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Abstract 
Primary hyperparathyroidism (PHPT) with pathological fracture is rare, and the early symptoms of PHPT lack specificity, leading 
to misdiagnosis. Therefore, this study aimed to summarize the clinical characteristics and treatment of PHPT patients with 
pathological fractures and to improve the attention of orthopedic clinicians to PHPT.

It is a retrospective study, 2226 patients with hyperparathyroidism in our hospital from 2009 to 2019 were screened, excluding 
secondary hyperparathyroidism and patients without limb fracture, and the remaining 20 patients with PHPT accompanied 
by pathological fractures were finally analyzed. Parathyroid hormone (PTH) and calcium levels were compared on the first 
postoperative day, and the prognosis of the patients was assessed by bone mineral density and Visual Analogue Scale scores at 
3 and 12 months postoperatively.

The early symptoms of PHPT patients in this study included urinary calculi (80%), bone pain (30%), and digestive tract 
symptoms (25%). Fourteen (70%) cases were misdiagnosed at the initial diagnosis. After parathyroidectomy, the blood calcium 
and PTH levels decreased significantly in all patients (P < .05). For the treatment of fracture, 9 of the patients underwent surgical 
treatment of the fracture, while the remaining patients received splint external fixation. The follow-up time was 4.60 ± 0.62 years 
(1–10 years). All patients recovered well from the fracture, the symptoms of systemic bone pain were markedly improved, and 
bone mineral density was significantly improved after surgery.

Orthopedic surgeons need to avoid misdiagnosis and pay attention to the early symptoms in PHPT patients with pathological 
fracture, and better therapeutic effects can be obtained by combining parathyroidectomy with fractures fixation.

Abbreviations: ALP = alkaline phosphatase, BMD = bone mineral density, PHPT = primary hyperparathyroidism, PTH = 
parathyroid hormone, VAS = Visual Analogue Scale.
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1. Introduction

Primary hyperparathyroidism (PHPT) is a rare endocrine dis-
order. PHPT is mainly caused by excessive synthesis and secre-
tion of parathyroid hormones (PTH) by parathyroid adenomas 
(85%), hyperplasia (10%), or cancer (<1%),[1,2] which leads 
to high blood calcium levels and reduced blood phosphorus 

levels, thus causing a series of pathological changes in the bone 
and kidney.[3] PHPT can be categorized into the kidney, bone 
and kidney-bone types. The early manifestations of skeletal 
hyperparathyroidism include osteoporosis, diffuse, and pro-
gressive pain of the skeletal joints throughout the whole body 
and in load-bearing parts, especially the hip joint.[4,5] In the 
late stage, reactive fibrous connective tissue hyperplasia leads 
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to pseudotumor lesions due to extensive absorption of the cor-
tex, manifested as fibrocystic osteopathy.[6] Therefore, a slight 
external force can lead to pathological or spontaneous fractures. 
Parathyroidectomy is the gold standard treatment for PHPT 
patients, with a surgical cure rate of 95% to 98%, as it can 
effectively inhibit bone resorption, and reduce the incidence of 
complications, such as fractures.[7–11]

The incidence of PHPT ranges from 0.4 to 82 cases per 
100,000. The incidence of pathological fractures associated 
with PHPT is even lower, accounting for 16.4% of patients 
with PHPT.[11,12] Patients often seek treatment in orthopedics for 
pathological fractures of the limbs caused by minor trauma. Due 
to the lack of understanding of this disease by orthopedic sur-
geons, it is easily confused with common clinical osteoporosis or 
neoplastic pathological fractures, resulting in misdiagnoses. The 
misdiagnosis rate of PHPT is high in China. If patients cannot 
receive timely and appropriate treatment owing misdiagnosis, 
bone destruction will continue to deteriorate, often leading to 
repeated pathological fractures.

Most of the previous literatures have focused on the diagnosis 
and treatment of PHPT. Only a few cases of the diagnosis and 
treatment of pathological fractures complicated by PHPT have 
been reported, and there are even fewer systematic case review 
analyses. The diagnosis and treatment of this disease remain chal-
lenging in the clinic. Therefore, in this study, we retrospectively 
analyzed 20 patients diagnosed with both PHPT and patholog-
ical fracture in our hospital, summarized their diagnosis and 
treatment experiences, and provided references for clinicians, 
especially orthopedic surgeons. To our knowledge, this is the first 
systematic case report of this disease with a large sample size.

