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Abstract

Introduction: Tendinopathy is a common pathology with numerous treatment options. Ultrasound-guided
percutaneous tenotomy is a newer procedure to treat chronic tendinopathy. It reduces costs and

risks compared to other treatments, such as open surgery and platelet-rich plasma (PRP) injections. The goal
of percutaneous tenotomy is to induce an acute inflammatory response that recruits clotting and growth
factors, induces bleeding, and transforms scar tissue and diseased tendons into a healing state.

Methods: A tenotomy was performed in 57 patients for elbow epicondylitis (13), supraspinatus tendonitis
(4), gluteal tendinopathy (34), and patellar tendinopathy (5). The survey was created and sent electronically
to all 57 patients, yielding 46 respondents. Each patient was surveyed postoperatively to determine their
pain levels on a numeric scale from 1 to 10 prior to and following the procedure. We also asked patients
about their satisfaction with the procedure, whether they would recommend it to a friend, and how long it
took them to recover completely.

Results: Forty-six of 57 patients responded to the survey. The average healing time was 58 days, and no
patients required further surgery. Pain scores significantly improved after tenotomies in the shoulder,
elbow, and hip. About 74% of patients were completely satisfied with the procedure, and 80% received
enough benefit to recommend it to a friend.

Conclusions: Ultrasonic tenotomy provides significant relief for tendinopathy in the shoulder, elbow, and
hip for the majority of patients. The knee pain scores were not significantly reduced, likely due to the small
sample size of four patients. Some patients did not experience complete relief and benefited from a PRP
injection after tenotomy. Some patients did not benefit, likely due to additional pathology, arthritis, and
referred pain. Some limitations to our study include the lack of a control group and each procedure was
performed by the same physician, which limits its generalizability. The survey responses were subjective,
and the sample size was variable between each body region. More high-quality research is needed to
establish the efficacy of tenotomy between different tendons and compare it to other treatment methods.
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Introduction

Tendinopathy is a common pathology with numerous treatment options available. This pathology is
characterized by pain, decline in function, and reduced exercise tolerance, and it is commonly found in
athletes and adults over 40 years old [1]. The most common overuse tendinopathies include the rotator cuff,
common flexor and extensor tendons of the elbow at the medial and lateral epicondyles, patellar tendon,
gluteal tendons, and the Achilles tendon [1]. Current conservative treatment options include physical
therapy, massage, acupuncture, low-level laser therapy, corticosteroid injections, and nonsteroidal anti-
inflammatory drugs. A systematic review in 2011 concluded that these treatments are likely to be beneficial
short-term for tendinopathy pain relief, but their long-term efficacy is unestablished [2]. When conservative
treatments fail, the ultrasound-guided percutaneous tenotomy via the Tenex Device (Tenex Health, Lake
Forest, CA) is available, and its implementation has grown quickly since its first use in 2011 due to the
promising results shown in recent years [3].

Percutaneous tenotomy is a newer procedure used to treat chronic tendinopathy. It reduces costs and risks
compared to other treatments, such as surgery and platelet-rich plasma (PRP) injections. Open surgical
procedures such as tendon debridement introduce more risk, invasiveness, and cost, with patients
commonly paying more than $10,000 for the procedure [4]. PRP injections are an alternative treatment
option with promising effectiveness and lower costs and risks than open debridement, but they are also more
expensive and are frequently not covered by insurance compared to percutaneous tenotomy [4].
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The goal of percutaneous tenotomy is to induce an acute inflammatory response in order to recruit clotting
and growth factors. By inserting a needle into a chronically diseased tendon, bleeding is induced, the
clotting cascade is activated, and growth factors are released. Ultimately, this stimulates scar tissue and
transitions diseased tendons into a healing state [5]. This procedure utilizes ultrasound to safely navigate
through tissues and is low-risk for bleeding, infection, and other complications associated with any surgery
[6]. With the ability to stimulate a healing process in a chronically diseased tendon, percutaneous tenotomy
is a promising procedure that can treat chronic tendinopathies, which more conservative treatments have
difficulty treating.

