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Utility of Percutaneous Ultrasonic 
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Context: Chronic tendinopathy is a challenging problem that can lead to significant disability and limitation in not only 
athletics but also activities of daily living. While there are many treatment techniques described for this overuse injury, no 
single modality has been proven superior to all others. With recent advances in medical technology, percutaneous ultrasonic 
tenotomy (PUT) for tendinosis has gained traction with promising results.

Objective: To examine the data published on PUT for treatment of tendinopathy, analyze the outcomes of the procedure, 
including duration of pain relief and patient-reported outcomes, and assess the rate of complications associated with the 
procedure.

Data Sources: PubMed, MEDLINE, EMBASE, and Google Scholar.

Study Selection: The following combination of keywords was entered into the electronic search engines: ultrasonic 
tenotomy, ultrasound tenotomy, Tenex, and ultrasonic percutaneous tenotomy. The search results were screened for studies 
relevant to the topic. Only English-language studies were considered for inclusion. Studies consisting of level 4 evidence or 
higher and those involving human participants were included for more detailed evaluation.

Level of Evidence: Level 4.

Data Extraction: Articles meeting the inclusion criteria were sorted and reviewed. Type of tendinopathy studied, outcome 
measures, and complications were recorded. Both quantitative and qualitative analyses were performed on the data 
collected.

Results: There were a total of 7 studies that met the inclusion criteria and quality measures—5 studies involving the 
treatment of elbow tendinopathy and 1 study each involving the management of Achilles tendinopathy and plantar fasciitis. 
PUT resulted in decreased pain/disability scores and improved functional outcome scores for chronic elbow tendinopathy 
and plantar fasciitis. Results for Achilles tendinopathy showed modest improvement in the short term, but long-term data are 
lacking.

Conclusion: PUT is a minimally invasive treatment technique that can be considered in patients with tendinopathy 
refractory to conservative treatment measures. Further higher quality studies are necessary to accurately assess the 
comparative effectiveness of this treatment modality.
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Tendinopathy is a common clinical condition resulting in 
pain and disability. Achilles, patellar, rotator cuff, and 
elbow extensor tendons are the most commonly affected, 

although involvement of the tendons of the wrist and ankle is 
not uncommon.28,55 The burden of this disease is often 
underestimated because it results in not only direct health care 
costs but also indirect costs in the form of lost productivity, 
decreased quality of life, and increased worker’s compensation 
cases.23

Tendinopathy is a chronic disease of the tendons resulting in 
disorganization of collagen fibrils, neovascularization, and 
degeneration of tenocytes.53 Recent research has led to 
awareness of a distinction between tendonitis and tendinosis. 
While tendonitis is an inflammatory condition resulting from 
microtears of the musculotendinous unit, tendinosis refers to 
degeneration of collagen resulting from chronic overuse.5 While 
inflammatory cells can be found on histopathology of tendinosis 
as well, recent evidence suggests that a failed healing response 
in the face of repetitive stresses placed on the tendon leads to 
decreased mechanical integrity.15,31 It is important to distinguish 
between these 2 entities because patients may experience pain 
relief once inflammation is reduced in tendonitis, but this is not 
guaranteed in tendinosis.

Treatment for tendinosis starts with nonoperative measures 
such as nonsteroidal anti-inflammatory drugs (NSAIDs) and 
physical therapy (PT), although the long-term efficacy of NSAIDs 
is debatable in chronic cases.40 Eccentric loading exercises 
produce beneficial results in Achilles tendinopathy.33,35,43 Other 
nonoperative measures provide pain relief include bracing and 
shockwave therapy, although randomized controlled trials and 
systematic reviews have failed to demonstrate superiority of 
these treatment modalities over others.29,32,42,46 Injectable biologic 
substances such as platelet-rich plasma (PRP) are also gaining 
traction based on results from recent animal and clinical 
studies.16,20,44 These biologic agents usually consist of 2 kinds of 
mediators: (1) naturally occurring growth factors that act by 
stimulating angiogenesis, matrix synthesis, or remodeling or (2) 
anti-inflammatory molecules that inhibit tissue degradation.11 
While basic science studies suggest that the potential of these 
agents to reduce pain, encourage tissue healing, and stimulate 
tendon regeneration is great, robust clinical data supporting their 
regular use are sparse.11