2. Materials and Methods

2.1. Date sources

This is a retrospective study. All patients with hyperparathy-
roidism who were referred to the First Affiliated Hospital of 
Guangxi Medical University from January 2009 to December 
2019 were recruited. The inclusion criteria were as follows: 
(1) Primary hyperparathyroidism, as confirmed by biochemi-
cal and imaging examinations and a pathological examination; 
(2) Pathological fracture in the limbs; (3) Complete records 
of the diagnosis, treatment, follow-up, and a follow-up time 
of more than 1 year. Exclusion criteria were as follows: (1) 

Pathological fracture caused by secondary hyperparathyroidism;  
(2) Incomplete records on diagnosis, treatment and follow-up; 
(3) The follow-up period was <1 year.

A total of 2226 patients with hyperparathyroidism were 
included in this study, including 66 patients with pathological 
limb fractures. According to our inclusion and exclusion criteria, 
43 patients with secondary hyperparathyroidism were excluded, 
2 patients were excluded due to incomplete biochemical exam-
ination and imaging data, and 1 patient was excluded due to 
incomplete follow-up data. Finally, 20 patients were included 
in the study (Fig. 1). The study protocol was approved by the 
Ethics Committee of the First Affiliated Hospital of Guangxi 
Medical University in January 2019 (Number: 2018 (KY-E-
129)). Given the retrospective nature of this study, informed 
consent was not required.

2.2. Therapeutic methods

All patients in this study underwent parathyroidectomy, which 
is the only effective treatment for PHPT. Hypocalcemia develops 
easily after parathyroidectomy. Therefore, calcium and vitamin 
D supplements should be improved. Surgical treatment was rec-
ommended for all patients in this study for fracture treatment. 
For patients with contraindications, drugs and external splint 
fixation can be used first, and further surgery can be performed 
after BMD is improved.

2.3. Follow-up

All patients were required to return to the outpatient clinic 
of our hospital for re-examination at the 1st, 3rd, 6th and 
12th months after surgery and once a year after 12 months. 
Follow-up included the evaluation of PTH, serum calcium, 
serum phosphorus, ALP and other biochemical indexes, as well 
as Visual Analogue Scale, and limb function scores. To better 
understand healing and bone mass recovery at the fracture site, 
radiographic and bone mineral density (BMD) examinations of 
the fracture site were performed regularly for each patient.

2.4. Statistical analysis

The data were statistically analyzed using the statistical software 
SPSS 24.0. Measurement data are expressed as mean ± standard 

Figure 1. Flowchart.
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deviation. Intragroup comparisons were performed using paired 
t-tests, and comparisons between groups were performed inde-
pendent sample t-tests. The count data were expressed by the 
number of cases and percentages, and comparisons between 
groups were performed by ×2 test. P < .05 was considered statis-
tically significant. P < .01 was considered obviously statistically 
significant.

3. Results

3.1. Clinical characteristics

Twenty patients were included in this study (Fig. 1). There were 
5 males aged 19 to 29 and 15 females aged 30 to 64. According 
to the pathological classification of PHPT, there were 11 cases of 
parathyroid adenoma, 9 cases of parathyroid hyperplasia. The 
PHPT patients in this study had mainly femoral fractures, and 
there were 15 cases of femoral fracture, 1 case of a hidden frac-
ture of the middle and upper fibula, 2 cases of a surgical neck 
fracture of the humerus, and 2 cases of a distal radius fracture. 
Among the complications of PHPT in this study, 16 patients 
had urinary calculi, 6 patients had systemic bone pain or joint 
pain, and 5 patients had gastrointestinal symptoms. Other clin-
ical signs included fatigue, dry mouth, and polydipsia (Table 1). 
In terms of misdiagnoses, 14 (70%) patients were initially mis-
diagnosed with pathological fractures caused by osteoporosis, 
giant cell tumors, etc, with an average delay in diagnosis of 
11.80 ± 2.92 months (1–36 months). Because of misdiagnoses, 
the fracture site was only treated with reduction and internal 
fixation instead of parathyroid gland resection, leading to 8 
patients repeatedly suffering pathological fractures at the same 
site or other sites due to minor trauma. The average cumulative 
number of fractures was 1.8 ± 0.22 (1–5 times).

