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Introduction

Diabetes mellitus (DM) is an endocrine disorder characterized by 
hyperglycemia due to impaired insulin secretion and/or activity. 
It is the most common endocrine pathology that causes skeletal 
system complications and diabetic patients with late diagnosis 
and who receive medical treatment late can easily be affected by 
complications such as neuropathy, nephropathy and retinopathy 
(1,2). In 2004, the American National Health Survey showed 
that 58% of diabetic patients had functional losses (3). Increased 
protein glycosylation due to DM in soft tissues and periarticular 
structures, deterioration of microvascular structure and impaired 

collagen accumulation are the causes of changes in muscle skeletal 
system (4).

Musculoskeletal system complications of DM are not only in 
joints. DM also causes functional loss by the involvement of 
bones and soft tissues. Ultrasound studies show that findings such 
as rotator cuff rupture and degeneration in the shoulder increase 
with age. This rate ranges between 1-15% in patients aged 60 
years and ranges between 30-50% in patients aged 80 years (5,6). 
Studies with magnetic resonance imaging (MRI), which provides 
the opportunity to evaluate the pathologies of the shoulder, 
show that shoulder pathologies increase with age as studies with 
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ultrasonography show, but high cost of MRI prevents the use of 
it as a screening test (7,8). 

In this study, we aimed to compare the supraspinatus and biceps 
tendons (BT) in patients with DM which is the most common 
endocrine pathology that causes skeletal system complications, 
with non-diabetic patients in the same age group and to 
investigate the effect of DM on these muscles.

Methods
The study was approved by İstanbul Bakırköy Dr. Sadi Konuk 
Training and Research Hospital Ethics Committee (number: 
2018-113). All patients were informed about the study and 
informed consent was taken from all patients.

Right shoulder joints of 52 diabetic patients and 46 controls 
were evaluated between January 2016 and May 2016 in İstanbul 
Bakırköy Dr. Sadi Konuk Training and Research Hospital. Right 
hand was dominant in all diabetic patients and controls.

Study Group

Fifty two (20 males, 32 females) asymptomatic patients with DM 
type 2 with mean age 62.4±9.6 years were evaluated. Mean time 
of DM diagnosis and follow up duration was 10.3±7.5 years. 

The duration of DM in patients and for how many years the 
patients received treatment were learned. Hemoglobin (Hb) A1c 
level and body mass index (BMI) were measured in all patients.

Control Group

Forty six patients (20 males, 26 females) with mean age of 
66.2±7.8 years who were admitted to our hospital for other 
examinations, who did not have DM and who did not have a 
complaint about shoulder were evaluated. HbA1c level and BMI 
were measured in all patients.

BMI, comorbid diseases and medications of all participants in 
both groups were asked and recorded.

Ultrasonographic Evaluation

Right shoulders of all patients were evaluated with ultrasound 
in the neutral position while sitting. In ultrasonographic 
examination, 5-13 MHz lineer prob (Esaote MyLab 5; Genova, 
Italy) was used. The evaluation was carried out by a specialist 
experienced in musculoskeletal system ultrasonography. The 
standard protocol developed by Papatheodorou et al. (9) was 
used in evaluation.

Supraspinatus tendon (SST) was measured near the lateral head 
of the humerus in the longitudinal axle, while BT head was 
measured in the bisipital groove. Subacromial and subdeltoid 
bursitis were evaluated. Hypo-hyperechoic appearance in 
tendon, deterioration of fibrillar structure, dishomogeneous 
fibrillar structures were evaluated in favor of degeneration. While 
evaluating the tears of SST: 1) partial tears are seen as irregular 
bordered hypoechoic fields in intratendinous, bursal or articular 
side and bursal side tears flatten the bursal side and cause a 
decrease in the superior convexity of the tendon. Tears near the 
articular side are seen hypo-hyperechoic mix on the articular 
surface next to the joint cartilage, 2) full thickness tears contain 
the damaged areas that extend from the bursal surface to the 
articular surface intratendinously and may be filled with synovial 
fluid and cause loss in the upper convexity of tendon. Also, when 
pressed with transducer, it is seen that the deltoid muscle is in 
contact with the humerus head.

Statistical Analysis

Statistical analysis was performed with SPSS (SPSS Inc., 
Chicago, IL) package program version 16. Statistical significance 
level was accepted as p<0.05. Data were expressed as mean ± 
standard deviation. Age, BMI and HbA1c level were evaluated in 
the study and control groups. Demographic data were evaluated. 
Search for calcific tendinitis, tear in SST and biceps tendinitis 
were made. Percentages of the distribution of data in the groups 
were given. Supraspinatus and BT thickness were evaluated by 
ultrasound. Independent sample t-test was used to determine the 
difference between groups.

Results
The BMI was 29.6±4.2 kg/m2 in the DM group and 33.6±4.6 
kg/m2 in the control group. HbA1c was 8.0%±1.7 in the DM 
group and 5.7%±0.2 in the control group (Table 1).

There was no difference between groups in terms of age, gender 
and BMI (p>0.05), whereas there was significant difference 
between groups in terms of HbA1c (p<0.05) (Table 1). 

Calcific tendinitis was detected in 8 (17.4%) diabetic patients 
and 7 (13.5%) control patients. Partial tear in SST was detected 
in 4 (8.7%) diabetic patients and 1 (1.9%) control patients. Full 
thickness tear in SST was detected in 8 (17.4%) diabetic patients 
and 2 (3.8%) control patients. Biceps tendinitis was detected in 
10 (19.0%) diabetic patients and in 6 (13.0%) control patients. 

