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Abstract

Background The optimal approach for managing partial-thickness rotator cuff tears (PTRCT) remains controversial.
Recent studies related to PTRCTs have shown that platelet-rich plasma (PRP) injection might be an effective treatment
option. Despite the role of vitamin C in collagen synthesis and its antioxidant properties, the effects of combined PRP
and vitamin C treatment on rotator cuff repair are not well understood. This study investigated the effect of combined
treatment of PRP and vitamin C treatment on PTRCTs.

Methods One hundred-ten patients with PTRCTs were randomly allocated to two groups and underwent
subacromial injections of either (A) normal saline and platelet-rich plasma or (B) vitamin C and platelet-rich plasma.
The Constant score, American Shoulder and Elbow Surgeons (ASES) score, and visual analog scale were used to
evaluate the outcomes before, 1 month after, and 3 months after injection.

Results At the 3-month follow-up, no statistically significant differences were observed between the two groups in
terms of ASES and Constant scores. Although a slight difference favoring group B was noted in functional scores and
pain reduction, this difference was not statistically significant. However, both groups demonstrated significant pain
reduction over time (p-value <0.001). Additionally, the enhancement of ASES and Constant scores in both groups was
statistically significant (p-value <0.001).

Conclusions In conclusion, both PRP injection alone and PRP combined with vitamin C led to significant reductions
in pain and enhancements in function scores over time (p <0.001), suggesting the effectiveness of PRP as a non-
surgical treatment for PTRCTs within 3 months. While PRP alone showed significant benefits, further research is
required to ascertain if the combination therapy offers statistically significant advantages over PRP alone.
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Background

Rotator cuff tears (RCTs), which account for up to 40% of
shoulder joint diseases, are associated with pain and limi-
tations in physical activity [1, 2]. Based on the size of the
tear, RCTs can be classified as a full-thickness tear or a
partial-thickness tear [3].

The surgical management of RCTs is a therapeutic
choice for younger individuals experiencing acute symp-
tomatic partial or full-thickness tears with significant
functional impairment. Conversely, conservative man-
agement is frequently employed in individuals exhibiting
tendon degeneration or disruptions affecting less than
50% of the total tendon thickness [4-7]. Considering
the surgical risks and the significant risk of retear after
repair, conservative approaches are typically prioritized
as the initial treatment option, particularly among older
populations [8]. These conservative interventions include
physiotherapy, activity modification, painkillers, nonste-
roidal anti-inflammatory drugs (NSAIDs), and cortico-
steroid injections. Moreover, their efficacy in halting the
progression of the illness is frequently limited [9-11].

In recent times, there has been a surge of interest in
the mechanisms of biological treatment to improve pain
remission and enhance the function of injured tendons
and muscles. An autologous blood product known as
platelet-rich plasma (PRP) is centrifuged from one’s own
blood with a high concentration of platelets [12]. By defi-
nition, it has a higher platelet concentration than what is
considered to be physiologically normal. Platelets have
been found to affect various biological processes, includ-
ing angiogenesis, inflammation, cell proliferation, and
stem cell migration [13]. In a way, they play a crucial role
in initiating the healing process, as they release growth
factors that stimulate tissue repair and regeneration [14,
15]. Recent systematic reviews and meta-analyses have
reported that the use of PRP as a nonsurgical treatment
for patients with PTRCTs could improve shoulder func-
tion, reduce pain, and decrease the rate of retearing
[16-18].

Vitamin C plays a crucial role in collagen production
within connective tissue and bone, and it has been linked
to enhanced regeneration of collagen fibers and conse-
quent tendon recovery [19, 20]. It additionally counter-
acts free radicals, leading to a reduction in inflammation
and oxidative stress [21]. Vitamin C promotes the heal-
ing of damaged tendons through the proliferation of
fibroblasts, increases the diameter of collagen fibers, and
enhances local angiogenesis [22, 23]. Additionally, Oakes
et al. recently conducted a review in which they suggested
that laboratory-animal studies demonstrate favorable

outcomes in favor of vitamin C use to accelerate tendon
healing [24]. While laboratory research has reported that
vitamin C has positive effects on collagen fiber forma-
tion and cellular differentiation [25-27], debates persist
regarding its effectiveness as a supplement in clinical
therapy and further clinical trials are proposed to evalu-
ate the efficacy of vitamin C.