This study aims to further the available literature on percutaneous tenotomy and its effectiveness in
reducing pain and improving the quality of life in patients. A limited number of studies have shown that this
procedure is low-risk and successful in isolated tendons [7], but few studies compare its effectiveness
between different body regions. This paper will help establish the safety and efficacy of percutaneous
tenotomy by comparing its use with some of the most common pathologic tendons. In addition, this paper
will help to better identify the expected timeframe of patient recovery following the procedure.

Materials And Methods

Procedure

An ultrasound-guided tenotomy was performed in a sterile manner in a single outpatient center by a
physician with sports medicine fellowship training. The level of sedation was performed at the request of
the patient with the supervision of an anesthesiologist; some patients underwent general anesthesia. Each
patient was injected with local anesthesia under ultrasound guidance for the procedure: 8 mL of quarter-
percent Marcaine with epinephrine and 3 mL of 1% Lidocaine. A small stab incision was made with an 11-
blade scalpel. The device microtip TX2 was guided by the ultrasound to the region of tendinosis through the
incision, and the device was activated to irrigate and clear debris with precision via high-frequency
oscillation. Any calcifications and tendinopathy were debrided. The TX1 microtip was used for the more
superficial treatments at the elbow. The needle was manipulated through the tendon until resolution, as
visualized with ultrasound, generally three to five minutes in duration. The incision was closed with steri-
strips and bandaged. Patients were advised postoperatively to undergo a gentle range of motion and light
activities for two weeks; they could then return to activities as symptoms allow. A post-procedural
evaluation was performed in an orthopedic clinic at two weeks, six weeks, and three months.

Survey protocol

Each patient was treated conservatively for at least three months prior to the procedure. Conservative
treatment methods performed included physical therapy, anti-inflammatories, and activity modification.
Ultrasound-guided percutaneous tenotomy was performed in 57 patients for supraspinatus tendonitis (4),
elbow epicondylitis (13), gluteal tendinopathy (34), and patellar tendinopathy (5). These body regions were
selected because they are four of the most common pathologic tendons [1], and they are the most common
ultrasonic tenotomies performed by the attending physician. The questionnaire was created and sent
electronically via email to the 57 patients, yielding 46 respondents who fit the inclusion criteria consisting
of male/female patients who were 18 years of age or older, gave appropriate consent, and were diagnosed
with chronic tendinopathy by the attending physician. All patients were diagnosed with chronic
tendinopathy through magnetic resonance imaging (MRI), clinical assessment, and failure of conservative
treatment. Patients with tendon tears were excluded from the procedure and study. In this cohort,
information regarding demographics, specific comorbidities, and postoperative complications was
documented in each patient’s electronic medical record (EMR). The distributed questionnaire is provided in
Appendix A. Each patient was surveyed postoperatively to determine their pain levels on a numeric scale
from 1 to 10 prior to and following the procedure. They were additionally asked about their satisfaction with
the procedure and if they would recommend it to a friend. Lastly, patients were given a paragraph section in
the questionnaire to describe the length of time they needed to make a complete recovery and to provide any
additional comments about the procedure. Statistical analysis was performed via a paired t-test for the
numeric pain scores before and after the procedure, and P-values were obtained to measure how likely the
differences measured were due to chance. Alpha was set at P < 0.05 to determine statistical significance.

Results

The study included 46 patients, comprising 34 females (73.9%) and 12 males (26.1%). The average body
mass index (BMI) of the population was 27.94, categorizing it as overweight. The average age of the patients
was 60.65 years. These demographic details are summarized in Table 1.
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Patient demographics

Female study participants 34 people (73.9%)
Male study participants 12 people (26.1%)
Average age 60.65 years old
Average BMI 27.94 kg/m?

TABLE 1: Demographics

This table has demographic data for the study sample. BMI: body mass index.

