerus, sternum and other sites were due to primary 
hyperparathyroidism-related multifocal brown tumors.

After conservative treatment of the fractures the patient 
was discharged with supplementation of oral calcium 
carbonate and cholecalciferol. However, PTH level was 
elevated, which took 3 months to come down to normal, 
indicating cure. Furthermore, patient neither complained 
bony pain nor muscle weakness. 

At 1 year follow up, patient was found stable with CT 
proven regression of the skeletal lesions with a serum 
PTH of 15ng/ml and continued calcium and vitamin-D 
supplementation.  

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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DISCUSSION
Primary hyperparathyroidism (PHPT) affects 22 per 
100,0000 people per year with a mean age of onset of 56 
years and a female preponderance of 3:1 (6). The 
incidence in patients aged 12 to 28 years is less than 5% 
(7). Solitary parathyroid adenomas account for 80 to 85% 
cases of PHPT. Less common causes include multiple 
adenomas, parathyroid hyperplasia, and parathyroid 
carcinoma. Biochemical screening of serum calcium 
detects PHPT early and reduce the classical presentation 
with renal stones or bone manifestations. Reported 
literature cases of PHPT described mainly of patients 
presenting with severe skeletal deformities, fractures and 
aesthesia, similar to this reported case (8, 9). In a large 
case series, the correct diagnosis was delayed for years 
because most of the patients presented with skeletal 
problems (30%-40%), such as osteopenia, osteoclastoma, 
fractures and renal involvement (40%-50%) e.g. 
nephrocalcinosis or renal calculi, both of which are the 
complications associated with long term hyperparathy- 

roidism (9). This case unusually presented with initial 
normocalcemia, much younger age and concomitant 
multiple fractures and brown tumors which raised 
diagnostic dilemma. Serra et al. reported that 
normocalcemic PHPT has similar complications like 
hypercalemic PHPT including nephrolithiasis and severe 
bone disease. Clinical presentation with pathological 
fractures as a symptom of hyperparathyroidism in young 
patient of parathyroid adenoma is extremely rare (10). 
Early diagnosis is important to prevent fracture. 

Brown tumor is considered a benign tumor, belongs to 
giant-cell tumor group. Fibrous tissue replacing the bone is 
mixed with multinucleated giant cells and hemorrhagic foci 
(accumulation of hemosiderin in macrophages gives the 
name of the tumor). The lesion may grow, generate pain or 
pathological fractures. The majority of brown tumors are 
secondary to parathyroid adenoma, a small proportion 
secondary to parathyroid hyperplasia and rarely parathyroid 
carcinoma. Our patient presented with bone involvement, 
which has been noted in a number of other studies (3-4).

Figure 2: (A) Whole body bone scan with 99mTc - MDP showing mulitfocal lesions involving right humurs, bilateral 
clavicles, vertebrae, femur and tibial bones. (B) High resolusion neck ultrasonography shows a nodular mass (~1.8 
X 0.7 cm) in the lower part of left thyroid lobe. The mass was hypoechoic and almost homogenous in echotexture.

Figure 3: (A) Early image of dual phase 99mTc-MIBI SPECT/CT shows well developed thyroid gland, increased 
radiotracer uptake at the lower pole of the left thyroid lobe (black arrow). (B) Delayed image of the SPECT/CT 
scan shows decreased radioactivity in the thyroid gland, high radiotracer uptake is still revealed at the lower 
part of the left thyroid lobe (arrow head) coincided with a mass in parathyroid gland through CT. Hybrid 
SPECT/CT confirms left parathyroid adenoma.
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv)_____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00_____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv_____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00_________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

ABSTRACT

Primary hyperparathyroidism (PHPT) presenting as pathological 
fractures with brown tumors is very rare in children. The rarity and 
variable presentation of PHPT can make its diagnosis a challenge – 
especially in the developing countries where malnutrition may mask 
hypercalcemia. We report a case of a 14–year-old girl who presented 
with muscle pain, multiple fractures and bone pain. Laboratory tests 
revealed normocalcemia with vitamin D insufficiency. Subsequent 
biochemical, radiographic and scintigraphic findings were consistent 
with primary hyperparathyroidism due to a parathyroid adenoma. 
Tumor resection was done in a local hospital and histopathology 
confirmed parathyroid adenoma. Following parathyroidectomy, 
fractures were treated conservatively with supplementation of 
calcium and vitamin D. We found her quite capable of self-care and 
walking in good health at 1 year follow up. Though rare, 
PHPT-causing brown tumors related skeletal fractures is an important 
differential diagnosis in the evaluation of patients presenting with 
multiple foci of radiotracer uptake in bone scintigraphy.