Currently, despite advances in diagnosis and treatment,
there is no consensus on the optimal treatment for the
management of PTRCTs. As far as we have reviewed, few
studies have evaluated the combined treatment of PRP
with other drugs for PTRCTs, and the combined thera-
peutic effect of vitamin C and PRP on tendon repair has
not been comprehensively evaluated through rigorous
clinical studies to date. The aim of the present study was
to evaluate the impact of ultrasound-guided injections of
PRP alone and a combination of PRP and vitamin C into
the subacromial space on PTRCTs.

Materials and methods

Study design

The present study was carried out as a single-center, dou-
ble-blind, randomized controlled trial. Prior to the inter-
vention, ethical approval was obtained from the Research
Ethics Committees of the School of Public Health, Sha-
hid Sadoughi University of Medical Sciences, Yazd, Iran.
Moreover, the trial protocol has been registered with
the Iranian Registry of Clinical Trials (IRCT), a member
of international centers approved by the World Health
Organization, and the clinical trial registration code is:
IRCT20230821059205N1.

The study included patients who were diagnosed with
PTRCTs through clinical examination conducted by an
orthopedic specialist and whose findings were confirmed
through magnetic resonance imaging (MRI). The inclu-
sion criteria for participants were: (1) men and women
between 18 and 70 years old; (2) within 6 months of ini-
tial diagnosis; and (3) patients with PTRCTs located in
the supraspinatus tendon diagnosed via MRI. The exclu-
sion criteria were as follows: (1) pregnant patients; (2)
elderly patients over 70 years of age; (3) RCT following
fracture and trauma; (4) presence of active infection; (5)
history of revision arthroscopy or previous reconstruc-
tive surgery; (6) history of PRP injection or other drug
interventions, including intra-articular corticosteroid
injection; (7) taking anticoagulants within 10 days before
intervention; (8) use of NSAIDs 3 days before interven-
tion; (9) history of mental disorders, alcohol, and drug
addiction; (10) cardiovascular diseases, diabetes, hemo-
philia, rheumatoid arthritis, and platelet dysfunctions;
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(11) shoulder pain mediated by non-rotator cuff tear; (12)
platelets <150,000/pL or hemoglobin<7 g/dl.

Patient allocation

All patients who met the inclusion criteria were included
in the study after providing informed consent. To evalu-
ate the anterior-posterior tear size, scores 1 and 2 were
considered in the MRI findings (score 1, less than 5 mm,
and score 2, 5-10 mm) [28].

The participants were randomly divided into two
groups, A, normal saline+PRP, and B, vitamin C+PRP, by
a simple random method and simple random tables cre-
ated by a computer (Fig. 1). The injection of the therapeu-
tic compound was performed under ultrasound guidance
in the subacromial space for two consecutive periods at
intervals of 3 weeks. Notably, both injections were per-
formed by the same orthopedic specialist and via the
same injection method. Group A was treated with 1.5 ml
of normal saline and 1.5 ml of PRP, and group B received
1.5 ml of vitamin C and 1.5 ml of PRP. The study partici-
pants, the specialist physician, and the person evaluating
the treatment outcome were kept blind during the study.
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The enrollment, follow-up, and analysis processes based
on CONSORT guidelines are displayed in Fig. 1.

Outcome measures

To assess the level of pain, a visual analogue scale [5]
ranging from 0 indicating no pain to 10 (indicating severe
pain) was used. The American Shoulder and Elbow Sur-
geons (ASES) questionnaire, which has items to assess
pain and instability and 10 items to measure the patient’s
ability to perform activities of daily living (ADL), was
used. Additionally, the Constant score was used to evalu-
ate the range of motion and strength of the injured shoul-
der. To establish baseline scores, a primary assessment
was conducted prior to the intervention. Also, the VAS
score, ASES score, and Constant score were evaluated 1
and 3 months after the second injection.

Intervention

To prepare PRP, a 20 ml venous blood sample was col-
lected from each patient and injected into a tube contain-
ing an anticoagulant (sterile sodium citrate tubes). The
blood was then centrifuged at 1500 rpm for 10 min. Fol-
lowing centrifugation, the plasma located above the red

Assessed for eligibility
(n=120)

Excluded (n=10)
e Not meeting inclusion criteria

> (n=6)
Declined to participate (n=4)
v Other reasons (n=0)
Randomized (n=110)
\4 Y
Group A Group B
Allocated to intervention (n=55) D . Allocated to intervention (n=55)
e Received allocated intervention D e Received allocated intervention
(n=35) (n=55)
e Intervention: normal saline + PRP e Intervention: vitamin C + PRP
A4 v
Lost to follow-up (n=0) Lost to follow-up (n=0)
. . . . _ Follow-up . . . . _
Discontinued intervention (n=0) Discontinued intervention (n=0)
A4 v
Analysed (n=55) Analysed (n=55)
excluded from analysis (n=0) Analysis excluded from analysis (n=0)

