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A prospective cohort study: platelet‑rich 
plasma combined with carpal tunnel release 
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Abstract 

Background:  PRP injection was proved to promote the health condition of individuals with mild to moderate Carpal 
Tunnel Syndrome (CTS). However, carpal tunnel release (CTR) was still a necessary treatment for individuals with mod‑
erate and severe CTS.

Methods:  To explore whether adjuvant PRP treatment would improve the prognosis while using CTR, we included 
82 patients in this study. Preoperative and postoperative visual analog scale (VAS), Boston carpal tunnel syndrome 
questionnaire-symptom severity scale (BCTQ-SSS), Boston carpal tunnel syndrome questionnaire-functional status 
scale (BCTQ-FSS), and grip strength were used to examine the patient’s symptoms and function.

Results:  CTR combined with PRP treatment improved the VAS (1.9 ± 0.5 versus 1.4 ± 0.4, P < .05), BCTQ-SSS 
(1.8 ± 0.4versus 1.5 ± 0.3, P < .05) and BCTQ-FSS (1.8 ± 0.5 versus 1.4 ± 0.6, P < .05) in patients with moderate symptoms 
within one month after surgery. At the same time, it does not show any advantages in treating individuals with severe 
carpal tunnel syndrome.

Conclusions:  PRP does not affect long-term prognosis while increasing the surgery cost. To conclude, PRP as an 
adjuvant treatment of CTR has limited effect. Considering the additional financial burden on patients, CTR combined 
with PRP should be cautious in CTS treatment.

Keywords:  BTCQ –FSS, BCTQ-SSS, Carpal tunnel release (CTR), Carpal tunnel syndrome(CTS), Platelet-Rich Plasma 
(PRP), VAS
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Background
Carpal tunnel syndrome (CTS) constitutes the most joint 
compressive neuropathy of the upper limbs, usually via 
the abnormal flexor retinaculum thickening [1]. Pain, 
numbness, and muscle weakness caused by CTS seri-
ously affect patients’ function and quality of life [2].

The median nerve is not isolated but entirely con-
nected to myofascial structures. The perineurial area is in 

continuity with the deep fasciae of the forearm, suggest-
ing that an unbalanced tension of epimysial fasciae can 
affect the perineural area, limiting nerve displacement. 
Consequently, this must be included in CTS pathogen-
esis [3, 4]. Although splinting and corticosteroid injec-
tions were proven adequate, strong evidence supported 
that the carpal tunnel release (CTR) decompresses the 
median nerve by dividing the transverse carpal ligament 
and should have a better treatment advantage at 6 and 
12 months, especially in patients with moderate or severe 
symptoms [2, 5, 6].

Platelet-rich plasma (PRP) has been utilized as a safe 
treatment form in divergent settings [7]. It is an analo-
gous biologic agent constituting concentrated platelets, 
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the primary component of which is believed to be prod-
ucts of degradation consisting of transforming growth 
factor (TGF), the insulin-like growth factor-1 (IGF-1), 
Platelet-derived growth factor (PDGF), vascular endothe-
lial growth factor (VEGF), and epidermal growth factor 
(EGF) [8]. Most research supported that PRP injection 
enhanced the clinical outcomes of individuals with mild-
to-moderate CTS [9]. Research based on in  vitro and 
in vivo studies supported the neurotrophic impact of PRP 
in peripheral nerves [10, 11]. Diverse growth factors are 
released and activated following a PRP injection, lead-
ing to median nerve rejuvenation and improving neu-
ral blood via protection of the blood-nerve barrier [12]. 
There is limited clinical information on the utilization 
of PRP in peripheral neuropathies in humans [9, 13]. A 
recent systematic review indicated that PRP is effective 
for individuals with mild to moderate carpal tunnel syn-
drome. At the same time, PRP injection alone is not rec-
ommended for severe carpal tunnel syndrome patients 
[9]. No studies have pointed out whether adjuvant PRP 
infusion is necessary for patients with severe symptoms 
who require surgical treatment.

For the lack of correlational studies, we tried to explore 
whether adjuvant PRP treatment could improve the 
prognosis of individuals with moderate to severe carpal 
tunnel syndrome while applying CTR. Further explora-
tion is needed to provide strong research evidence by 
which surgeons should establish guidelines for utilizing 
this treatment in CTS patients.

