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Abstract
Introduction

To analyze the change in Visual Analog Scale (VAS), QuickDASH score, and the range of motion at the
shoulder joint following a single injection of platelet-rich plasma (PRP) in shoulder impingement syndrome.

Methods

Twenty patients (21 shoulders) of either sex above the age of 18 years with a clinical diagnosis of shoulder
impingement having a positive shoulder impingement test (positive Hawkins-Kennedy impingement test
and/or positive Neer's impingement sign), ultrasonographic confirmation of shoulder impingement, and a
failure to respond to standard non-operative methods for a minimum period of four weeks were included in
this prospective interventional study. PRP was injected at the proposed site. At three months after the
injection, the changes in the VAS, QuickDASH score, and the range of motion at the shoulder joint were
analyzed.

Results

There were significant changes in the VAS, QuickDASH score, and range of motion at the shoulder joint
following a single injection of PRP.

Conclusions

Platelet-rich plasma (PRP) injection results in a significant decrease in pain and improvement in the range
of motion and an overall excellent functional outcome in shoulder impingement syndrome. However, future
studies with a bigger sample size and longer follow-up are needed.
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Introduction

Shoulder disorders are one of the most common musculoskeletal disorders in general practice [1]. In regular
practice, the incidence of shoulder disorders is approximately 12-25 per 1,000 cases seen per year [2]. There
are many differential diagnoses of shoulder pain like shoulder impingement syndrome, calcific tendinitis,
and adhesive capsulitis, out of which shoulder impingement syndrome accounts for 44% to 65% [3].

There are multiple treatment modalities of shoulder impingement syndrome which can be classified as
operative and non-operative. Non-operative therapy includes physical therapy, non-steroidal anti-
inflammatory drugs (NSAIDs), and injections of corticosteroid, platelet-rich plasma (PRP), and hyaluronic
acid. Most of the patients respond to non-operative therapy; however, there is no consensus on the duration
of conservative treatment for shoulder impingement syndrome [4].

Platelet-rich plasma (PRP) is a bioactive component of whole blood with an elevated concentration of
platelets. It has a high concentration of growth factors that act on the degenerative tissue leading to healing
by collagen synthesis, revascularization, and proliferation of stem cells into tissue-specific cells [5]. It has
been successfully used in the treatment of various degenerative conditions. To the best of our knowledge,
there are very few published studies, none being from the Indian subcontinent, that show the effect of PRP
injection in shoulder impingement syndrome. Hence this study was proposed.

Materials And Methods

Twenty (21 shoulders) patients of either sex above the age of 18 years with a clinical diagnosis of shoulder
impingement having a positive shoulder impingement test (positive Hawkins-Kennedy impingement test
and/or positive Neer’s impingement sign), ultrasonographic confirmation of shoulder impingement, and a
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failure to respond to standard non-operative methods (exercise and tramadol) for a minimum period of four
weeks were included in this prospective interventional study. Patients with a previous history of diabetes
mellitus, anemia, septicemia, complete rotator cuff tear, previous steroid injection to the shoulder, and
previous shoulder surgery were excluded from the study. Ethical clearance was given by the Institutional
Ethics Committee, and informed consent was obtained from each patient.

Before the injection of platelet-rich plasma, all the patients were evaluated for pain according to the Visual
Analog Scale (VAS) [6]. The range of motion of the shoulder was recorded. Flexion, abduction, and external
rotation were recorded with the help of a goniometer, while for recording internal rotation, the patients were
asked to touch their back from down above. The highest point where their thumb could reach was recorded.
The QuickDASH questionnaire was filled by every patient [7].

The double-spin method was used for the preparation of PRP. The patient’s blood (7.5 ml) was drawn by
venipuncture and collected in an anticoagulant-citrate-dextrose (ACD) tube containing 1.5 ml of the
anticoagulant. An ethylenediaminetetraacetic acid (EDTA) sample was also collected at the same time for
determining the baseline counts of the patient. The ACD tube was centrifuged at 160 g (1,300 revolutions per
minute (rpm)) for 10 minutes at 20°C (soft spin). The PRP formed was aspirated into a sterile tube. The
sterile tube containing PRP was centrifuged at 400 g (2,000 rpm) for 10 minutes at 20°C. The supernatant
PRP was roughly reduced to 1/4th of the volume, and the platelet pellets were resuspended resulting in the
production of leukocyte poor platelet concentrate. Calcium gluconate (0.2 ml), which acts as an activator,
was added to the syringe containing PRP just before the application of PRP in the patient.

