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Abstract 

BACKGROUND: Rotator cuff lesions are common causes of shoulder pain. Although 

patients with symptoms caused by chronic rotator cuff tendinopathy can be treated 

using conservative treatments, some of them may still experience refractory 

symptoms. Hypertonic dextrose prolotherapy (DPT) may be another treatment choice 

for these refractory symptoms.  

AIM: To evaluate the effects of an ultrasound-guided hypertonic dextrose injection for 

patients with chronic supraspinatus tendinopathy. 

DESIGN: Randomized double-blind placebo-controlled trial.  

SETTING: Academic medical center. 

PARTICIPANTS: Outpatients patients (N = 31) with chronic supraspinatus 

tendinopathy and shoulder pain for more than 6 months. 

METHODS: Study group treated with one dose of an ultrasound-guided hypertonic 

dextrose (20%) injection at the supraspinatus enthesis site, whereas control patients 

received one dose of 5% normal saline through the same method. The visual analog 

scale (VAS), Shoulder Pain and Disability Index (SPADI), shoulder active range of 

motion (AROM) and ultrasonographic thickness and histogram results of the 

supraspinatus tendon were evaluated before intervention and at 2 and 6 weeks after 

intervention. The outcome differences between the study and control groups were 

analyzed by using repeated-measures analysis of variance (ANOVA). 

RESULTS: In total, 31 patients completed the study. The study group indicated a 

significant improvement in the VAS (P = 0.001), SPADI scores (P = 0.017), shoulder 

AROM of flexion (P = 0.039), and abduction (P = 0.043) compared with the control 

group at 2 weeks after the injection. However, the effect did not sustain until 6 weeks 

after the injection. No differences in the histograms and morphological changes 
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(thickness) were noted before and after injection in both groups.  

CONCLUSIONS: This study revealed that the ultrasound-guided hypertonic dextrose 

injection relieved pain, disability, and improved shoulder AROM for a short period in 

patients with chronic supraspinatus tendinopathy. 

CLINICAL REHABILITATION IMPACT: For patients with chronic shoulder pain 

and supraspinatus tendinopathy, ultrasound-guided hypertonic dextrose injections can 

provide relief from pain, disability, and shoulder range of motion for up to 2 weeks 

after intervention. 
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Introduction 

Rotator cuff (RC) lesions are common causes of shoulder dysfunction and pain. The 

pathology of RC injuries is a progressive process often involving RC tendon tears and 

subsequent joint injuries.1 The reported prevalence of RC tendinopathy is 20.7%, 

which increases with age.2 It can lead to pain and weakness of the shoulder and 

interfere with sports participation, job performance, and self-care.3 Moreover, chronic 

tendinopathy can induce RC tears. Intrinsic mechanisms (including tendon 

degeneration) and extrinsic mechanisms (including damage from the impingement 

event of the acromion) often contribute to chronic RC tendinopathy.4 For example, the 

supraspinatus tendon can be damaged by repeated impingement, inducing trauma. 

Chronic inflammation caused by the overuse of a tendon can lead to the release of 

inflammatory cytokines, which can degrade the collagen fibers of the tendon and 

initiate RC tears.5 Nonoperative conservative treatments, such as therapeutic exercise 

therapy, nonsteroidal anti-inflammatory agents, and subacromial corticosteroid 

injection, have been recommended for chronic RC tendinopathy.6 Although these 

conservative treatments can be used to treat patients with symptoms caused by 

chronic RC tendinopathy, some patients may still exhibit refractory symptoms. 

Therefore, alternative methods must be developed and thoroughly investigated to treat 

symptoms of refractory chronic supraspinatus tendinopathy. 