Fig. 1 Flow chart of the patient enrollment process. Abbreviations: PRP platelet-rich plasma, n number of patients
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blood cells was carefully transferred to a new sterile tube.
The second round of centrifugation lasted for 10 min at a
speed of 2500 rpm, and the supernatant (approximately
5-6 ml) was removed so that about 3 ml of plasma along
with the cell sediments remained at the bottom of the
tube. In the next step, through vortexing, we made the
platelet suspension in the remaining plasma in the form
of a suspension with an approximate concentration of
5 times the platelet baseline and used it with or with-
out vitamin C for injection into the patients. According
to the study by Dhurat and Sukesh [29], this method of
PRP preparation is reported as a standard method. In
addition, it should be noted that, according to the study
conducted by Giacomo et al. [30], the therapeutic dose of
vitamin C was considered to be 50 mg/ml.

The intervention was carried out by providing suffi-
cient explanations regarding the objectives of the study,
how to perform the intervention, possible side effects,
and obtaining informed consent from the patients. After
performing a sterile standard preparation, access to
the subacromial space was established using an angio-
ket under ultrasound guidance; following this, a sterile
syringe containing the therapeutic combination of either
normal saline+PRP or vitamin C+PRP was injected into
the subacromial space. Eventually, the injection site was
disinfected and bandaged. To ensure the absence of pos-
sible complications, the patients were monitored for 1 h
after the subacromial injection, advised to rest during
the first 48 h after the injection, and were also prohibited
from using NSAIDs for 1 week.

Follow up

Patients underwent follow-up at 1 month and 3 months
after the second injection; the questionnaires were com-
pleted, and the clinical examination was performed by an
orthopedic specialist.

Sample size

The sample size was calculated according to previous
studies [31]. Considering the confidence interval at 95%
and a power of study of 80% and assuming that the effect
size is 0.7, the sample size was calculated to be 55 people
for each group for a total of 110 people.

Statistical analysis

Data analysis was performed using SPSS V.26 The Sha-
piro-Wilk test was used to assess the normality of the
data. Then, considering that the study data followed a
normal distribution, parametric statistical tests were
used for evaluation. A chi-square test was used to evalu-
ate the qualitative variables of the study, and quantitative
variables were analyzed with a t-test. Repeated measures
ANOVA was used to compare the effects of the two
treatments on the VAS, ASES and Constant scores.
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Table 1 Characteristics of study participants

Variables Groups B (vitamin p-
A (normal C+PRP) val-
saline+PRP) ue
Age, years, mean +SD 42.87+12.034 43.05+11.621 0.778
Gender (%)
Male 21 (38/2) 29 (52/7) 0.126
Female 34 (61/8) 26 (47/3)
Affected side (%)
Right 30 (54/5) 33 (60/0) 0.563
Left 25 (45/5) 22 (40/0)
Dominant limb (%)
Right 36 (65/5) 37 (67/3) 0.840
Left 19 (34/5) 18(32/7)

Abbreviations: PRP platelet-rich plasma, SD standard deviations

Table 2 VAS, ASES, and constant scores

Groups B (vitamin p-
A (normal C+PRP) val-
saline+PRP) ue
VAS, mean+SD
Pretreatment 7.82+1.827 7.67+1.944
1 month 545+1476 5.15+1.649 0.389
3 month 344+2053 3.15+1.820
ASES, mean+SD
Pretreatment 33.20+16.811 32.76+£16.637
1 month 5340+12.125 55.93+12.249 0.578
3 month 7124+14.619 73.05+12.620
Constant score,
mean+SD
Pretreatment 6240+£12.316 61.82+£12.214
1 month 74.15+9.704 74.11+£9.183 0.771
3 month 85.02+9.400 87.13+6.804

Abbreviations: PRP platelet-rich plasma, SD standard deviations, VAS Visual Analogue
Scale, ASES American Shoulder and Elbow Surgeons

Results

A total of 120 patients were screened, of whom 4 refused
to enter the study and 6 did not meet the criteria for
entering the study. The 3-month follow-up was success-
fully conducted, and no patients were lost to follow-up.
As shown in Table 1, by comparing the demographic
characteristics of the two study groups, no significant dif-
ferences were observed in terms of age, sex, affected side,
or dominant limb between the two groups.

Following the assessment of the interaction effects of
time and treatment using ANOVA with repeated mea-
sures and its nonsignificance (p-value=0.736), the analy-
sis proceeded to the next step. The results of the primary
analysis of the VAS, ASES, and Constant scores of the
two groups at three time points are shown in Table 2.

