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Abstract 
This study aimed to examine the association between calcific rotator cuff tendinopathy (RCT) and nephrolithiasis and/or 
cholelithiasis. A case–control study was conducted on patients diagnosed with RCT between June 2016 and June 2022. RCT 
was confirmed by ultrasound, and patients were divided into 2 groups: calcific RCT (case) and non-calcific RCT (control). Data 
were collected retrospectively from electronic medical records and completed by phone calls, looking for a history of nephrolithiasis 
and/or cholelithiasis; based on clinical features or incidental findings on abdominal and pelvic imaging. A total of 210 patients 
with RCT were included. Among the 95 cases of calcific RCT, 43 had a history of lithiasis (45.3%) against 23 (20%) from the 
non-calcific RCT group (P < .001); 21 patients suffered from nephrolithiasis (22.1%) and 26 had cholelithiasis (27.4%) versus 
10 (8.7%) (P = .006) and 16 (13.9%) (P = .015) in the non-calcific RCT group, respectively. Logistic regression showed that the 
independent predictors of calcific RCT included a history of nephrolithiasis (OR, 4.38; 95% CI: 1.61–11.92, P = .004) and a history 
of cholelithiasis (OR, 3.83; 95% CI: 1.64–8.94, P = .002). In patients with calcific RCT, the occurrence of lithiasis was significantly 
associated in the bivariate analysis with higher age, body mass index, fasting blood sugar, and HbA1c (all with P < .05), but 
only with the presence of another site of calcific tendinopathy than the shoulder (OR, 3.11; 95% CI: 1.12–8.65, P = .03) in the 
multivariate analysis. Nephrolithiasis and/or cholelithiasis are associated with calcific RCT, and their presence predicts calcific RCT 
at least 3 times. Further research is required to determine the common risk factors and preventive measures against lithogenesis 
in patients with calcific RCT, nephrolithiasis, and cholelithiasis.

Abbreviations: BMI = body mass index, Ca2+ = calcium, CI = confidence interval, CPPD = calcium pyrophosphate deposition 
disease, HBA1c = hemoglobin A1c, MRI = magnetic resonance imaging, OPN = osteopontin, OR = odds ratio, Pi = inorganic 
phosphate, RCT = rotator cuff tendinopathy.
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1. Introduction
Calcific rotator cuff tendinopathy (RCT) is a major source 
of pain and limited mobility of the shoulder, thus responsible 
for a loss of functional ability in activities of daily living.[1] Its 
prevalence ranges from 2.7% to 22% according to different 
authors.[2]

Calcific RCT is characterized by the deposition of cal-
cium hydroxyapatite crystals in the tendons. Although it can 
affect any tendon in the body, it is most commonly seen in 
the tendons of the rotator cuff of the shoulders, in particular 
the supraspinatus tendon.[3] Although the progression of the 
disease through various stages, from formation to latent stage 

then to resolution, is more understood, its etiology remains 
unknown, and the factors associated with its pathogenesis are 
still unclear.

Recently, particular interest has been given to studying the 
comorbidities associated with calcific RCT, to better under-
stand the pathophysiology of the disease and its management. 
This association has been the subject of many recent publica-
tions establishing a link between calcific RCT and endocrine 
diseases, including thyroid disorders,[4] hyperlipidemia,[5] and 
diabetes.[6] Unique is the study, carried out by Ejnisman, sug-
gesting an association with nephrolithiasis, the latter being 
present in 32% of patients suffering from calcific RCT.[7] 
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However, no association with cholelithiasis has been demon-
strated to date.

This study aimed to determine the frequency of occurrence 
of nephrolithiasis and/or cholelithiasis in patients with calcific 
RCT, compared to that in patients with non-calcific RCT, and to 
assess the factors associated with the occurrence of nephrolithi-
asis and/or cholelithiasis in patients with calcific RCT.