A summary of the interpreted pain scores for each body region is provided in Table 2. The sums are located at
the bottom of Table 2, and Figure 7 shows the averages of pain scores before and after the procedure.

Region Avg. pain prior Avg. pain post P-value
Shoulder (n=3) 8.67 1.33 0.00243*
Elbow (n=10) 7.8 3.3 0.000302*
Gluteal (n=29) 7.93 3.48 7.76E-10*
Knee (n=4) 8.25 4.25 0.0958
Total (n=46) 7.97 3.36 8.52E-16*

TABLE 2: Pain scores

Average pain scores before and after Tenex procedure on a scale of 1-10.

*Alpha = P < 0.05.
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FIGURE 1: Pain severity

Figurative display of the summed values from Table 1, which show pain scores before and after Tenex.
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In this study, we primarily analyzed the effectiveness of percutaneous tenotomies in reducing patients’ pain
levels associated with chronic tendinopathy. We surveyed each of the 57 patients treated with a tenotomy by
the same orthopedic surgeon, yielding 46 responses, and examined their subjective pain scores before and
after the procedure. When looking at the data from a whole perspective, the method was significantly
effective at reducing pain in patients suffering from tendinopathy. When split up by body region, the pain in
each region except the patellar tendon (P=0.0958) was significantly reduced.

The averages of the “yes or no” questions listed in the Methods section are shown in Figures 2-3.

Satisfied with your tenatomy outcome?

26.1%

73.9%

Yes MNo

FIGURE 2: Patient satisfaction

This figure contains the averages of the response to whether patient was satisfied with his or her tenotomy
outcome.

Would you recommend this procedure to a friend?

19.6%

80.4%

Yes No

FIGURE 3: Patient recommendations

This figure contains the averages of the response to whether each patient would recommend the procedure to a
friend with his or her same condition.

Thirty-four patients (73.9%) responded yes to whether they were happy with their procedure outcomes.
Thirty-seven patients (80.4%) responded that they would recommend the procedure to a friend. There were
no complications with bleeding, infection, or hypersensitivity in any of the 57 procedures, and none of the
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patients required additional surgical intervention for the same pathology. Two of the 46 survey respondents
who experienced little to no pain reduction scheduled PRP injections several months after a failed
tenotomy.

The subjective survey responses showed that the median time needed to make a significant recovery was 58
days. One patient recovered as quickly as three days, while another took eight months to notice the full pain
reduction.

Discussion

The primary aim of the current research was to supplement the available literature on the efficacy and safety
of ultrasonic tenotomies with Tenex Health Devices in multiple body regions. Our data support previous
research by showing that this procedure is effective at reducing pain levels in the majority of patients [3-9].
However, this procedure has limitations. The P-values for each tendon region are statistically significant
(P<0.05) except for the patellar tendon (P=0.0958). This exception is likely due to the small sample size of
only four patients, one of whom experienced no pain reduction. Although one case series showed 100%
efficacy and patient satisfaction in percutaneous tenotomy, reducing 8/8 patients’ pain levels with
supraspinatus calcific tendinopathy [10], our study showed that some patients had little to no pain
reduction, and 26.1% of patients were not satisfied with the outcomes. Our satisfaction results are similar to
the findings of a retrospective chart review of 131 patients who underwent ultrasonic tenotomy for elbow
tendinopathies [11]. They found significant pain reduction and patient satisfaction in the majority (70%) of
patients, but they similarly had patients who did not receive much benefit from the procedure. Perhaps some
patients do not benefit due to additional pathology, arthritis, or referred pain. Possible alternative
explanations for these results could be that these patients did not have sufficient pain reduction to meet
their preoperative expectations, or perhaps their recovery took longer than they initially expected.
Regardless, the vast majority of our patients experienced significant pain reduction and were satisfied with
the procedure; 80.4% would recommend this treatment to a friend.