Prolotherapy is a type of regenerative injection therapy for chronic musculoskeletal 

pain.7 It is used to manage chronic problems of the musculoskeletal system, such as 

osteoarthritis, enthesopathy, and tendinosis.8 For prolotherapy, hypertonic dextrose 

solution is most commonly chosen as the irritant agent and is injected over several 
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sessions into multiple sites of painful tendon and ligament insertions near the bone.7 

After this irritant solution has been injected into the required site, the inflammatory 

process may be initiated, which can increase the proliferation of fibroblasts and 

induce collagen tissue synthesis and tissue healing.9 Injecting a hypertonic glucose 

solution can increase DNA-encoded growth factors in human cells and subsequently 

initiate the healing cascade.10, 11 Studies using a rat injury model have found an early 

inflammatory response and an increase in the thickness of the medial collateral 

ligament after prolotherapy injection.12, 13 Murphy et al11 examined primary human 

mesangial cells treated with a high glucose concentration in vitro and found that the 

high glucose concentration enhanced the expression of transforming growth 

factor-beta 1 and related genes in mesangial cells. These findings indicate that 

prolotherapy may be an effective alternative treatment for chronic degenerative 

supraspinatus tendinopathy. 

Although many treatments have been developed for pain relief, studies have reported 

that pain persisted in 54% of patients who underwent nonoperative treatments for RC 

tears during a 3-year follow-up.6, 14, 15 Hypertonic dextrose prolotherapy (DPT) may 

be another treatment choice for these patients. In a recent retrospective case–control 

study with a 1-year follow-up, prolotherapy improved pain, disability, isometric 

strength, and range of motion (ROM) in patients with chronic refractory RC disease.16 
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A double-blind randomized-controlled trial (RCT) reported that hypertonic dextrose 

injection considerably improved long-term pain, which improved patient 

satisfaction.17 However, prolotherapy is complicated with multiple injection sites, and 

its effects on the specific tendon of the RC have not been identified. Therefore, we 

designed a rigorous trial to evaluate the effectiveness of single DPT injection for the 

supraspinatus tendon, which is mostly involved in RC tendinopathy. We performed a 

double-blind RCT to investigate the efficacy of hypertonic DPT injection for chronic 

supraspinatus tendinopathy. 

 

Methods 

Study design 

This was a double-blind RCT. Patients with chronic shoulder pain for more than 6 

months were recruited from the outpatient department of our hospital from August 

2017 to March 2018. Eligible patients were identified through a musculoskeletal 

ultrasound evaluation, which was performed by a physician from the physical 

medicine and rehabilitation department. A research team member provided study 

information to the patients and explained how groups would be randomly allocated. 

Informed consent was obtained from the patients after determining whether they met 

the following inclusion criteria: (1) adult (over 20 years) with chronic shoulder pain 
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for more than 6 months; (2) shoulder ultrasound of the supraspinatus tendon revealing 

chronic tendinopathy, such as a tear or tendinosis; (3) average severity of shoulder 

pain more than 3 points on a 10-point visual analog scale (VAS); (4) agreement and 

compliance with our study protocol; and (6) ability to sign the informed consent form. 

Patients were excluded if they met any of the following exclusion criteria: (1) 

comorbid with adhesive capsulitis and limited ROM of the shoulder; (2) receipt of 

shoulder joint replacement; (3) receipt of shoulder surgery or arthroscopy of the 

affected shoulder within the past year; (4) receipt of a steroidal, hyaluronic acid, or 

platelet-rich plasma injection or any type of prolotherapy injection in the shoulder 

joint within the previous 3 months; (5) neurological disease causing weakness on the 

affected side and impaired cognitive function and the ability to complete the 

questionnaire in this study; and (6) simultaneously participation in another clinical 

trial. A research assistant not involved in the study performed the randomization by 

using random numbers generated by a computer. The list of random numbers was 

enclosed in a sealed envelope. Once the patients were enrolled and their baseline 

variables were measured, the assessor of the research team informed the research 

assistant about group allocation. The research assistant opened the envelope and 

assigned the participants to either a hypertonic DPT group or a control group based on 

the numbers selected. 
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The physician who performed the shoulder injection and the patients were unaware of 

the assigned groups throughout the study. The injection solution was prepared by the 

aforementioned research assistant. Glucose water and normal saline are colorless in a 

syringe; thus, the physician was unaware of the type of solution he was injecting into 

the patients’ shoulders. The assessor and data analyzer were also blinded throughout 

the study. This study received complete ethical approval from the Institutional Review 

Board (IRB) of Taipei Medical University (IRB no. N201605022), and the trial was 

registered at clinicaltrials.gov (reference no. NCT03000205, registration on 

21/12/2016). All the participants were de-identified when performing data analysis.  