2. Methods

2.1. Study design and sample selection

This case–control study was conducted on patients diagnosed 
with an RCT between June 2016 and June 2022 and followed 
in a rheumatology clinic in Beirut, Lebanon.

The inclusion criteria were Lebanese nationality, age over 18 
years at diagnosis, and confirmation of the diagnosis of RCT 
on ultrasound. Exclusion criteria were a history of previous 
shoulder trauma or surgery or a diagnosis of a malignant lesion 
affecting the shoulder.

The study population was composed of 2 groups of 
patients as shown in Figure 1. The first group (cases) com-
prised patients with calcific RCT, confirmed by ultrasound 
imaging showing the presence of at least 1 calcification in at 
least 1 tendon of the rotator cuff. The second group (control) 
included patients with non-calcific RCT based on the result 
of ultrasound. Patients in the control group who have calcific 
tendinopathies on other sites than the shoulder, such as cal-
cific tendinopathy of the gluteus medius, Achilles, and triceps 
tendons, were excluded.

The study protocol was approved by the ethics committee 
of the Hôtel-Dieu de France University Hospital in Beirut, 
Lebanon.

2.2. Data collection

Age at diagnosis, sex, occupation, body mass index (BMI), smok-
ing status, comorbidities such as diabetes, dyslipidemia, thyroid 
disorders, hyperparathyroidism, gout, calcium pyrophosphate 
deposition disease (CPPD), and blood test results available at 
the time of diagnosis were collected from the electronic medical 
records.

The rest of the data was collected prospectively. Patients 
included in the study were contacted, and after giving 
their consent to participate, they answered a questionnaire 
during a phone call. The purpose of this questionnaire was 
to look for a history of symptomatic or asymptomatic kid-
ney stones and gallstones, based on the patients’ previous 
symptoms (renal or biliary colic), previous abdominal and 
pelvic imaging tests (ultrasound or scanner or magnetic 
resonance imaging (MRI)), and eventual therapeutic proce-
dures (lithotripsy, ureteral stenting, nephrostomy, cholecys-
tectomy, endoscopic retrograde cholangio-pancreatography) 
which could confirm the diagnosis of nephrolithiasis and/or 
cholelithiasis.

2.3. Statistical analysis

All data were analyzed using the SPSS software program 
(Version 26.0, IBM Corp., Armonk, NY, USA).

Statistical analyses were conducted to compare the dif-
ferent parameters, first between the groups of calcific RCT 
and non-calcific RCT, then within the group of calcific RCT 
between the patients with and those without a history of 
lithiasis.

Patients’ characteristics are presented using descriptive statis-
tics. The Shapiro–Wilk test was used to test continuous variables 

Figure 1. Flowchart of study sample selection.
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for normality. Normally distributed continuous variables were 
expressed as mean ± standard deviation (SD); non-normally 
distributed continuous variables as median and range; and cat-
egorical data were presented using absolute frequencies and 
percentages. The Student t test was used for normal variables, 
and the nonparametric Mann–Whitney U test for non-normal 
variables. As for the qualitative variables, the Chi-square and 
Fisher exact tests were used.

Finally, a multivariate analysis by binary logistic regression 
was performed to identify the independent factors associated 
with calcific RCT, then those associated with the occurrence of 
lithiasis. Were included in each multivariate analysis model the 
explanatory variables that were thought to influence the depen-
dent variable, while respecting the absence of multicollinearity 
between the independent variables. The statistical significance 
threshold was set for a P value < .05 and the confidence interval 
(CI) was calculated at 95%.

3. Results

3.1. Baseline patient characteristics

A total of 210 patients diagnosed with RCT were included, 95 
with calcific RCT and 115 with non-calcific RCT. The 2 groups 
of patients were comparable in terms of demographic charac-
teristics with no statistically significant difference as shown in 
Table 1.