Keywords: Hyperparathyroidism, pathological fracture, brown 
tumor, parathyroid adenoma, bone scintigraphy
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INTRODUCTION 
Primary hyperparathyroidism (PHPT) is rare in childhood 
and early adolescence, and may present special difficulties 
in diagnosis (1). The clinical symptoms of hyperpar- 
athyroidism at an early stage are mostly nonspecific and 
atypical, making it very difficult to diagnose. The 
diagnosis of most cases is delayed and patients may 
present with complications of long-term hypercalcemia, 
such as brown tumors, or nephrocalcinosis or pathological 
fracture. Although the measurement of serum calcium and 

parathyroid hormone (PTH) levels provide early diagnosis 
and decreases the incidence of radiographic bone 
involvement, progressive major bone lesions may still be 
seen in developing countries even in the modern era. The 
diagnosis can be very perplexing especially because the 
expected hypercalcemia associated with the PHPT may be 
masked by calcium, protein or vitamin D deficiency (2, 3). 
The reported incidence of fractures in hyperpar- 
athyroidism is quite low, about 10% in two large series (4), 
and apart from vertebral compression fractures, no 
characteristic fracture pattern have been described. 
Extensive bony involvement with pathological fractures as 
a presenting feature due to parathyroid carcinoma has been 
documented (2, 5), but multiple pathological fractures, as a 
presenting feature of primary hyperthyroidism due to 
parathyroid adenoma is extremely rare. Here we present a 
case of an adolescent girl who presented with multiple 
fractures and brown tumors due to parathyroid adenoma.

CASE REPORT
A 14-years-old girl was referred to the scintigraphy 
division of Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mymensingh for the evaluation of recurrent 
fractures and bone tumors. She had been experiencing 
muscle weakness, bone pain and recurrent bone fractures of 
the limb over 2-years following minor accidental injury. 
There was history of fracture of her right mid femur which 
was not treated as pathological fracture. Inadequate and 
improper management led to healing with malunion and 
limb deformity. Prior to this, she had left femoral neck 
fracture managed by conservative treatment two years ago. 
She also recalled one-year history of both thigh pain 

unresponsive to common analgesics, unexplained fatigue 
and generalized muscle weakness. Physical examination 
revealed right thigh and right humerus swelling with 
tenderness, deformity of left hip with movement 

restrictions. The girl had no history of tuberculosis, rickets 
or childhood malnutrition. Radiographic images showed 
multiple fractures of left femur neck, shaft of right femur 
and ribs with features of osteolysis (Figure 1). 

Initial laboratory tests showed normal complete blood 
count, serum calcium level of 10.2 mg/dl, (normal range 
10.0 - 12.0 mg/dl), low phosphorus level of 2.4 mg/dl, 
(normal range, 3.0-5.0 mg/dl), and slightly high alkaline 
phosphatase (ALP) 380 IU/L (normal range, 65-300 
IU/L). HBsAg and RA tests were negative.

A whole body bone scan was performed with 555 MBq of 
99mTc-methylene diphosphonate (99mTc-MDP) using 
Symbia True Point SPECT/CT. The bone scan showed 
multiple focal areas of increased radiotracer uptake in the 
right humerus, right scapula, sternum, clavicles and ribs 
bilaterally, left femoral neck, right femoral shaft and 
lower part of left tibia (Figure 2). 

Scintigraphic images looked like extensive skeletal 
metastases of unknown primary (SMUP). However, 
cancer biomarkers (e.g. Serum CEA, CA-15-3 and 
CA-125), abdominal ultrasound scan, kidney and thyroid 
function tests were unremarkable. After getting the 
elevated serum parathormone (PTH) level of 356 ng/ dl 
(normal range, < 20 ng/dl) and low 25-hydroxyvitamin D 
(25-OHD) level of 21.0 ng/ml (normal range, 30 – 100 
ng/ml), a parathyroid imaging was scheduled for the 

patient. Firstly, a high resolution ultrasound scan of neck 
revealed a small hypoechoic nodular mass like lesion (~1.8 
X 0.7 cm) within the lower part of left lobe of thyroid with 
possible extension cephalad and posterior, and thought to 
be a thyroid nodule (Figure 2). However, the possibility of 
an intrathyroidal parathyroid tumor could not be excluded. 
Secondly, a 99mTc-MIBI- SPECT/CT scan of neck and 
upper chest showed MIBI avid left inferior parathyroid 
lesion highly suspicious of adenoma (Figure 3).

In addition, CT component of SPECT/CT demonstrated 
multiple osteolytic and expansile bone lesions in sternum, 
clavicles, multiple ribs and right humerus (Figure 3). 
Subsequently, patient underwent left inferior 
parathyroidectomy with curative intent. Histopatho- logical 
examination confirmed the diagnosis of parathyroid 
adenoma and no features of malignancy. 

Two days postoperatively, the patient experienced transient 
mild hypocalcemia (7.1 mg/dl) and treated with oral calcium 
carbonate supplementation. Interestingly, on 7th 
postoperative day, there was persistently elevated PTH (273 
ng/dl) which raised the suspicion of either incomplete 
surgical procedure or the presence of more adenoma. Whole 
body imaging with 99mTc-MIBI SPECT/CT was done which 
apparently showed no abnormality but CT component 
revealed osteolytic and expansile bony lesions in the sternum, 
clavicle, ribs, right humerus, and additionally, similar lesions 
in left femoral neck and right femur (Figure 4). 