 

Interventions 

Study group 

In the hypertonic DPT group, injection was performed under ultrasound guidance. 

The patients maintained an upright sitting posture with shoulder extension, arm 

flexion, and hand touching the buttock to obtain a long axis view of the supraspinatus 

tendon. We used ultrasonography to diagnose chronic supraspinatus tendinopathy and 

locate the lesion site. One session of prolotherapy injection was applied under aseptic 

conditions by using a 23G needle; 5 mL of 20% hypertonic DPT solution (containing 

4.0 mL of 50% dextrose and 1.0 mL of normal saline), was injected into the 
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supraspinatus tendon insertion site. (Figure 1) 

 

 

Control group 

The patients in the control group received a normal saline injection once. The same 

injection protocol as that used for the study group was adopted by the same physician 

to perform the ultrasound-guided injection. 

 

Outcome measures 

Primary outcome 

The primary outcome of this study was the mean score on the Shoulder Pain and 

Disability Index (SPADI) of the affected shoulder. The SPADI is a self-administered 

assessment tool used to measure pain and disability in a shoulder. The SPADI has 5 

pain and 8 disability items measured on the VAS.18 Pain and disability subscales are 

calculated as the mean of the corresponding items on a 0–100 scale, with the highest 

score indicating the most severe pain and disability. In this study, the total outcome 

score used for statistical analysis was calculated as the sum of the pain and disability 

subscales. In addition to the SPADI, shoulder pain was evaluated by using the VAS 

ranging from 0 (no pain) to 10 (worst imaginable pain). The patients reported their 
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pain level when they were resting and during movement of the shoulder joint in all 

directions within 1 week before intervention as baseline data. The highest pain score 

during movement was included for further analysis. These primary outcome 

measurements were assessed after 2 and 6 weeks from the intervention. 

 

Secondary outcomes 

The secondary outcomes were shoulder active ROM (AROM) and a histogram of the 

region of interest (ROI) of the supraspinatus tendon obtained through ultrasound. The 

AROM of the shoulder, namely forward flexion, internal rotation, external rotation, 

and abduction of the shoulder in a standing position, were evaluated by using an 

electrical goniometer. The patients moved their shoulders slowly until they reached an 

angle at which pain was felt, and the motion was performed 3 times to record the 

median value of the angle. Pixel echogenicity in the ultrasound image enabled a 

quantitative evaluation of the histogram for the supraspinatus tendon. The evaluation 

of the histogram revealed the gray levels of distributed pixels in ROI, which 

demonstrated the density of the tendon. We selected the ROI of the supraspinatus 

tendon and compared a selected square region (size 0.5 × 0.5 cm) in the middle of the 

deltoid muscle, directly above the supraspinatus tendon. The echogenicity ratio was 

presented as the mean grayscale value of the supraspinatus ROI as a reference to the 
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deltoid muscle ROI.19 The thickness of the supraspinatus was also determined through 

ultrasound (Figure 2). At the same time of primary outcome measurement, these 

secondary outcomes were also evaluated at baseline, after 2 and 6 weeks from the 

intervention.  

 

Statistical analysis 

Demographic and baseline data were analyzed for each group. Continuous variables 

are presented as means with standard deviation; abnormally distributed variables are 

presented as medians with a percentile range. For continuous variables, we used the 

independent t test to compare the difference between groups. Categorical variables are 

presented as numbers and proportions and chi-square analysis was applied for 

comparing the difference of study and control groups. The outcome differences within 

the study and control groups of different time of evaluation were analyzed by using 

repeated-measures analysis of variance (ANOVA) with post hoc test with Bonferroni 

method. An independent statistician performed the analyses by using Statistical 

Package for the Social Sciences (version 20.0). The significance level was defined as 

P <0.05, and analyses were based on the intention-to-treat principle. Missing data 

were substituted by using modern imputation methods and analyzed using a set of 

repeated imputations performed through predictive models. The sample size was 
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calculated determined by SPADI score, which was taken as the primary efficacy 

parameter, from baseline to 2 and 6 weeks after intervention. On the basis of a 

previous study, an 8-point change in the SPADI score was reported as the minimal 

clinically significant difference for patients with shoulder pain.20 By using software 

(Gpower3.1), we defined the statistical power as 0.90 and the significance level as 

0.05; the sample size was 15 for each group (total n = 30). 