According to the laboratory examinations, the preoperative 
PTH level in 20 patients (100%) was far beyond the normal 
value. The preoperative blood calcium level of 18 patients 
(90%) exceeded the normal value, and that of 2 patients was 
slightly lower than the normal value, but all cases were lower 
than the normal value of blood phosphorus. Alkaline phospha-
tase (ALP) is secreted by osteoblasts. Therefore, its value reflects 
the extent of the bone loss. In our study, ALP values were higher 
than normal in 19 patients (95%) and normal in 1 patient.

3.2. Imaging examination

All PHPT patients were diagnosed by neck B-ultrasound or 
radionuclide and verified by pathology. In terms of imaging 
of the skeletal system, all 20 patients underwent whole-body 
X-ray examination, which showed that the BMD of patients 
had decreased in different degrees. Seventeen patients had oste-
oporosis. The X-rays showed subperiosteal bone resorption, 
thinning of the bone cortex and trabecular bone, and blurring 
of the edges. In this study, 18 patients had cystic fibrous osteitis 
on the X-rays, including 5 patients with single-site cystic fibrous 
changes and 13 patients with multisite cystic fibrous changes. 
Regarding the common site of cystic fibrous osteitis, 12 cases 
occurred in the femur, 11 occurred in the pelvis, 4 occurred in 
the scapula, and the remaining cases occurred in the spine, ribs, 
patella, humerus, and fibula. To differentiate the diagnosis from 
those of other diseases, other imaging examinations of the skel-
etal system were performed: 9 patients underwent plain CT or 
plain CT + enhancement scans, 4 underwent plain MRI scans, 
and 2 underwent whole-body bone ECT scans.

3.3. Clinical effect and follow-up

Twenty patients underwent neck parathyroid resection after 
the diagnosis. For the treatment of pathological fractures 
of the limbs, 9 patients chose internal fixation for fracture 

reduction, and 11 patients chose conservative treatment 
(Table 1). All patients were followed up by telephone, WeChat 
(a Chinese social media application software) or outpatient 
review for 1 to 10 years, and the average follow-up time was 
4.60 ± 0.62 years. The result showed that the PTH of patients 
after parathyroidectomy decreased from 1207 ± 179.8 ng/L 
before the operation to 46.39 ± 13.10 ng/L on the first day 
after the operation, and the difference was statistically sig-
nificant (P < .0001) (Fig.  2A). The same decreased changes 
were found in the level of blood calcium (2.61 ± 0.14 mmol/ 
L vs 3.33 ± 0.19 mmol/ L, P = .0062) (Fig.  2B). ALP is an 
osteoblast-related index, and the results show that the ALP 
levels at 3th month and 12th month after surgery decreased, 
indicating that parathyroidectomy alleviated further aggrava-
tion of bone damage (Fig.  2C). In terms of the pain score, 
the Visual Analogue Scale scores before parathyroidectomy 
at 3th month and 12th month after parathyroidectomy were 
compared in this study, and the difference was statistically 
significant, suggesting that parathyroidectomy can relieve the 
bone pain caused by PHPT (Fig. 2 D). The BMD of the hip 
was assessed at 3th month and 12th month after parathy-
roidectomy, and the results showed that the T value increased 
from −2.76 ± 0.12 before the operation to −1.77 ± 0.10 at 12th 
month after the operation (P < .0001) (Fig. 2 E), suggesting 
that parathyroidectomy can further reduce the loss of bone 
and improve the bone density of patients, and the typical 
case also supports this result (Fig.  3). Statistical analysis of 
the clinical efficacy of the treatment for pathological fractures 
of the limbs was also conducted. All patients achieved bone 
healing regardless of whether they received conservative treat-
ment or underwent internal fixation with a steel plate. After 1 
year, 11 patients in the conservative treatment group had basi-
cally recovered the function of the affected limb, 7 patients 
could perform normal work, and 4 patients could perform 
some simple physical work. The function of the affected limb 
was excellent in 7 cases, good in 2 cases and poor in 2 cases, 
with a superior rate of 81.8%. Among the 9 patients in the 
surgical treatment group, 7 could perform normal work and 
2 could perform simple physical work. However, 2 patients 
with a femoral shaft fracture did not adhere to rehabilitation 
exercise after surgery, resulting in knee stiffness and an inabil-
ity to squat down. Five patients had excellent limb function, 2 
had good function, and 2 had poor function, and the superior 
rate was 77.8%.