3.2. Ultrasound results

Among the cases of calcific RCT, we noted 98 localized cal-
cifications in the supraspinatus (79.7%), 20 in the subscapu-
laris (16.2%), 5 in the infraspinatus (4.1%), and none in the 

teres minor tendons. The right side was affected in 66 patients 
(53.7%), the left side in 57 (46.3%), and bilateral involvement 
was observed in 28 patients (29.5%). The average size of the 
calcifications was 11.9 mm, for an extent ranging from 2 to 
37 mm.

3.3. Clinical results

Among the 95 cases of calcific RCT, 43 had a history of lithi-
asis (45.3%) against 23 (20%) in the non-calcific RCT group 
(P < .001); 21 suffered from nephrolithiasis (22.1%) and 26 
had cholelithiasis (27.4%), versus 10 (8.7%) (P = .006) and 16 
(13.9%) (P = .015), respectively (Table 1).

Multivariate analysis (Table 2) highlighted that a history of 
lithiasis was an independent predictor of calcific RCT: patients 
with a history of nephrolithiasis were 4.38 times more likely 
to develop RCT of a calcific nature (OR, 4.38, 95% CI: 1.61–
11.92, P = .004), and those with a history of cholelithiasis were 
3.83 times more likely (OR, 3.83, 95% CI: 1.64–8.94, P = .002).

Among patients with calcific RCT and nephrolithiasis and/
or cholelithiasis (n = 43), the average age of onset of calcific 
RCT was 59.3 years compared to 53 years in patients without a 
history of lithiasis (P = .008), mean BMI was 28.3 kg/m2 versus 
26.6 (P = .02), mean fasting blood sugar was 110 mg/dL versus 
97 mg/dL (P = .02), and mean hemoglobin A1c (HbA1c) was 
6% versus 5.6 % (P = .032). This group also included 14 obese 
(32.6%) versus 8 (15.4%) (P = .048), 13 diabetics (30.2%) 
versus 7 (13.7%) (P = .046), and 16 patients with another site 
of calcific tendinopathy than the shoulder (37.2%) versus 9 
(17.3%) (P = .028).

On the other hand, among patients with calcific RCT, those 
with a history of lithiasis did not show any statistically signifi-
cant difference compared to those without a history of lithiasis, 
in terms of sex, size of calcification, bilaterality of tendinopathy, 
and prevalence of dyslipidemia, thyroid disorders and hyper-
parathyroidism (Tables 3 and 4).

Finally, the variables showing significant results in the bivar-
iate analysis were included in a multivariate analysis model. 
Based on this model, the presence of another site of calcific tend-
inopathy remained the only predictive factor for the occurrence 
of nephrolithiasis and/or cholelithiasis among patients with cal-
cific RCT (OR, 3.11, 95% CI: 1.12–8.65, P = .03).

4. Discussion
Our study confirmed, similarly to previous findings,[7] that neph-
rolithiasis is significantly more common in patients with calcific 
RCT. However, to the best of our knowledge, this is the first 
study to reveal a significant positive association between calcific 
RCT and cholelithiasis. This double association is nevertheless 
not surprising, since the association between nephrolithiasis 
and cholelithiasis is already known, but the physio pathological 
mechanism in question is under investigation.[8,9]

Our study allowed to assess properly the prevalence of neph-
rolithiasis and cholelithiasis in the study samples since it was 
not limited to the symptomatic history of the patients, but it 
also looked for asymptomatic nephrolithiasis and cholelithiasis 
discovered incidentally on abdominal and pelvic imaging.

Various metabolic diseases, including diabetes and obesity, 
are risk factors for nephrolithiasis and cholelithiasis,[9] and are 
also closely linked to the formation of tendon calcifications in 
the shoulder.[6,10] This is consistent with the results of the pres-
ent study, which show a higher prevalence of diabetes and obe-
sity, as well as higher BMI, fasting blood glucose, and HbA1c 
among patients with both calcific RCT and lithiasis. In addi-
tion, these patients are older compared to those without lithi-
asis, consistent with age being a risk factor for kidney stones 
and gallstones.[9] Moreover, the multivariate analysis allowed us 
to retain the presence of another site of calcific tendinopathy 

Table 1

Comparison of demographic characteristics and comorbidities 
between patients with and those without calcific rotator cuff 
tendinopathy.

