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Study of bone disorders after thyroidectomy in women   
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ackground: A reduction in IGF-1, thyroid hormones, as well as calcium, PTH, vitamin D, human bone-

specific alkaline phosphatase (PAP), and Alkaline Phosphatase (ALP) are prominent complications that 

can arise after total thyroidectomy. These complications can exhibit a wide range of severity, from 

asymptomatic cases to acute life-threatening conditions. 

Methods: The study included three patient groups (n = 30 each) at different time intervals post-thyroidectomy 

and one healthy control group (n = 30). Omitted from the study were patients with cancer, diabetes, 

hypertension, and pregnant women. The scope of the study was confined to patients who had undergone 

surgical removal of the thyroid gland due to benign tumors or other medical reasons. 

Results: The results demonstrated significant differences among the four groups in IGF-1, thyroid hormones, 

calcium, PTH, vitamin D, and bone-specific alkaline phosphatase (PAP and ALP). In comparison with the 

control group, the patient groups exhibited progressively higher levels of these parameters, with the highest 

values observed in Group D, indicating gradual recovery and metabolic adaptation following thyroidectomy. 

Conclusion: The findings garnered from the conducted research indicate a progressive increase in thyroid 

hormones and parathyroid activity following total thyroidectomy. This trend, accompanied by elevated 

calcium, vitamin D, and bone-specific markers (PAP and ALP), suggests metabolic recovery and compensatory 

adaptation of endocrine and skeletal systems rather than functional decline. These results collectively 

highlight the body’s capacity for hormonal equilibrium and bone remodelling during the postoperative period.
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Introduction 

A bone condition referred to as osteoporosis includes 

loss of bone density, reduced bone quality, and 

weakening of bone tissue architecture. This progressive 

skeletal condition is prevalent and contributes to 

brittle bones as well as increased vulnerability to 

fractures. The incidence of osteoporosis is higher in 

females who are above 50 years of age than in males in 

their respective age groups, mainly due to estrogen 

deficiency and subsequent disruption of bone 

remodeling. In Taiwan, evidence shows more than 30% 

of women over age 50 are impacted by osteoporosis. 

Also in the USA, health care costs as well as morbidity 

of fractures associated with osteoporosis are higher 

than those associated with breast cancer, stroke, or 

heart attack [1-3]. 

Total thyroidectomy, which is the entire removal of 

the thyroid gland, is used in treating thyroid 

enlargement or thyroid cancers. Various studies sought 

to understand how thyroidectomy affects bone mineral 

density (BMD) and how calcium is processed by the 

body. The studies come forth with various hypotheses 

for how bone mass can be lost and how osteoporosis 

may arise after thyroid removal. These hypotheses 

include hormonal imbalances in thyroid hormones, 

including calcitonin deficiency, and loss of 

thyrotropin's defensive action through thyroxine 

treatment [4-6].  

Additionally, various studies also demonstrated that 

there is an association between osteoporosis with 

thyrotropin-suppressive medication use post-surgery, 

particularly in women over menopause. Thyroid 

hormones have the potential to stimulate bone cells 

either through an indirect mechanism whereby the 

secretion of growth hormone (GH) and insulin-like 

growth factor-1 (IGF-1) is increased or through a direct 

mode of action that involves the influence of specific 

nuclear receptors on target genes. The existence of 

thyroid hormone receptors (TRs) is established in 

osteoblast-like cells and cell lines derived from humans 

and rodents, and recently in vitro osteoclasts derived 

from an osteoclastoma. However, there is no report on 

their presence in situ in human bone [7-9].  