4. Discussion
PHPT with secondary pathological fractures is a progressive pro-
cess, and the pathogenesis is closely related to the influence of ele-
vated PTH levels on bone metabolism. Most patients with PHPT 
have abnormal PTH, calcium, phosphorus and ALP levels.[13] In 
this study, all patients had increased PTH levels and decreased 
blood phosphorus levels before surgery. Serum calcium levels 
were elevated in 90% of patients before surgery, but in 2 patients 
with slightly lower than normal serum calcium levels, it is possi-
ble that patients with advanced PHPT may develop hypocalce-
mia due to massive calcium loss in the bone. In addition, all 20 
patients had elevated ALP levels, which are formed and secreted 
by osteoblasts and can reflect the degree of bone loss. Fractures 
caused by PHPT are easily confused with pathological fractures 
caused by osteoporosis and bone tumors, and the misdiagnosis 
rate is extremely high.[5] In this study, 14 patients (70%) were not 
initially diagnosed with PHPT. Therefore, clinicians should con-
sider the diagnosis of PHPT in patients with high blood calcium 
and low blood phosphorus levels.

The femur is the largest tubular bone in the human body and 
can only be broken when hit by a large impact force. However, 
15 (75%) patients had femoral fractures in this study, all of 
which were caused by minor trauma, indicating the severity of 
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bone injury and a significant decrease in BMD. Therefore, ortho-
pedic surgeons should be highly alert to pathologic fractures 
with minor trauma and to distinguish the causes of pathologic 
fractures. According to literature, the main clinical symptoms of 
PHPT in the early stages are bone pain (46.02%), urolithiasis 
(41.59%), constipation (25.66%), fatigue (18.58%), and poly-
uria (15.93%).[11] Similarly, the 20 patients in this study also 
had some clinical symptoms before the pathologic fracture, 16 
patients had urinary calculi, 6 patients had systemic bone pain 
or joint pain, and 5 patients had gastrointestinal symptoms. 
Other clinical signs include fatigue, dry mouth, and polydip-
sia. The main function of PTH is to regulate the metabolism of 
calcium and phosphorus. When the secretion of PTH increases, 
calcium in the blood increases, as does calcium in the urine, and 
excessive calcium can lead to calcium deposits that can form 
kidney stones.[14,15] High serum calcium levels can also stimulate 
gastrin secretion and trypsinogen activation, causing gastroin-
testinal symptoms. Therefore, attention should be paid to the 
early clinical symptoms of patients, especially those with uri-
nary calculi, and be highly alert to pathological fractures caused 
by hyperparathyroidism.

Neck ultrasonography and MRI can help in the diagnosis 
of PHPT. In this study, X-ray examination is also necessary 
to help evaluate the patient’s overall BMD. X-ray images of 
patients with PHPT showed subperiosteal bone absorption, 
thinning of the bone cortex and bone trabecula, and blurred 
edges. Kidney stones can also be found by X-ray, which can aid 

in further diagnosis. In addition, attention should be paid to 
the identification of pathological fractures caused by osteopo-
rosis and bone tumors in elderly women. Osteoporosis often 
occurs in postmenopausal women clinically because estro-
gen can promote the growth of bone, while postmenopausal 
women have lower levels of estrogen secretion, thus leading 
to the loss of bone throughout the body and a reduction in 
bone density. Clinical manifestations include systemic bone 
and joint pain.[16,17] Most PHPT patients are elderly and post-
menopausal women, and the ratio of males to females is 1/2 
to 3.[2] The age of onset and clinical symptoms of these 2 types 
of patients are very similar and lack specificity, which can lead 
to misdiagnosis of PHPT.[18] Among the 15 female patients in 
our study, 8 (53%) were postmenopausal. Therefore, orthope-
dic surgeons should be careful in distinguishing PHPT from 
postmenopausal osteoporosis when assessing elderly female 
patients with pathological fractures. Besides, giant cell tumors 
of the bone occur mainly in the epiphysis. X-ray findings 
showed thinning of the cortical bone at the lesion site, with 
soap-like changes.[19,20]

Parathyroid gland resection can significantly inhibit osteo-
clasts activity, significantly improve BMD, and effectively 
reduce the risk of pathological fractures in patients with PHPT. 
Therefore, scholars at home and abroad believe that once PHPT 
is confirmed, the parathyroid gland should be removed as soon 
as possible.[8,17,21–23] In this study, all patients underwent para-
thyroid gland resection, and the PTH and blood calcium levels 

Table 1

The clinical characteristics of primary hyperparathyroidism with pathological fracture of the limbs.