The shoulder to be injected with PRP was cleaned with spirit, and a sterile drape was placed at the proposed
site. The subacromial space was accessed through the lateral approach. The injection needle was inserted
just inferior to the mid-lateral aspect of the acromion with the needle being angled slightly cephalad. It was
then passed through the deltoid and directed medially and slightly anteriorly into the subacromial-
subdeltoid bursa. Care was taken to avoid injecting directly into the tendon of the rotator cuff.

Post-injection, the patients were advised to not take any NSAIDs and to avoid high-impact activity for at
least a week. Patients were continued on pain-free gentle shoulder pendulum exercises followed by passive
and active range of motion exercises. This was followed by rotator cuff strengthening exercises as permitted
by pain. They also explained about the possibility of increased discomfort in the first week after PRP
injection due to local soft tissue injury.

The patients were followed up at six weeks. A reduction in symptoms and any other complaints was noted.
The patients were then reviewed 12 weeks after the injection. The VAS score, QuickDASH score, and range of
motion of the shoulder were analyzed in this visit. Any other complication was recorded. Descriptive
statistics summarizing the patient’s characteristics were analyzed. Wilcoxon signed-rank test was used to
compare the VAS scores before injecting PRP and after 12 weeks of PRP injection. The QuickDASH score and
change in range of motion of the shoulder were also analyzed.

Results

The mean age of the patients was 46.1 years. Out of the 20 patients, nine were males and 11 were females.
Nineteen patients had unilateral shoulder impingement, and one patient had bilateral impingement. The
mean pre-injection VAS was 5.1 + 1.39, while the mean VAS recorded after three months of the injection was
3.3 % 1.72. The P-value calculated by Wilcoxon signed-rank test was less than 0.001 and hence significant.
The reduction in VAS for pain is summarized in Table 1.
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Reduction in Visual Analog Scale (VAS) No. of shoulders Percentage
2 50% 10 47.6%
220 % to 50 % 6 28.5%
<20% 5 23.8%
Change in forward flexion

> 30 degrees 7 33.33%
10 to 30 degrees 13 61.9%
<10 degrees 1 4.7%
Change in abduction

> 25 degrees 7 33.33%
10 to 25 degrees 13 61.9%
<10 degrees 1 4.7%
Change in external rotation

< 5 degrees 13 61.92%
5to 10 degrees 4 19.04%
> 10 degrees 4 19.04%
Change in internal rotation

No improvement 5] 23.8%
1 to 3 vertebra 7 33.3%
> 4 vertebra 7 33.3%

TABLE 1: Outcome measures in terms of reduction in Visual Analog Scale (VAS), change in
forward flexion, abduction, external rotation, and internal rotation after three months of the
platelet-rich plasma injection.

QuickDASH score could not be recorded in one patient who was having an amputation of the second, third,
and fourth fingers of the ipsilateral hand. The mean pre-injection QuickDASH score in the remaining 19
patients was 46.5 + 12.9, and after three months of the injection, it was 29.9 + 14.6. The reduction in

mean QuickDASH following PRP injection was 35.6%. The mean pre-injection forward flexion was 128.57
degrees * 30.42 degrees, and after three months of the injection, it was 148.57 degrees * 27.02 degrees.
There was a mean increase of 20 degrees. The change is summarized in Table 1.

The mean pre-injection abduction at the shoulder joint was 112.62 degrees + 42.47 degrees, and after three
months of the injection, it was 135.29 degrees * 40.01 degrees. There was a mean increase of 22.6 degrees.
The change is summarized in Table /. The mean pre-injection external rotation was 65.71 degrees * 17.55
degrees, and after three months of the injection, it was 68.57 degrees = 16.51 degrees. The change is
summarized in Table 1.

The internal rotation was quantified in terms of improvement in vertebral level using Apley's scratch test in
which the patients were asked to touch their back from down above. The improvement in the internal
rotation is summarized in Table /. One patient, whose pre-injection internal rotation was restricted to the
gluteal fold, could move her thumb to the sacroiliac joint after three months of the injection. Another
patient, whose pre-injection internal rotation was restricted to the sacroiliac joint, could move her thumb to
the third lumbar vertebra.

Discussion

Shoulder impingement results from an “inflammation and degeneration of the anatomical structures in the
region of the subacromial space” [8]. Both intrinsic and extrinsic factors are held responsible for shoulder
impingement syndrome. Extrinsic factors include extratendinous causes such as stress-induced spurs on the
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underside of the acromion, acromioclavicular joint osteophytes, pathological os acromiale, and dysfunction
of the scapulothoracic and glenohumeral joints. Intrinsic factors include rotator tendon dysfunction due to
age-related changes, diabetes mellitus, and steroid intake [4]. The patients present with pain and restricted
movements of the shoulder joint. On examination, a positive Hawkins-Kennedy test

and Neer’s impingement sign can be seen [9]. Ultrasound has been widely used for the diagnosis of shoulder
impingement syndrome. The sensitivity and specificity of ultrasound (USG) for detecting rotator cuff
disorders are comparable to those of MRI [10].