Invasive treatment options can be broadly classified into 3 
categories—minimally invasive percutaneous techniques, 
arthroscopic techniques, and open surgical debridement. 
Historically, open surgical debridement of extensor tendons 
with or without suture anchor repair provides high rates 
(95%-97%) of patient satisfaction with minimal complications in 
refractory cases of lateral epicondylitis.17,18,48 However, a recent 
randomized controlled trial showed no additional benefit of 
excision of diseased extensor carpi radialis brevis tendon 
compared with sham surgery.27 Conflicting results have been 
observed in surgical treatment of other tendinopathies as well, 
with patient satisfaction ranging from 69% to 100% and 
complication rates varying from 0% to 85%.2,21 With the advent 

of endoscopic techniques, arthroscopic debridement of diseased 
tendons has touted similar satisfaction rates but lower 
complication rates in some studies, while others have shown 
that open treatment groups have better functional 
outcomes.2,30,56 One of the latest advancements for treatment of 
recalcitrant tendinopathy is percutaneous ultrasonic tenotomy 
(PUT) (Tenex).3,34,47 It involves phacoemulsification to debride 
and aspirate diseased tendon tissue through a small incision. 
The device consists of a suction and irrigation system connected 
to a handheld tool with an ultrasonic vibrating double-lumen 
needle that is the size of an 18-guage needle.9,41 The handheld 
instrument produces small-amplitude, high-frequency 
oscillations that target angiofibroblastic tissue in the tendon and 
emulsify necrotic areas. This debris is then aspirated through an 
irrigation system.54 This evolving technique has been cleared 
through the 510 (k) pathway by the US Food and Drug 
Administration for use in general surgery, orthopaedic surgery, 
laparoscopic surgery, and plastic and reconstructive surgery.41

The purpose of this study is to provide a comprehensive 
review of the evidence published on the effectiveness of PUT in 
the treatment of tendinopathy.

Methods
Search Strategy

A thorough search of the electronic databases PubMed, MEDLINE, 
EMBASE, and Google Scholar was performed in accordance with 
the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) statement with the following date ranges for filters: 
December 1, 1990, to February 1, 2019. The following 
combination of keywords was entered into the electronic search 
engines: ultrasonic tenotomy, ultrasound tenotomy, Tenex, and 
ultrasonic percutaneous tenotomy. The search results were 
screened for studies relevant to the topic. Only English-language 
studies were considered for inclusion. Studies consisting of level 4 
evidence or higher and those involving human participants were 
included for more detailed evaluation.

Study Selection

The following inclusion criteria were used for study selection: 
The study design had to (1) be level of evidence 1, 2, 3, or 4 as 
defined by the Centre for Evidence-Based Medicine,10 (2) 
include treatment of the condition of interest (tendinopathy), 
and (3) include treatment with PUT. There was no minimum 
duration of follow-up, as the authors wanted to include as many 
studies for evaluation as possible given the limited data 
published so far on this particular topic.

The following exclusion criteria were applied: (1) case reports, 
expert opinions, or other studies with level 5 evidence; (2) 
reviews; (3) non-English studies; (4) studies on nonhuman 
subjects; (5) basic science or biomechanical studies; and (6) 
studies on other percutaneous treatment options not involving 
PUT. The study selection algorithm and the search results that 
were obtained as a result of this algorithm are illustrated in a 
stepwise fashion in Figure 1.
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Data Extraction

The included studies were reviewed independently by 2 
authors, and data were extracted for analysis in a spreadsheet. 
The data collected included study design, number of patients 
treated, level of evidence of the study, average duration of 
follow up, type of tendinopathy treated, patient demographics, 
outcomes and complications of treatment, and any subgroup 
analysis performed in the study and conclusions resulting from 
those analyses. The spreadsheets were analyzed independently 
by 3 authors, and any discrepancies in the data were resolved 
by consensus. Furthermore, independent risk of bias assessment 
was performed for each study by all 3 authors and 
discrepancies were again resolved through discussion.