In addition to reducing pain, percutaneous tenotomy proved to be a safe and low-risk procedure. Our
findings are consistent with previous research showing that this minimally invasive procedure is associated
with few risks [12-14]. There were no complications with bleeding, infection, or hypersensitivity in any of
the 57 procedures, and none of the patients underwent additional surgery for tendinopathy.

Our findings indicate that ultrasonic tenotomy is likely to heal tendinopathy faster than non-treatment. The
subjective survey responses in our study showed that the median time needed to make a significant recovery
was 58 days. One patient improved as quickly as three days, while another took eight months to notice pain
reduction. One paper indicates that recovery from tendinopathy without surgery takes an average of three to
six months [15]. Because more than half of our patients reported significant recovery before three months,
our findings show that patients are likely to heal more quickly from an ultrasonic tenotomy compared to the
foregoing treatment.

Some of our patients experienced immediate pain relief, but the majority required longer to notice
improvements. While one study indicates steroid injections provide more rapid pain relief from
tendinopathy at two weeks post-procedure, their effects are temporary compared to ultrasonic tenotomy
long-term [9]. A study by Altahawi et al. showed that pain reduction from ultrasonic tenotomy is most
significant between three and six months after the procedure [16]. Because only three patients (6.5% of
patients) reported recovery within two weeks, our findings similarly indicate that recovery from the
procedure is less likely to be immediate but likely (>50% of patients) to be significant by 58 days.

Some limitations to our study include the lack of a control group and each procedure was performed by the
same physician, which limits its generalizability. The survey responses were subjective, which allowed for
response bias. The sample size was variable between each body region, which could impact a strict
comparison between the different regions. There are limited prospective, randomized trials to date in order
to confirm percutaneous tenotomy’s effectiveness between body regions. Such research in the future could
help us better understand if certain tendons receive more relief than others, this procedure’s overall
effectiveness, and when patients should proceed with it.

Conclusions

Overall, ultrasound-guided percutaneous tenotomy provides significant pain relief for tendinopathy in the
shoulder, elbow, and hip. Most patients experience great pain reduction and are satisfied with the procedure,
but some patients do not receive as much benefit as others. With numerous treatment options available,
patients and clinicians should discuss whether percutaneous tenotomy is right for them. Patients seeking
low-cost and low-risk treatment for advanced tendinopathy after failing conservative treatments should
strongly consider the ultrasound-guided percutaneous tenotomy procedure because of its promising ability
to reduce pain and improve quality of life. More high-quality research is needed to establish the efficacy of
tenotomy between different tendons and compare it to other treatment methods.
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Appendices

TENEX Questionnaire

Day Month Year
NAME: DATE OF BIRTH:

GENDER: Male Female TENEX procedure:

1.0n a scale of 1 to 10, rate your pain prior to the TENEX procedure?

No Pain Moderate Pain Unbearable Pain

1 2 3 4 5 6 74 8 9 10

2.0n ascale of 1to 10, rate your pain now?

No Pain Moderate Pain Unbearable Pain

1 2 3 4 5 6 7 8 9 10

3. How long did it take to recover from your Tenex procedure?

4. Are you happy with the outcome of your TENEX procedure?

Yes No

5. Have you undergone any additional surgical intervention for the same problem after your TENEX procedure?

Yes No

6. If so, what procedure?

7. Would you recommend undergoing a TENEX procedure to an individual or friend?

Yes No

FIGURE 4: Questionnaire

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Dylan Parry, Hillary Beecher, Randy Clark
Acquisition, analysis, or interpretation of data: Dylan Parry, Paul Gaschen, Jack Allen, Randy Clark
Drafting of the manuscript: Dylan Parry, Paul Gaschen, Jack Allen, Randy Clark

Critical review of the manuscript for important intellectual content: Dylan Parry, Hillary Beecher,
Randy Clark

2024 Parry et al. Cureus 16(4): €57679. DOI 10.7759/cureus.57679 60of 7


https://assets.cureus.com/uploads/figure/file/963017/lightbox_a5ccdb60e7bf11ee9d536185eb3717b8-TENEX-Questionnaire.png