Patients and methods
Ethical approval
This study is a prognostic study constituting a prospec-
tive cohort. The ethics committee at Shanghai Sixth 
People’s Hospital approved the study. In addition, this 
study was conducted per the Code of Ethics of the World 
Medical Association (Declaration of Helsinki) for human 
procedures.

Patients
Between 2015 and 2018, 94 patients underwent CTR for 
CTS treatment in our hospital. Twelve patients declined 
to participate, and we included the remaining 82 patients 
in this study. Patients were divided into control and PRP 
groups according to whether adjuvant PRP was used dur-
ing the procedure. There were 39 in the control group 
and 43 in the PRP group. All subjects included in the 
study had moderate to severe symptoms or failed con-
servative treatment with steroid injections [14]. Patients 
were excluded if they aged > 70 or < 18, with a course 
of CTS is less than two months, had space-occupying 
lesions within the carpal tunnel, had a pregnancy, diabe-
tes mellitus, rheumatoid arthritis, traumatic CTS, or had 

previous CTS surgery. Before the operation, every patient 
underwent a nerve conduction study for definite diagno-
sis and severity evaluation [15]. According to a guideline 
published by Mooar, P. A. et  al., the assessment of the 
severity of carpal tunnel syndrome is performed by an 
experienced hand surgeon (H Chen) [16]. 1. Low Sever-
ity (nighttime pain/sensory disturbances and/or epi-
sodic/infrequent symptoms) 2. Moderate Severity (pain/
sensory disturbances, tingling, frequent activity-related 
symptoms, and/or difficulty with fine motor coordina-
tion) 3. High Severity (constant sensory loss, motor clini-
cal findings, and/or thenar atrophy).

The demographic data consist of age, body mass index 
(BMI), and gender, along with preoperative evaluation by 
visual analog scale (VAS), Boston carpal tunnel syndrome 
questionnaire-symptom severity scale (BCTQ-SSS), Bos-
ton carpal tunnel syndrome questionnaire-functional sta-
tus scale (BCTQ-FSS) and grip strength. Follow-up was 
performed at one, three, and six months after surgery. 
The CTS diagnosis was centered on the typical history 
constituting pain, sensory disturbances, and weakness 
entailing the median nerve distribution. The study 
included 35 males and 47 females. The mean age was 
39.4 ± 10.1 years and BMI 24.9 ± 4.9. The mean symptom 
duration was 17.0 months, and the affected side was 46 
on the right and 36 on the left.

Operative procedure
Experienced surgeons performed all surgical procedures 
(YC Gao, QY Wang, H Chen). Regarding the conven-
tional method, the approach documented by Taleisnik 
was applied [17]. In brief, a palmar longitudinal incision, 
starting at the ring finger axis, passed through the the-
nar and hypothenar eminences and proceeded proxi-
mally into the wrist proximal flexor crease. Following the 
exposure of the underlying transverse carpal ligament, its 
ulnar region was longitudinally cut. The median nerve 
was identified for protection, and the incision was closed 
routinely.

At the time of surgery, 15  mL of analogous venous 
blood sample was drawn from every subject’s con-
tralateral (non-impacted) hand, followed by centrifuga-
tion at two successive density gradient centrifugations 
(800 g-10 min and 1100 g-10 min) at our hospital labo-
ratory. In the initial centrifugation, separation of the 
red blood cells was achieved. In contrast, in the second 
centrifugation, separation of PRP from the platelet-poor 
plasma (PPP) and then introduced into a sterile injector. 
2 mL PRP was injected from the sutured incision. Then 
the incision was bandaged (Fig. 1).

No brace or splint was used following the operation. 
Restricted wrist movement was permitted for 24  h. We 
encouraged the patients to return to their daily activities. 
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The use of NSAIDs was restricted in both groups, and 
patients were advised that they did not require long-term 
use of NSAIDs to treat carpal tunnel syndrome.