Case Sex 
Ages  
(yr) 

The site of  
fractures Fatigue 

Pain in the bones 
or joints of the 

whole body 

Dry mouth, 
excessive drinking, 

and urination Complication Pathological type 
Treatment of 

fracture 

1 Male 19 Bilateral femur Yes Yes No  Parathyroid adenoma Plate internal fixation
2 Female 39 Middle of right femur No Yes No Acute pancreatitis, 

kidney stone, high 
calcium crisis

Parathyroid adenoma Plate internal fixation

3 Male 29 Surgical neck of left 
humerus

No No No  Parathyroid hyperplasia Splint external fixation

4 Female 56 Right intertrochanteric 
fracture

Yes No Yes Kidney stone Parathyroid adenoma Splint external fixation

5 Female 41 Right femur No Yes No Kidney stone Parathyroid adenoma Plate internal fixation
6 Female 48 Left fibula No No No Kidney stone Parathyroid hyperplasia Splint external fixation
7 Female 64 Right radius Yes Yes No Kidney stone Parathyroid hyperplasia Plate internal fixation
8 Female 30 Bilateral femur No No No Kidney stone, 

pseudocyst of 
pancreas

Parathyroid hyperplasia Splint external fixation

9 Female 35 Left femur and fourth 
metacarpal

No Yes No Kidney stone Parathyroid adenoma Splint external fixation

10 Male 24 Bilateral femur Yes No Yes  Parathyroid adenoma Splint external fixation
11 Female 38 Bilateral femur Yes No Yes Kidney stone, 

pseudocyst of 
pancreas

Parathyroid hyperplasia Plate internal fixation

12 Male 23 Right femur Yes Yes No  Parathyroid adenoma Splint external fixation
13 Male 25 Left radius Yes No No Kidney stone Parathyroid adenoma Plate internal fixation
14 Female 55 Left femur No No No Kidney stone Parathyroid hyperplasia Splint external fixation
15 Female 40 Right femur No No Yes Acute pancreatitis, 

kidney stone, high 
calcium crisis

Parathyroid adenoma Splint external fixation

16 Female 71 Surgical neck of right 
humerus

No No No Kidney stone, 
pseudocyst of 
pancreas

Parathyroid adenoma Plate internal fixation

17 Female 50 Left intertrochanteric 
fracture

No No No Kidney stone Parathyroid hyperplasia Plate internal fixation

18 Female 60 Right femur No No No Kidney stone Parathyroid adenoma Plate internal fixation
19 Female 30 Left femur No No No Kidney stone Parathyroid hyperplasia Splint external fixation
20 Female 32 Right femur and fourth 

metacarpal
Yes No No Kidney stone Parathyroid hyperplasia Splint external fixation



5

Liu et al. • Medicine (2022) 101:33 www.md-journal.com

returned to normal levels 3 months after surgery. The ALP level 
decreased significantly, the BMD increased significantly com-
pared to the preoperative level, and the ALP level and BMD 
were negatively correlated. One year after surgery, the imaging 
results showed cortical thickening and increased and thickened 
trabeculae. These results further demonstrate that parathyroid 
resection can reverse bone destruction and is the primary treat-
ment for this disease.

For fracture treatment in PHPT patients, factors such as 
the age of the patient, degree of bone destruction at the frac-
ture end, fracture site, and displacement degree should be 
comprehensively considered so that the physician can decide 
whether to indicate surgical treatment or external fixation 
treatment. For patients with severe osteoporosis, particu-
larly those with middle and lower femoral fractures, surgi-
cal treatment should be performed cautiously. Conservative 
treatment can be performed first, followed by internal fixa-
tion when osteoporosis is improved. In this study, 9 patients 
were treated with surgical internal fixation of the fracture 
site, and 11 were treated with conservative reduction and 