Variables

Groups

P value
Calcific RCT 

(n = 95)
Non-calcific 

RCT (n = 115)

Age at diagnosis (yrs), 
mean ± SD

55.8 ± 11.6 54.4 ± 14.6 .431

Female, N (%) 65 (68.4) 80 (69.6) .858
BMI (kg/m2), mean ± SD 27.4 ± 3.8 27.59 ± 4.4 .696
Occupation, N (%)
  Manual work 26 (27.4) 21 (18.3) .177
  Office work 22 (23.1) 26 (22.6)
  Housework 32 (33.7) 37 (32.2)
  Retirement 15 (15.8) 31 (26.9)
Smoking, N (%) 38 (40) 30 (26.1) .032**
Serum Calcium (mg/dL), 

mean ± SD
9.5 ± 0.5 9.6 ± 0.5 .11

Diabetes, N (%) 20 (21.1) 26 (22.6) .786
Dyslipidemia, N (%) 39 (41.1) 41 (35.7) .422
Thyroid disorders, N (%) 18 (18.9) 12 (10.4) .079
Hyperparathyroidism, 

N (%)
7 (7.4) 10 (8.7) .726

Gout, N (%) 1 (1.1) 1 (0.9) .892
CPPD, N (%) 1 (1.1) 0 (0) .270
History of lithiasis, N (%) 43 (45.3) 23 (20) <.001***
  Nephrolithiasis 21 (22.1) 10 (8.7) .006***
  Cholelithiasis 26 (27.4) 16 (13.9) .015*
  Renal and biliary 

lithiasis
4 (4.2) 3 (2.6) .704

BMI = body mass index, CPPD = calcium pyrophosphate deposit, RCT = rotator cuff tendinopathy.
*P < 0.10; **P < 0.05; ***P < 0.01.
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than the shoulder, as an independent predictive factor of lithiasis 
among patients with calcific RCT.

This study failed to show a significant association between 
calcific RCT and the presence of both nephrolithiasis and 
cholelithiasis at the same time. However, this lack of association 
is not to be retained given the limited number of patients with 
both types of stones in our sample, so it is crucial to include 
a larger number of patients, or even to systematically perform 
abdominal and pelvic imaging in all participants to demonstrate 
whether patients with both types of stones are more likely to 
be diagnosed with calcific RCT compared to those with only 1 
type of stones.

Patients with known calcifications of tendons other than the 
rotator cuff were excluded from the control group, but not from 
the first group. Our choice is justified by the fact that calcific 
tendinopathies all belong to the hydroxyapatite deposition dis-
ease, whatever the site affected is[11] and that they can all have 
a dysmetabolic character, as suggested by a recent work from 
Giai Via et al[12] associating calcific tendinopathy of the Achilles 
tendon with diabetes, hypothyroidism, and obesity. This choice 
is reinforced by the hypothesis that calcific tendinopathy and 
lithiasis are closely linked but reduces the specificity of the study 
to calcific tendinopathy of the shoulder.

All these data are consistent with the theory of common 
pathophysiology between calcific RCT and lithiasis, mainly the 
pathological biomineralization, which is a physiological pro-
cess, by which living organisms use mineral materials, including 

calcium (Ca2+) and inorganic phosphate (Pi), to produce min-
eralized deposits. Most human tissues are supersaturated with 
Ca2+ and Pi ions, but biomineralization only occurs in limited 
sites, namely cartilage, bones, and teeth.[13] On the contrary, soft 
tissues have regulatory mechanisms that inhibit the formation 
of mineral crystals. When these mechanisms are dysfunctional, 
pathological uncontrolled biomineralization is observed.[14]