Outcome measures
Postoperative follow-up visits were held by a third physi-
cian (blinded to the groups) after 3 and 6 months, during 
which the VAS, BCTQ, and grip strength were repeated. 
Digital pain severity and paresthesia were determined via 
VAS, with 10 points designated as highly severe pain, while 
0 points established no pain. BCTQ constitutes a symptom 
severity scale (SSS) and a functional status scale (FSS). The 
lower scores on the BCTQ imply lesser symptom sever-
ity and better active status of the patient [18]. The grip’s 
strength was determined with the flexion of the elbow at 
90 degrees and in neutral rotation for the forearm.

Six months after the operation, the remission was evalu-
ated according to the patient’s clinical symptoms in the last 
two weeks. Remission was defined as the significant reduc-
tion of symptoms, including numbness, pain, sensory 
disturbance, and muscle weakness. Patients with no preop-
erative symptoms were defined as entirely asymptomatic.

Statistical analyses
Continuous variables were indicated as mean ± standard 
deviation; categorical data were shown as a number (per-
centage). For a constant variable, demographic data were 
assessed via the independent t-test for continuous data, 
while the X2 test was employed for the categorical data. 
The repeated-measures ANOVA followed by post hoc 
tests was carried out for the data at various follow-ups. 

All statistical analysis was conducted using SPSS 22.0 in 
this study(by CC Wang). All statistical evaluations were 
two-sided. P < 0 0.05 signified statistical significance.

Result
Eighty-two patients (35 males and 47 females) were 
enrolled for analysis. All subjects were followed up 
for more than six months. In our cases, 35 of the 82 
patients were male, and the average age of this series was 
42.1 ± 11.7 (19 to 69). The right hand was affected in 46, 
and the left was involved in 35 cases. The mean BMI was 
25.6 ± 4.1 in control group and 25.0 ± 5.1 in PRP group. 
The mean symptom duration was24.3 ± 21.7  months 
in control group and 26.8 ± 23.6  months in PRP group. 
The data in Table  1 shows the preoperative assessment 
of VAS, BCTQ-SSS, BCTQ-FSS, and grip strength, 
which showed no remarkable difference in demographics 
between the two groups.

The data in Table  2 shows the clinical outcomes 
within six months after surgery. The results showed no 
remarkable difference between the two groups in VAS, 
BCTQ-SSS, BCTQ-FSS, and grip strength, in 1 month, 
3  months, and 6  months after surgery. However, the 
further analysis of patients with moderate preop-
erative symptoms showed that the PRP patient group 
showed a better outcome in VAS (2.42 ± 1.30 versus 
1.69 ± 0.66, P < 0.05), BCTQ-SSS (1.90 ± 0.54 ver-
sus 1.57 ± 0.35, P < 0.05) and BCTQ-FSS (1.83 ± 0.57 
versus 1.54 ± 0.37, P < 0.05) in 1  month after sur-
gery. There was no marked difference between the 
two groups in VAS, BCTQ-SSS, BCTQ-FSS, and grip 

Fig. 1  Preparation and injection of PRP. A Blood after the first centrifugation B Erythrocyte-depleted plasma C Platelet-rich plasma D Injection of 
platelet-rich plasma
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strength 3 months and 6 months after surgery (Table 3, 
Fig. 2).

The data in Table  4 showed that 35 (89.7%) and 
40 (93%) individuals in the control and PRP groups 
revealed remission 6 months after surgery. 16 (41.0%) 
and 19(44.1%) individuals in the control and PRP 
groups were asymptomatic. Nonetheless, there was no 
remarkable difference between the two groups.

As shown in Table  5, the adjuvant PRP treatment 
increased the surgery costs (12,363.2 ± 901.2 versus 
16,206.4 ± 1131.0, CNY, P < 0.001). There was no sta-
tistical difference in hospitalization between the two 
groups (3.56 ± 0.59 versus 3.46 ± 0.54 days, P = 0.29).

Discussion
In this study, CTR combined with PRP treatment has 
been reported to improve the health outcomes and func-
tions of patients with moderate symptoms within one 

month after surgery. Still, it does not show an advantage 
in treating individuals with severe carpal tunnel syn-
drome. At the same time, PRP’s use does not affect long-
term prognosis while increasing the surgery cost.