external fixation. According to the follow-up results of this 
study, the superior rate of function in the surgical treatment 
group was not better than that in the conservative treat-
ment group. In the surgical treatment group, 2 patients did 
not adhere to functional exercise after surgery, resulting 
in knee joint adhesion and joint dysfunction after femoral 
fracture. The main reason for poor outcome after surgery 
is femoral fracture, especially a fracture in the middle and 
lower segments, which increases the trauma to the knee 
extensor closure device and increases local blood infiltra-
tion and fibrin exudation, which can easily cause adhesion 
of the knee extensor device after the operation. In addition, 
patients should undergo functional exercise early after sur-
gery. However, if the patient has obvious osteoporosis, the 
excessive strength of functional exercise can easily cause 
failure of internal fixation, which also limits the intensity of 
early functional exercise. If surgical treatment is performed, 
early postoperative professional functional rehabilitation 
and internal fixation failure should be balanced; otherwise, 
treatment outcomes will be affected. In addition, the degree 

Figure 2. The results of biochemical examination and follow-up data. (A) The results of PTH levels before parathyroidectomy and on first day after parathyroid-
ectomy. (B) The results of Ca2 + levels before parathyroidectomy and on first day after parathyroidectomy. (C) The changes of VAS before parathyroidectomy, at 
3rd month and 12th month after parathyroidectomy. (D) The changes of ALP before parathyroidectomy, at 3rd month and 12th month after parathyroidectomy. 
(E) The changes of BMD before parathyroidectomy, at 3rd month and 12th month after parathyroidectomy. ALP = alkaline phosphatase, BMD = bone mineral 
density, PTH = parathyroid hormone, VAS = Visual Analogue Score.
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of fracture displacement in the conservative treatment group 
was relatively small, and most fractures were shaft fractures. 
A good reduction effect can be achieved using conservative 
treatment. However, in patients with a high degree of dis-
placement, postoperative malunion, and poor limb strength, 
there is still a risk of secondary osteoarthritis in the adjacent 
joints. Therefore, parathyroidectomy remains a key treat-
ment option for this disease. Furthermore, it is necessary to 
integrate individual fracture end management schemes with 
multiple factors to achieve better treatment outcomes.

There are several limitations to our study. First, it was a retro-
spective observational study; it included only 20 cases, and the 
sample size is small. However, PHPT with pathological fracture 
is rare, and this study has the largest sample size to date. Second, 
this was a single-center study, which may have bias in the diag-
nosis and treatment. Therefore, a multicenter study with larger 
sample size is required for validation.

5. Conclusion
Orthopedic surgeons should pay attention to the diagnosis of 
PHPT in patients with pathological fractures when blood calcium 
and phosphorus are abnormal. X-rays and early complications 
are also crucial in the diagnosis of PHPT. Parathyroidectomy 
combined with plate fixation can achieve better results.

Author contributions
Conceptualization: Huijiang Liu, Kai Luo, Shijie Liao
Data curation: Kai Luo, Haijun Tang
Formal analysis: Jianming Mo
Funding acquisition: Yun Liu, Shijie Liao
Investigation: Huijiang Liu, Kai Luo
Methodology: Tianyu Xie, Chong Li
Project administration: Xinli Zhan, Yun Liu
Supervision: Xinli Zhan, Yun Liu
Validation: Huijiang Liu
Visualization: Huijiang Liu, Boxiang Li
Writing—original draft: Huijiang Liu, Kai Luo
Writing—review and editing: Xinli Zhan, Yun Liu

References
 [1] Yeh MW, Ituarte PHG, Cynthia ZH, et al. Incidence and prevalence 

of primary hyperparathyroidism in a racially mixed population. J Clin 
Endocrinol Metab. 2013;98:1122–9.

 [2] John PB, Leonardo B, Aliya K, et al. Hyperparathyroidism. Lancet. 
2018;391:168–78.

 [3] Marcocci C, Cetani F. Primary hyperparathyroidism. N Engl J Med. 
2012;366:860.

 [4] Walker MD, Elaine C, Lee JA, et al. Vitamin D in primary hyperpara-
thyroidism: effects on clinical, biochemical, and densitometric presen-
tation. J Clin Endocrinol Metab. 2015;100:3443–51.

 [5] Lewiecki EM, Miller PD. Skeletal effects of primary hyperparathy-
roidism: bone mineral density and fracture risk. J Clin Densitom. 
2013;16:28–32.