A comparison of the pain scores between the two
groups at the 3-month follow-up revealed a reduction in
pain in both groups over time (p-value<0.001). Addition-
ally, shown in Fig. 2, group B exhibited greater pain reduc-
tion than did the other group; however, this difference
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Fig. 2 Comparison of the VAS scores between the two groups at three time points T1: pretreatment; T2: 1 month after treatment; T3: 3 months after

treatment. Abbreviations: PRP platelet-rich plasma, VAS Visual Analogue Scale

was not statistically significant (p-value=0.389). Figure 3
shows that the ASES scores of both groups increased
over time (p-value<0.001); moreover, in the comparison
of the ASES scores between the two groups at follow-up
points, a further increase in ASES score was observed in
group B compared with the other group, while this dif-
ference was not significant (p-value=0.578). The com-
parison of the Constant scores between the two groups
at three time points revealed that at one month follow-
ing the treatment, the results were completely the same.
After 3-months of treatment, despite the increase in
Constant score in favor of group B, no statistically sig-
nificant difference was found between the two groups
(p-value=0.771). Similarly to the other scores, the Con-
stant scores of both groups increased during the 3-month
follow-up (p-value<0.001). More details are highlighted
in Fig. 4.

Discussion

The results of the current study demonstrated that both
PRP alone and PRP combined with vitamin C could
be considered promising treatments for patients with
PTRCTs. However, contrary to expectations, the pres-
ent study did not find a significant difference between
the two groups, neither in pain reduction nor in ASES
and Constant scores promotion. This finding is consis-
tent with the study of Martel et al. [32], who aimed to

explore how administering vitamin C supplementation
after surgery affects tendon healing. They reported that
at the 6-month follow-up, the difference between the
two groups was not significant; nevertheless, the rate of
nonhealing was greater in the group that did not receive
vitamin C than in the group that had been treated with
vitamin C [32]. In an animal study, Turkmen et al. inves-
tigated the effect of a Mucopolygen Complex (containing
mucopolysaccharides, hydrolyzed collagen type I, and
vitamin C) on Achilles tendon rupture. While the inter-
vention group showed more regular collagen formation
compared to the control group, there was no significant
improvement in the mean tolerable load of the Achilles
tendon before injury [33].

Uehara et al. studied the effect of antioxidants (vitamin
C and NAC) on rotator cuff healing in rats. Rats under-
went bilateral tendon repair surgery and were divided
into three groups. The study found that both NAC and
vitamin C reduced oxidative stress and accelerated heal-
ing [27].

Moreover, another study by Morikawa et al. showed
that vitamin C, through its antioxidant effect, diminished
degeneration of the rotator cuff in the same way as that
observed in humans and in mice with vital antioxidant
enzyme deficiency [34]. Similarly, Giacomo et al., inves-
tigated the impact of ascorbic acid on cell survival and
proliferation. They specifically focused on cells derived
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Fig. 3 Comparison of the ASES scores between the two groups at three time points T1: pretreatment; T2: T month after treatment; T3: 3 months after
treatment. Abbreviations: PRP platelet-rich plasma, ASES American Shoulder and Elbow Surgeons

from human tendons and examined the effects of com-
bining ascorbic acid with the thyroid hormone T3 in an
in vitro model, and concluded that ascorbic acid is an
inducer of cell proliferation that causes tenocyte growth,
whereas it decreases nitric oxide synthesis [30]. The syn-
ergistic effect of vitamin C and growth factors was also
reported in an animal study [35]. A possible explanation
for these contrary outcomes to our findings might be the
difference in the design of clinical and laboratory studies
and the different dosages of vitamin C administered. In
addition, this inconsistency may also be explained by the
recent systematic review regarding the effectiveness of
vitamin C supplementation on oxidative stress and colla-
gen synthesis following orthopedic injuries, which noted
that clinical data do not reduplicate the results reported
in animal studies at present [36].