Some clinical and basic studies support PRP’s role in 
repairing peripheral nerve injuries, while it is begin-
ning to be widely used in hand surgery [19, 20]. With the 
ongoing research on PRP treatment, different researchers 
have proposed that the effect of PRP in the CTS treat-
ment is limited. Our study points out that in severe car-
pal tunnel syndrome, PRP combined with CTR does not 
improve the prognosis of patients, which may be related 
to the degeneration of the median nerve [21, 22]. In con-
trast, in mild to moderate carpal tunnel syndrome, adju-
vant PRP therapy showed early therapeutic effects. A 
placebo-controlled clinical study indicated that a single 
PRP injection positively impacts individuals with mild to 
moderate CTS, supporting our findings [12]. In addition, 
some researchers believe that PRP injection did not add 
remarkably to the effects of a wrist splint. A randomized 
controlled trial pointed out that a single injection of PRP 
had no marked influence on the improvement effect of 
wrist splints in individuals with CTS [13]. However, a 
severe form of CTS was excluded in almost all PRP treat-
ment studies for CTS, and treatment of PRP combined 
with CTR was not mentioned. In conclusion, many stud-
ies have indicated that PRP treatment is ineffective and 
unnecessary in patients with severe carpal tunnel syn-
drome and should be avoided in clinical practice [9].

For mild and moderate carpal tunnel syndrome, brak-
ing and control with oral medications are good options 
for treatment [23]. In contrast, for patients with severe 
carpal tunnel syndrome, the effectiveness of oral ther-
apy alone is limited [5, 24]. CTR is still the most recom-
mended treatment for individuals with severe carpal 
tunnel syndrome and some patients without improve-
ment after glucocorticoid injection [5, 25, 26]. Adju-
vant surgery has also achieved better treatment results 
[27–29]. This study concluded that CTR effectively treats 
persons with moderate or severe carpal tunnel syn-
drome, which can effectively improve the symptoms and 
functions, and even some patients’ symptoms disappear 

Table 2  Clinical outcomes in all patients

1 month after surgery 3 months after surgery 6 months after surgery

Control Group
N = 39

PRP Group
N = 43

P Control Group
N = 39

PRP Group
N = 43

P Control Group
N = 39

PRP Group
N = 43

P

VAS 2.61 ± 1.19 2.39 ± 1.18 0.410 1.38 ± 1.05 1.46 ± 1.16 0.747 0.71 ± 1.10 0.81 ± 1.16 0.707

BCTQ-SSS 2.13 ± 0.58 1.91 ± 0.59 0.097 1.46 ± 0.64 1.39 ± 0.67 0.630 1.02 ± 0.86 0.93 ± 0.85 0.665

BCTQ-FSS 2.11 ± 0.63 1.94 ± 0.78 0.290 1.60 ± 0.69 1.64 ± 0.71 0.824 1.14 ± 0.87 1.20 ± 0.83 0.740

Grip strength 
(g/mm2)

18.01 ± 5.24 17.88 ± 5.05 0.852 20.68 ± 5.15 21.81 ± 5.12 0.909 22.87 ± 5.10 24.34 ± 5.59 0.222

Table 1  Patient features

PRP Platelet-rich plasma, VAS Visual analog scale, BCTQ-SSS Boston carpal tunnel 
syndrome questionnaire- symptom severity scale, BCTQ-FSS Boston carpal 
tunnel syndrome questionnaire- functional status scale

Control Group
N = 39

PRP Group
N = 43

P-value

Gender
  Male 17(43.6%) 18(41.8%) 0.874

  Female 22 (56.4%) 25(58.2%)

Age 42.5 ± 11.7 41.9 ± 11.7 0.839

BMI 25.6 ± 4.1 25.0 ± 5.1 0.608

Affected side
  Right 20 (51.2%) 26(60.4%) 0.402

  Left 19(48.8%) 17(39.6%)

Symptom duration (month) 24.3 ± 21.7 26.8 ± 23.6 0.613

Grading
  Moderate 26 26 0.560

  Severe 13 17

VAS 4.51 ± 1.27 4.58 ± 1.36 0.817

BCTQ-SSS 2.62 ± 0.51 2.80 ± 0.65 0.189

BCTQ-FSS 2.70 ± 0.68 2.86 ± 0.58 0.250

Grip strength(g/mm2) 16.74 ± 5.36 16.04 ± 5.15 0.556
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Table 3  Clinical outcomes in patients with moderate preoperative symptoms