Decreased bone density was also observed and the 
trabecular bone of the femur was thinned. 
Histopathological biopsy of right femoral lesion reported 
features consistent with brown tumor and possibly the 
osteolytic expansile skeletal lesions of left femoral neck, 
right humerus, sternum and other sites were due to primary 
hyperparathyroidism-related multifocal brown tumors.

After conservative treatment of the fractures the patient 
was discharged with supplementation of oral calcium 
carbonate and cholecalciferol. However, PTH level was 
elevated, which took 3 months to come down to normal, 
indicating cure. Furthermore, patient neither complained 
bony pain nor muscle weakness. 

At 1 year follow up, patient was found stable with CT 
proven regression of the skeletal lesions with a serum 
PTH of 15ng/ml and continued calcium and vitamin-D 
supplementation.  

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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DISCUSSION
Primary hyperparathyroidism (PHPT) affects 22 per 
100,0000 people per year with a mean age of onset of 56 
years and a female preponderance of 3:1 (6). The 
incidence in patients aged 12 to 28 years is less than 5% 
(7). Solitary parathyroid adenomas account for 80 to 85% 
cases of PHPT. Less common causes include multiple 
adenomas, parathyroid hyperplasia, and parathyroid 
carcinoma. Biochemical screening of serum calcium 
detects PHPT early and reduce the classical presentation 
with renal stones or bone manifestations. Reported 
literature cases of PHPT described mainly of patients 
presenting with severe skeletal deformities, fractures and 
aesthesia, similar to this reported case (8, 9). In a large 
case series, the correct diagnosis was delayed for years 
because most of the patients presented with skeletal 
problems (30%-40%), such as osteopenia, osteoclastoma, 
fractures and renal involvement (40%-50%) e.g. 
nephrocalcinosis or renal calculi, both of which are the 
complications associated with long term hyperparathy- 

roidism (9). This case unusually presented with initial 
normocalcemia, much younger age and concomitant 
multiple fractures and brown tumors which raised 
diagnostic dilemma. Serra et al. reported that 
normocalcemic PHPT has similar complications like 
hypercalemic PHPT including nephrolithiasis and severe 
bone disease. Clinical presentation with pathological 
fractures as a symptom of hyperparathyroidism in young 
patient of parathyroid adenoma is extremely rare (10). 
Early diagnosis is important to prevent fracture. 

Brown tumor is considered a benign tumor, belongs to 
giant-cell tumor group. Fibrous tissue replacing the bone is 
mixed with multinucleated giant cells and hemorrhagic foci 
(accumulation of hemosiderin in macrophages gives the 
name of the tumor). The lesion may grow, generate pain or 
pathological fractures. The majority of brown tumors are 
secondary to parathyroid adenoma, a small proportion 
secondary to parathyroid hyperplasia and rarely parathyroid 
carcinoma. Our patient presented with bone involvement, 
which has been noted in a number of other studies (3-4).

 

Figure 3: (C, D) Axial images of the CT component of SPECT/CT demonstrate expansile osteolytic lesion 
involving a rib (white arrow), and a healed rib fracture with deformity (thin white arrow).  (E, F) Axial images of 
the CT of upper chest reveals osteolysis with erosion of the medial end of both clavicles (black arrows), and centrally 
located intramedullary osteolytic lesion with thinning of cortex at upper part of right humerus (black arrow head).
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Then a background spectrum was obtained by placing 
an empty plastic container on the top of the 
well-shielded detector head for 5000 seconds. After 
taking the background reading, each of the sample-filled 
plastic containers was placed on top of the detector head 
and then the entrance door to the shielding arrangement 
was closed. The sample’s counts were acquired for 5000 
seconds. The computer software “Mestro-32” was used 
to transform the data of each sample. The analysis sheet 
contained the energy of emitted gamma photons and the 
corresponding counts per second including the 
statistical error. After searching for the particular 
radionuclide’s peak and taking the corresponding counts 
per sec, the total activity for the particular sample was 
calculated by the following equation

   

Where, C is net counts per second, ε(E) is efficiency of 
the detector at that energy E (keV) of the peak easured 
earlier, V is volume of Urine in milliliter (mL),  PY  = the 
photon energy emission probability at energy E (keV) 
(6-7).

Evaluation of committed effective dose

The committed effective dose and the committed 
equivalent dose can be calculated as follows 

   

Where, HA is the committed effective dose or the 
committed equivalent dose (Sv) by inhalation, HAJ is the 
inhalation dose coefficient (Sv/Bq) for the effective 
dose or for the target organ considered for the 
radionuclide j.

For an acute intake at time t before the measurement, the 
activity of the radionuclides inhaled can be calculated 
by 

  
 

Where, IaAj is the activity (Bq) of the radionuclide j 
inhaled by a member Rj is the whole body the activity of 
the radionuclides j or the activity of the radionuclide j in 
the organ considered, obtained by indirect measurement 
(Bq), raAj is the fractional activity in total body or in the 

organ considered at time t after an acute inhalation a of 
the radionuclide j by a member (8-10)

RESULTS 

A group of seventeen workers, who handle 
radionuclides at NINMAS has been monitored for 
identification and quantification of 131I, 99mTc and F-18 
in urine samples and 86 urine samples were collected 
from occupational workers during the year 2017. Figure 
3 shows the energy spectrum of an urine sample. Three 
sharp peaks were observed at 140.4 keV (99mTc), 364.48 
keV (131I) and 1460 keV (K-40). Among these 
radionuclides K-40 is found naturally in human body. 
No peak of F-18 is observed. Measured activity of 131I 
and the corresponding effective doses for different urine 
samples are listed in Table 1. It is observed that the 
activity of 131I in 11 samples out of 26 is lower than the 
minimum detection level. 