Several conditions must be met for pathological biomineraliza-
tion to occur, and it is possible to identify among these conditions 
some common features between calcific RCT, nephrolithiasis, and 
cholelithiasis. Oversaturation is the primary condition in any phe-
nomenon of pathological crystallization. A solution is considered 
oversaturated when it contains more substance than the solvent 
can dissolve under normal circumstances. The crystallizing sub-
stance differs according to the microcrystalline pathology in ques-
tion: it is the oversaturation of the extracellular matrix of tendons 
with calcium and phosphate in the calcific RCT, of the urine with 
calcium, phosphate, oxalate, uric acid or cystine for the neph-
rolithiasis, and of the bile with cholesterol or free bilirubin for 
cholelithiasis. It is this first step which determines the kinetics of 
crystallization, and consequently, the nature, the number, and the 
size of the crystals created,[15] but it is not sufficient for the forma-
tion of abnormal deposits.

Nucleation is the second step in pathological biomineraliza-
tion. It is defined by the formation of small nucleus from the 
oversaturated substance.[15] In calcific RCT, the sites of nucle-
ation are the matrix vesicles. They are extracellular, bilamel-
lar vesicles, approximately 50 to 200 nm in diameter, which 
provide an ideal microenvironment for biomineralization, as 
they contain calcium and phosphate transporters, and alka-
line phosphatase which induces hydroxyapatite formation.[16] 
Matrix vesicles are also believed to cause kidney stones, as 
they have been identified in a mineralized subepithelial tissue 
of the renal papilla, called Randall plaque.[17] Recent find-
ings show that human renal interstitial fibroblasts undergo 
osteogenic differentiation and participate in the formation 
of Randall plaque calcifications,[18] just as shoulder tenocytes 
undergo metaplasia into chondrocytes to produce hydroxy-
apatite crystals in the calcific RCT.[19] As for cholelithiasis, its 
pathophysiology also includes a nucleation stage.[20] However, 
the vesicular structures involved in biliary lithogenesis do 
not resemble the matrix vesicles known in calcific RCT or in 
nephrolithiasis.

Another characteristic observation in pathological biomin-
eralization is the decrease in the expression of calcification 
inhibitors. Osteopontin (OPN) is a non-collagenous protein 
identified in samples studying calcific RCT.[1] It is thought to be 
a powerful inhibitor of calcification because the OPN-positive 

Table 2

Binary logistic regression analysis for predictors of calcific 
tendinopathy among patients with rotator cuff tendinopathy.

Variables OR 95% CI P value

Age, ≤60 years old 2.07 1.01 to 4.27 .048**
Sex, Female 1.016 0.52 to 2.01 .962
BMIa .242
  Overweight 0.69 0.33 to 1.45 .326
  Obesity 0.45 0.18 to 1.14 .092
Smoking 2.01 1.06 to 3.80 .032**
Diabetes 0.90 0.40 to 1.99 .786
Dyslipidemia 1.85 0.88 to 3.9 .103
Thyroid disorders 2.54 1.05 to 6.17 .039**
Hyperparathyroidism 0.61 0.19 to 1.99 .412
Lithiasis typeb <.001**
  Nephrolithiasis 4.38 1.61 to 11.92 .004**
  Cholelithiasis 3.83 1.64 to 8.94 .002**
  Renal and cholelithiasis 3.81 0.70 to 20.60 .12

BMI = body mass index, CI = confidence interval, OR = odds ratio.
*P < 0.10; **P < 0.05; ***P < 0.01.
aOverweight is defined by a BMI ≥ 25 and < 30 kg/m2, and obesity by a BMI ≥ 30 kg/m2. The 
reference category is a BMI < 25 kg/m2.
bThe reference category is the absence of history of lithiasis.

Table 3

Comparison of age, sex, and calcification characteristics among 
patients with calcific rotator cuff tendinopathy according to the 
presence of a history of lithiasis.