*Represents a statistical difference between two groups (p < 0.05)

Control Group
N = 26

PRP Group
N = 26

P
*Significant

VAS preoperative 4.00 ± 1.07 3.84 ± 1.16 0.630

VAS 1 month following surgery 2.42 ± 1.30 1.69 ± 0.66 0.016*

VAS 3 months following surgery 1.12 ± 0.93 1.00 ± 0.83 0.647

VAS 6 months following surgery 0.46 ± 0.69 0.42 ± 0.63 0.838

BCTQ-SSS preoperative 2.36 ± 0.41 2.41 ± 0.43 0.701

BCTQ-SSS 1 month following surgery 1.90 ± 0.54 1.57 ± 0.35 0.016*

BCTQ-SSS 3 months following surgery 1.25 ± 0.51 1.06 ± 0.48 0.201

BCTQ-SSS 6 months following surgery 0.80 ± 0.67 0.66 ± 0.61 0.438

BCTQ-FSS preoperative 2.42 ± 0.58 2.51 ± 0.41 0.521

BCTQ-FSS 1 month following surgery 1.83 ± 0.57 1.54 ± 0.37 0.037*

BCTQ-FSS 3 months following surgery 1.33 ± 0.56 1.29 ± 0.45 0.773

BCTQ-FSS 6 months following surgery 0.95 ± 0.73 0.87 ± 0.53 0.659

Grip strength preoperative (g/mm2) 19.47 ± 3.71 18.68 ± 4.36 0.470

Grip strength 1 month after surgery(g/mm2) 20.86 ± 3.53 20.44 ± 4.41 0.710

Grip strength 3 months after surgery (g/mm2) 23.19 ± 4.06 23.21 ± 4.87 0.983

Grip strength 6 months after surgery(g/mm2) 24.79 ± 4.04 26.25 ± 5.79 0.303

Fig. 2  VAS BCTQ-FSS, BCTQ-SSS, and grips strength after surgery
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entirely. The combined treatment of PRP does not 
increase the long-term effect of surgery, but it can accel-
erate the recovery after the operation in a short time.

Compared with many multicenter clinical studies, 
the number of subjects in this study is relatively small. 
Besides, the lack of randomization, blinding, and placebo 
constitutes another limitation of the present study, mak-
ing the placebo effect unavoidable in this study. Issues 
apportioned into the PRP group but declined injection 
treatment were allowed to participate in the control 
group, which elevated the risk of selection bias. However, 
we believe that this bias is greatly reduced due to the sur-
gery. In future studies, a large sample size of RCTs will 
help clarify the role of PRP in early clinical recovery and 
its effect on long-term treatment.

Conclusion
To conclude, PRP as an adjuvant treatment of CTR has 
limited effect. Considering the additional financial bur-
den on patients, CTR combined with PRP should be cau-
tious in treating CTS.

Acknowledgements
The authors disclose no acknowledgments.

Authors’ contributions
Yanchun Gao revised substantial contributions to the research design and revised 
the paper critically; Qiyang Wang acquired, analyzed, interpreted data, and drafted 
the essay; Chenchen Wang earned, analyzed, and interpreted data; Shichang Zhao 
revised the article and Hua Chen approved the submitted and final versions. All 
authors have read and approved the final submitted manuscript.

Funding
This work was funded by the Interdisciplinary Program of Shanghai Jiao Tong 
University (YG2021QN98) and Shanghai’s "Science and Technology Innovation 
Action Plan" Morning Star Cultivation: Sailing Program (22YF1447500).

Availability of data and materials
The final dataset will be available from the corresponding author.

Declarations

Ethics approval and consent to participate
Medical Ethics Committee approved this study of Shanghai Jiao Tong Univer‑
sity Affiliated Sixth People’s Hospital. Informed consent was obtained from 
all individual participants included in the study. All procedures performed in 
studies involving human participants were by the ethical standards of the 
institutional research committee and with the 1964 Helsinki Declaration and 
its later amendments or comparable ethical standards.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopedic Surgery, Shanghai Jiao Tong University Affiliated 
Sixth People’s Hospital, Shanghai Jiao Tong University, Shanghai 200233, China. 
2 Shanghai Institute of Technology, Shanghai 201418, China. 