As discussed earlier, within the 3-month follow-up, it
was observed in both groups that the patients’ pain was
alleviated significantly, and regarding the ASES and Con-
stant scores, an increase in the patients’ scores was evi-
dent. These results are consistent with those of Dadgostar
et al. (2021), who also reported that PRP injection signifi-
cantly reduced pain and improved the range of motion
at the 3-month follow-up [37]. Similarly, the positive
effect of PRP in improving function and relieving pain in
patients with tendinopathy and PTRCTs was highlighted
by Kwong et al. [38]; these findings are consistent with

recent clinical observations [39—41]. On the other hand,
this outcome is inconsistent with that of Schwitzguebel
et al. [42], who did not report superiority in terms of pain
improvement and clinical scores for the intervention
group compared to the control group after PRP injec-
tion within interstitial supraspinatus lesions. The unavail-
ability of clinical results in the short-term phase and the
fact that only treatment was evaluated 7 months postint-
ervention may be limitations of this study. Additionally,
Carr et al. [43], reported similar results regarding the
inefficiency of PRP treatment. These conflicting results
could be associated with differences in injection site and
method, different methods of PRP preparation, dissimi-
larity in research design, and differences in tendon tear
size among various studies.

No complications or side effects were observed follow-
ing the intervention; as reported, low doses of vitamin
C are associated with minor side effects [21]. The ASES
score has items related to evaluating the activities of daily
living; the increase in the ASES score of both groups over
time refers to the enhancement of the activities of daily
living. Similarly, the improvement in participants’ shoul-
der strength and range of motion following the increase
in the Constant score within 3 months was significant.

The evaluation of tendon tear size changes with MRI
requires a follow-up of more than 6 months, while the
follow-up intervals in the present study were 1 and 3
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Fig. 4 Comparison of the Constant scores between the two groups at three time points T1: pretreatment; T2: 1 month after treatment; T3: 3 months after

treatment. Abbreviations: PRP platelet-rich plasma

months; hence, the final evaluation of the patients was
carried out by a specialist.

The present study was limited in several aspects.
First, the study focused on evaluating the treatment
group that received the combined injection of PRP and
vitamin C. While the inclusion of a control group that
received either no injection or a sham (placebo) injec-
tion could have enabled a more robust comparison of
outcomes. Another limitation was the absence of radio-
logical assessments, such as ultrasound or MRI, between
the treatment and control groups at baseline and during
follow-up. Incorporating these objective measures would
have provided valuable data on changes in the studied
condition over time, enabling a more comprehensive
evaluation of the treatment’s effectiveness. An additional
limitation is the relatively short follow-up period. Follow-
ing the same group of participants for a longer duration
and including MRI outcomes at the end of the follow-up
would have provided valuable insights into the long-term
effects of the treatment. However, the results have shown
that the outcome obtained from nonsurgical treatment in
patients with chronic RCTs at 3 months is predictive of
the outcome 2 years after treatment [44].

Furthermore, the present research was limited by sev-
eral other factors, including a lack of consensus regard-
ing the effective frequency of PRP injection, an uncertain

optimal dosage and concentration of vitamin C and PRP.
Moreover, as far as we know, the present research is the
first controlled clinical trial that investigated the effect of
combined injection of PRP and vitamin C in the subacro-
mial space in patients with PTRCTs; therefore, the lim-
ited number of previous clinical studies was one of the
limitations of comparing the results of this study with
those of similar studies.

In terms of directions, future prospective clinical stud-
ies should aim to include a wider patient population,
incorporate radiological assessments, and extend the
follow-up period to offer valuable insights into the long-
term effects and durability of the treatment. Conducting
studies with these design elements would help to further
elucidate the effectiveness of combined vitamin C and
PRP injections on tendon healing.

Conclusion

In conclusion, our study demonstrates that both PRP
alone and PRP combined with vitamin C can effec-
tively reduce pain and improve function in patients with
PTRCTs. Notably, both interventions resulted in signifi-
cant improvements in patient outcomes, with no signifi-
cant difference between the two groups at 3 months of
follow-up. Related study topics will be a fruitful area for
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further research, and we plan to continue this study by
evaluating MRI findings over a longer follow-up period.

Abbreviations

ADL Activities of Daily Living

ASES American Shoulder and Elbow Surgeons
RCT Rotator Cuff Tear

ROM Range of motion

NSAID  Nonsteroidal anti-inflammatory drug
PRP Platelet Rich Plasma
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VAS Visual Analog Scale

Acknowledgements
Not applicable.

Author contributions

FM contributed to the design, conceptualization, data gathering,

and preparation of the manuscript. HM assisted in the study design,
conceptualization, supervision, and project administration. ARS and AF

aided in the preparation of the manuscript, data gathering, and design. SJ
contributed to the statistical analysis, the preparation of the original draft, and
the data collection.

