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Abstract

Objective: To observe the efficacy of ultrasound-guided multi-site injection for
treating rotator cuff injury combined with shoulder adhesive capsulitis. Meth-
ods: Sixty patients diagnosed clinically and radiologically were randomly di-
vided into two groups: the three-site injection group (T group, 30 cases) involv-
ing the glenohumeral joint cavity, subacromial bursa, and rotator cuff interval,
and the two-site injection group (B group, 30 cases) involving the glenohumeral
joint cavity and the long head of the biceps tendon sheath. Visual analogue scale
(VAS), University of California, Los Angeles (UCLA) shoulder score, and ac-
tive range of motion (AROM) of the shoulder joint were observed before treat-
ment and at 1 week, 1 month, and 3 months after treatment. Results: Both
groups showed significant improvement in VAS, UCLA scores, and AROM
after treatment compared to baseline (P < 0.05). At all follow-up time points,
the T group showed significantly better VAS and UCLA scores than the B group
(P <0.05). At 1 week after treatment, no significant difference was observed in
shoulder flexion between the two groups (P > 0.05), but the T group showed
significantly better shoulder abduction and external rotation compared to the B
group (P <0.05). At I month and 3 months post-injection, the T group exhibited
significantly better improvements in shoulder flexion, abduction, and external
rotation compared to the B group (P < 0.05). Conclusion: Both ultrasound-
guided injection protocols effectively improve shoulder joint function and mo-
bility and reduce pain in patients with rotator cuff injury combined with shoul-
der adhesive capsulitis. However, the three-site injection protocol demonstrated
superior efficacy.
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Rotator cuff injury refers to the degeneration and tearing of a group of muscles forming the rotator cuff at their
insertion on the humerus, which is a major cause of shoulder pain in middle-aged and elderly individuals [1]. Patients
with rotator cuff injury often present with adhesive capsulitis of the shoulder. The etiology and pathology of this
condition remain unclear, with main symptoms including shoulder pain, weakness, and functional impairment, lead-
ing to reduced daily activity capacity and significantly decreased quality of life due to disrupted sleep [2]. Ultrasound-
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guided injections for mild-to-moderate rotator cuff injuries have shown good therapeutic effects [3, 4]. Current studies
suggest that combined injections are superior to single-site injections. However, comparative studies on the efficacy
of different multi-site injection protocols are scarce. Based on musculoskeletal ultrasound or magnetic resonance
imaging (MRI), this study designed two treatment protocols for patients with rotator cuff injury combined with shoul-
der adhesive capsulitis: ultrasound-guided three-site injection (glenohumeral joint cavity, subacromial bursa, and ro-
tator cuff interval) and two-site injection (glenohumeral joint cavity and long head of the biceps tendon sheath). The
study aimed to explore the efficacy of multi-site intra- and extra-articular injections for treating this condition and
provide clinical references.

1. Materials and Methods
1.1 Clinical Data

Inclusion criteria:

(1) Confirmed by ultrasound or MRI to have mild-to-moderate rotator cuff tears with limited shoulder joint mobility:
active forward flexion < 120°, external rotation < 30°, internal rotation below the L3 level.

(2) Significant shoulder pain with poor response to conventional rehabilitation therapy.

Exclusion criteria:
(1) History of shoulder trauma or surgery.
(2) Rotator cuff tears > 5 cm.
(3) Moderate-to-severe osteoarthritis of the glenohumeral joint.
(4) Post-stroke shoulder pain.
(5) Allergy to lidocaine hydrochloride.
(6) Inability to comply with systematic rehabilitation therapy.
The study was reviewed and approved by the Ethics Committee of Fuqing Hospital of Fujian Province (Approval
No. K(2021)08).
Sixty patients meeting the above criteria were selected from September 2021 to December 2023 and randomly
divided into the T group and B group, with 30 patients in each group. Baseline characteristics of the two groups were
comparable, with no statistically significant differences (P > 0.05, Table 1).