Insulin-like growth factor-1 (IGF-1) plays a crucial 

role in the development of the skeletal system during 

the early stages of life. From the moment of birth, both 

the serum IGF-1 levels and the bone mass of an 

individual increase simultaneously and reach their peak 

during puberty. The research demonstrates that 

abnormal skeletal development, such as dwarfism, 

gigantism, and acromegaly, can be caused by either low 

or high levels of IGF-1. Additionally, the insulin-like 

growth factor 1 signaling pathway is also indispensable 

in skeletal development. Interestingly, selective 

inactivation of Igf1 in liver cells only caused mild 

impairments in the widthwise growth of bones, with 

their lengthwise growth and amount of trabecular bone 

being unaffected [10,11]. The present investigation 

seeks to assess the reduced levels of IGF-1, thyroid 

hormones, calcium, PTH, vitamin D, human bone-

specific alkaline phosphatase (PAP), and Alkaline 

Phosphatase (ALP) in patients who have undergone 

total thyroidectomy. 

Methods 

This study was conducted at Nasiriyah Teaching 

Hospital in Thi-Qar, the Endocrine Glands Center in 

Thi-Qar governorate, during the period between 

7/8/2022 to 1/4/2023. The study included 120 female 

subjects who were divided into four groups (n = 30 

each). This comprised one healthy control group 

(Group A) and three patient groups (Groups B, C, and 

D) assessed at different postoperative intervals 

following total thyroidectomy. 

There were 120 female subjects, control and patients 

with euthyroid goiter aged 25-45 years, who were 

included in this study. They were divided into four 

groups as follows: 

Group A (control) 

It Included 30 healthy subjects aged 25-45. 

Group B (patients, after thyroidectomy) 

Included patients from one day to one month after 

thyroidectomy. 

Group C (patients, after thyroidectomy) 

Included patients from one month and one day to one 

year after thyroidectomy. 

Group D (patients, after thyroidectomy)  

Included patients from one year, one day and more 

after thyroidectomy. Medical tests were performed on 

the blood of patients, including IGF-1, thyroid 

hormones, as well as calcium, PTH, vitamin D, human 

bone-specific alkaline phosphatase (PAP), and Alkaline 

Phosphatase (ALP), using the ELISA device. 

Hormone Replacement Therapy 

All post-thyroidectomy patients (Groups B, C, and D) 

were maintained on standard levothyroxine (T4) 

hormone replacement therapy according to hospital 

protocol. The initial dosage was prescribed by the 

attending endocrinologist and titrated over time based 

on serial thyroid function tests (T3, T4, TSH) to achieve 

euthyroid levels. The progressive increase in thyroid 

hormones and the corresponding decrease in TSH 

observed across postoperative groups reflect successful 

dose stabilization and endocrine adaptation following 

thyroidectomy. 

Ethical approval 
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The samples were taken from Al-Nasiriyah Teaching 

Hospital after obtaining official approvals from the Dhi 

Qar Health Department and after studying the research 

project no. 2022/204 . An approval was obtained to 

complete the research in the institutions of the Dhi Qar 

Health Department, according to decision No. Dhi 

Qar/2022204 procured on 7/8/2022. 

Results 

The findings of the inquiry, as demonstrated in Tables 

1–3, revealed significant alterations in insulin-like 

growth factor, thyroid and parathyroid functions, and 

bone characteristics among the patient groups. 

Specifically, compared with the control group, post-

thyroidectomy patients (Groups B–D) exhibited 

progressively higher levels of IGF-1, T3, T4, PTH, 

calcium, vitamin D, and bone formation markers (PAP 

and ALP), while TSH values decreased over time. The 

outcomes of the three patient groups also differed 

significantly from one another, and these trends are 

comprehensively depicted in the tables. 

Parameters (IGF)-1 ng/mL T3  ng/mL T4 nmol/L TSH µIU/mL 

Group A 13.10 ± 4.01a 0.47 ± 0.01b 88.11 ± 6.73b 8.27 ± 1.03a 

Group B 15.53 ± 4.29a 0.60 ± 0.02b 109.72 ± 8.11a 8.10 ± 1.44a 

Group C 20.47 ± 5.32a 0.64 ± 0.01b 110.86 ± 7.29a 5.82 ± 0.42ab 

Group D 21.60 ± 6.98a 1.23 ± 0.08a 115.69 ± 5.75a 2.84 ± 0.02b 

L.S. D 9.99 0.19 17.40 3.35 

Table 1: IGF-1 and thyroid function test results for the studied 
groups. 
Values represent mean ± standard deviation (SD). 
Means in the same column with different letters are significantly 
different (P ≤ 0.05; LSD test). 
LSD = least significant difference. 