 

 

Results 

Initially, 43 patients were identified as eligible for this study; of them, 10 were 

excluded (met at least one of the exclusion criteria) and 2 of them declined to 

participate. Finally, 31 patients were enrolled for randomization: 16 were allocated to 

the study group, and 15 to the control group (Figure 3) from August 2017 to March 

2018. There was no adverse effect after intervention among all the participants in this 

study. No differences in age, sex, pain duration, incidence of diabetes mellitus, 

incidence of thyroid disorder, traumatic history, and the affected shoulder were noted 

between both groups (Table 1). At baseline, the VAS, SPADI, and shoulder ROM 

scores did not differ between the study and control groups. After 2 weeks of 

intervention, the study group presented an improvement in the VAS (P = 0.001), 
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SPADI (P = 0.017) scores, shoulder AROM of flexion (P = 0.039), and abduction (P 

= 0.043) compared with the control group. However, after 6 weeks of intervention, 

the VAS, SPADI, and shoulder ROM scores did not differ between the groups. The 

within group repeated-measures ANOVA analysis presented statistical difference of 

VAS (P = 0.003) and SPADI (P = 0.005) among study group at baseline, after 2 and 6 

weeks after intervention. No statistical significance was found within the control 

group (Table 2). The ultrasound evaluation revealed no significant changes in 

thickness and histograms within or between the groups at baseline and after injection 

(Table 3). 

 

Discussion 

Our RCT of hypertonic dextrose with ultrasound guidance revealed the short-term 

effect of one prolotherapy injection for participants with chronic supraspinatus 

tendinopathy. The VAS and SPADI scores improved 2 weeks after the 

ultrasound-guided hypertonic dextrose injection. However, the improvement in pain 

and function did not sustain for 6 weeks with a significant difference in the VAS and 

SPADI scores between the study and control groups. The AROM did not improve 

flexion, abduction, internal and external rotation even 2–6 weeks after intervention. 

Regarding morphological or anatomical changes, we evaluated the thickness and 
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echogenicity of the supraspinatus tendon by using ultrasound. There were no 

morphological changes between and within the groups. Thus, our study demonstrated 

that DPT provides temporary pain relief, suggesting that the mechanism is not based 

on structural changes of the supraspinatus tendon. 

 

Considering the therapeutic effects of DPT for tendinopathy, several clinical studies 

have shown the benefits to plantar fasciitis, achilles tendinopathy, and hip adductor 

tendinopathy.21-23 A study by Topol et al24 found that among young athletes, 12.5% 

dextrose injection was a more effective treatment for patellar tendinopathy than 

lidocaine injection and usual treatments were. Several recent studies reported the 

therapeutic effects of prolotherapy for patients with chronic RC tendinopathy.16, 17, 25 

For patients with chronic refractory RC disease that had symptoms for more than 3 

months, a retrospective case–control study found that 3–8 sessions of prolotherapy 

injection at 2- to 4-week intervals improved pain, disability, ROM, and strength.16 

Helene et al17 conducted a randomized-controlled study and found that prolotherapy 

with exercise provided long-term improvement in pain and satisfaction in patients 

with RC tendinopathy. Similar to our results, Helene et al found no changes in 

ultrasound results when comparing the treatment group with the control group (saline 

injections). Another randomized-controlled study compared prolotherapy with 
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exercise and exercise only and reported the long-term effects of prolotherapy for 

chronic RC lesions.25 In contrast to our study, focusing on the effect of only one 

hypertonic dextrose injection for chronic supraspinatus tendinosis, the aforementioned 

studies have investigated traditional prolotherapy for injections in multiple points for 

chronic RC lesions. 