Received: 25 May 2022   Accepted: 1 August 2022

References
	1.	 Sasaki T, et al. Assessment of grip-motion characteristics in carpal 

tunnel syndrome patients using a novel finger grip dynamometer 
system. J Orthop Surg Res. 2020;15:245. https://​doi.​org/​10.​1186/​
s13018-​020-​01773-9.

	2.	 Li W, et al. Extracorporeal shock wave therapy versus local corticoster‑
oid injection for the treatment of carpal tunnel syndrome: a meta-
analysis. J Orthop Surg Res. 2020;15:556. https://​doi.​org/​10.​1186/​
s13018-​020-​02082-x.

	3.	 Stecco C, et al. Role of fasciae around the median nerve in pathogenesis 
of carpal tunnel syndrome: microscopic and ultrasound study. J Anat. 
2020;236:660–7. https://​doi.​org/​10.​1111/​joa.​13124.

	4.	 Fan C, et al. Quantitative evaluation of the echo intensity of paraneural 
area and myofascial structure around median nerve in carpal tunnel 
syndrome. Diagnostics (Basel). 2020;10(11):914. https://​doi.​org/​10.​3390/​
diagn​ostic​s1011​0914.

	5.	 Graham B, et al. The american academy of orthopaedic surgeons 
evidence-based clinical practice guideline on: management of carpal 
tunnel syndrome. J Bone Joint Surg Am. 2016;98:1750–4. https://​doi.​org/​
10.​2106/​JBJS.​16.​00719.

	6.	 Bai J, et al. Carpal tunnel release with a new mini-incision approach 
versus a conventional approach, a retrospective cohort study. Int J Surg. 
2018;52:105–9. https://​doi.​org/​10.​1016/j.​ijsu.​2018.​02.​033.

	7.	 Laudy AB, Bakker EW, Rekers M, Moen MH. Efficacy of platelet-rich plasma 
injections in osteoarthritis of the knee: a systematic review and meta-
analysis. Br J Sports Med. 2015;49:657–72. https://​doi.​org/​10.​1136/​bjspo​
rts-​2014-​094036.

Table 4  Symptom Remission

Moderate Symptom Severe Symptom

Control Group
N = 26

PRP Group
N = 26

P Control Group
N = 13

PRP Group
N = 17

P

Remission 25(96.1%) 26(100.0%) 0.312 10(76.9%) 14(82.4%) 0.712

Non-remission 1(3.9%) 0(0%) 3(23.1%) 3(17.6%)

Completely asymptomatic 12(46.2%) 13(50.0%) 0.781 4(30.8%) 6(35.2%) 0.794

Table 5  Economic analysis

CNY China Yuan
*Represents a statistical difference between two groups (p < 0.05)

Control Group
N = 39

PRP Group
N = 43

P
*Significant

Hospitalization 
(Days)

3.56 ± 0.59 3.46 ± 0.54 0.437

Cost (CNY) 12,363.2 ± 901.2 16,206.4 ± 1131.0  < 0.001*

https://doi.org/10.1186/s13018-020-01773-9
https://doi.org/10.1186/s13018-020-01773-9
https://doi.org/10.1186/s13018-020-02082-x
https://doi.org/10.1186/s13018-020-02082-x
https://doi.org/10.1111/joa.13124
https://doi.org/10.3390/diagnostics10110914
https://doi.org/10.3390/diagnostics10110914
https://doi.org/10.2106/JBJS.16.00719
https://doi.org/10.2106/JBJS.16.00719
https://doi.org/10.1016/j.ijsu.2018.02.033
https://doi.org/10.1136/bjsports-2014-094036
https://doi.org/10.1136/bjsports-2014-094036


Page 7 of 7Gao et al. BMC Musculoskeletal Disorders          (2022) 23:787 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	8.	 Sundman EA, Cole BJ, Fortier LA. Growth factor and catabolic cytokine 
concentrations are influenced by the cellular composition of platelet-rich 
plasma. Am J Sports Med. 2011;39:2135–40. https://​doi.​org/​10.​1177/​
03635​46511​417792.