Table 1. Demographic features of the patients 

Diabetic patients Control patients Statistical analysis*

Gender (female/male) 32/20 26/20 p>0.05

Body mass index (kg/m2) 29.6±4.2 33.6±4.6 p>0.05

HbA1c (%) 8.0±1.7 5.7±0.2 p<0.05

Age (years) 62.4±9.6 66.2±7.8 p>0.05

Hb: hemoglobin
*t-test
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There was statistically significant difference between groups in 
terms of the presence of calcific tendinitis and tear in SST (p<0.05), 
whereas there was no difference in terms of BT (Table 2).

The thickness of SST was 7.9±1.4 mm at glenoid level in diabetic 
patients and 6.6±0.5 mm in control patients. SST thickness was 
6.4±1.3 mm at the median level of tendon in diabetic patients 
and 5.4±0.8 in control patients. BT thickness was 12.6±4.4 
mm in diabetic patients and 12.4±2.4 mm in control patients. 
Thickness of SST was increased both at glenoid and at the 
median level of tendon in diabetic patients than in control 
patients (p<0.05). There was no difference between groups in 
terms of BT thickness (p>0.05) (Table 3).

Discussion
Many studies show that degenerative changes in the shoulder 
increase with age (9-11). Aging increases degenerative changes 
in shoulder with or without pain and/or limitation of motion as 
well as in whole body (6,7). 

In addition to degenerative pathologies that are increasing with 
aging, patients with DM are reported to have more frequent 
pathologies in the shoulder joint such as frozen shoulder and 
rotator cuff tear, and the risk of rupture in patients undergoing 
surgical repair is known to increase (12).

Yamaguchi et al. (13) reported that the pain and limitation of 
joint motion might occur on the basis of asymptomatic tearing, 
which could be the result of the degenerative process increasing 
with age.

As a result of minor or unaware trauma, tendinopathies can be 
observed in patients with DM due to reactive inflammation 
following trauma, as well as effusion can be observed in bursas 
and peritendinous structures, and can show itself with increased 
tendon thickness (14-18). We found increased SST thickness, 
more calcific tendinitis and tears in SST in diabetic patients 
than in control patients which may be explained by the common 
mechanisms that biochemical age-related degeneration and 

diabetic degeneration have and by more collagen degeneration 
in diabetic patients.

The effect of DM on degeneration is thought to be due to 
the degenerative effect of advanced glycation end products 
(AGEs) on collagen which develops as a result of non-enzymatic 
glycosylation of collagen. AGEs are produced by the spontaneous 
condensation of glucose and the formation of metabolic 
intermediate products and covalent bonding between free amino 
acids; arginine, lysine, and hydroxylysine (19-21). AGEs causes 
changes in the properties of proteins, physically and chemically, 
hardening of the bonds between collagen, stiffness and ultimately 
weakening, and tearing of collagen structure (20).

In addition to increasing AGEs with aging, microvascular 
diseases cause tissue hypoxia, resulting in free oxygen radicals 
formation and excessive growth factor and cytokine production, 
which cause increase in tendon thickness and decrease in tissue 
flexibility, and increase predisposition to damage (22).

Study Limitations

Studies with high number of patients with evaluation of more 
joints will provide more informative findings about the early 
pathologies of DM.

Conclusion
Our study showed that DM could increase asymptomatic 
degeneration in supraspinatus and biceps muscles of the 
shoulder. Ultrasonography is an important and cheap diagnostic 
tool that assists in diagnosis of pathologies and degeneration 
during asymptomatic period, does not have radioactive content 
and makes it possible to assess the patient at the bedside. 
Ultrasonography in asymptomatic period may give information 
about possible tendon and muscle pathologies to be encountered.

Ethics 

Ethics Committee Approval: The study was approved by 
İstanbul Bakırköy Dr. Sadi Konuk Training and Research 
Hospital Ethics Committee (number: 2018-113).

Çağlar Okur and Çirçi. Effect of Diabetes Mellitus on Shoulder Degeneration

Table 2. Ultrasonographic evaluation of calcific tendinitis, tear in supraspinatus tendon and biceps tendinitis 

Diabetic patients Control patients Statistical analysis*

Calcific tendinitis 8 (17.4%) 7 (13.5%) p<0.05

Partial tear in supraspinatus tendon 4 (8.7%) 1 (1.9%) p<0.05

Full thickness tear in supraspinatus tendon 8 (17.4%) 2 (3.8%) p<0.05

Biceps tendinitis 10 (19.0%) 6 (13.0%) p>0.05

Frequency (percentage in the group); *t-test

Table 3. Ultrasonographic evaluation of thickness of supraspinatus and biceps tendon 

Diabetic patients Control patients Statistical analysis*

Thickness of supraspinatus tendon at glenoid level (mm) 7.9±1.4 (4.1-10.2) 6.6±0.5 (5.2-7.3) p<0.05

Thickness of supraspinatus tendon at the median level of 
tendon (mm)

6.4±1.3 (3.0-9.3) 5.4±0.8 (3.8-6.6) p<0.05

Thickness of biceps tendon (mm) 12.6±4.4 (5.5-22.0) 12.4±2.4 (8.0-18.0) p>0.05

Mean ± standard deviation (minimum-maximum values); *t-test
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