 

The definite mechanism of the effects of hypertonic dextrose on tendon structure and 

pain remains unclear. Dextrose may have a pain modulation effect through a 

sensorineural mechanism, finally leading to pain relief. The neuropathic pain afferent 

fibers have the transient receptor potential vanilloid receptor-1 (TRPV1) cation 

channel (previously considered a capsaicin-sensitive receptor).26 Bertrand et al27 

found that topical application of mannitol, a hyperosmotic agent, provided an 

analgesic effect through the TRPV1 receptor. Inhibiting the activation of the TRPV1 

receptor or decreasing the factors triggering TRPV1 receptor activities could be the 

pain-relief mechanism of capsaicin-related chronic pain circumstances. Hypertonic 

dextrose can induce a brief inflammatory process, which stimulates the self-healing 

process and tissue growth, with symptoms potentially improving after tissue 

regeneration. The use of 10% hypertonic dextrose injection to treat carpal tunnel 

syndrome in rabbits thickened collagen bundles and improved loading ability after 
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injection.28, 29 Ryan et al30,31 investigated the effect of hypertonic dextrose injections 

in the patellar tendon and achilles tendon and identified the regeneration of connective 

tissue through ultrasound evaluations. 30, 31 30, 31 [30, 31] 30, 31 30,31 Another study found 

that intraarticular dextrose injection can decrease the laxity of the anterior cruciate 

ligament.32 However, in the present study, we noted only a short period of analgesic 

effect from the hypertonic dextrose injection; the ultrasound did not reveal any 

thickening or regeneration in the affected shoulder. A recent study mentioned the 

importance of infiltration of injection agents in the articular surfaces and it could lead 

longer analgesic effect of patients.33 We supposed that inadequate dose or session of 

hypertonic dextrose injection lead only short period of pain, disability and ROM 

improvement among chronic supraspinatus tendinopathy patients. The structural 

changes in treated RC tendons and longer analgesic effect should be investigated in 

the future. 

 

Compared with corticosteroid injection (which can cause fat atrophy, skin 

hyperpigmentation or hypopigmentation, and tendon ruptures), prolotherapy is a 

relatively safe and effective intervention. However, the standard prolotherapy 

technique is complicated with multiple injection sites, and its effects on the specific 

anatomical structure or lesion site cannot be identified. Our study provides evidence 
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of the short-term effects of single hypertonic dextrose injection for pain relief and 

control of chronic supraspinatus tendinopathy. We also observed the structure of the 

supraspinatus tendon for morphological changes after intervention through ultrasound. 

 

This study has several limitations. First, because our study focused on chronic 

shoulder pain with chronic supraspinatus tendinopathy, we only enrolled a small 

sample size with a short-term follow-up. Therefore, this study did not examine the 

long-term effects of hypertonic dextrose injections. Second, in contrast to traditional 

prolotherapy (which involves multiple injection points with many intervention 

sessions), we only applied hypertonic dextrose injections on the enthesis portion of 

the supraspinatus tendon with ultrasound guidance. Finally, we only used ultrasound 

to examine morphological changes in the supraspinatus tendon. The accuracy of the 

histograms produced in this study was unclear. For evaluating the structure and fat 

infiltration of the RC, magnetic resonance imaging may provide superior visualization 

than ultrasound—in terms of more information regarding postintervention changes in 

the supraspinatus tendon and other related structures. 

 

Conclusion 

For patients with chronic shoulder pain and supraspinatus tendinopathy, 
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ultrasound-guided hypertonic dextrose injections can provide relief from pain and 

disability for up to 2 weeks after intervention. Besides, we also found additional 

improvement in flexion and abduction AROM of shoulder. However, there was no 

regeneration of supraspinatus tendon on comparing the study and control groups. For 

clinical practice, it is not worth to perform only one session of hypertonic dextrose 

injection because of an only short period of effect. Our pilot study implied that 

multiple sessions of hypertonic dextrose injection with 2 weeks of the interval is 

recommended for further clinical study. Research is warranted to clarify the 

mechanism underlying DPT for tendinopathy. Larger future clinical trials with 

compressive assessment tools and more sessions of injections are required to 

thoroughly define the clinical effect of DPT for patients with chronic shoulder pain. 
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Figure Legend 

Figure 1. Ultrasound-Guided Injection on the Supraspinatus Tendon of the Affected 