Funding
No funding was received.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

Informed and written consent was obtained from all participants. The study
protocol was approved by the Research Ethics Committees of the School

of Public Health, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.
Additionally, the trial protocol has been registered with the Iranian Registry of
Clinical Trials (IRCT). Clinical trial registration code: IRCT20230821059205N1.
Date of first trial registration: 26/08/2023.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Declaration of generative Al and Al-assisted technologies in the writing
process

As a researcher, | must disclose that | utilized ChatGPT to assist in refining

the text of our research paper in terms of academic writing, grammar, and
paraphrasing. This Al-powered tool proved invaluable in enhancing the clarity
and coherence of our manuscript. However, it's crucial to note that following
the utilization of ChatGPT, my co-authors and | meticulously reviewed and
edited the content, ensuring accuracy and adherence to academic standards.
We take full responsibility for the content of the publication.

Author details

'Master Science Student of Surgical Technology, Shahid Sadoughi
University of Medical Sciences, Yazd, Iran

?Student Research Committee, Shahid Sadoughi University of Medical
Sciences, Yazd, Iran

3Department of Orthopedics, School of Medicine, Kerman University of
Medical Sciences, Kerman, Iran

4Stem Cells and Regenerative Medicine Innovation Center, Kerman
University of Medical Sciences, Kerman, Iran

5Depar‘[ments of Biostatistics and Epidemiology, School of Public Health,
Center for Healthcare Data Modeling, Shahid Sadoughi University of
Medical Sciences, Yazd, Iran

SResearch Center of Addiction and Behavioral Sciences, Shahid Sadoughi
University of Medical Sciences, Yazd, Iran

(2024) 19:426 Page 8 of 9

’Department of Operating Room and Anesthesiology, School of Allied
Medical Sciences, Shahid Sadoughi University of Medical Sciences, Yazd,
Iran

Received: 5 April 2024 / Accepted: 13 July 2024
Published online: 23 July 2024

References

1. Lafrance S, Charron M, Roy JS, Dyer JO, Frémont P, Dionne CE, et al. Diag-
nosing, managing, and supporting return to work of adults with Rotator
Cuff disorders: a clinical practice Guideline. J Orthop Sports Phys Ther.
2022;52(10):647-64.

2. Sadeghifar A, Ilka S, Dashtbani H, Sahebozamani M. A comparison of Gle-
nohumeral Internal and External Range of Motion and Rotation Strength in
healthy and individuals with recurrent anterior instability. Archives bone Joint
Surg. 2014;2(3):215-9.

3. Patel M, Amini MH. Management of Acute Rotator Cuff tears. Qld Gov Min J.
2022;53(1):69-76.

4. OstiL, Buda M, Andreotti M, Osti R, Massari L, Maffulli N. Transtendon repair in
partial articular supraspinatus tendon tear. Br Med Bull. 2017;123(1):19-34.

5. FranceschiF, Papalia R, Del Buono A, Vasta S, Costa V, Maffulli N, et al. Articu-
lar-sided rotator cuff tears: which is the best repair? A three-year prospective
randomised controlled trial. Int Orthop. 2013;37(8):1487-93.

6. FranceschiF, Papalia R, Del Buono A, Maffulli N, Denaro V. Repair of partial
tears of the rotator cuff. Sports Med Arthrosc Rev. 2011;19(4):401-8.

7. Papalia R, Franceschi F, Del Buono A, Maffulli N, Denaro V. Results of surgical
management of symptomatic shoulders with partial thickness tears of the
rotator cuff. Br Med Bull. 2011;99:141-54.

8. Kukkonen J,Ry6sd A, Joukainen A, Lehtinen J, Kauko T, Mattila K, et al. Opera-
tive versus conservative treatment of small, nontraumatic supraspinatus
tears in patients older than 55 years: over 5-year follow-up of a randomized
controlled trial. J Shoulder Elbow Surg. 2021,30(11):2455-64.

9. Longo UG, Risi Ambrogioni L, Candela V, Berton A, Carnevale A, Schena E, et
al. Conservative versus surgical management for patients with rotator cuff
tears: a systematic review and META-analysis. BMC Musculoskelet Disord.
2021;22(1):50.

10.  Sadeghifar A, Saied A, Abbaspour V, Zandrahimi F. Comparison of the efficacy
of physiotherapy, subacromial corticosteroid, and subacromial hyaluronic
acid injection in the treatment of subacromial impingement syndrome: a
retrospective study. Curr Orthop Pract. 2022;33(5):442-6.

11.  DeClercq MG, Fiorentino AM, Lengel HA, Ruzbarsky JJ, Robinson SK, Oberlohr
VT, et al. Systematic review of platelet-rich plasma for Rotator Cuff Repair: are
we adhering to the Minimum Information for Studies Evaluating Biologics in
Orthopaedics? Orthop J Sports Med. 2021;9(12):23259671211041971.