Parameters PTH pg/mL Calcium mg/dL vitamin D ng/mL 

Group A 13.73 ± 2.36c 7.67 ± 1.34c 16.54 ± 2.69b 

Group B 16.91 ± 3.45bc 8.20 ± 3.77b 16.75 ± 3.74b 

Group C 23.35 ± 4.40b 8.29 ± 2.79b 17.02 ± 2.99b 

Group D 56.83 ± 5.88a 9.08 ± 3.48a 32.81 ± 7.54a 

L.S. D 7.79 0.49 2.17 

Table 2: Parathyroid Function Test results for Parathyroid 
Hormone (PTH), calcium and vitamin D. 
Values represent mean ± standard deviation (SD). 
Means in the same column with different letters are significantly 
different (P ≤ 0.05; LSD test). 
LSD = least significant difference. 

Parameters (PAP)U/L (ALP) U/L 

Group A 75.19 ± 8.86b 77.27 ± 10.95a 

Group B 76.65 ± 6.08b 79.43 ± 9.31a 

Group C 77.39 ± 9.53ab 80.80 ± 10.09a 

Group D 90.25 ± 10.56a 81.66 ± 10.76a 

L.S. D 13.19 9.78 

Table 3: Bone Function Test results for Human Bone-specific 
Alkaline Phosphatase (PAP) and Alkaline Phosphatase (ALP). 
Values represent mean ± standard deviation (SD). 
Means in the same column with different letters are significantly 
different (P ≤ 0.05; LSD test). 
LSD = least significant difference. 

Discussion 

Thyroid hormones act by means of nuclear receptors in 

osteoblasts to induce osteoclastic bone resorption. 

Thus, thyroid disorders are among the most frequent 

causes of secondary osteoporosis. Previous studies 

demonstrated that hypothyroid patients exhibit 

increases in both osteoclastic and osteoblastic 

activities, with a prevailing emphasis on bone 

resorption. This results in a decline in bone mineral 

density (BMD), which can be rectified by the 

normalization of thyroid function [12-14]. The latter is 

associated with an increase in lumbar spine BMD, 

preceded by a significant attenuation in augmented 

bone turnover. However, there is a discrepancy in the 

results of studies that aim to determine whether 

antithyroid drugs (ATD) can completely normalize 

bone. There exist numerous patients who manifest 

bone pain and deformity due to issues with thyroid 

hormones. In recent years, an awareness has arisen 

about the central function of thyroid hormone in bone 

development and bone mass maintenance. Changes in 

thyroid hormone are involved in growth abnormalities, 

bone loss, and increased fracture risk. Thyroid 

hormones are essential for skeletal development and 

play an essential physiological role in adult bone 

structure and strength [15-17]. Although thyroid 

disease is a recognized risk factor for bone disease, 

thyroid hormones' role in osteoporosis pathogenesis 

and their relationship with factors in fracture risk have 

been underappreciated, with the pathogenetic 

mechanism unclear. Hyperthyroidism features TSH 

suppression with increased T3 and T4 levels, 

predominantly due to Graves’ disease. This condition 

occurs following surgery, as outlined by The British 

Association of Endocrine and Thyroid Surgeons 

(BAETS) [18-20]. 