Variables

History of lithiasis

P value
Yes 

(n = 43)
No 

(n = 52)

Age at diagnosis (yrs), mean ± SD 59.3 ± 12 53 ± 10.7 .008***
Female, N (%) 30 (69.8) 35 (67.3) .797
Calcification size (mm), mean ± SD 11.8 ± 6.9 12.4 ± 6.6 .486
Bilateral involvement, N (%) 13 (30.2) 15 (28.9) .883
Another calcification site than the shoulder, N (%) 16 (37.2) 9 (17.3) .028**

*P < 0.10; **P < 0.05; ***P < 0.01.

Table 4

Comparison of modifiable factors among patients with calcific 
rotator cuff tendinopathy according to the presence of a history 
of lithiasis. 

Variables

Groups

P value
History of 

lithiasis (n = 43)
No history of 

lithiasis (n = 52)

BMI (kg/m2) 28.3 ± 3.9 26.6 ± 3.5 .02**
Obesity (%) 14 (32.6) 8 (15.4) .048*
Smoking (%) 18 (41.9) 20 (38.5) .736
Calcemia (mg/dL) 9.5 ± 0.5 9.4 ± 0.2 .437
Diabetes (%) 13 (30.2) 7 (13.7) .046**
Fasting blood sugar (mg/dL) 110 ± 32 97 ± 18 .02**
HbA1c (%) 6 ± 1.3 5.6 ± 0.6 .032**
Dyslipidemia (%) 20 (46.5) 19 (36.5) .325
Thyroid disorders (%) 9 (20.9) 9 (17.3) .654
Hyperparathyroidism (%) 3 (7) 4 (7.7) >.999

*P < 0.10; **P < 0.05; ***P < 0.01.
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multinucleated cells phenotypically resemble osteoclasts and 
contribute to the resorption of hydroxyapatite deposits from 
calcified tendon areas.[13] Similarly, renal OPN would play a 
protective role against nephrolithiasis, by inhibiting the nucle-
ation, growth, and aggregation of calcium oxalate crystals in 
vitro.[21] Animal studies have also revealed that OPN-deficient 
mice have an increased risk of kidney crystal deposition. 
Whereas OPN would have an opposite role in biliary lithogen-
esis, a recent study found that hepatic OPN deficiency in mice 
impaired biliary homeostasis and protected against the forma-
tion of gallstones.[22]

Another interesting molecule in its inhibitory role is phy-
tate. Grases et al[13] detected a significantly lower phytate con-
centration in the urine of patients with calcific RCT, compared 
to healthy controls. Since the concentrations of phytate in the 
blood and tissues are correlated with those in the urine, then 
these patients suffering from calcific RCT had a tissue deficiency 
in this crystallization inhibitor. The prevalence of nephrolithi-
asis in these patients was also high (19%). Moreover, phytate 
deficiency has also been observed in the urine of patients with 
calcium kidney stones.[23]

To sum up, these recent theories of pathological biomin-
eralization make the link between calcific RCT, nephroli-
thiasis, and cholelithiasis more plausible. The mechanisms 
presented above must benefit from more precision with sci-
entific advances. In this context, it would be advantageous 
to propose a prevention plan against stone formation in the 
management of calcific RCT patients. Obesity and diabetes 
are modifiable factors on which we could act in this preven-
tive perspective. Practically, the actions to be advocated in 
patients with calcific RCT would include lifestyle changes, 
diet, sports activity, maintenance of a normal BMI and close 
control of blood sugar and HbA1c. In addition, it is known 
that a higher dietary calcium and phytate intake is associated 
with a reduced risk of kidney stones,[24] we can speculate from 
these results that such a diet might be also beneficial in pre-
venting calcific RCT. It is therefore important to add this point 
to the agenda of future research.

4.1. Limitations of the study

Our study has some limitations that should be discussed. 
Although we attempted to limit the memorization bias by the 
collection of available abdominal and pelvic images from the 
electronic medical records, the information about the history 
of nephrolithiasis or cholelithiasis was primarily based on the 
patient recall.