12. Everts PA, van Erp A, DeSimone A, Cohen DS, Gardner RD. Platelet Rich
plasma in Orthopedic Surgical Medicine. Platelets. 2021,32(2):163-74.

13. Velasquez Garcia A, Ingala Martini L, Franco Abache A, Abdo G. Role of
platelet-rich plasma in the treatment of rotator cuff tendinopathy. World J
Orthop. 2023;14(7):505-15.

14.  Oneto P, Etulain J. PRP in wound healing applications. Platelets.
2021;32(2):189-99.

15. Zhang J, Li F, Augi T, Williamson KM, Onishi K, Hogan MV, et al. Platelet HMGB1
in Platelet-Rich plasma (PRP) promotes tendon wound healing. PLoS ONE.
2021;16(9):20251166.

16. O'Dowd A. Update on the use of platelet-rich plasma injections in the
management of Musculoskeletal injuries: a systematic review of studies from
2014 to 2021. Orthop J Sports Med. 2022;10(12):23259671221140888.

17. ZhiF, Cai F, Zhang W, Xiong L, Hu J, Lin X. Clinical efficacy of different shoul-
der joint drug injections for rotator cuff injuries: a network meta-analysis.
Medicine. 2022;101(39):e30659.

18.  Masiello F, Pati |, Veropalumbo E, Pupella S, Cruciani M, De Angelis V.
Ultrasound-guided injection of platelet-rich plasma for tendinopathies: a sys-
tematic review and meta-analysis. Blood Transfus = Trasfusione del sangue.
2023;21(2):119-36.

19. Bechara N, Flood VM, Gunton JE. A systematic review on the role of vitamin C
in tissue Healing. Antioxid (Basel Switzerland). 2022;11:8.

20.  Abdullah M, Jamil RT, Attia FN, Vitamin C. Ascorbic acid). StatPearls. Treasure
Island (FL) ineligible companies. Disclosure: Radia Jamil declares no relevant
financial relationships with ineligible companies. Disclosure: Fibi Attia



Mohammadivahedi et al. Journal of Orthopaedic Surgery and Research

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

declares no relevant financial relationships with ineligible companies.: Stat-
Pearls Publishing Copyright © 2024. StatPearls Publishing LLC,; 2024.
Dosedél M, Jirkovsky E, Macékova K, Kr¢mova LK, Javorska L, Pourova J et al.
Vitamin C-Sources, physiological role, Kinetics, Deficiency, Use, Toxicity, and
determination. Nutrients. 2021;13(2).

Noriega-Gonzélez DC, Drobnic F, Caballero-Garcia A, Roche E, Perez-
Valdecantos D, Cordova A. Effect of vitamin C on Tendinopathy Recovery: a
scoping review. Nutrients. 2022;14(13).

Burton |, McCormack A. Nutritional supplements in the Clinical Management

of Tendinopathy: a scoping review. J Sport Rehabilitation. 2023;32(5):493-504.

Qakes B, Bolia IK, Weber AE, Petrigliano FA. Vitamin C in orthopedic practices:
current concepts, novel ideas, and future perspectives. J Orthop Research:
Official Publication Orthop Res Soc. 2021;39(4):698-706.

Takisawa S, Takino Y, Lee J, Machida S, Ishigami A. Vitamin C Is Essential for the
Maintenance of Skeletal Muscle Functions. Biology. 2022;11(7).

Mienaltowski MJ, Callahan M, Gonzales NL, Wong A. Examining the potential
of vitamin C supplementation in tissue-Engineered equine superficial Digital
Flexor Tendon constructs. Int J Mol Sci. 2023;24(23).

Uehara H, Itoigawa Y, Morikawa D, Koga A, Tsurukami H, Maruyama Y, et al.
The effect of vitamin C and N-Acetylcysteine on Tendon-to-bone Healing in a
Rodent Model of Rotator Cuff Repair. Am J Sports Med. 2023;51(6):1596-607.
McCrum E. MR Imaging of the Rotator Cuff. Magn Reson Imaging Clin N Am.
2020;28(2):165-79.

Dhurat R, Sukesh M. Principles and methods of Preparation of platelet-

rich plasma: a review and author's perspective. J Cutan Aesthetic Surg.
2014,7(4):189-97.

di Giacomo V, Berardocco M, Gallorini M, Oliva F, Colosimo A, Cataldi A, et

al. Combined supplementation of ascorbic acid and thyroid hormone T(3)
affects tenocyte proliferation. The effect of ascorbic acid in the production of
nitric oxide. Muscles Ligaments Tendons J. 2017;7(1):11-8.