Figure 3: Gamma Energy Spectrum of a Urine 
Sample

The highest and lowest detected radioactivity 
concentrations of 131I in urine samples were 444 ± 39.91 
BqL-1 and 2.21±0.44 BqL-1 respectively, whereas the 
highest and the lowest detected radioactivity 
concentrations of 99mTc in urine samples were 603 ± 
72.36 Bq-1 and 5.53±1.12 BqL-1 respectively. Table 2 
contains the measured activity of 99mTc and the 
effective doses for a total of 47 urine samples. Only 6 
samples have activity lower than minimum detection 
level. Radioactivity of F-18 was found below the 
Minimum Detection level in the urine samples of the 

occupational workers who handled F-18 sources, due to 
low activity of the unsealed F-18 sources and for proper 
shielding.

Table 1: Measured Activity and Effective Dose of 131I 
in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 131I (BqL-1) 131I (μSv)_____________________________________________

1 MDL 0

2 9.92± 1.98 1.95E-01

3 10.5± 2.1 2.07E-01

4 110±13.22 2.17E+00

5 151±30.26 2.98E+00

6 4.03± 0.81 7.93E-02

7 4.45±0.89 8.76E-02

8 MDL 0

9 3.06±0.61 6.02E-02

10 MDL 0

11 MDL 0

12 2.21±0.44 4.35E-02

13 MDL 0

14 MDL 0

15 MDL 0

16 280±33.59 5.51E+00

17 MDL 0

18 MDL 0

19 MDL 0

20 9.63±1.93 1.90E-01

21 304 ± 33.45 5.99E+00

22 12.37 ± 2.47 2.43E-01

23 MDL 0

24 29.93± 5.98 5.89E-01

25 444 ± 39.92 8.73E+00

26 354 ± 31.80 6.95E+00_____________________________________________

MDL= Minimum Detection Limit

Table 2: Measured Activity and Effective Dose of 
99mTc in Urine Samples
_____________________________________________
Worker Measured Effective 
No Activity of Dose of 
 99mTc in BqL-1 99mTc in μSv_____________________________________________
1 MDL 0
2 5.53± 1.12 2.58E-01
3 MDL 0
4 39.36 ± 7.87 1.84E+00
5 47.76± 9.55 2.24E+00
6 39.72± 7.94 1.86E+00
7 48.4± 9.68 2.27E+00
8 24.08± 4.82 1.13E+00
9 27.63± 5.53 1.29E+00
10 28.51± 5.72 1.34E+00
11 31.86 ± 6.73 1.49E+00
12 21.7 ± 4.34 1.02E+00
13 13.93± 2.78 6.53E-01
14 12.7± 2.54 5.95E-01
15 8.41± 1.68 3.94E-01
16 7.61± 1.52 3.57E-01
17 302 ± 36.24 1.41E+01
18 271 ± 32.52 1.27E+01
19 275 ± 33.04 1.29E+01
20 MDL 0
21 64.62± 7.75 3.03E+00
22 64.44 ± 7.73 3.02E+00
23 58.66± 7.04 2.75E+00
24 61.69± 7.29 2.89E+00
25 60.76 ± 6.40 2.85E+00
26 29.44± 3.53 1.38E+00
27 294 ± 35.28 1.38E+01
28 260± 31.02 1.22E+01
29 277± 33.24 1.30E+01
30 42.73±8.55 2.00E+00
31 MDL 0
32 35.05± 7.01 1.64E+00
33 34.71± 6.94 1.63E+00
34 355 ± 70.12 1.66E+01
35 368 ± 44.16 1.72E+01
36 305± 51.06 1.43E+01
37 255 ± 51 1.19E+01
38 MDL 0
39 456 ± 54.72 2.14E+01
40 484± 58.08 2.27E+01
41 597± 71.64 2.80E+01
42 517± 62.04 2.42E+01
43 575± 69.01 2.69E+01
44 603± 72.36 2.82E+01
45 MDL 0
46 209 ± 25.08 9.78E+00
47 172 ± 20.64 8.07E+00_________________________________________________

DISCUSSION
Due to contamination of 99mTc, the highest effective dose was 
28.2 μSv and the lowest effective dose was 0.258 μSv. On the 
other hand, the highest effective dose was 8.73 μSv and the 
lowest effective dose was 0.0435 μSv due to intake of 131I.