Table 1. Comparison of Baseline Characteristics Between the Two Groups

Number of Gender Dlsea.se Affected‘ Diabetes
Group Cases (Male/Female) Age (years) Duration Shoulder Side Cases
(months) (Left/Right)

T Group 30 8/22 60.27+£10.31 9.67+8.92 14/16 7

B Group 30 6/24 59.67+10.26 9.73+8.81 11/19 6
tor ) 0.373 0.226 0.341 0.617 0.098
value

P value 0.542 0.822 0.733 0.432 0.754

1.2 Methods

Both groups underwent examination using the Aiexplorer color Doppler ultrasound system (SuperSonic Imagine,
Aix-en-Provence, Cedex France) to scan the shoulder joint and surrounding muscles, tendons, and ligaments. Under
ultrasound guidance, all patients received a one-time injection of an anti-inflammatory analgesic solution combined
with a hyaluronic acid injection (Shanghai Jingfeng Pharmaceutical Co., Ltd., China). The anti-inflammatory anal-
gesic solution was prepared by mixing 2 ml compound betamethasone (Hangzhou MSD Pharmaceutical Co., Ltd.,
China), 5 ml 2% lidocaine hydrochloride (Tianjin Jinyao Pharmaceutical Co., Ltd., China), and 5 ml 0.9% sodium
chloride injection (Hubei Xinghua Pharmaceutical Co., Ltd., China).

After injection, patients performed gentle passive flexion and rotation exercises of the affected shoulder to promote
even distribution of the solution. From the next day, shoulder exercises such as wall climbing, face washing, hair
combing, and touching the opposite scapula were initiated, followed by progressive isometric and isotonic resistance
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training of the rotator cuff and proprioception training, twice daily for 15-20 minutes per session, continuing for 3
months.

T Group: A three-site injection protocol was used targeting the rotator cuff interval, subacromial bursa, and gleno-
humeral joint cavity with two puncture points: The patient was seated, disinfected, and draped as per standard proce-
dure. First, the affected hand was placed palm-up on the ipsilateral knee, with the shoulder in a slightly externally
rotated position. Under ultrasound guidance, the rotator cuff interval puncture site was located and marked. The
needle was inserted into the rotator cuff interval from the lateral side of the coracohumeral ligament under ultrasound
guidance. After ensuring no blood was aspirated, 4 ml of anti-inflammatory analgesic solution was injected. Next,
the affected hand was placed palm-down on the contralateral anterior iliac region, with the shoulder in a slightly
abducted and internally rotated position. The posterior-inferior subacromial bursa puncture site was located and
marked under ultrasound guidance. The needle was guided into the subacromial bursa, and 4 ml of anti-inflammatory
analgesic solution was injected. The needle was then withdrawn to the subcutaneous layer and redirected posteriorly
toward the coracoid process under ultrasound guidance to enter the glenohumeral joint cavity. After confirming no
blood was aspirated, 4 ml of anti-inflammatory analgesic solution and 2.5 ml of hyaluronic acid injection were ad-
ministered. After the injection, the puncture site was covered with an adhesive bandage.

B Group: a two-site injection protocol was used targeting the glenohumeral joint cavity and the long head of the
biceps tendon sheath: The patient was seated, with the affected hand placed palm-up on the ipsilateral knee and the
shoulder in a slightly externally rotated position. After standard disinfection and draping, the puncture sites for the
glenohumeral joint cavity and the long head of the biceps tendon sheath were located and marked under ultrasound
guidance. The needle was inserted 1 cm lateral to the coracoid process under ultrasound guidance to enter the gleno-
humeral joint cavity. After confirming no blood was aspirated, 6 ml of anti-inflammatory analgesic solution and 2.5
ml of hyaluronic acid injection were administered. The needle was then redirected into the long head of the biceps
tendon sheath, where 6 ml of anti-inflammatory analgesic solution was injected. After the injection, the puncture site
was covered with an adhesive bandage.