Both operative and non-operative treatment modalities have been described for the treatment of shoulder
impingement syndrome. Operative treatment should be offered to the patients not responding to a fair trial
of conservative treatment. Although PRP has been successfully used in the treatment of various
degenerative conditions, there have been very few studies that evaluate its role in shoulder impingement
syndrome.

In this study, the changes in VAS for pain, QuickDASH score, and range of motion at the shoulder after PRP
injection were all statistically significant. The previous studies had noted similar findings [11-15]. PRP was
prepared by the double-spin method in our study. Citrate dextrose was used as an anticoagulant, and
calcium gluconate was used as an activator. The technique of PRP and the anticoagulant and activator used
in the previous studies have been summarized in Table 2 [11-18].

Studies Platelet-rich plasma preparation method Anticoagulant used Activating agent
Rha et al. (2013) [16] Single spin Citrate dextrose Calcium chloride
Kesikburun et al. (2013) [14] Single spin Citrate dextrose None

Scarpone et al. (2013) [13] Single spin Citrate dextrose None

llhanli et al. (2015) [15] Single spin Citrate dextrose Calcium chloride
Wesner et al. (2016) [18] Single spin Citrate dextrose None

Shams et al. (2016) [17] Single spin Citrate dextrose None

Say et al. (2014) [12] Single spin Citrate dextrose Calcium chloride
Nejati et al. (2017) [11] Double spin Citrate dextrose None

Current study Double spin Citrate dextrose Calcium gluconate

TABLE 2: Methods of platelet-rich plasma preparation, and anticoagulants and activating agents
used in the previous studies.

All the previous studies had used citrate dextrose as an anticoagulant solution. Some studies did not use an
activating agent. When an activator is not used, PRP gets activated by coming in contact with the tissue
collagen [5]. We used calcium gluconate as the activating agent. Considering the concern of migration of PRP
away from the intended region, it has been hypothesized that the activation of PRP before the injection to
the injured tissue leads to an improved concentration of growth factors at the site of injection [19]. However,
Scherer et al. examined the effects of platelet activation on wound healing in vivo and in vitro and found
that the wounds treated with non-activated PRP healed more quickly [20]. Growth factors might have a more
optimal effect when present on-demand, rather than being released immediately at the time of injection
[21].

In various studies, multiple injections of PRP were given. Nejati et al. gave two injections of PRP at an
interval of one month, Ilhanli et al. gave three injections of PRP at an interval of one week, and Rha et al.
gave two injections of PRP at an interval of four weeks [11,15,16]. In the current study, a single injection of
PRP was given. In the previous studies, the volume of PRP injected ranged from 2 ml to 6 ml. In the current
study, 2 ml of PRP was injected. This was the volume of PRP produced after centrifugation.

In various previous studies, PRP was injected under ultrasonographic guidance [11,13,14,18]. We used the
lateral approach to the shoulder for the injection of PRP. Although it can be accepted that the
ultrasonographic guidance aids in more accurate placement of the needle and this may be perceived as a
shortcoming of our study, a randomized controlled trial (RCT) done by Bhayana et al. showed no advantage
of ultrasonographic guidance over the landmark approach when corticosteroid was injected for shoulder
impingement syndrome [22]. Bloom et al. also were unable to establish an advantage in terms of pain,
function, and shoulder range of motion of ultrasound-guided glucocorticoid injection over the landmark
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approach [23]. In various previous studies, local anesthesia was used along with the PRP injection [12,13]. A
few studies have shown a decrease in the proliferation of tenocytes and cell viability leading to less positive
results when PRP is combined with local anesthesia [24]. In the current study, local anesthesia was not used.

Limitations

Our study's limitations include a relatively small sample, the lack of a control group treated conservatively or
with placebo/corticosteroid injections, a shorter follow-up period, and the use of a landmark approach
rather than an ultrasonographic needle insertion method.

Conclusions

Shoulder impingement is a common cause of pain and dysfunction in young adults. Various non-operative
treatment modalities have been described in the literature for its management. The role of platelet-rich
plasma for the treatment of impingement syndrome has been a matter of debate. According to our study,
platelet-rich plasma (PRP) injection results in a significant decrease in pain and improvement in the range
of motion and an overall excellent functional outcome in shoulder impingement syndrome. However, future
studies with a bigger sample size and longer follow-up are needed.
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obtained from the participants of the study. Animal subjects: All authors have confirmed that this study did
not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
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