The effective doses of occupational staff due to inhalation 
and contamination of 131I and 99mTc radionuclides were 
found low in comparison with annual effective dose of an 
occupational staff which is 20mSv. The results of 
concentrations and doses can contribute to improving 

through regulations and deciding the radiological policies 
for the internal dosimetry of the radiation staff handling the 
radioisotopes in the medical fields. Figure 4 compares the 
average effective dose of 131I and 99mTc with the annual dose 
limit. It is clear from this figure that the effective doses are 
much lower than the dose limit.  Exposure to manmade 
sources of radioisotopes used in various areas of civilization 
has both risks and benefits and the whole world is trying to 
balance these two by following the ALARA (As Low As 
Reasonably Achievable) principle, designed to minimize 
radiation doses and releases of radioactive materials. 

ABSTRACT

Primary hyperparathyroidism (PHPT) presenting as pathological 
fractures with brown tumors is very rare in children. The rarity and 
variable presentation of PHPT can make its diagnosis a challenge – 
especially in the developing countries where malnutrition may mask 
hypercalcemia. We report a case of a 14–year-old girl who presented 
with muscle pain, multiple fractures and bone pain. Laboratory tests 
revealed normocalcemia with vitamin D insufficiency. Subsequent 
biochemical, radiographic and scintigraphic findings were consistent 
with primary hyperparathyroidism due to a parathyroid adenoma. 
Tumor resection was done in a local hospital and histopathology 
confirmed parathyroid adenoma. Following parathyroidectomy, 
fractures were treated conservatively with supplementation of 
calcium and vitamin D. We found her quite capable of self-care and 
walking in good health at 1 year follow up. Though rare, 
PHPT-causing brown tumors related skeletal fractures is an important 
differential diagnosis in the evaluation of patients presenting with 
multiple foci of radiotracer uptake in bone scintigraphy.

Keywords: Hyperparathyroidism, pathological fracture, brown 
tumor, parathyroid adenoma, bone scintigraphy
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INTRODUCTION 
Primary hyperparathyroidism (PHPT) is rare in childhood 
and early adolescence, and may present special difficulties 
in diagnosis (1). The clinical symptoms of hyperpar- 
athyroidism at an early stage are mostly nonspecific and 
atypical, making it very difficult to diagnose. The 
diagnosis of most cases is delayed and patients may 
present with complications of long-term hypercalcemia, 
such as brown tumors, or nephrocalcinosis or pathological 
fracture. Although the measurement of serum calcium and 

parathyroid hormone (PTH) levels provide early diagnosis 
and decreases the incidence of radiographic bone 
involvement, progressive major bone lesions may still be 
seen in developing countries even in the modern era. The 
diagnosis can be very perplexing especially because the 
expected hypercalcemia associated with the PHPT may be 
masked by calcium, protein or vitamin D deficiency (2, 3). 
The reported incidence of fractures in hyperpar- 
athyroidism is quite low, about 10% in two large series (4), 
and apart from vertebral compression fractures, no 
characteristic fracture pattern have been described. 
Extensive bony involvement with pathological fractures as 
a presenting feature due to parathyroid carcinoma has been 
documented (2, 5), but multiple pathological fractures, as a 
presenting feature of primary hyperthyroidism due to 
parathyroid adenoma is extremely rare. Here we present a 
case of an adolescent girl who presented with multiple 
fractures and brown tumors due to parathyroid adenoma.

CASE REPORT
A 14-years-old girl was referred to the scintigraphy 
division of Institute of Nuclear Medicine & Allied Sciences 
(INMAS), Mymensingh for the evaluation of recurrent 
fractures and bone tumors. She had been experiencing 
muscle weakness, bone pain and recurrent bone fractures of 
the limb over 2-years following minor accidental injury. 
There was history of fracture of her right mid femur which 
was not treated as pathological fracture. Inadequate and 
improper management led to healing with malunion and 
limb deformity. Prior to this, she had left femoral neck 
fracture managed by conservative treatment two years ago. 
She also recalled one-year history of both thigh pain 

unresponsive to common analgesics, unexplained fatigue 
and generalized muscle weakness. Physical examination 
revealed right thigh and right humerus swelling with 
tenderness, deformity of left hip with movement 

restrictions. The girl had no history of tuberculosis, rickets 
or childhood malnutrition. Radiographic images showed 
multiple fractures of left femur neck, shaft of right femur 
and ribs with features of osteolysis (Figure 1). 

Initial laboratory tests showed normal complete blood 
count, serum calcium level of 10.2 mg/dl, (normal range 
10.0 - 12.0 mg/dl), low phosphorus level of 2.4 mg/dl, 
(normal range, 3.0-5.0 mg/dl), and slightly high alkaline 
phosphatase (ALP) 380 IU/L (normal range, 65-300 
IU/L). HBsAg and RA tests were negative.

A whole body bone scan was performed with 555 MBq of 
99mTc-methylene diphosphonate (99mTc-MDP) using 
Symbia True Point SPECT/CT. The bone scan showed 
multiple focal areas of increased radiotracer uptake in the 
right humerus, right scapula, sternum, clavicles and ribs 
bilaterally, left femoral neck, right femoral shaft and 
lower part of left tibia (Figure 2). 