 [6] Rubin MR, Livolsi VA, Bandeira F, et al. Tc99m-sestamibi uptake 
in osteitis fibrosa cystica simulating metastatic bone disease. J Clin 
Endocrinol Metab. 2001;86:5138.

 [7] Feng L, Zhang X, Liu ST. Surgical treatment of primary hyperparathy-
roidism due to parathyroid tumor: a 15-year experience. J Oncol Lett. 
2016;12:1989–93.

 [8] Zanocco KA, Wu JX, Yeh MW. Parathyroidectomy for asymptomatic 
primary hyperparathyroidism: a revised cost-effectiveness analysis 
incorporating fracture risk reduction. Surgery. 2017;161:16–24.

 [9] Niederle B, Wemeau JL. Is surgery necessary for “mild” or “asymptom-
atic” hyperparathyroidism? Eur J Endocrinol. 2015;173:D13–20.

 [10] Singh ON, Maraka S, Rodriguez GR, et al. Comparative efficacy of 
parathyroidectomy and active surveillance in patients with mild pri-
mary hyperparathyroidism: a systematic review and meta-analysis. J 
Osteoporos Int. 2016;27:3395–407.

 [11] Walker MD, Silverberg SJ. Primary hyperparathyroidism. J Nat Rev 
Endocrinol. 2018;14:115–25.

 [12] Press DM, Siperstein AE, Eren B, et al. The prevalence of undiag-
nosed and unrecognized primary hyperparathyroidism: a popu-
lation-based analysis from the electronic medical record. Surgery. 
2013;154:1232–8.

 [13] Silva BC, Kousteni S. Cellular actions of PTH: osteoblasts, osteoclasts, 
and osteocytes - sciencedirect. J Parathyr. 2015:127–37.

 [14] Walker MD, Bilezikian JP. Primary hyperparathyroidism: recent 
advances. J Currt Opin Rheumatol. 2018;30:427–39.

 [15] Cristiana C, Federica B, Costa AG, et al. Prevalence of kidney stones 
and vertebral fractures in primary hyperparathyroidism using imaging 
technology. J Clin Endocrinol Metab. 2015;100:1309–15.

 [16] Grey AB, Stapleton JP, Evans MC, et al. Effect of hormone replacement 
therapy on bone mineral density in postmenopausal women with mild 

Figure 3. Typical case: a 41 years old female, primary hyperparathyroidism with pathological fracture of right proximal femur. (A) X-ray shows widely osteopo-
rosis, obvious displacement of fracture site, subperiosteal bone absorption, and fibrocystic osteitis; (B) The patient was treated with bone grafting and internal 
fixation after parathyroidectomy; (C) The fracture line disappeared and fracture healed well 3 months after operation; (D) Bone mineral density of the patient 
increased significantly and osteoporosis was cured 4 years after operation.



7

Liu et al. • Medicine (2022) 101:33 www.md-journal.com

primary hyperparathyroidism. A randomized, controlled trial. J Ann Int 
Med. 1996;125:360–8.

 [17] Guo CY, Thomas WE, Al-Dehaimi AW, et al. Longitudinal changes 
in bone mineral density and bone turnover in postmenopausal 
women with primary hyperparathyroidism. J Clin Endocrinol. 
1996;46:301–7.

 [18] Viccica G, Cetani F, Vignali E, et al. Impact of vitamin D deficiency on 
the clinical and biochemical phenotype in women with sporadic pri-
mary hyperparathyroidism. Endocrine. 2016;55:1–10.

 [19] Compere EL. The diagnosis and treatment of giant-cell tumors of bone. 
J Bone Joint Surg Am. 1953;35:822–30.

 [20] Chakarun CJ, Forrester DM, Gottsegen CJ, et al. Giant cell tumor 
of bone: review, mimics, and new developments in treatment. 
Radiographics. 2013;33:197–211.

 [21] Khan AA. Medical management of primary hyperparathyroidism. J 
Clin Densitom. 2013;16:60–3.

 [22] Bilezikian, JP, Brandi ML, et al. Guidelines for the management of asymp-
tomatic primary hyperparathyroidism: summary statement from the fourth 
international workshop. J Clin Endocrinol Metab. 2014;94:3561–9.

 [23] Seibel MJ, Gartenberg F, Silverberg SJ, et al. Urinary hydroxypyridin-
ium cross-links of collagen in primary hyperparathyroidism. J Clin 
Endocrinol Metab. 1992;74:481.