Cai YU, Sun Z, Liao B, Song Z, Xiao T, Zhu P. Sodium hyaluronate and platelet-
rich plasma for partial-thickness rotator cuff tears. Med Sci Sports Exerc.
2019,51(2):227-33.

Martel M, Laumonerie P, Girard M, Dauzere F, Mansat P, Bonnevialle N. Does
vitamin C supplementation improve rotator cuff healing? A preliminary
study. Eur J Orthop Surg Traumatology: Orthopedie Traumatologie.
2022;32(1):63-70.

Turkmen HO, Kalender AM, Tekin SB. Retendo (mucopolygen complex)
effects on achille tendon healing. J Orthop. 2020;20:190-4.

Morikawa D, Nojiri H, Itoigawa Y, Ozawa Y, Kaneko K, Shimizu T. Antioxidant
treatment with vitamin C attenuated rotator cuff degeneration caused by
oxidative stress in Sod1-deficient mice. JSES open Access. 2018;2(1):91-6.
Azizi S, Farsinejad A, Kheirandish R, Fatemi H. Intra-articular effects of com-
bined xenogenous serum rich in growth factors (SRGF) and vitamin C on

(2024) 19:426

36.

37.

38.

39.

40.

41.

42.

43.

Page 9 of 9

histopathology grading and staging of osteoarthritis in rat model. Transfus
Clinique et biologique: J De La Societe francaise de Transfus Sanguine.
2019;26(1):3-9.

DePhillipo NN, Aman ZS, Kennedy MI, Begley JP, Moatshe G, LaPrade RF.
Efficacy of vitamin C supplementation on Collagen Synthesis and oxidative
stress after Musculoskeletal injuries: a systematic review. Orthop J Sports
Med. 2018;6(10):2325967118804544.

Dadgostar H, Fahimipour F, Pahlevan Sabagh A, Arasteh P, Razi M. Cortico-
steroids or platelet-rich plasma injections for rotator cuff tendinopathy: a
randomized clinical trial study. J Orthop Surg Res. 2021;16(1):333.

Kwong CA, Woodmass JM, Gusnowski EM, Bois AJ, Leblanc J, More KD, et

al. Platelet-Rich plasma in patients with partial-thickness rotator cuff tears
or Tendinopathy leads to significantly Improved Short-Term Pain relief and
function compared with corticosteroid injection: a double-blind randomized
controlled trial. Arthroscopy: J Arthroscopic Relat Surg: Official Publication
Arthrosc Association North Am Int Arthrosc Association. 2021;37(2):510-7.
Godek P, Szczepanowska-Wolowiec B, Golicki D. Collagen and platelet-rich
plasma in partial-thickness rotator cuff injuries. Friends or only indiffer-

ent neighbours? Randomised controlled trial. BMC Musculoskelet Disord.
2022;23(1):1109.

Huang SH, Hsu PC, Wang KA, Chou CL, Wang JC. Comparison of single
platelet-rich plasma injection with hyaluronic acid injection for partial-thick-
ness rotator cuff tears. J Chin Med Association: JCMA. 2022;85(6):723-9.
Prodromos CC, Finkle S, Prodromos A, Chen JL, Schwartz A, Wathen L. Treat-
ment of Rotator Cuff tears with platelet rich plasma: a prospective study with
2 year follow-up. BMC Musculoskelet Disord. 2021;22(1):499.

Schwitzguebel AJ, Kolo FC, Tirefort J, Kourhani A, Nowak A, Gremeaux V, et
al. Efficacy of platelet-rich plasma for the treatment of interstitial supraspina-
tus tears: a Double-Blinded, randomized controlled trial. Am J Sports Med.
2019;47(8):1885-92.

Carr AJ, Murphy R, Dakin SG, Rombach |, Wheway K, Watkins B, et al.
Platelet-Rich plasma injection with arthroscopic acromioplasty for chronic
Rotator Cuff Tendinopathy: a Randomized Controlled Trial. Am J Sports Med.
2015;43(12):2891-7.

Boorman RS, More KD, Hollinshead RM, Wiley JP, Brett K, Mohtadi NG, et al.
The rotator cuff quality-of-life index predicts the outcome of nonoperative
treatment of patients with a chronic rotator cuff tear. J bone Joint Surg Am
Volume. 2014;96(22):1883-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Comparative efficacy of platelet-rich plasma (PRP) injection versus PRP combined with vitamin C injection for partial-thickness rotator cuff tears: a randomized controlled trial
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study design
	﻿Patient allocation
	﻿Outcome measures
	﻿Intervention
	﻿Follow up
	﻿Sample size
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