Scintigraphic images looked like extensive skeletal 
metastases of unknown primary (SMUP). However, 
cancer biomarkers (e.g. Serum CEA, CA-15-3 and 
CA-125), abdominal ultrasound scan, kidney and thyroid 
function tests were unremarkable. After getting the 
elevated serum parathormone (PTH) level of 356 ng/ dl 
(normal range, < 20 ng/dl) and low 25-hydroxyvitamin D 
(25-OHD) level of 21.0 ng/ml (normal range, 30 – 100 
ng/ml), a parathyroid imaging was scheduled for the 

patient. Firstly, a high resolution ultrasound scan of neck 
revealed a small hypoechoic nodular mass like lesion (~1.8 
X 0.7 cm) within the lower part of left lobe of thyroid with 
possible extension cephalad and posterior, and thought to 
be a thyroid nodule (Figure 2). However, the possibility of 
an intrathyroidal parathyroid tumor could not be excluded. 
Secondly, a 99mTc-MIBI- SPECT/CT scan of neck and 
upper chest showed MIBI avid left inferior parathyroid 
lesion highly suspicious of adenoma (Figure 3).

In addition, CT component of SPECT/CT demonstrated 
multiple osteolytic and expansile bone lesions in sternum, 
clavicles, multiple ribs and right humerus (Figure 3). 
Subsequently, patient underwent left inferior 
parathyroidectomy with curative intent. Histopatho- logical 
examination confirmed the diagnosis of parathyroid 
adenoma and no features of malignancy. 

Two days postoperatively, the patient experienced transient 
mild hypocalcemia (7.1 mg/dl) and treated with oral calcium 
carbonate supplementation. Interestingly, on 7th 
postoperative day, there was persistently elevated PTH (273 
ng/dl) which raised the suspicion of either incomplete 
surgical procedure or the presence of more adenoma. Whole 
body imaging with 99mTc-MIBI SPECT/CT was done which 
apparently showed no abnormality but CT component 
revealed osteolytic and expansile bony lesions in the sternum, 
clavicle, ribs, right humerus, and additionally, similar lesions 
in left femoral neck and right femur (Figure 4). 

Decreased bone density was also observed and the 
trabecular bone of the femur was thinned. 
Histopathological biopsy of right femoral lesion reported 
features consistent with brown tumor and possibly the 
osteolytic expansile skeletal lesions of left femoral neck, 
right humerus, sternum and other sites were due to primary 
hyperparathyroidism-related multifocal brown tumors.

After conservative treatment of the fractures the patient 
was discharged with supplementation of oral calcium 
carbonate and cholecalciferol. However, PTH level was 
elevated, which took 3 months to come down to normal, 
indicating cure. Furthermore, patient neither complained 
bony pain nor muscle weakness. 

At 1 year follow up, patient was found stable with CT 
proven regression of the skeletal lesions with a serum 
PTH of 15ng/ml and continued calcium and vitamin-D 
supplementation.  

CONCLUSION

The experimental results showed that the procedures on 
internal monitoring are very useful for the control of radiation 
in NM workers who handle unsealed radioactive sources, in 
particular inhalation of 131I and contamination of 99mTc  and 
F-18. Our study showed that occupational radiation hazards for 
the NM workers in Bangladesh are mention ably low as the 
doses they deal with are much below the International 
Commission on Radiological Protection (ICRP) recommended 
annual dose limit of 20 mSv, which reflects their efforts to 
abide the ALARA principle.
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DISCUSSION
Primary hyperparathyroidism (PHPT) affects 22 per 
100,0000 people per year with a mean age of onset of 56 
years and a female preponderance of 3:1 (6). The 
incidence in patients aged 12 to 28 years is less than 5% 
(7). Solitary parathyroid adenomas account for 80 to 85% 
cases of PHPT. Less common causes include multiple 
adenomas, parathyroid hyperplasia, and parathyroid 
carcinoma. Biochemical screening of serum calcium 
detects PHPT early and reduce the classical presentation 
with renal stones or bone manifestations. Reported 
literature cases of PHPT described mainly of patients 
presenting with severe skeletal deformities, fractures and 
aesthesia, similar to this reported case (8, 9). In a large 
case series, the correct diagnosis was delayed for years 
because most of the patients presented with skeletal 
problems (30%-40%), such as osteopenia, osteoclastoma, 
fractures and renal involvement (40%-50%) e.g. 
nephrocalcinosis or renal calculi, both of which are the 
complications associated with long term hyperparathy- 

roidism (9). This case unusually presented with initial 
normocalcemia, much younger age and concomitant 
multiple fractures and brown tumors which raised 
diagnostic dilemma. Serra et al. reported that 
normocalcemic PHPT has similar complications like 
hypercalemic PHPT including nephrolithiasis and severe 
bone disease. Clinical presentation with pathological 
fractures as a symptom of hyperparathyroidism in young 
patient of parathyroid adenoma is extremely rare (10). 
Early diagnosis is important to prevent fracture. 

Brown tumor is considered a benign tumor, belongs to 
giant-cell tumor group. Fibrous tissue replacing the bone is 
mixed with multinucleated giant cells and hemorrhagic foci 
(accumulation of hemosiderin in macrophages gives the 
name of the tumor). The lesion may grow, generate pain or 
pathological fractures. The majority of brown tumors are 
secondary to parathyroid adenoma, a small proportion 
secondary to parathyroid hyperplasia and rarely parathyroid 
carcinoma. Our patient presented with bone involvement, 
which has been noted in a number of other studies (3-4).