Notably, hypothyroidism is the most common long-

term consequence after total thyroidectomy. The 

findings by Tsai et al. (2019) align with the current 

study, as total thyroidectomy plays a crucial and 

growing part in thyroid disease management [21-23]. In 

many hospitals, it is responsible for nearly half of all 

thyroid operations. Total thyroidectomy suitability in 

managing non-cancerous tumors and growths is, 

however, still controversial. It is being increasingly 

realized that total thyroidectomy is suitable for 

multinodular goiter (MNG) patients, especially with 

extensive nodular disease involving both lobes. If one 

of the lobes is in relatively good condition, then total 

excision of the gland is not necessary. It is being 

realized that in those with unilateral disease, about 10 

percent of such cases would have recurrence in the long 

term. However, it is noteworthy that only half of these 

individuals will require surgical intervention [5,22,24-

27]. The administration of a preliminary 

Hemithyroidectomy is potentially satisfactory for such 

patients. The primary objection to total thyroidectomy 

is its heightened susceptibility to associated 

complications. The occurrence of permanent recurrent 

laryngeal nerve palsy in recent studies about total 

thyroidectomy is 0.3% to 1.7% and for permanent 
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hypoparathyroidism, it is 0.7% to 3%. The practice of 

capsular dissection, offering minimal harm to 

parathyroid glands but with careful preservation of 

recurrent nerves, has helped to reduce intraoperative 

morbidity in comparison with figures reported in 

earlier studies. Nevertheless, maintaining parathyroid 

glands on an intact vascular pedicle can remain 

technically demanding in the case of large goiters [27-

29]. Among the numerous endocrinological reasons for 

secondary osteoporosis, such as hypogonadism, thyroid 

diseases, Cushing's syndrome and 

hyperparathyroidism, excess or lack of thyrotropin 

(thyroid-stimulating hormone) and other thyroid 

hormones are potentially harmful to bone status. While 

endogenous hyperthyroidism is associated with an 

increased risk of osteoporosis due to augmented 

osteoclastic resorption and reduced bone formation, 

the effect of suppressive thyroxine therapy on 

osteoporosis is still uncertain. There exists a 

correlation between thyroid hormones and bone 

properties [30-32]. Both thyroxine (T4) and 

triiodothyronine (T3) thyroid hormones affect 

metabolic processes in all parts of the body and are 

necessary for normal bone turnover. Over the last few 

decades, thyroid hormones' role in bone formation and 

maintaining bone mass has come to be appreciated. 

Changes in thyroid hormones can cause bone loss, 

growth disorders, as well as an increased risk of 

fracture [33,34]. 

Thyroid hormones are important in skeletal 

development and are essential for maintaining adult 

bone structure and strength. Thyroid dysfunction is 

recognized as an independent risk factor for bone 

disease, but thyroid hormones' role in osteoporosis 

pathogenesis and factors affecting fracture risk are 

underappreciated, with undefined pathways. There are 

reports of higher bone mineral density (BMD) in 

postsurgical permanent hypoparathyroidism patients. 

Our previous report showed that patients who 

experienced transient hypoparathyroidism 

postoperatively were in a subclinical hypoparathyroid 

(HP) state even after 5 years of surgery [35-38]. More 

research is now supporting a possible relationship 

between thyroid gland function, bone turnover, and 

fracture likelihood. The relationship, however, 

involving measures of thyroid responsiveness with 

osteoporosis and bone fractures, is still ambiguous. The 

goal of this research, then, was to identify relationships 

between thyroid sensitivity and bone mineral density 

(BMD), as well as fractures, in patients with normal 

thyroid function. [13]. 

Specific ablation of Igf1 from osteoblasts (OBs) or 

chondrocytes produced severe skeletal abnormalities, 

suggesting an even more important role for IGF-1 

produced locally from bone and cartilage in skeletal 

development. Remarkably, an enhancement in bone 

mineral density (BMD) and serum IGF-1 levels was 

observed in therapies that reduced serum IGF-1 levels. 