1.3 Evaluation Indicators
Evaluations were performed before treatment and at 1 week, 1 month, and 3 months after treatment:

1.3.1 Pain Level
Assessed using the visual analogue scale (VAS), with 0 indicating no pain and 10 indicating the most severe pain.

1.3.2 Shoulder Function

Assessed using the UCLA shoulder score, which includes five components: shoulder pain, functional activity, forward
flexion, manual muscle strength, and patient satisfaction. The total score is 35, with higher scores indicating better
function [5].

1.3.3 Shoulder Mobility
Active range of motion (AROM) of forward flexion, abduction, and external rotation was measured using a goniom-
eter.

1.4 Statistical Methods

Data were analyzed using SPSS 20.0. Continuous variables were expressed as mean =+ standard deviation (x £ s) or
median (M(Q1-Q3)) as appropriate. Comparisons between groups were performed using independent t-tests or Wil-
coxon rank-sum tests. P < 0.05 was considered statistically significant.

2. Results

No adverse reactions such as injection site infection, nerve, vascular, or tendon injury were observed in any patient.

The VAS scores of both groups gradually decreased over time after treatment, and the differences between the
groups at each time point after treatment were statistically significant (P < 0.05). The VAS scores of the T group at
each follow-up time point after treatment were significantly better than those of the B group (P < 0.05), as shown in
Figure 1. The UCLA scores of both groups gradually increased over time after treatment, and the differences between
the groups at each time point after treatment were statistically significant (P < 0.05). The UCLA scores of the T group
at each follow-up time point after treatment were significantly better than those of the B group (P < 0.05), as shown
in Figure 2.
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Figure 1. VAS Scores of the Two Groups at Different Time Points.
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Figure 2. UCLA Scores of the Two Groups at Different Time Points.

At 1 week, 1 month, and 3 months after treatment, the active range of motion (AROM) of shoulder forward flexion,
abduction, and external rotation significantly improved in both groups (P < 0.05). A comparison between the groups
showed that at 1 week after treatment, there was no statistically significant difference in shoulder forward flexion
between the two groups (P > 0.05), but the T group had significantly better shoulder abduction and external rotation
than the B group (P < 0.05). At 1 month and 3 months after injection, the T group showed significantly greater
improvements in shoulder forward flexion, abduction, and external rotation compared to the B group (P < 0.05). See
Table 2 for details.
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Table 2. Comparison of AROM Between the Two Groups Before and After Treatment

Group Before Treat- 1 Week After 1 Month After Treat- 3 Months After Treat-
ment Treatment ment ment

Forward Flexion (°)

T Group 89.00+11.25 110.67+10.83a 132.20+11.12abd 153.73+8.56abcd

B Group 93.83+10.40 106.40+11.49a 122.43£12.21ab 140.90+11.98abc

Abduction (°)

T Group 70.80+11.74 90.27+8.91ad 110.27+10.74abd 132.83+12.57abed

B Group 75.17x11.18 83.43+10.75a 97.03+11.20ab 114.43£13.57abc
External Rotation (°)

T Group 18.27+11.21 34.87+11.56ad 48.37+8.64abd 61.03+7.03abcd

B Group 20.33+9.46 26.90+9.76a 38.17+8.63ab 49.20+8.40abc

Notes: Compared with before treatment, aP<0.05; compared with 1 week after treatment, bP<0.05; compared with 1 month after treatment, cP<0.05;
compared with the B group, dP<0.05.