Figure 4: (A) Anterior & posterior 99mTc-MIBI whole body images shows no abnormal radiotracer accumulation in the neck 
or any other region of the body. (B, C) Axial images of CT component of SPECT/CT show osteolytic lesions in the right femur 
and vertebrae (black arrows).



Bangladesh J. Nucl. Med. Vol. 22 No. 2 July  2019 Khan  et.  al

135

Furthermore, plain radiographic images of the femur, 
pelvis, humerus and chest revealed multiple fractures and 
brown tumors caused by a high metabolism of bone and it’s 
turnover, which has only infrequently been reported (5,11).

The majority of parathyroid adenoma are hypersecretory 
and brown tumors have been described in such cases as a 
result of hyperparathyroidism. Fractures occur in almost 
90% of untreated patients (5). If malignancy is suspected, 
the clinician should be highly alert to other possible 
causes of bony lesions. Brown tumors should be kept in 
mind during clinical practice. Multiple brown tumors 
may occur as a manifestation of primary 
hyperparathyroidism (12). In this case, decreased bone 
density and pathological fractures of left femur neck   and 
shaft of right femur were obvious on the first visit. 
Nonspecific renal, neurologic, gastrointestinal, or bone 
and muscular symptoms may obscure the diagnosis. As 
was seen in the present case, a teen age girl was suffering 
more than 2 years without definite diagnosis.    

The coexistence of a parathyroid tumor and thyroid disease 
is commonly misdiagnosed due to mutual interference 
during imaging in the early period of disease. The 
specificity and sensitivity of ultrasonography in the 
diagnosis of concurrent parathyroid tumor and thyroid 
nodules are low. The use of sestamibi scintigraphy for 
detecting parathyroid adenoma before an operation has 
improved the success of surgery because of it’s  accuracy. 
Despite its high sensitivity and specificity in the detection of 
parathyroid adenoma, SPECT alone is limited by its 
inability to provide anatomical details. Hybrid SPECT/ CT 
systems allow both functional and structural imaging 
performed in a single  session with improved image quality 
compared to functional imaging alone. Kim et al. (13) 
evaluated the efficacy of the 99mTc-MIBI SPECT/CT in 
minimally invasive parathyroidectomy comparing the 
abilities of 99mTc-MIBI planar scintigraphy, SPECT and 
conventional imaging methods, including CT and 
ultrasonography to identify the precise locations of 
parathyroid adenomas and hyperplasias and found that 
99mTc-MIBI SPECT CT was useful for minimally invasive 
parathyroidectomy. 99mTc-MIBI dual-phase planar 
scintigraphy imaging produced an intrathyroidal image 
with a suspected intrahtyroidal adenoma in our patient. 
However, SPECT/CT found concentrated radioactivity 
inferior and posterior to the left thyroid lobe that was 

suspected to be an extrathyroid parathyroid adenoma; which 
was more clarified by the CT component. Additionally, CT 
component of the SPECT/CT study revealed multiple 
brown tumors that were negative on MIBI SPECT alone. 
Although MIBI scan showed false positive results (14), 
there are reports of negative MIBI scan in brown tumors. 

Discrepant uptake among radiotracer of 99mTc-MIBI and 
99mTc-MDP in brown tumors has been reported in the 
literature (15). Changing manifestations of brown tumor 
examined with FDG, 99mTc-MIBI and 99mTc-MDP have 
been reported (16,17). A pattern of increased MDP uptake 
might be seen in bone scintigraphy representing reactive 
osteoblastic bones surrounding the lesions. Uptake of 
99mTc-MIBI has also been reported in brown tumors 
patients with parathyroid adenoma (18, 19). However, 
this patient did not display radiotracer uptake on 
99mTc-MIBI scan brown tumor located in the right 
humeus, clavicles, ribs and femurs. Lack of mitochondria 
and differences in cellularity among brown tumors might 
be responsible for their non-accumulation of radiotracer. 
The negative MIBI scintigraphic findings in our patient 
are concordant with other researchers’ results. Zanglis et 
al. reported no focal uptake of 99mTc-MIBI in the brown 
tumors in a patient with spontaneous fracture (16). 
Multiple brown tumors without focal 99mTc-MDP or 
99mTc-MIBI uptake were reported in a patient with 
secondary and tertiary hyperparathyroidism (20). 

Interestingly, our patient had persistently elevated PTH 
level after parathyroidectomy although there was no 
evidence of recurrence or surgical failure on postoperative 
evaluation. This appears to be a response to severe 
hyperparathyroidism and vitamin D insufficiency. Vitamin 
D would decrease calcium absorption resulting in bone 
hunger and lead to excessive PTH secretion (21). Prior 
research has shown that patients with elevated PTH levels 
have lower preoperative 25-OHD levels (22, 23), as in our 
patient who had preoperative vitamin D insufficiency. 