Quality Appraisal

The methodological quality of each included study was 
evaluated independently by 3 authors using the following 
criteria: scope and depth of the topic, study design, level of 
evidence included, sample size studied, average time of 
follow-up, use of independent examiners, attrition rate, and use 
of objective outcome measures. The internal and external 
validity of each study was also assessed using specific criteria 
set forth by National Institute for Health Research and National 
Health Service Centre for Reviews and Dissemination.22,49,50 In 

particular, the internal validity of each study was assessed using 
the criteria found in Appendix 1 (available in the online version 
of this article). The external validity of each study was assessed 
using the criteria found in Appendix 2 (available online).

Based on these quality analyses, 1 more study was excluded 
from analysis due to poor quality of the reported results.

Data Analysis

Data related to the variables of interest such as patient-reported 
outcome measures from all studies were pooled and reported as 
weighted mean and standard deviation. Student t test was used 
where appropriate to determine if the change in outcome score 
of interest was statistically significant after the PUT procedure. 
Level of significance was set at 0.05.

Results
Study Characteristics

There were 7 studies that met the inclusion criteria and quality 
measures. Three of these 7 were retrospective studies and 4 
were prospective studies. Only studies meeting at least 5 or 
more of the quality criteria set forth for assessing internal and 
external validity were included for analysis (Table 1).

Study Surgical Details

Different tendinopathies treated with PUT include lateral and 
medial elbow tendinopathy, plantar fasciitis, and Achilles 
tendinopathy. The visual analogue scale (VAS) score, the 
American Shoulder and Elbow Surgeons score, Disabilities of 
the Arm, Shoulder and Hand (DASH) score, Mayo Elbow 
Performance Score, 12-Item Short Form Health Survey (SF-12), 
and the American Orthopaedic Foot & Ankle Score (AOFAS) 
were the most commonly used (Table 2).

Chronic Epicondylosis of the Elbow

Five of the 7 studies (76 patients) included involved treatment 
of elbow tendinopathies with PUT.4,6,25,45 The pain/disability 
scores for these 5 studies were evaluated in aggregate and the 
results are provided in Figure 2. Overall, the VAS and DASH 
scores improved 1 year status post–PUT procedure as compared 
with baseline. These improvements were not only statistically 
significant for each outcome measure but may also be clinically 
important. Recent research has shown that the minimal clinically 
important difference in VAS pain score for shoulder arthroplasty 
was 1.4 and 13.0 for DASH score.26 Patients undergoing PUT for 
elbow tendinopathy observed a difference of more than 4 
points in the VAS score and more than 20 points for each of the 
DASH subscores (Figure 2).

Furthermore, patients undergoing PUT for refractory elbow 
tendinopathies also experienced an overall improvement in 
functional scores 1 year status post-Tenex as compared with 
baseline (Figure 3).52

Plantar Fasciitis

Of the 12 patients evaluated prospectively, 11 experienced 
complete pain relief 3 months after Tenex and this improvement 

Figure 1. Search algorithm used to select studies for 
inclusion using the PRISMA (Preferred Reporting Items for 
Systematic Meta-Analyses) guidelines.
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was sustained at 12 months postoperatively. There were no 
complications noted and the mean AOFAS score improved from 
30.1 at baseline to 88.1 at 3 months postoperatively. However, 4 
out of the 12 patients treated in this study underwent prior 
open or partial plantar fascial release.

Achilles Tendinopathy

Chimenti et al12 studied 34 patients who underwent Tenex for 
insertional Achilles tendinopathy. There was 1 complication 
reported: superficial surgical site infection treated with oral 
antibiotics alone. Of the 34 patients, 4 had no pain at long-term 
follow-up (11-36 months), 13 had mild pain, 2 had moderate 
pain, 1 had severe pain, and the rest were lost to follow-up. 
There was some improvement in the physical component of 
SF-12 but no improvement in the mental component of SF-12 
survey at short-term follow-up (6-12 weeks).

discussion

This systematic review focused on assessment of effectiveness 
of PUT for the treatment of tendinopathy and demonstrated that 
PUT has the potential to be an effective treatment alternative in 
patients with epicondylitis of the elbow.4,6,8,25,45 Patients with 
plantar fasciitis may also experience improvement in pain with 
this procedure, but evidence is limited.39 Results for Achilles 
tendinopathy revealed that while PUT may provide short-term 
pain relief in the majority of the patients, it may not reliably 
improve quality of life as perceived by patients in the long 
term.12