Patients diagnosed with CPPD or gout were not excluded 
from our study. These pathologies can be confounding factors. 
In fact, 3 of the patients included are diagnosed with CPPD or 
gout and have nephrolithiasis or cholelithiasis. It is therefore 
not possible to know whether the presence of stones in these 
3 patients is linked to calcific tendinopathy, CPPD, or gout. 
However, whereas the association between gout with neph-
rolithiasis is validated in the literature,[25] its association with 
cholelithiasis has never been demonstrated. Similarly, CPPD has 
never been linked to kidney stones or gallstones.

While calcium supplementation has no effect on the devel-
opment of kidney stones,[24] it was shown that it is associated 
with a higher risk of calcific RCT.[26] Although no association 
between the serum calcium level and the presence of calcific 
RCT was found in our study, we did not assess the association 
between the calcium supplementation and the presence of lithi-
asis in patients with calcific RCT.

5. Conclusion
Nephrolithiasis and/or cholelithiasis are associated with calcific 
RCT, and their presence predicts a calcific type of the RCT by at 

least 3 times. Further research is required to determine the com-
mon risk factors and preventive measures against lithogenesis 
in patients with calcific RCT, nephrolithiasis, and cholelithiasis.

Author contributions
Data curation: Yara Jomaa.
Investigation: Yara Jomaa.
Methodology: Yara Jomaa, Rafic Faddoul, Fouad Fayad.
Writing – original draft: Yara Jomaa, Dima Dgheim.
Supervision: Ouidade Aitisha Tabesh, Dima Dgheim, Fouad 

Fayad.
Validation: Ouidade Aitisha Tabesh, Fouad Fayad.
Writing – review & editing: Ouidade Aitisha Tabesh, Rafic 

Faddoul, Soha Haddad, Fouad Fayad.
Conceptualization: Dima Dgheim, Rafic Faddoul, Soha Haddad, 

Fouad Fayad.
Formal analysis: Rafic Faddoul.
Visualization: Soha Haddad.

References
 [1] Darrieutort-Laffite C, Blanchard F, Le Goff B. Calcific tendonitis 

of the rotator cuff: from formation to resorption. Joint Bone Spine. 
2018;85:687–92.

 [2] Umamahesvaran B, Sambandam SN, Mounasamy V, Gokulakrishnan 
PP, Ashraf M. Calcifying tendinitis of shoulder: a concise review. J 
Orthop. 2018;15:776–82.

 [3] Riley GP, Harrall RL, Constant CR, Cawston TE, Hazleman BL. 
Prevalence and possible pathological significance of calcium phosphate 
salt accumulation in tendon matrix degeneration. Ann Rheum Dis. 
1996;55:109–15.

 [4] Oliva F, Piccirilli E, Berardi AC, Tarantino U, Maffulli N. Influence 
of thyroid hormones on tendon homeostasis. Adv Exp Med Biol. 
2016;920:133–8.

 [5] Lin CC, Nfor ON, Su CL, Hsu SY, Tantoh DM, Liaw YP. Interactive 
associations of sex and hyperlipidemia with calcific tendinitis of the 
shoulder in Taiwanese adults. Medicine (Baltimore). 2020;99:e23299.

 [6] Su YC, Chung CH, Ke MJ, Chen LC, Chien WC, Wu YT. Increased 
risk of shoulder calcific tendinopathy in diabetes mellitus: a nation-
wide, population-based, matched cohort study. Int J Clin Pract. 
2021;75:e14549.

 [7] Ejnisman B, Andreoli CV, Monteiro GC, et al. Calcifying tendinopathy: 
a local or a systemic condition? Rev Bras Ortop. 2015;47:479–82.