Cureus
Supervision: Dylan Parry, Randy Clark

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Revere Health Ethics
Committee for Human Subjects Research issued approval IRB000172. The Ethics Committee for Human
Subjects Research at Revere Health has reviewed and approved the research study titled 'The Effects of
Ultrasound-Guided Tenotomy on Patients' Pain and Satisfaction Levels' conducted by Principal Investigator
Randy Clark, MD. The study has been deemed to meet the ethical standards and regulatory requirements set
forth by the relevant governing bodies. This approval is contingent upon adherence to the approved study
protocol and any amendments or modifications made throughout the duration of the research. The
committee has carefully considered the risks and benefits associated with the study and has determined that
appropriate measures are in place to safeguard the rights, privacy, and well-being of the research
participants. This approval is valid from the date indicated above and remains in effect until November 3,
2024, unless otherwise specified by the committee. Any deviations from the approved protocol must be
promptly reported to the committee for review and approval. 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 authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

Acknowledgements

The data are stored as de-identified participant data which are available on request.

References

1. Millar NL, Silbernagel KG, Thorborg K, et al.: Tendinopathy. Nat Rev Dis Primers. 2021, 7:1.
10.1038/s41572-020-00234-1

2. Bisset L, Coombes B, Vicenzino B: Tennis elbow. BMJ Clin Evid. 2011, 2011:1117.

3. Shomal Zadeh F, Shafiei M, Shomalzadeh M, Pierce ], Thurlow PC, Chalian M: Percutaneous ultrasound-
guided needle tenotomy for treatment of chronic tendinopathy and fasciopathy: a meta-analysis. Eur
Radiol. 2023, 33:7303-20. 10.1007/s00330-023-09657-2

4. Rupe MW, Fleury IG, Glass N, Kruse R, Buckwalter V JA: Efficacy of ultrasonic tenotomy and debridement
and platelet-rich plasma injections for lateral elbow tendinopathy. ] Hand Surg Glob Online. 2023, 5:667-72.
10.1016/j.jhsg.2023.04.004

5. Jacobson JA, Kim SM, Brigido MK: Ultrasound-guided percutaneous tenotomy. Semin Musculoskelet Radiol.
2016, 20:414-21. 10.1055/5-0036-1597545

6. Hatamiya NS, Kobayashi Y, Gottschalk AW: Utility of percutaneous needle tenotomy to reduce pain and
improve function in common extensor tendinosis of the lateral epicondyle. Ochsner J. 2021, 21:326-8.
10.31486/t0j.21.0044

7. Sharma V, Kumar A, Parashar A, Rai V, Kumar V, Udiwal H: Percutaneous tenotomy for chronic tennis
elbow: a minimally invasive technique with better outcomes - a case series. ] Orthop Case Rep. 2024, 14:125-
30.10.13107/jocr.2024.v14.i02.4242

8. Vajapey S, Ghenbot S, Baria MR, Magnussen RA, Vasileff WK: Utility of percutaneous ultrasonic tenotomy
for tendinopathies: a systematic review. Sports Health. 2021, 13:258-64. 10.1177/1941738120951764

9. Shomal Zadeh F, Shafiei M, Hosseini N, Alipour E, Cheung H, Chalian M: The effectiveness of percutaneous
ultrasound-guided needle tenotomy compared to alternative treatments for chronic tendinopathy: a
systematic review. Skeletal Radiol. 2023, 52:875-88. 10.1007/s00256-022-04140-3

10.  Erickson JL, Jagim AR: Ultrasonic tenotomy and debridement for calcific tendinopathy of the shoulder: a
pilot case series. ] Prim Care Community Health. 2020, 11:2150132720964665. 10.1177/2150132720964665

11.  Stover D, Fick B, Chimenti RL, Hall MM: Ultrasound-guided tenotomy improves physical function and
decreases pain for tendinopathies of the elbow: a retrospective review. ] Shoulder Elbow Surg. 2019,
28:2386-93. 10.1016/j.jse.2019.06.011

12.  Fick B, Stover DW, Chimenti RL, Hall MM: The safety of ultrasound guided tenotomy and debridement for
upper and lower extremity tendinopathies: a retrospective study. lowa Orthop J. 2021, 41:82-90.