Tendinopathy has been historically difficult to treat perhaps 
because our understanding of its histopathology has evolved 
over the years and continues to evolve. Even though initially it 
was thought of as an overuse condition, more recently underuse 
has also been implicated in this disease process.24 While the 
diagnosis can be made relatively easily through clinical history 
and examination, prescribing the right treatment for the right 
patient can be more challenging. Recommendation of rest, 
activity modification, PT and anti-inflammatories may be 
appropriate initial treatment for tendinopathy pain and 
dysfunction and can result in remission in most cases after 52 
weeks of treatment.1 Corticosteroid injections have not resulted 
in any significantly different outcomes from rest.1 However, PT 
with a focus on range of motion and eccentric strengthening 
exercises is superior to conservative treatment with rest alone in 
the management of lateral epicondylitis at 6 weeks.7 Similarly, 
PT with the addition of other modalities such as cryotherapy, 
ultrasound, and laser therapy results in significant pain relief 
and return to sport in patellar tendinopathy as well.37 
Extracorporeal shockwave therapy is also another treatment 
option that results in superior results compared with 
conservative treatment alone in a recent study of 27 patients 
with patellar tendinopathy.51

In recent years, biologic treatments such as autologous blood 
injections and PRP injections have gained some acceptance. A 
randomized control trial by Mishra et al36 compared outcomes 
in 2 groups of patients with lateral epicondylitis: those who 
underwent needling with PRP and those who underwent 
needling without PRP. Even though there were no significant 

Table 1. Study description and quality

Author(s) (Year) Journal Study Design
Level of 
Evidence

Average 
Follow-up, 

mo

Quality 
Criteria Met 
(Out of 10)

Barnes et al 
(2015)4

Journal of Shoulder and 
Elbow Surgery

Prospective case 
series

4 12 9

Battista et al 
(2018)6

Techniques in Hand & Upper 
Extremity Surgery

Retrospective case 
series

4 24 6

Boden et al 
(2019)8

Journal of Shoulder and 
Elbow Surgery

Retrospective case 
series

4 10 8

Chimenti et al 
(2018)12

Journal of Ultrasound 
Medicine

Retrospective case 
series

4 20 9

Koh et al (2013)25 American Journal of Sports 
Medicine

Prospective case 
series

4 12 7

Patel (2015)39 American Journal of 
Orthopaedics

Prospective case 
series

4 12 7

Seng et al 
(2016)45

American Journal of Sports 
Medicine

Prospective case 
series

4 36 7
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Table 2. Type of tendinopathy treated and study outcomes

Author(s) 
(Year)

No. of Cases 
Included Demographics Tendinopathy Treated Outcomes

Barnes et al 
(2015)4

19 • Average age, 55.3 y
• 10 male, 9 female
• Median duration of 

symptoms, >6 mo

Lateral and medial 
epicondylitis of the 
elbow

Baseline VAS improved from 6.4 to 0.7 at  
1 y, majority of improvement occurring in 
the first 3 months. Q-DASH score improved 
from 44.1 to 8.6 at 1 year. MEPS improved 
from 59.1 to 90.5 at 1 year.

Battista et al 
(2018)6

7 • Mean duration of 
symptoms, 21.4 mo

Lateral epicondylitis of 
the elbow

Preoperative VAS score was 7.9 and 
decreased to 1.1 postoperatively at 2 y. 
Preoperative ASES score was 55.6 and at  
1 y it was 93.4. One of 7 patients 
underwent open tendon debridement after 
failure of symptom relief.

Boden et al 
(2019)8

30 • Mean age, 51 y
• 40% female
• On average 

experience, 25 
mo of pain prior to 
intervention

Medial and lateral 
epicondylitis of the 
elbow

80% of Tenex patients were satisfied vs 79% 
of PRP patients; 16% of PRP patients and 
20% of Tenex patients had refractory pain 
requiring further procedures. No statistical 
difference in outcomes between PRP and 
Tenex.

Chimenti 
et al 
(2019)12

34 • Median duration of 
symptoms, 1.5 y

• Mean age, 52.2 y
• Mean BMI, 32.9 kg/m2

• 21 female, 13 male

Insertional Achilles 
tendinopathy

At long-term follow-up, 4 of 34 had no 
pain, 13 had mild pain, 2 had moderate 
pain, 1 had worse pain, and rest were 
lost to follow-up. Physical component of 
SF-12 improved but no change in mental 
component at short-term (6- or 12-week) 
follow-up. Complications: 1 superficial skin 
infection that resolved with oral antibiotics.