Shoulder 

Figure 2. Pixel Intensity of the Mean Region of Interest of the Supraspinatus and the 

Mean Pixel Intensity of the Overlying Deltoid Muscle 

Figure 3. Flow Diagram of this Study 
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Table 1. Patient Demographics 

Variables Control group 

(n = 15) 

Study group 

(n = 16) 

P valuea 

Age (years) 48.60(5.95) 46.25(5.69) 0.270 

Sex (female/male) 7/8 5/11 0.305 

Height (cm) 158.37(31.81) 167.19(15.12) 0.300 

Weight (kg) 72.91(27.30) 69.16(11.00) 0.610 

Diabetes mellitus 

(yes/no) 

2/13 1/15 0.475 

Thyroid disorder 

(yes/no) 

1/14 1/15 0.742 

Trauma history 

(yes/no) 

4/11 5/11 0.546 

Affected (left/right) 6/9 5/11 0.447 

Duration of 

symptoms (m) 

11.53(3.00) 9.63(3.01) 0.088 

aP values were calculated by using independent and chi-square tests, comparing both 

groups. 
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Table 2. Outcome Measurements at Baseline and 2 and 6 Weeks After Intervention 

Measurements Control group (n = 15) Study group (n = 16) P valuea 

VAS    

W0 5.33(0.82) 5.56(0.81) 0.440 

W2 5.21(0.49) 4.63(0.62)* 0.001 

W6 4.87(0.64) 5.13(0.72) 0.301 

P valueb 0.095 0.003  

SPADI    

W0 65.00(2.78) 60.50(7.87) 0.045 

W2 62.27(10.96)   52.69(10.05)*† 0.017 

W6 60.00(4.90) 61.56(4.68) 0.371 

P valueb 0.169 0.005  

Flexion    

W0 156.21(6.51) 157.15(13.40) 0.805 

W2 157.89 (13.58) 166.73(11.94) 0.039 

W6 161.20(6.03) 159.38(7.50) 0.463 

P valueb 0.342 0.253  

Abduction    

W0 140.46(13.35) 146.66(13.96) 0.224 

W2 151.73(8.46) 159.80(9.75) 0.043 

W6 145.93(14.7) 148.69(8.89) 0.517 

P valueb 0.054 0.521  

Internal rotation    

W0 44.67(7.32) 45.00(8.17) 0.906 

W2 49.00(4.31) 47.19(6.82) 0.388 

W6 44.67(7.24) 45.00(8.17) 0.906 

P valueb 0.125 0.656  

External rotation    

W0 60.00(8.45) 57.50(10.65) 0.477 

W2 62.00(6.76) 61.25(12.58) 0.837 

W6 62.33(4.17) 61.25(8.27) 0.815 

P valueb 0.591 0.521  

aIntergroup analysis (Independent t-test). 
bIntragroup analysis (ANOVA with repeated measurements). 
*P<0.05 when comparing W0 and W2 
†P<0.05 when comparing W2 and W6 
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Table 3. Ultrasound Morphological Measurements at Baseline and 2 and 6 Weeks 

After Intervention 

Morphological characteristics of 

ultrasound 

Control group 

(n = 15) 

Study group 

(n = 16) 

P valuea 

Supraspinatus thickness (mm)    

W0 7.01(0.58) 6.93(1.18) 0.808 

W2 6.69(0.49) 6.96(1.16) 0.413 

W6 7.16(0.51) 7.43(1.18) 0.428 

P valueb  0.052 0.410  

Echogenicity mean (SD)    

W0 49.81(7.24) 46.01(10.08) 0.241 

W2 50.72(6.91) 45.98(9.33) 0.118 

W6 53.93(6.05) 51.73(8.08) 0.395 

P valueb 0.104 0.138  

Echogenicity ratio    

W0 1.73(0.29) 1.94(0.36) 0.093 

W2 1.86(0.27) 2.01(0.37) 0.087 

W6 1.91(0.18) 2.01(0.33) 0.151 

P valueb 0.946 0.380  

aIntergroup analysis (Independent t-test). 
bIntragroup analysis (ANOVA with repeated measurements). 
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