	9.	 Malahias MA, et al. Platelet-rich plasma injections for carpal tunnel 
syndrome: a systematic and comprehensive review. Eur J Orthop Surg 
Traumatol. 2019;29:1–8. https://​doi.​org/​10.​1007/​s00590-​018-​2278-8.

	10.	 Anjayani S, et al. Sensory improvement of leprosy peripheral neuropathy 
in patients treated with perineural injection of platelet-rich plasma. Int J 
Dermatol. 2014;53:109–13. https://​doi.​org/​10.​1111/​ijd.​12162.

	11.	 Malahias MA, Chytas D, Babis GC, Nikolaou VS. Platelet-rich plasma 
guided injections: clinical application in peripheral neuropathies. Front 
Surg. 2014;1:41. https://​doi.​org/​10.​3389/​fsurg.​2014.​00041.

	12.	 Malahias MA, et al. Platelet-rich plasma ultrasound-guided injection in 
the treatment of carpal tunnel syndrome: a placebo-controlled clinical 
study. J Tissue Eng Regen Med. 2018;12:e1480–8. https://​doi.​org/​10.​1002/​
term.​2566.

	13.	 Raeissadat SA, Karimzadeh A, Hashemi M, Bagherzadeh L. Safety and 
efficacy of platelet-rich plasma in treatment of carpal tunnel syndrome; 
a randomized controlled trial. BMC Musculoskelet Disord. 2018;19:49. 
https://​doi.​org/​10.​1186/​s12891-​018-​1963-4.

	14.	 Huisstede BM, Friden J, Coert JH, Hoogvliet P, European HG. Carpal tun‑
nel syndrome: hand surgeons, hand therapists, and physical medicine 
and rehabilitation physicians agree on a multidisciplinary treatment 
guideline-results from the European Handguide Study. Arch Phys Med 
Rehabil. 2014;95:2253–63. https://​doi.​org/​10.​1016/j.​apmr.​2014.​06.​022.

	15.	 Stevens JC. AAEM minimonograph #26: the electrodiagnosis of carpal 
tunnel syndrome American Association of Electrodiagnostic Medicine. 
Muscle & nerve. 1997;20(12):1477–86.

	16.	 Mooar PA, Doherty WJ, Murray JN, Pezold R, Sevarino KS. Management of 
carpal tunnel syndrome. J Am Acad Orthop Surg. 2018;26:e128–30.

	17.	 Taleisnik J. The palmar cutaneous branch of the median nerve and the 
approach to the carpal tunnel. an anatomical study. J Bone Joint Surg 
Am. 1973;55:1212–7.

	18.	 Multanen J, et al. Structural validity of the Boston carpal tunnel question‑
naire and its short version, the 6-Item CTS symptoms scale: a rasch 
analysis one year after surgery. BMC Musculoskelet Disord. 2020;21:609. 
https://​doi.​org/​10.​1186/​s12891-​020-​03626-2.

	19.	 Wu YN, et al. Optimization of platelet-rich plasma and its effects on the 
recovery of erectile function after bilateral cavernous nerve injury in a rat 
model. J Tissue Eng Regen Med. 2016;10:E294–304. https://​doi.​org/​10.​
1002/​term.​1806.

	20.	 De Vitis R, Passiatore M, Perna A, FioravantiCinci G, Taccardo G. Compari‑
son of shape memory staple and gelled platelet-rich plasma versus shape 
memory staple alone for the treatment of waist scaphoid nonunion: a 
single-center experience. Joints. 2019;7:84–90. https://​doi.​org/​10.​1055/s-​
0040-​17103​87.

	21.	 Meyers A, Annunziata MJ, Rampazzo A, BassiriGharb B. A systematic 
review of the outcomes of carpal ligament release in severe carpal tunnel 
syndrome. J Hand Surg Am. 2022;S0363-5023(21):00757–7. https://​doi.​
org/​10.​1016/j.​jhsa.​2021.​11.​015.