Koh et al 
(2013)25

20 • Average age, 45.5 y
• 7 male, 13 female
• Median duration of 

symptoms, 12.5 mo
• 17/20 had repetitive 

strain injury, 4 had 
sporting injury, 3 had 
history of trauma

Lateral epicondylitis of 
the elbow

Median VAS score decreased from 5.5 at 
baseline to 0.5 at 1 year. Median DASH-
Compulsory score dropped from 21.7 
to 2.5 at 1 y and DASH-Work went from 
25.0 to 0. 19 of 20 were satisfied and 1 
neutral. 19 of 20 had reduction in extensor 
tendon thickness at 6 mo, 1 had increased 
thickness.

Patel 
(2015)39

12 • Median duration of 
symptoms, >6 mo

• 4/12 had endoscopic 
or open partial 
releases at other 
institutions

Plantar fasciitis Mean preoperative AOFAS score improved 
from 30.1 to 88.1 by 3 mo and sustained at 
12 mo. No treatment complications noted.

Seng et al 
(2016)45

20 • 7 male, 13 female
• Average age, 45.5 y

Lateral epicondylitis of 
the elbow

DASH-Compulsory score decreased to a 
median of 0. Tendon hypervascularity 
decreased in 94% and tendon thickness 
reduction in 100%.

AOFAS, American Orthopaedic Foot & Ankle Society; ASES, American Shoulder and Elbow Surgeons; BMI, body mass index; DASH, Disabilities of the Arm, 
Shoulder and Hand; MEPS, Mayo Elbow Performance Score; PRP, platelet-rich plasma; Q-DASH, Quick-DASH (11-item version of the DASH); SF-12; 12-Item 
Short Form Health Survey; VAS, visual analogue scale.
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differences in pain relief at 12 weeks, only 29.1% of the PRP 
group still reported pain at 24 weeks compared with 54.0% in 
the control group.36 While preliminary results for biologic 
injections are promising in cadaveric and small sample 
prospective human studies, further investigation is needed to 
determine their long-term efficacy.13,14

Surgery is an alternative treatment option: arthroscopic or open 
debridement. Pascarella et al38 studied the outcomes of 
arthroscopic debridement of Hoffa fat pad, abnormal patellar 
tendon, and excision of the lower pole of the patella in patients 
with chronic patellar tendinopathy refractory to corticosteroid 
injections and PT. They showed that of the 27 professional 
athletes included in the study, 19 patients returned to their sports 
at the same preoperative level and the average Lysholm score 
improved from 52.3 preoperatively to 95.5 at 3 years 
postoperatively. However, 7 patients had recurrence of pain when 
they returned to sports within 3 years of operation. Furthermore, 
there are limited data available on whether these improvements 
in pain and function are sustainable over longer periods. 
Similarly, Gill et al19 studied the outcomes after open debridement 
of the patellar tendon for tendinopathy and showed an overall 
improvement in pain and patient satisfaction in up to 82% of the 
34 patients they studied. However, 7 patients said they would not 
have the surgery again. These results and those from prior studies 
show that despite exhaustive conservative management, use of 
minimally invasive treatment options, and appropriate surgical 
intervention in the form of either arthroscopic or open 
debridement, there can be a small contingent of patients with 
tendinopathy who have refractory symptoms.

There were several major limitations to our review. First, there 
are very limited data on this narrow research topic. There is 
sparse information available on patient-reported outcomes, and 
follow-up duration was short in the available data. As such, the 
quality of evidence in the available literature did not allow a 
robust statistical analysis due to small sample sizes and high 
variety of conditions treated with PUT. Second, only a limited 

number of tendons have been studied. Third, all the articles 
included in this review were uncontrolled case series consisting 
of level 4 evidence. Hence, there is a risk that conclusions 
drawn from these data may be prone to selection bias, among 
other types of biases.

conclusion

PUT is a minimally invasive treatment technique that can be 
considered in patients with tendinopathy refractory to 
conservative treatment measures. Further, higher quality studies 
are necessary to accurately assess the comparative effectiveness 
of this treatment modality.
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