13.  Wong AK, Swami PN, Reed TF, Bitterman A, Grande DA: Efficacy and safety of a percutaneous tenotomy
system for debridement of tendinopathic tissues. ] Long Term Eff Med Implants. 2018, 28:199-203.
10.1615/JLongTermEffMedImplants.2018028815

14. Barnes DE, Beckley JM, Smith J: Percutaneous ultrasonic tenotomy for chronic elbow tendinosis: a
prospective study. ] Shoulder Elbow Surg. 2015, 24:67-73. 10.1016/j.jse.2014.07.017

15.  Khan KM, Cook JL, Taunton JE, Bonar F: Overuse tendinosis, not tendinitis part 1: a new paradigm for a
difficult clinical problem. Phys Sportsmed. 2000, 28:38-48. 10.3810/psm.2000.05.890

16.  Altahawi F, Li X, Demarest B, Forney MC: Percutaneous ultrasonic tenotomy with the TX-1 device versus
surgical tenotomy for the treatment of common extensor tendinosis. Skeletal Radiol. 2021, 50:115-24.
10.1007/s00256-020-03540-7

2024 Parry et al. Cureus 16(4): €57679. DOI 10.7759/cureus.57679 7of7


https://dx.doi.org/10.1038/s41572-020-00234-1
https://dx.doi.org/10.1038/s41572-020-00234-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3217754/
https://dx.doi.org/10.1007/s00330-023-09657-2
https://dx.doi.org/10.1007/s00330-023-09657-2
https://dx.doi.org/10.1016/j.jhsg.2023.04.004
https://dx.doi.org/10.1016/j.jhsg.2023.04.004
https://dx.doi.org/10.1055/s-0036-1597545
https://dx.doi.org/10.1055/s-0036-1597545
https://dx.doi.org/10.31486/toj.21.0044
https://dx.doi.org/10.31486/toj.21.0044
https://dx.doi.org/10.13107/jocr.2024.v14.i02.4242
https://dx.doi.org/10.13107/jocr.2024.v14.i02.4242
https://dx.doi.org/10.1177/1941738120951764
https://dx.doi.org/10.1177/1941738120951764
https://dx.doi.org/10.1007/s00256-022-04140-3
https://dx.doi.org/10.1007/s00256-022-04140-3
https://dx.doi.org/10.1177/2150132720964665
https://dx.doi.org/10.1177/2150132720964665
https://dx.doi.org/10.1016/j.jse.2019.06.011
https://dx.doi.org/10.1016/j.jse.2019.06.011
https://pubmed.ncbi.nlm.nih.gov/34924874/
https://dx.doi.org/10.1615/JLongTermEffMedImplants.2018028815
https://dx.doi.org/10.1615/JLongTermEffMedImplants.2018028815
https://dx.doi.org/10.1016/j.jse.2014.07.017
https://dx.doi.org/10.1016/j.jse.2014.07.017
https://dx.doi.org/10.3810/psm.2000.05.890
https://dx.doi.org/10.3810/psm.2000.05.890
https://dx.doi.org/10.1007/s00256-020-03540-7
https://dx.doi.org/10.1007/s00256-020-03540-7

	The Effects of Ultrasound-Guided Percutaneous Tenotomy on Patients’ Pain and Satisfaction Levels
	Abstract
	Introduction
	Materials And Methods
	Procedure
	Survey protocol

	Results
	TABLE 1: Demographics
	TABLE 2: Pain scores
	FIGURE 1: Pain severity
	FIGURE 2: Patient satisfaction
	FIGURE 3: Patient recommendations

	Discussion
	Conclusions
	Appendices
	FIGURE 4: Questionnaire

	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