	22.	 McAleese T, Curtin M, Murphy EP, Mullett H. Outcomes of mini-open 
carpal tunnel release for severe carpal tunnel syndrome: a 10-year follow-
up. J Hand Surg Eur. 2021;46:320–2. https://​doi.​org/​10.​1177/​17531​93420​
958996.

	23.	 Bahrami MH, Shahraeeni S, Raeissadat SA. Comparison between the 
effects of progesterone versus corticosteroid local injections in mild 
and moderate carpal tunnel syndrome: a randomized clinical trial. 
BMC Musculoskelet Disord. 2015;16:322. https://​doi.​org/​10.​1186/​
s12891-​015-​0752-6.

	24.	 Passiatore M, Perna A, De-Vitis R, Taccardo G. The use of Alfa-Lipoic 
Acid-R (ALA-R) in patients with mild-moderate carpal tunnel syndrome: 
a randomised controlled open label prospective study. Malays Orthop J. 
2020;14:1–6. https://​doi.​org/​10.​5704/​MOJ.​2003.​001.

	25.	 Oh WT, Kang HJ, Koh IH, Jang JY, Choi YR. Morphologic change of nerve 
and symptom relief are similar after mini-incision and endoscopic carpal 
tunnel release: a randomized trial. BMC Musculoskelet Disord. 2017;18:65. 
https://​doi.​org/​10.​1186/​s12891-​017-​1438-z.

	26.	 Li Y, et al. Open versus endoscopic carpal tunnel release: a systematic 
review and meta-analysis of randomized controlled trials. BMC Musculo‑
skelet Disord. 2020;21:272. https://​doi.​org/​10.​1186/​s12891-​020-​03306-1.

	27.	 Boriani F, et al. Alpha-lipoic acid after median nerve decompression 
at the carpal tunnel: a randomized controlled trial. J Hand Surg Am. 
2017;42:236–42. https://​doi.​org/​10.​1016/j.​jhsa.​2017.​01.​011.

	28.	 Curran MWT, Morhart MJ, Olson JL, Hachisuka A, Chan KM. Acetyl-L-
carnitine to enhance nerve regeneration in carpal tunnel syndrome: 
a double-blind, randomized. Controlled Trial Plast Reconstr Surg. 
2019;143:111e–20e. https://​doi.​org/​10.​1097/​PRS.​00000​00000​005089.

	29.	 Su YC, et al. The efficacy of hyaluronic acid for carpal tunnel syndrome: 
a randomized double-blind clinical trial. Pain Med. 2021;22:2676–85. 
https://​doi.​org/​10.​1093/​pm/​pnab1​09.

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

https://doi.org/10.1177/0363546511417792
https://doi.org/10.1177/0363546511417792
https://doi.org/10.1007/s00590-018-2278-8
https://doi.org/10.1111/ijd.12162
https://doi.org/10.3389/fsurg.2014.00041
https://doi.org/10.1002/term.2566
https://doi.org/10.1002/term.2566
https://doi.org/10.1186/s12891-018-1963-4
https://doi.org/10.1016/j.apmr.2014.06.022
https://doi.org/10.1186/s12891-020-03626-2
https://doi.org/10.1002/term.1806
https://doi.org/10.1002/term.1806
https://doi.org/10.1055/s-0040-1710387
https://doi.org/10.1055/s-0040-1710387
https://doi.org/10.1016/j.jhsa.2021.11.015
https://doi.org/10.1016/j.jhsa.2021.11.015
https://doi.org/10.1177/1753193420958996
https://doi.org/10.1177/1753193420958996
https://doi.org/10.1186/s12891-015-0752-6
https://doi.org/10.1186/s12891-015-0752-6
https://doi.org/10.5704/MOJ.2003.001
https://doi.org/10.1186/s12891-017-1438-z
https://doi.org/10.1186/s12891-020-03306-1
https://doi.org/10.1016/j.jhsa.2017.01.011
https://doi.org/10.1097/PRS.0000000000005089
https://doi.org/10.1093/pm/pnab109

	A prospective cohort study: platelet-rich plasma combined with carpal tunnel release treating carpal tunnel syndrome
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Patients and methods
	Ethical approval
	Patients
	Operative procedure
	Outcome measures
	Statistical analyses

	Result
	Discussion
	Conclusion
	Acknowledgements
	References