This is probably due to the fact that signaling of IGF-1 

activates osteoclast and osteoblast maturation, 

enhances the synthesis of type I collagen, and lowers 

the production of collagenase, which is essential for 

ongoing remodeling and sustaining of bone tissue 

[39,40].  Consequently, a decrease in IGF-1 levels may 

precipitate diminished mass of bone, bone disorders, 

and an elevated bone fracture risk. In addition, the 

activation of satellite cells and the formation of muscle 

protein is credited to the involvement of IGF-1; thus, 

reduced IGF-1 levels are related to sarcopenia (muscle 

mass and muscle power loss) and impaired physical 

function in patients, potentially increasing the risk of 

fractures and falls [41].  Overall, IGF-1 is essentially 

pivotal to the musculoskeletal system, and a decrease 

in its levels may lead to musculoskeletal disorders as 

well as an increased risk of fractures. Consequently, 

careful attention to fracture risk is warranted, 

especially in those presenting with low serum IGF-1 

levels. An association was identified between 

osteoporosis, total thyroidectomy, and insulin-like 

growth factor, as it revealed a reduction in insulin-like 

growth factor, mineral density, vitamin D, and bone 

mass. Thyroid hormones are known to exert an 

influence on the modulation of insulin-like growth 

factor type 1 (IGF-1) and insulin-like growth factor-

binding protein-3 (IGFBP-3) expression. It is well 

established that both IGF-1 and IGFBPs are closely 

associated with the physiological processes and 

developmental aspects of the thyroid gland [42,43]. 

Recent clinical and pre-clinical investigations 

suggested that PTH can augment the bony density of 

the jaw, while also enhancing soft tissue healing and 

bone filling subsequent to tooth extraction. Moreover, 

in vivo studies showed that PTH directly triggers 

survival signaling in osteoblasts, with the 

postponement of osteoblast apoptosis being a 

significant contributor to the increased osteoblast 

number. Despite having high bone mineral density 

(BMD), individuals diagnosed with hypoparathyroidism 

are susceptible to vertebral fractures (VFs) [26,31,44]. 

Hypoparathyroidism, a postoperative complication of 

total thyroidectomy, is observed with a frequency 

ranging from 7% to 51%. This wide range in incidence 

is attributed to variations in the technical proficiency 

of the surgical operator and the procedural complexity 

and is further exacerbated by the absence of a universal 

nomenclature for the identification and definition of 

this complication. A multicenter analysis conducted in 

our nation determined the prevalence of 

hypoparathyroidism to be 22.9% at 3 to 6 months post-
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surgery, 16.7% at 12 months post-surgery, and 14.5% at 

the final outpatient assessment [45-48]. 

Vitamin D plays an important role in the growth and 

development of a healthy, strong skeletal system. 

Additionally, Vitamin D is needed for processing 

calcium and phosphorus, providing an adequate supply 

of these minerals for mineralization of bones. The 

mean serum 25(OH) D levels in both thyroid patients 

and controls, however, were below the recommended 

levels [49,50]. Furthermore, patients with preoperative 

Vitamin D levels below 20 ng/mL had a lower incidence 

of transient hypoparathyroidism. It is worth noting 

that the active Vitamin D metabolite, 1, 25(OH) 2D, 

plays a key role in opening calcium channels in the gut 

and stimulating the formation of calcium binding 

proteins in intestinal cells, ultimately leading to 

increased absorption of calcium and phosphate from 

the gut. In this manner, optimal conditions for bone 

mineralization are established [51-53]. 

Circulating levels of alkaline phosphatase (ALP) and 

their variants offer insight into processes of bone 

metabolism. Through systemically increasing the ratio 

of inorganic phosphate to pyrophosphate, ALP 

encourages mineralization while also decreasing 

extracellular levels of pyrophosphate, a compound that 

restricts mineral development. ALP activity reduction 

is linked to reduced bone remodeling. The bone-

specific isoenzyme (B-ALP) is implicated in the 

calcification of bone and is used as a marker of bone 

remodeling based on osteoblast activity. Higher levels 

of ALP are utilized in the diagnosis of rickets in 

children, although they are also linked with bone 

formation. Alkaline phosphatase (ALP) proves to be a 

valuable tool in distinguishing rickets from other 

conditions that share similar clinical and laboratory 

characteristics [54-56]. Hypothyroid patients, for 

instance, typically display higher than normal bone 

density, frequently accompanied by normal or low ALP 

values [55]. The wide postoperative range defined for 

Group B (1 day – 1 month) may have introduced 

variability in hormonal and biochemical recovery 

patterns, as it combines both acute and stabilized 

postoperative stages. Future research should consider 

narrower postoperative intervals for improved group 

homogeneity. 
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