3. Discussion

The rotator cuff plays a key role in maintaining the static and dynamic stability of the humeral head within the glenoid,
enabling various arm movements [6]. Rotator cuff injuries weaken this stability, leading to joint instability and repet-
itive mechanical irritation, which can cause inflammation and adhesion, ultimately resulting in capsular contracture
[7]. Gibbons et al. [8] suggested that during the progression of rotator cuff disease, active muscle degeneration may
exacerbate high levels of inflammation. The subacromial bursa, which is richly innervated, is a major source of pain
in patients with rotator cuff injuries, as both irritation and inflammation can cause significant discomfort [9]. The
rotator cuff interval, an anatomical gap between the subscapularis and supraspinatus tendons, contains the coraco-
humeral ligament, superior glenohumeral ligament, intra-articular portion of the long head of the biceps tendon, and
the anterior joint capsule. This region is a weak point prone to injury and is a key site for limitations in shoulder
extension and rotation [10].

Musculoskeletal ultrasound, with advantages such as simplicity, cost-effectiveness, and real-time imaging, has
been widely used in the diagnosis, treatment, and efficacy evaluation of shoulder-related conditions [11]. Studies
have shown that injections of a compound betamethasone and lidocaine mixture into the shoulder can reduce tissue
adhesion by blocking histamine release, dilute metabolic substances within the joint, inhibit inflammation, and im-
prove shoulder pain [12]. Additionally, intra-articular injections of hyaluronic acid can lubricate and nourish joint
cartilage, reduce adhesions in the joint and surrounding tissues, and promote the repair of damaged tissues [13]. In
this study, under ultrasound guidance, the injection trajectory was tracked in real time, allowing precise administration
of the compound betamethasone and lidocaine mixture into the rotator cuff interval, subacromial bursa, and gleno-
humeral joint cavity. For the T group, the two-site puncture method was used to complete injections into both the
subacromial bursa and glenohumeral joint cavity, while combining a third injection into the rotator cuff interval. This
three-site injection protocol did not cause additional harm to patients compared to the two-site protocol, and patients
in the T group achieved significantly higher UCLA satisfaction scores than those in the B group.

Tauro [14] found that patients with rotator cuff injuries often experience reduced shoulder activity due to pain and
weakened rotator cuff muscle strength. This leads to further capsular contracture and secondary adhesive capsulitis,
resulting in a significant decline in shoulder joint mobility. Previous studies have shown that progressive exercise can
enhance rotator cuff muscle strength and endurance, improve joint mobility, and promote tendon-to-bone healing,
providing cumulative benefits in addressing shoulder pain and functional impairment [15]. In this study, 1 week after
treatment, improvements in shoulder flexion angles were similar between the groups. However, follow-up results at
1 month and 3 months post-treatment showed that the three-site injection group exhibited significantly better im-
provements in active shoulder flexion, abduction, and external rotation, as well as greater pain relief, compared to
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the two-site injection group. This may be attributed to the fact that the patients included in this study had a long
history of shoulder pain and extensive lesions. The three-site injection protocol, targeting the glenohumeral joint
cavity, subacromial bursa, and rotator cuff interval, could more comprehensively expand and release adhesions and
contractures of surrounding tissues, such as the coracohumeral ligament, in the rotator cuff interval. This approach
rapidly alleviates inflammation and pain while enabling progressive isometric and isotonic resistance training of the
rotator cuff muscles, as well as proprioception training, effectively improving shoulder joint mobility and promoting
functional recovery.

In summary, the three-site injection protocol targeting the glenohumeral joint cavity, subacromial bursa, and rotator
cuff interval significantly improves shoulder joint mobility and function and reduces pain in patients with rotator cuff
injury combined with shoulder adhesive capsulitis. Its efficacy is superior to the two-site injection protocol targeting
the glenohumeral joint cavity and the long head of the biceps tendon sheath. However, this study has several limita-
tions: it lacked imaging evaluations of tissue repair around the joint capsule after injection; the sample size was
relatively small; and the follow-up period was limited to 3 months, making it impossible to determine whether there
are long-term differences in efficacy between the two groups. Additionally, variations in patients' adherence to home
exercises and differences in exercise protocols may have influenced the results. Future studies should include more
detailed imaging evaluations, larger sample sizes, extended follow-up periods, and precisely designed exercise pro-
tocols to further refine and improve injection treatment strategies.
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