This interesting case emphasizes the importance of 
keeping primary hyperparathyroidism as a differential 
diagnosis when a young patient presents with a history of 
multiple pathological fractures history. Though rare, 
PHPT-causing brown tumors related skeletal fractures is 
an important differential diagnosis in the evaluation of 
patients presenting with multiple foci of radiotracer uptake 
on bone scan without an established primary neoplasm.
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Furthermore, plain radiographic images of the femur, 
pelvis, humerus and chest revealed multiple fractures and 
brown tumors caused by a high metabolism of bone and it’s 
turnover, which has only infrequently been reported (5,11).

The majority of parathyroid adenoma are hypersecretory 
and brown tumors have been described in such cases as a 
result of hyperparathyroidism. Fractures occur in almost 
90% of untreated patients (5). If malignancy is suspected, 
the clinician should be highly alert to other possible 
causes of bony lesions. Brown tumors should be kept in 
mind during clinical practice. Multiple brown tumors 
may occur as a manifestation of primary 
hyperparathyroidism (12). In this case, decreased bone 
density and pathological fractures of left femur neck   and 
shaft of right femur were obvious on the first visit. 
Nonspecific renal, neurologic, gastrointestinal, or bone 
and muscular symptoms may obscure the diagnosis. As 
was seen in the present case, a teen age girl was suffering 
more than 2 years without definite diagnosis.    

The coexistence of a parathyroid tumor and thyroid disease 
is commonly misdiagnosed due to mutual interference 
during imaging in the early period of disease. The 
specificity and sensitivity of ultrasonography in the 
diagnosis of concurrent parathyroid tumor and thyroid 
nodules are low. The use of sestamibi scintigraphy for 
detecting parathyroid adenoma before an operation has 
improved the success of surgery because of it’s  accuracy. 
Despite its high sensitivity and specificity in the detection of 
parathyroid adenoma, SPECT alone is limited by its 
inability to provide anatomical details. Hybrid SPECT/ CT 
systems allow both functional and structural imaging 
performed in a single  session with improved image quality 
compared to functional imaging alone. Kim et al. (13) 
evaluated the efficacy of the 99mTc-MIBI SPECT/CT in 
minimally invasive parathyroidectomy comparing the 
abilities of 99mTc-MIBI planar scintigraphy, SPECT and 
conventional imaging methods, including CT and 
ultrasonography to identify the precise locations of 
parathyroid adenomas and hyperplasias and found that 
99mTc-MIBI SPECT CT was useful for minimally invasive 
parathyroidectomy. 99mTc-MIBI dual-phase planar 
scintigraphy imaging produced an intrathyroidal image 
with a suspected intrahtyroidal adenoma in our patient. 
However, SPECT/CT found concentrated radioactivity 
inferior and posterior to the left thyroid lobe that was 

suspected to be an extrathyroid parathyroid adenoma; which 
was more clarified by the CT component. Additionally, CT 
component of the SPECT/CT study revealed multiple 
brown tumors that were negative on MIBI SPECT alone. 
Although MIBI scan showed false positive results (14), 
there are reports of negative MIBI scan in brown tumors. 

Discrepant uptake among radiotracer of 99mTc-MIBI and 
99mTc-MDP in brown tumors has been reported in the 
literature (15). Changing manifestations of brown tumor 
examined with FDG, 99mTc-MIBI and 99mTc-MDP have 
been reported (16,17). A pattern of increased MDP uptake 
might be seen in bone scintigraphy representing reactive 
osteoblastic bones surrounding the lesions. Uptake of 
99mTc-MIBI has also been reported in brown tumors 
patients with parathyroid adenoma (18, 19). However, 
this patient did not display radiotracer uptake on 
99mTc-MIBI scan brown tumor located in the right 
humeus, clavicles, ribs and femurs. Lack of mitochondria 
and differences in cellularity among brown tumors might 
be responsible for their non-accumulation of radiotracer. 
The negative MIBI scintigraphic findings in our patient 
are concordant with other researchers’ results. Zanglis et 
al. reported no focal uptake of 99mTc-MIBI in the brown 
tumors in a patient with spontaneous fracture (16). 
Multiple brown tumors without focal 99mTc-MDP or 
99mTc-MIBI uptake were reported in a patient with 
secondary and tertiary hyperparathyroidism (20). 

Interestingly, our patient had persistently elevated PTH 
level after parathyroidectomy although there was no 
evidence of recurrence or surgical failure on postoperative 
evaluation. This appears to be a response to severe 
hyperparathyroidism and vitamin D insufficiency. Vitamin 
D would decrease calcium absorption resulting in bone 
hunger and lead to excessive PTH secretion (21). Prior 
research has shown that patients with elevated PTH levels 
have lower preoperative 25-OHD levels (22, 23), as in our 
patient who had preoperative vitamin D insufficiency. 

This interesting case emphasizes the importance of 
keeping primary hyperparathyroidism as a differential 
diagnosis when a young patient presents with a history of 
multiple pathological fractures history. Though rare, 
PHPT-causing brown tumors related skeletal fractures is 
an important differential diagnosis in the evaluation of 
patients presenting with multiple foci of radiotracer uptake 
on bone scan without an established primary neoplasm.
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