 [8] Kim SY, Song CM, Lim H, Lim M, Bang W, Choi HG. Bidirectional 
association between gallstones and renal stones: two longitudinal  
follow-up studies using a national sample cohort. Sci Rep. 2019;9:2620.

 [9] Ahmed MH, Barakat S, Almobarak AO. The association between 
renal stone disease and cholesterol gallstones: the easy to believe 
and not hard to retrieve theory of the metabolic syndrome. Ren Fail. 
2014;36:957–62.

 [10] Harvie P, Pollard TC, Carr AJ. Calcific tendinitis: natural history 
and association with endocrine disorders. J Shoulder Elbow Surg. 
2007;16:169–73.

 [11] Hamada J, Ono W, Tamai K, Saotome K, Hoshino T. Analysis of cal-
cium deposits in calcific periarthritis. J Rheumatol. 2001;28:809–13.

 [12] Giai Via A, Oliva F, Padulo J, Oliva G, Maffulli N. Insertional calcific 
tendinopathy of the achilles tendon and dysmetabolic diseases: an epi-
demiological survey. Clin J Sport Med. 2022;32:e68–73.

 [13] Grases F, Muntaner-Gimbernat L, Vilchez-Mira M, et al. 
Characterization of deposits in patients with calcific tendinopathy of 
the supraspinatus. Role of phytate and osteopontin. J Orthop Res. 
2015;33:475–82.

 [14] Kirsch T. Biomineralization: an active or passive process? Connect 
Tissue Res. 2012;53:438–45.

 [15] Bazin D, Letavernier E, Haymann JP, Frochot V, Daudon M. Crystalline 
pathologies in the human body: first steps of pathogenesis. Ann Biol 
Clin (Paris). 2020;78:349–62.

 [16] Bommanavar S, Hosmani J, Togoo RA, et al. Role of matrix vesi-
cles and crystal ghosts in bio-mineralization. J Bone Miner Metab. 
2020;38:759–64.

 [17] Wang Z, Zhang Y, Zhang J, Deng Q, Liang H. Recent advances on 
the mechanisms of kidney stone formation (Review). Int J Mol Med. 
2021;48:149.



6

Jomaa et al. • Medicine (2024) 103:23 Medicine

 [18] Zhu Z, Huang F, Xia W, et al. Osteogenic differentiation of renal inter-
stitial fibroblasts promoted by lncRNA MALAT1 may partially contrib-
ute to Randall’s plaque formation. Front Cell Dev Biol. 2020;8:596363.

 [19] Uhthoff HK, Sarkar K. Calcifying tendinitis. Baillieres Clin Rheumatol. 
1989;3:567–81.

 [20] Venneman NG, van Erpecum KJ. Pathogenesis of gallstones. 
Gastroenterol Clin North Am. 2010;39:171–83, vii.

 [21] Kaleta B. The role of osteopontin in kidney diseases. Inflamm Res. 
2019;68:93–102.

 [22] Lin J, Lu M, Shao WQ, et al. Osteopontin deficiency alters bili-
ary homeostasis and protects against gallstone formation. Sci Rep. 
2016;6:30215.

 [23] Grases F, March JG, Prieto RM, et al. Urinary phytate in calcium oxa-
late stone formers and healthy people – dietary effects on phytate excre-
tion. Scand J Urol Nephrol. 2000;34:162–4.

 [24] Curhan GC, Willett WC, Knight EL, Stampfer MJ. Dietary factors and 
the risk of incident kidney stones in younger women: nurses’ health 
study II. Arch Intern Med. 2004;164:885–91.

 [25] Kramer HM, Curhan G. The association between gout and nephro-
lithiasis: the National Health and Nutrition Examination Survey III, 
1988–1994. Am J Kidney Dis. 2002;40:37–42.

 [26] Rouhani A, Soleimanpour J, Sadeghilar A, Tabrizi A. The relation 
between calcium supplement consumption and calcific shoulder ten-
donitis. Adv Biosci Clin Med. 2015;3:11–6.


